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PREFACE

Farmers inoculate legumes with Rhizobium because they
expect to obtain high crop yields more cheaply than by
applying nitrogenous fertilizers. Commercial nr govern-
mental promotion may encourage adoption of legume
inoculation technology initially, but continued use will
result only if real benefits are obtained. In the United
States of America and in Australia, recognition of the
benefits from inoculating certain legumes has created a
demand for inoculants that supports substantial commercial
inoculant production.

For the majority of tropical lequmes, however, no such
demand for inoculants exists. 1Is this because inoculation
of these legumes has not been tested? Or is it that
inoculation does not benefit tropical legumes?

Scientists worldwide affirm that few studies with
tropical legumes have conformed to the criteria considered
essential for a definitive inoculation trial. Many projects
are thus being initiated to evaluate lequme inoculation.

Out of recognition that individual trials would be more
meaningful if coordinated in an international network, a
planning workshop was organized by the NifTAL Project.
The aim was to develop an experimental protocol and a
strategy for its implementation on a global scale.

Because it was anticipated that scientific expertise
alone would not be enough to launch such a complex under-
taking, a balance of agricultural and social scientists,
researchers, administrators, and management specialists
were invited from organizations experienced in related
ventures. There were inherent risks in assembling a group
from such diverse backgrounds, but fortunately the partici-
pants were particularly adept at interdisciplinary communi-
cation. The informal program scheduled ample time for
discussiorn, but could not guarantee thatit would be
fruitful. GCvocative presentations by the speakers and ad
hoc leadership assumed by individual participants during the
working sessions ensured steady progress over the week of
interchange.

The main outputs of the planning workshop were those
that had been hoped for: a basic design for an experimental
program that will define the value of inoculating tropical
legumes with Rhizobium, and a strategy for implementation of
an International Network of Leqgume Inoculation Trials. But
the major success of the workshop was the participants'
unanimous and gencrous declaration of support to the NifTAL
Project as it undertakes major promotional responsibility
for the Network.



This volume has been published because the information
communicated by the participants in presentations and
working secsions merits wider distribution. That the
topics covered are more diverse, and the sequence more
disjointed than would normally be encountered in a single
volume cannot be denied. However this may be permissable
insomuch as these are the actual proceedings of a workshop
which, whether by accident or design, successfully achieved
its objectives.
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Legume root-nodules bhousing the bacterium Rhizobium can
supply the nitrogen required for p[-(unmm?,’?ﬁ*fﬁim pretein
secd withoul the need for expensive, man-made nitrogen
fertilizer. It is seldom possible to obtain abundant
nodules unless specially sciected types of Rhicobium are
introduced to the soil with the seed at planting time.



TABLE OF CONTENTS

PAGE
FIRST PLENARY SESSION
Technological Change, Food and World Security
Harrison Brown . . . ¢« ¢« ¢« o ¢ ¢ & & o « & o o« o & 3

The Scientific Method and Research Management--
Partners in Problem Solving
Noel P. Kefford . . . o ¢« v o ¢ ¢ o o o o o o o 14

Goals and Methodology for the Workshop
A. Sheldon Whitney . .« ¢« o ¢ ¢ ¢ ¢« o o & o s o o & 18

SECOND PLENARY SESSION

Legume Research at the University of Nairobi in
Relation to Biological Nitrogen Fixation in Africa
S. 0. Keya, H. Ssali, 0. M, Munkunya,
B, I. Muruli and M. H, Onim . . + ¢« ¢« & &« ¢« o o & 27

The Role of FAO in the Promotion of Biological

Nitrogen Fixation
Fernando RIVEIOS + « « « o o o o o o s o o o o o o 38

Recent Work by the FAO/IAEA--the N Experiment
Maurice Fried « « o ¢ ¢ o o o o o o o o o o o o & 40

Microbiological work on Nitrogen Fixation in Asia
Peter J. Dart « v ¢ & ¢ o o o o o o s o o o o o 49

International Soybean Program (INTSOY)
R. Stewart Smith ¢ . ¢ & ¢« v ¢« v o« o« s o s o o o @ 61

Current Work on Nitrogen Fixation by Tropical Legumes

in Latin America
Jake Halliday « ¢ ¢ o« o o o o o o o o o o o o o 65

The INPUTS (Increasing Productivity Under Tight

Supplies) Project Network
Saleem Ahmed . « « o o ¢ o =& o o o o o o o o o o & 84

Current Research on Biological Nitrogen Fixation in

the USA
Lloyd R. FI‘EdeI'iCk . » . . . . . . L . . . . (] . (] 88

A Summary of Recent Research and Training Activities

at the NifTAL Project
A- Sheldon Whitne)’ . . . . . . . . o . . . s ] . . 104



FIRST WORKING SESSION
Strengths and Constraints of Research Programs in
Developing Countries

Lloyd R. Frederick « « v v v v v ¢ o o v o o .

Summary of the Working Session . . & & o « o o . .

SECOND WORKING SESSION

Considerations Involved in Institutional Networking
Roger Ernst . . . . . . . . . . . .. s o e e

Summary of the Working Session . . . . . . . v e e

THIRD WORKING SESSION
Facilitating Communication, Coordination and
Evaluation: The Coordination of Agricultural
Research with Reference to the Joint FAD/IAEA
Coordinated Research Programs

Maurice Fried and Carl Lamm . . . . . . . . .

Summary of the Working Session . . . . . . e ¢ s e

FOURTH WORKING SESSION

Expectations for the Network Experimental Program
Joe C. Burton . . . . . . . . . ... o o e e

Summary of the Working Sessjion . . . . . . . . . .

FIFTH WORKING SESSION

Experimental Procedures for the Network Experiments
\]ake Halliday ] . - ] . . L] . . L] L] [ . L ] . .

Summary of the Working Session . . . . . . . « s

SIXTH WORKING SESSION

Implementing the Network Program: Strengthening
Rhizobiclogy through Networks, Conferences and
Training Courses

S. 0. Keya v v v u s 0 e e e

PAGE

115
124

129

138

145
156

165

169

175
184

193



PAGE
SIXTH WORKING SESSION (continued)

Summary of the Working Session . « ¢ ¢ & ¢ o ¢ o o o & 202

TASK GROUP MEETINGS
Summary of the Experimental Design Meeting . . « . . . 209

Summary of the Network Implementation Group . . .« . . 210

FINAL RLCVIEW SESSION

Resolutions of the Network Workshop . . « ¢« ¢« & + o« & 221

APPENDICES
Appendix 1: Program of the Workshop . + . ¢ ¢ « + + & 225
Appendix 2: List c¢f Participants . . . ¢« ¢« ¢« « + o & 229

Appendix 3: Experimental Procedures: International
Network of Legume Inoculation Trials . . 232



FIRST PLENARY SESTION

Keynote and Introductory Addresses



TECHNOLOGICAL CHANGE, FOOD AND WORLD SECURITY

Harrison Brown
Director, Resource Systems Institute
East West Center

As a young man during World War II, I worked on the
development of atomic bombs, and there was a natural tendency
for most of us who were engaged in such activity to ask
ourselves where mankind might be heading. 1In 1946, I wrote
a book dealing with the dangers of nuclear war. However, by
the early 1950's I had come to appreciate that, although
nuclear war is indeed a serious danger, other problems are,
in a very real sense, even more dangercus. Such problems as
rapid population growth, the growing affluence and complexity
of industrial socicty, rapid technological change, and
decreasing availability of resources can, by themselves,
result in the collapse of our civilization, even in the
absence of nuclear weapons. The massive deployment of ICBMs
equipped with hydrogen warheads, coupled with the prolifera-
tion of nuclear capabilities in the world, serve only to make
these basic problems more acute.

In 1954 I wrote a book, The Challenge of Man's Future,
in which I attempted to look into the future from the point
of view of these other problems. Now, more than two decades
later, I find the forecasts in that book to be both
surprisingly and depressingly accurate. Although at the
time of publication I was criticized by some as being overly
pessimistic in outlook, the forecasts, where they err, were
more often than not based upon overly optimistic assumptions.
The most glaring piece of optimism was the tacit assumption
that environmental problems would be solved as quickly as
they appeared, with the result that they would present no
serious threat.

For many years I have been apprehensive about a number
of developments, most of which are rooted in rapid techno-
logical change. In recent years my apprehensions have been
anplified by the fact that those developments are rapidly
converging--with consequences for mankind which are diffi-
cult to comprehend; yet which are potentially disastrous.

For the greater part of the history of modern indus-
trial civilization, the distribution of income and
consumption among the world's people appears to have been
a continuum with most persons being very poor, a few being
very rich, and the rest, numbering more than the rich but
fewer than the poor, being somewhere in between. Since
World War II, however, a striking pattern has evolved
amounting to no less than a fissioning of human scciety



into two quite separate and distinct cultures--the culture
of the rich and the culture of the poor, with very few
people living in between these two extremes.

The evolution of this process is clearly illustrated
by the changing patterns of per capita energy consumption,
steel consumption and gross national product since 1950.
The data show that with little doubt the world is destined,
in the absence of catastrophe, to remain divided into two
cultures for a very long time in the future. 1If present
trends continue for the next 50 years, per capita consump-
tion of energy in the rich countries will be 40 times
greater than in the poor. By that time the population of
human beings in the world will be more than ten billion
persons, some 85 percent of whom will be poor.

Growing affluence in the rich countries is the ccunter-
part of growing population in the poor. When we think of
"population" it is misleading to think simply in terms of
numbers of people. We must also think in terms of the
materials which are associated with an individual as well
as the energy that is required for the individual to
function. For example in a peasant-village society a
typical person might have associated with him a part of a
wooden or stone dwelling unit and a few simple tools. He
and his possessions will be powered for a year by perhaps
150 kilograms of cereal each year. A person in an indus- .
trialized society, by contrast, requires the energy
equivalent to burning more than 10 tons of coal.

Clearly something is bound to give long before 2020
A.D. is reached. Current growth rates simply cannot
persist much longer. Of consuming interest is the manner
in which growth rates will change. Will rates of population
growth and per capita consumption change as the result of
premeditated, willful, constructive actions on the nart of
the world's people? Will they change as the result of such
factors as malnutrition and disease, environmental degrada-
tion and decreasing resource availability? Will they
change as a result of continuing conflict between rich and
rich, between poor and poor, and between rich and poor? Or
will growth rates change as the result of a major
catastrophic world upheaval?

The rich nations are characterized by low death rates
and by low and decreasing birth rates. Collectively the
950 million inhabitants of the rich countries are
increasing their numbers at the rate of but 0.8 percent per
year, a factor of three smaller than the rate of population
growth in the poor countries. High and increasing levels
of agricultural production per man-hour worked have



resulted from mechanization (using fossil fuels for energy),
liberal application of fertilizers and pesticides, irriga-
tion and the genetic selection of plant varieties best
suited for particular environments.

As agricultural productivity has increased and as
industries have been developed, people have migrated from
rural to urban areas. Most people now live in or near
cities and their proportion appears likely to increase.

As affluence has increased, diets have changed,
Generally, rich people eat more animal products than do
poor ones, and on the average, about ten plant calories are
required to produce an animal calorie in the form of meat,
milk or eggs. Per capita cereal consumption in the United
States now exceeds 700 kilograms per person, most of which
is fed to animals. This is about 4.5 times larger than per
capita cereal consumption in India, where most of the
grains are eaten directly by people.

There is some evidence that per capita consumption of
cereals has stopped increasing in the United States. But
in other regions of the rich part of the world, notably
Europe, the USSR and Japan, per rapita cereal demands are
increasing rapidly and might eventually approach that in
the United States. 1In view of the fact that cereal demands
in the rich countries already represent a substantial
proportion of the total world demand, it is important that
we attempt to estimate the future demands for cereals on
the part of the rich countries, viewed in terms of growing
affluence and changing food technologies.

As the rich countries have become more affluent,
individual demands for material possessions and services
have grown as well. In large parts of the United States
automobile ownership is approaching one car for every
person of driving age. Per capita ownership of refrigera-
tors, telephones, radios and television sets, at one time
luxuries, is increasing rapidly in the rich part of the
world. Education to the highest levels seems destined to
be available eventually to all who desire it and who can
absorb and make use of it. Resources being allocated to
medical care are increasing with extraordinary rapidity.
As society has become more complex governments have become
larger and more pervasive with the result that increasing
numbers of persons are required for government service.

The rich countries are investing tremendous resources
in developing increasingly effective means to kill and to
destroy, and in deploying the new weapons. Between 1961
and 1971 the world spent some $2000 billion on military



establishments. Such expenditures in the United States
alone nearly equal combined expendjtures for public
education and public health. The rich have armed themselves
to fight each other as well as the poor; they have armed the
poor to fight each other; and they have armed the poor to
fight the rich.

As affluence has increased, demands for raw materials
have also increased. Demand for steel in the rich
countries is increasing at the rate of 5.8 percent annually,
and demand for other metals is increasing proportionately.
Total energy demands in the rich countries are increasing
at the rate of 5.2 percent annually. Per capita consump-
tion of energy in the United States has now reached the
equivalent of burning about 10 metric tons of coal each
year per person and is increasing at a rate of about 15
percent per decade.

The trend in per capita steel consumption offers the
only evidence for a lessening of the growth rate of metal
consumption in a rich country. During the first half of
this century steel production in the United States increased
extremely rapidly. Ffor the past quarter century, however,
although total steel production has continued to rise, per
capita consumption has remained at about 0.55 metric tons
per person per year. The reasons for the flattening of
this growth curve are not clear, but studies suggest that,
for complex reasons, this might represent the maximum rate
at which new steel can be effectively absorbed by a highly
industrialized society.

Industrial man has become a major geological as well
as ecological force. The waste products of industrial
civilization are polluting the atmosphere, oceans and
land areas. As demands for raw materials increase still
further and man is forced to process ores of decreasing
grade, consumption of materials, and particularly energy,
will increase still further, and problems of environmental
degradation will become even more serious than they are
today.

The trends, as exemplified by the case histuries of
the development of Western Europe, the United States, the
Soviet Union and Japan, raise many questions. How will
they continue Lo provide for their needs for raw materjals?
How will they provide for their focd? What technological
developments are likely to rhange their future direction?
How will they come to grips with their expanding environ-
mental problems? Ccllectively, can they avcid nuclear
conflict? As their internal systems of extraction,
production and distribution become increasingly complex,



will they be able to control the numerous disruptive forces
which, in one form or another, will always be present?
Finally, in what ways will the rich countries interact with
the poor ones?

The poor nations are characterized by high death rates
and by high birth rates. Cenllectively the 2440 million
inhabitants of the poor countries are increasing their
numbers at the rate of 2.5 percent per year. For the most
part, birth rates hover around 40-50 births per 1000 persons
per year, although a few areas have experienced substantial
reductions in recent years (e.g. Taiwan, South Korea,
Singapore, Horg Kong). Death rates are highly variable,
ranging from about 5 (Taiwan, Singapore, Hong Kong) to
highs of 25-30 in large parts of tropical Africa. There is,
thus, considerable variation in the annual rate of
population growth, ranging from a high of 3.4 percent per
year (Morocco, Rhodesia, Iraq, Colombia, Ecuador,

Venezuela) to a low of about 1.5 percent per year (Jamaica,
Argentina, Uruquay).

The vast majority of the inhabitants of developing
countries live within the framework of peasant-village
culture. Although most persons live on or close to the
land growing their own food, the proportion of persons
living in the cities is increasing. The rapid growth of
cities in most of the poor rountries stems from a
combination of rapid population growth, limited availability
of land, and increasing farm productivity--all coupled with
the lure of jobs and money. Unfortunately, however, people
are migrating to the cities more rapidly than jobs can be
created, or for that matter more rapidly than services such
as housing, water and sewage can be provided. Large parts
of the huge cities of India such as Calcutta and Bombay
have become vast slums, disease ridden and teaming with
hungry unemployed.

The future of the poor nations depends in large
measure upon how rapidly population grewth can be slowed,
agriculture can be modernized and industries can be created
(both in the urban and rural areas). Although fertility
rates have decreased in certain areas, quite possibly as a
result of the introduction of substantial fumily planning
programs, it is nevertheless possible that the poor
countries collectiveiy have not yet reached their peak rate
of population growth. Further, there is as yet no clear
indication that the rate of population growth in the poor
countries will be lowered soon by conscious human action.
It seems more likely at present that the rate of growth
will lessen as the result of increased mortality stemming
from malnutrition brought about by massive shortages of



food.

The food situation in the world today is alarming,
aggravated by a combination of growing population, growing
affluence, shortages of fertilizers, sharp increases in
petroleum prices, and unfavorable weather. Modernization
of agriculture depends upon the availability of water and
fertilizer. Petroleum is needed tc run pumps and for
fertilizer manufacture. A four-fold increase in the price
of crude o0il can have a devastating effect upon the
agricultural production of a number of populous countries
which lack their own supplies, for example, India, Pakistan,
Bangladesh, the Philippines, and Egypt.

The modernization of agriculture cannot be divorced
from industrialization. Ffertilizers and pesticides are
produced in factories which require steel for their
construction, plus a variety of equipment, as well as
energy. Transportation to and from farms requires trains,
trucks and roads.

Total energy and steel consumption in the poor
countries are increasing about as rapidly as in the rich
ones. But so rapid are the rates of population growth, per
capita consumption of energy and steel is increasing
extremely slowly. The vacuum to be filled is enormous. If
by some magic the per capita inventory of metals in use in
the world as a whole were to be brought up to the average
level of the ten richest nations, all the present mines and
factories in the world would have to operate for more than
60 years just to produce the capital, assuming no losses.

Case histories of the trends in poor countries such as
India, Egypt, The People's Republic of China and Brazil
raise numerous questions. How large are the populations of
the poor countries likely to become? How will they cope
with the numerous consequences of rapid population growth?
How will they provide for their food? Where will they
obtain their raw materials? How will they cope with their
tremendous problems of urbanization? How large will their
militarv expenditures become? Can they avoid conflict among
themselves? Can they avoid conflict with the rich?

Rich and poor nations are coupled by a variety of
mechanisms, the most important of which are trade and
communications. Most rich nations are heavy importers of
raw materials, primarily from the developing countries.

The Middle Eastern countries, North Africa, Nigeria,
Venezuela, and Indonesia, export oil. Morocco and Tunisia
export phosphates; Bolivia and Malaysia export tin; Jamaica
exports bauxite; Peru, Chile and Zaire export copper. All



together, about 20 developing countries, inhabited by some
450 million persons, are benefiting or will soon benefit
from significant exports of non-renewable raw materials.
Clearly the money obtained from the sale of these resources,
if invested wisely, can accelerate development.

An additional 900 million persons in the developing
world live in countries which are reasonably self-sufficient
with respect to non-renewable resources, including energy.
These nations, which include China, Colombia, Mexico and
Peru, for example, were not appreciably harmed by the
sudden increase in the price of crude o0il, which took place
in 1973.

Another 60 million persons live in countries including
South Korea, Taiwan, Hong Kong and Singapore which, like
Japan are closely integrated with the world economy, almost
entirely through the manufacture of goods.

About 925 million people inhabit countries which are in
serious trouble with respect to raw materials and in
particular energy. These include the entire Indian sub-
continent, the Philippines and Egypt. These nations require
fertilizers if they are to increase food production and they
require energy if they are to increase fertilizer production.

Renewable resources such as foodstuffs also flow
between the rich and poor nations. Grain flows from North
America to Asia, Africa and Latin America. Coffee flows out
of Latin America. Fruits, vegetables and flowers flow out
of a number of developing rountries. Hardwoods flow from
many tropical countries to Japan, Europe and America.

But many changes are taking place in the flows of
renewable and non-renewable raw materials between the rich
and the poor countries. For example, Venezuela intends to
discontinue exports of iron ore to the United States and
develop her own integrated steel industry using coke
purchased from Colombia. She wants to decrease her exports
of crude oil and dJevelop her own petrochemical industry.
Chile wants to decrease her exports of copper ingots and
build plants to manufacture finished copper products.
Taiwan is building a fertilizer plant in Saudi Arabia.
Ghana is producing metallic aluminum from her own bauxite,
How rapidly will such developments take place and what will
be their cumulative effect upon the rich countries?

With respect to the flow of foodgrains, three rich
countries--the United States, Canada, Australia--remain the
only substantial exporters. The greater part of their
shipments are made to other rich nations which can afford



to pay, and to a few poor countries, notably China, which
can also afford to pay. As affluence grows in the rich
courtries and population grows in the poor ones competition
for exportable surpluses will become increasingly severe,
with the poor nations standing every chance of being the
losers.,

Rich and poor countries are also linked by arms ship~-
ments. By 1970, military expenditures in the developing
countries were approaching 30 billion dollars annually, and
most of the arms were imported from rich countries, notably
the US, the USSR, the UK, France and Sweden. Military
expenditures in the poor countries are small when compared
with those of the rich; they are nevertheless important
elements of their budgets. 1In the poor countries, collec~-
tively, military expenditures exceed combined expenditures
on public education and public health.

Technological skills and knowledge link rich and poor
nations in many ways ranging from peaceful to warlike.
Transfers of technical knowledge from the rich countries to
India made possible the "Green Revolution." Such transfers
also made possible the detonation by the Indians of a
nuclcar device. It is probable that quite a few of the
Chinese scientists responsible for the development of theair
nuclear devices and guided missles received training in the
laboratories of the rich countries.

Finally the rich and poor nations are coupled by rapid
communications. Prior to a few decades ago, the people in
the poor nations knew vaguely how the people in the rich
nations lived, but it was little more than rumor. Today
they can see it on television and in motion pictures, they
can hear about it on transistor radios and read about it in
diverse publications., With the rapid growth of education in
the poor countries coupled with high rates of unemployment
and inequitable income distribution, rapid communication
breeds discontent which often evolves into hatred.

From the time of the invention of agriculture man has
had profound effects upon his environment. Deforestation
has changed patterns of water run-off and altered the carbon-
dioxide balance of the atmosphere. Consumption of coal and
petroleum have increased the carbon-dioxide content of the
atmosphere appreciably, thus altering the radiation balance.
Industrial activity has increased the concentration of
particulate matter in the atmosphere, also affecting the
radiation balance. Our increasing energy consumption is
changing the patterns of atmospheric heating. Large-scale
use of fertilizers and pesticides can give rise to critical
environmental alterations. As nuclear power comes into
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widespread use, contamination by radioactive substances
will be a matter of major concern. As mining operations
increase in size, the destruction of soil and scenery on a
large scale will be inevitable.

The probability is high that world climate is changing
and it is quite possible that such factors as carbon-dioxide,
particulate matter and energy generation will affect climate
in varying ways. Were climate to change in the years ahead
in such a way as to affect adversely agricultural production
in the rich countries, the poor countries, or both, the
consequences could be disastrous.

How stable is the rich country-poor country system?
We all realize that rich countries can destroy each other
with nuclear weapons. But can poor countries do much harm
to rich ones?

Few studies have been made of this problem, but it
seems likely that rich countries are far more vulnerable to
disruption than are poor ones. A highly industrialized
country consists of vast networks of mines, factories,
communication and distribution facilities. If certain
elements are destroyed, the entire system might stop
functioning. By contrast a peasant village society as India
with 500,000 villages, only loosely coupled to each other,
is relatively immune to disruption.

Given a substantial potential for conflict, the
question of the vulnerability of industrial society to
disruption takes on a very serious dimension indeed. Quite
apart from all-out warfare, rich countries have already
experienced extreme difficulties when confronted by high-
jackers, kidnappers, and other forms of terrorism. Even
lawful actions, such as strikes of garbage collectors and
transportation workers, have emphasized our vulnerability.
Once nuclear power generation becomes truly widespread in
the world, as it probably will, what are the prospects for
major terrorism? The potential is probably considerable.
Even in the absence of nuclear explosives the situation
would be serious. But, given a continuing possibility for
division of nuclear materials, it should be possible for a
few persons to paralyze large elements of our society.

As we attempt to formulate possible U.S. policies, it
is important that we recognize that the "food-population-
resource problem" is itself a vast system composed of a
large number of interrelated parts. Once we understand
this we appreciate that there is no such thing as a
"solution" to the over-all problem. Rather, if the broad
problem is to be brought under control, the resolution of
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a number of component problems must be pursued simultaneously.
Many choices and combinations of choices are possible.

An over-all resolution of the world problem clearly
would involve in varying degrees the following very broad
long-range interrelated goals:

1. Increasing world food production in such a way
that each major area of the world becomes self-
sufficient;

2. Increasing the efficiency of food utiljzation and
distribution;

3. Decreasing the rate of growth of affluence;
4. Decreasing the rate of growth of population;

5. Establishment of a carefully controlled inter-
national food reservoir which can be drawn upon
in years of poor crop yields and replenished
during years of relative abundance;

6. Establishment of an efficient world system for
estimating harvests in all regions of the world
in time to make the necessary adjustments in
world cereal distribution;

7. Shifting to coal and nuclear powered economies in
such a way as to minimize the harm to the
environment;

8. Learning how to make maximum use of solar energy
for heat and power;

9. Accelerating the economic development of the poor
countries;

10. Creation of new international institutions which
will enable nations to dispense with their
tremendous weapons systems and greatly decrease
their wasteful expenditure on arms.

Given these ten developments it is hoped that a stable
world in which men can live at peace with nature and with
each other will evolve. The accomplishment of these goals
will be an enormous task requiring the dedicated efforts of
all of us.

Speaking as a member of the scientific community of
the richest of the rich countries, I suggest that scientific
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and technological inputs are critical to the solution of
these problems. I also suggest that from a scientific and
technological point of view, hunger and poverty in the world
are inexcusable,

Confronted as we are by a complex of problems, all of
which are difficult; all of which are interrelated, we
clearly need a great amount of research if we are to
understand them--let alone solve them. OQOur survival depends
upon their identification and their soclution.

I am confident that we in the United States have the
technological competence to survive. The real question is:
Do we have the intelligence to recognize this, and the
political competence to put that technological competence
to work? 1If we don't, I fear the worst.

13



THE SCIENTIFIC METHOD AND RESEARCH MANAGEMENT- -
PARTNERS IN PROBLEM SOLVING

N. P. Kefford

Hawaii Agricultural Experiment Station
College of Tropical Agricultural and Human Resources
University of Hawaii

First, I should establish credentials for speaking to
a workshop on biological nitrogen fixation, other than as
administrator of the unit to which the Project on Nitrogen
Fixation by Tropical Agricultural Lequmes (NifTAL) belongs.
So you must excuse an extended reference to some personal
experiences. About 20 years ago, I published a paper on
the nodulation process. But that barely qualifies as a
credential, because I was really interested in the process
only as a means of probing the hormunal requlation of plant
development. 0On the other hand, every Australian, at least
in my generation, learned at school that "Australia rides
on a sheep's back." As our knowledge increased, we learned
that the sheep, upon which we all rode, was walking in a
clover pasture--that is, if it was a fortunate sheep. The
Division of the Australian, Commonwealth Scientific and
Industrial Research Organization (CSIRO) for which I worked,
Plant Industry in Canberra, was preoccupied with clover-
pasture research, and in the early 1950's a group from that
Civision moved north to Brisbane to investigate agricultural
legumes for increasingly tropical ecosystems.,

The Australians were, of course, concerned with
converting gaseous nitrogen, through plants, into the
nitrogen of the protein fibers of high-quality wool. My
early observation of this plant-animal system was that the
communication between the plant scientists and animal
scientists was not optimal. For instance, the sheep
physiclogists complained that the agronomists turned up at
the field station on the first, fine, warm day of spring to
set out their plots, whereas the real problems in meeting
the feed needs of the sheep had occurred in the previous
three months of winter. So I made a move which was
personaliy fateful. I organized symposia on topics such as
"Plant lignification in relation to ruminant nutrition," in
which plant and animal scientists had to interact. I did
not recognize it at the time, but this was my first move
into research management, an activity in which I now find
myself totally absorbed. It is critical to the progress of
the current workshop that we recognize the reality of and
the necessity for research management in the complex system
we are studying. It is equally critical that we distinguish
clearly between management and the scientific method. They
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are, in my opinion, essential but distinct components of an
effectively-organized, research attack upon the problems of
a system containing many interrelated components.

The system we are studying is even more complex than
the Australian system described earlier. We are concerned
with getting the atoms from gaceous nitrogen into the
proteins, nucleic acids and other essential nitrogenous
components of the cells of a healthy, mentally alert, human
being who is able to achieve his or her potential as a
citizen of the world. I content that the more complex the
system, the greater the need for effective management. But
we must bte fully aware that research management, including
administration and organization, can do nothing more than
create the conditions in which individuals or groups of
individuals can generate, test and propagate ideas. While
ideas are the sparks of the scientific method, these ideas
are the least tangible and the most mysterious aspect of the
research process. So if management exists to foster idea
generation, it clearly must involve much more than concrete
support services such as getting scientists paid, assuring
that laboratory and field facilities work, and arranging
travel.

I am proposing the scientific method and management as
complementary partners in the overall research process, and
to make my point of view clearer, we must look at their
individual roles in detail.

The crux of the research process is the scientific
method, and the steps in the method are assumed to be well
known. In the scientific method, existing data and
existing hypotheses constitute the known. From this base,
we anralyze the frontier of the known and define a testable
hypothesis for extending the frontier. The aim of the
testing is to disprove the hypothesis and we do that by
validating testing methods, collecting data, and analyzing
the new data and relating it to old data. Then we ask,
critically, whether the hypothesis has been disproven. We
must recognize the wholeness of the scientific method and
the interdependence of its components. The method works ...
but only as a unit. What is the extent of this unit that
we call the scientific method? A lead may be sought by
asking when research is completed. Research is not
completed until it has been independently, directly or
indirectly corroborated, which means the work has been
published in a form that permits its precise repetition.
Delivery to some level of clientele, and accountability,
are parts of the scientific method. We are accountable to
our peers and to nature, however, nature and our peers
serve as stimuli as well as judges in our scientific
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endeavors,

If we are realistic about the functioning of the
scientific method, we see that no individual alone can
embrace all aspects of the method. There is the need for
intellectual unity, interdependence and interlocking of many
individuals. Scientific management must provide opportuni-
ties for this unity,

Research management exists for scientists, and, in my
experience, it must be created by and operated by scientists,
As the scientific method is the core of the research process,
I believe that manag-ment of the process requires experience
with the scientific method. It is not enough to have read
the rules--one must have played the game to the finish and
taken the knocks. The rule book cannot describe the most
important element of the game: the genesis and painful
elimination of ideas.

Research management cannot function only through the
introverted process of individuals or groups producing
ideas, it must also provide links with society. Western
culture generated the scientific method and the scientific
method generated modern society. But this society using the
results of research has a confused and highly variable
concept of research. Attitudes toward research change, and
there is an increasing clamor for accountability in research.
More commonly than before, institutions and individuals of
ali types and descriptions are saying, "I need research!"
In so saying, everyone means and indeed actually needs
something different. But the research process--a combination
of management and the scientific method--can cope, It can
sort the apples from the oranges and, hopefully, can avoid
getting the raspberry.

When we receive appeals for research, we sort them into
the "unknown," or the "known." To the known, we can respond
directly or through adaptation. Within the unknown, problem
analysis and definition helps us distinguish between "real"
and "unreal" problems, and among the "real," to decide which
are researchable. We proceed with the researchable problems
through the steps of the scientific method, and a response
in terms of the research can be delivered. However, we must
recognize realistically that at any step in the scientific
method we can hit a barrier that blocks the process., In
such circumstances, we must make the honest response that
the scientific method has limitations and does not produce
miracles. Research management provides a means for all
facets of society to appeal for research and to tap the
scientific method. It can also produce in society a
realistic understanding of research and its limitations,
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thus avoiding frustrations and unhappiness.

In Hawaii, we believe we have developed and tested a
research management system that produces a good melding of
the research sector with other sectors of society. Hawaii's
society is a microcosm which provides conditions for testing
a system that has a chance of general applicability. Our
management process provides the means for analyzing complex
systems into interrelated components of manageable size. It
defines problems and sets them in order of priority, and
proposes the actions and resources needed to evercome the
problems. It provides the data needed for accountability
and indicates the impact of taking or not taking actions to
overcome problems. What is more, it involves all those in
society who can contribute positively, so that the system is
now generating overall State policy and practice for
agriculture. I mention our successful system to encourage
you in the faith that you can do likewise.

For research, the management system provides problems
in an order of priority that all elements of society have
accepted as a consequence of a systematic and rational
assessment of a total agricultural system. Thus, the
management system hands over to the scientific method those
problems, the solutinns of which have the potential to make
optimal impacts. But it is up to the scientists, working
within the scientific method, to develop ti.e hypotheses and
objectives relevant to the problems. A management system
cannot create ideas, nor can it dictate that individuals
shall have ideas--it can only provide the conditions for
ideas to arise.

That is what this workshop is about. If it is success-
ful, it will create unique conditions causing the generation
of ideas and the means of testing them. Overall, we are
considering nitrogen economics in tropical ecological
systems. As the consequence of a broad hypothesis, we have
focused our attention on a portion of the problem: the
potential contribution of the inoculation of tropical
legumes with rhizobia to plant productivity. We will be
developing subhypotheses and means of testing them. But
we must keep the loci of your attention in perspective,
coordinated, and on track. The development of an effective
research system can do this, at the same time as assuring
the maintenance of the highest academic standards and a
creative atmosphere that is spontaneously generated.
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GOALS AND METHODOLOGY FOR THE WORKSHOP

A. Sheldon Whitney
Principal Investigator, NifTAL Project

Dr. Harrison Brown has painted a mural for us--a large
and intricate one--and has pointed out gaps within the mural,
blank wall if you please, and other spaces that are sketched
in but not yet painted. Some of these spaces look familiar
enough that we'might be able to fill in the blank gaps or
give some color to the sketched scenes.

How do we go about it? Within this mural of complex
problems and technological change, how can we best achieve an
appropriate impact that will improve the well-being of small
farmers and under-nourished people in developing countries?
OQur starting point is the legume, with its tremendous
potential for providing high yields of protein and for
improving the nitrogen economy of cropping systems. Our goal
is to achieve even higher legume yields and in some cases at
least, more residual nitrogen for the next crop.

Opposing these goals, we find that in a number of
places the area devoted to legume crops is actually declining,
and further, that legumes are being displaced to less-fertile,
rainfed, upland soils by higher-yielding cereals. This is
doubtless due to one or more interrelated factors, including:

1. That alternative crops have a higher yield
potential than legume crops;

2. That legumes are more susceptible tc insects,
nematodes, diseases, and weed invasion, and are thus
less reliable than alternative crops, unless high
management inputs are applied;

3, That legumes demand greater amounts of phosphorus,
lime, etc., than alternative crops;

4, That increasing population pressures increase the
demand for cereals more than for legumes.

These factors have overshadowed the two big advantages of
legumes: they do not need nitrogen fertilizer, and they
provide high-protein products. At this workshop we cannot
hope to deal with all questions associated with the growing
of legumes, but we can address a very important part of the
problem--that of ensuring that the legume has the best
possible Rhizobium strain in order to maximize nitrogen fixa-
tion under both prevailing and improved management systems.
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About 2% years ago, some of us met on this island to
congider the potential for more fully exploiting the legume-
Rhizobium symbiosis in tropical agriculture. It was a very
useful and valuable workshop. The proceedings are a
valuable contribution to the literature and are in great
demand. The focus of this workshop is somewhat different.
We have enlisted people with relevant program planning
experience, at the same time limiting the group to a
manageable size. Also, we have allocated more time to
issue-oriented discussion and planning and less to strictly
scientific pursuits.

We have thus invited you, requesting that you join in
a cooperative venture to develop a program of work that will
make a significant impact on low and moderate technology
agriculture in developing countries. By working together as
a network of cooperating institutions and scientists we have
the potential to provide answers to questions concerning
Rhizobium performance that would be virtually impossible to
obtain if each worker approached the problem individually.

We face three questions:

1. Do legumes of economic importance in the tropics
respond to inoculation under two or more levels of
agronomic inputs?

2. Are certain Rhizobium strains better than others
with a given legume?

3. Are there interactions among inoculum strains,
legume varieties and environment?

Beyond these questions we are also asking the question
"Why?" Why does a legume respond as it does? Can we
predict with reasonable certainty how it will respond under
slightly different ronditions? It would be patently
impossible to sample every legume variety, every soil
situation, and every stress in a series of field experiments,
How then can we design a program that will provide the most
important data and give us a firm basis for better legume
production in the tropics? The answer is "very carefully."
And that is why we have proposed spending 4% days of
intensive work here on this beautiful island in the middle
of the Pacific.

The program of work needed to answer these three
questions will require the combined resources of many
individwral programs and the expertise of many workers.
Where will the resources (labor, equipment, supplies) come
from? Who will manage the experiments? How do we ensure
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good communication among workers, with truly complementary
(rather than duplicative) programming both within and among
countries? A strong and well-defined program will be
required in order to command the support of those who
allocate resources and scientists in developing countries.

We at the NifTAL Project view our role as facilitators.
Uur goal is to provide the kind of assistance that will
permit such a program to function effectively. The label
is not important; the task before us is both important and
urgent. The time has come for us to pool talents and
resources in order to test the potential benefits of
Rhizobium inoculation in a truly comprehensive way.

I propose one possible way of viewing such a collabo-
rative program in Figure 1. Of course, this is somewhat
incomplete. For example, some groups within the "support
group" will also be actively engaged in research, and
grants and support services will naturally be channelled
through the institutions involved. However, this model may
be helpful in thinking through the ways in which a program
can be expedited so that it is truly both collaborative and
comprehensive.

At the conclusion of this workshop, we expect to have a
publishable document reflecting the consensus of this group
regarding a strategy for a testing program which will, in a
reasonable period of time, tell us whether there is a need
for inoculation of the major legumes grown in the tropics,
(e.g. grain lequmes, pasture legumes, vegetable legumes,
cover-crop legumes, and other under-ex; loited legumes), and
whether certain strains of rhizobia are superior to other
strains for inoculating those legumes which do respond.,
This document should provide a firm basis for enlisting
broad international support for the proposed program of
work.

We have usked some of you to prepare issue papers which
will provide the basis for one or more hours of discussion
immediately following each paper. We have asked some of you
to serve as chairmen of a working session. The chairman has
the relatively easy task of introducing the topic and the
speaker, and the far more difficult task of directing the
ensuing discussion in such a way that the issues are not
only discussed in depth but that, if possible, a consensus
is reached on rach issue. We have asked others of you to
serve as rapporteurs. Your task will be to record the major
points which emerge from the discussion, hopefully, as a
consensus, as well as those details which may be significant
in the formulation of a working strategy for action.
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Ycu will notice from the program that we have allocated
the remainder of this day to an exploration of where we
stand in the area of Rhizobium strain testing. This will
provide a common understanding of the present state of
affairs which should stand us in good stead in our subsequent
deliberations. Tomorrow will be a very busy day, as we plan
to discuss three important topics which form the essential
basis for cooperative action. First, the strengths and
constraints of BNF research programs; second, institutional
networking; and third, problem solving and communication.

On Wednesday we will discuss the nuts-and-bolts aspects of
the proposed experimental network, and on Thursday morning
we will attempt to reach a consensus on the activities which
will be needed to get the network actually underway.

Some of you may be concerned about how the discussion
topics interrelate to cach other and how they overlap. 1
don't believe we should worry about overlap in our
discussions, because they represent important interfaces
between program and institutions or individuals. The more
we address these interfaces in depth, from different
perspectives, the better,

I'd like to suggest one way of viewing the inter-
relationships between our discussion topics (Figure 2). In
this perspective the involvement of the individual scientist
is the key element. All other aspects of our planning
impinge on his or her involvement. Institutions are
involved both in capability strengthening and in the
definition of goals and standards as they relate to national
prioritics. This involvement, in turn, affects the research
procedures to be employed, again with the involvement of the
scientists concerned.

So let us discuss the issues of each individual topic,
but pay particular emphasis to the interrelationships among
the topics, as they may be more important to the success of
the program than the issues or topics, taken singly.

Following the conclusion of the workshop, NifTAL will
arrange for the necessary editing to eliminate duplication,
and compile the documents into a single cohesive report.
These then will be returned for review and any further
revision, prior to publication by April or May, 1979.

We anticipate that the output from this workshop will
be a document which each of us will be proud to claim as
part owners and which each of us will want to actively
promote in develuping countries throughout the tropics.
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LEGUME RESEARCH AT THE UNIVERSITY OF NAIROBI IN
RELATION TO BIOLOGICAL NITROGEN FIXATION IN AFRICA

S. 0. Keya, H. Ssali, D. M. Munkunya, B. I. Muruli
and M. H. Onim
Department of Soil Science
University of Nairobi

LEGUME RESEARCH IN THE UNIVERSITY OF NAIROBI

In East Africa, the main form of protein readily
available to the bulk of the population is plant protein.
As the population has increased, pastures have decreased,
and the costs of producing animal protein have soared.
Hence, animal protein, although preferred, is economically
out of reach for the bulk of the population in both rural
and urban areas.

The most viable alternative to this expensive animal
protein is plant protein which is derived mainly from the
leguminous crops. In Kenya, where the majority of the
population are subsistence farmers, legumes such as beans
(Phaseolus vulgaris) in the relatively high rainfall areas
and cowpeas (Vigna unqguiculata) in the marginal areas have
traditionally been grown. Acceptability of plant protein,
therefore, is not the main problem.

The problem is to increase plant protein yield so that
the subsistence farmer will have enough for his family's
needs, and some extra yield to meet the rising demand in the
urban areas. This increase in yield can be realized through
better management of the local legumes and through introduc-
tion of improved varieties suitable for various agro-
climatic regions.

The University of Nairobi has recognized this problenm,
and to date there are four programs in the University with

the aim of improving legumes. These are:
1. Cowpea Improvement Program
2. Pigeon Pea Project
3. Integrated Grain Legume Program (IGLEP)
4, Rhizobium MIRCEN (Microbial Resources Centers)

Project

These programs employ an interdisciplinary approach,
and the staff involved work hand-in-hand in ccoperation with
the Kenya Ministry of Agriculture toward the common
objective of increasing yields of lequminous crops and
maximizing their role in the improvement of soil fertility.
The Rhizobium MIRCEN Project, although based at the
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University of Nairobi, is a regional project for Eastern
Africa. In addition to the asbove four programs, there is a
Plant Protection Program (PPP) at the University. The PPP
is split into four major disciplines: (a) Entomology,

(b) Plant Diseases, (c) Virology and Nematology, and

(d) Cropping Systems and Weeds. The PPP's basic aims are to
investigate and devise scientific pest management techniques
for small scale, mixed cropping farms, and to provide data
that can be used as a basis for developing a training
program based on integrated pest management.

The main leguminous crops in Kenya are beans, cowpeas,
and pigeon peas (Cajanus cajan). Their provincial
distribution is given in Table 1. Legume research at the
University of Nairobi is mainly on these three grain legumes.

Table 1: Estimated areas under grain legumes in Kenye by
province in the 1969/70 crop year (10° ha)*

Province Common Pigeon Cowpeas Others Total
beans peas
Eastern 130.9 60.0 55.7 13.7 260.3
Central 13.7 0.4 0.2 10.2 124.,5
Nyanza 40.0 -—- 4.4 4,3 48.7
western 20.4 - 0-9 0.2 21-5
Rift Valley 9.3 0.6 0.2 0.8 10.9
Coast 8.3 0.2 5.2 -——- 13.7
Total 322.6 61.2 66.6 28.2 479.56

*Source: Kenya Ministry of Agriculture (1970)
Statistical Abstract

BEANS

Altitude in Kenya varies from sea level to 2500 m at
Mt. Kenya, and the mean annual rainfall varies from 255 to
2030 mm. Hence, leguminous crop production in Kenya depends
on both rainfall and temperature (as a function of altitude).
In the high, cool and relatively wet areas, the common bean
is the number one grain legume. (See Table 1, Central and
Fastern Provinces). In a recent survey of Kiambu District
(Central Province) by the University's PPP, it was found
that out of 52 farms visited, 95% grew beans.

The national average bean yield is estimated at 500
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kg/ha, which is miserably low. In an endeavor to improve
this situation, the University of Nairobi, under the
auspices of IGLEP, Rhizobium MIRCEN, and PPP, and in
cooperation with the Ministry of Agriculture, has begun
research on beans. About 6000 lines of beans have been
collected within and outside the country. These lines are
being evaluated for disease and pest resistance, yield,
nitrogen-fixation capabilities, etc.

Under this program "Canadian Wonder" variety yields
were pushed up from 500 to 800-900 kg/ha. The main problem
in bean production in Kenya appears to be disease; espe-
cially seed-borne disease. Merely by using rlean seed in
the program, "Canadiain Wonder" yields of 1500-2000 kg/ha
have been realized. Hence onec of the main problems is going
to be producing clean seed for distribution to farmers. The
main diseases encountered are haloblight, anthracnose and
bean rust.

0f the 6000 lines collected, the following are promis-
ing selections:

1. "Canadian Wonder," which is medium-maturing with
medium resistance to haloblight and anthracnose;

2. Red harricot, which is resistant to haloblight and
bean rust;

3. Rosecoco which, although susceptible to both
haloblight and anthracnose, can survive because it
is early maturing;

4. Mwezi moja, which is susceptible to haloblight and
anthracnose, but is also early maturing;

5. Black bean, which is resistant to haloblight,
anthracnose and bean rust,

Both rosecoco and mwezi moja selections are suitable for
marginal rainfall areas where the rainy season is relatively

short.

The Rhizobium MIRCEN is involved in bean research (and
research with other legumes) with the ultimate aim of
improving nodulation and nitrogen fixation which will, in
turn, minimize use of nitrogen fertilizers to produce
maximum bean yields in Kenya.

In addition to the evaluation of various strains of
Rhizobium (local and imported), other factors (e.g. nutrient
availability) which might affect nitrogen fixation in the

29



Kenya environment are being investigated. If the need for
nodulation is established, the aim is to produce inoculante
locally, using local materials as much as possible,
Research has been initiated to evaluate local materials as
substitutes for peat as an inoculant carrier. Kenya is not
endowed with substantial peat deposits. Local materials
being evaluated include bagasse, filter mud, charcoal dust,
coir dust, sawdust, and diatomite--all of which are readily
available in Kenya.

Besides disease, there are other factors which limit
bean production in Kenya. Among them is soil acidity. In
many high altitude and high rainfall areas soils with a pH
range of 3.5 to 4.5 (1:1 soil/water) are found, sometimes
with relatively high levels of Al and Mn. Studies have been
initiated to attempt to solve this problem.

COWPEAS

The greater part of Kenya lies in marginal rainfall
areas (less than 1000 mm annually) and although some lines
of beans have been developed for these areas, the main grain
legumes in these areas are cowpeas and pigeon peas,.

For the last year and half, the University of Nairobi
Cowpea Project, in cooperation with other legume programs
and the Ministry of Agriculture, has been involved in
evaluating local and introduced cowpea varieties in
different ecological zones of Kenya. It is hoped that these
efforts will produce high yielding, disease and pest
resistant varieties for both grain and leaf purposes and
suitable for each ecological zone.

In the Eastern Province, which grows 80% of the cowpeas
in Kenya (Table 1), average grain yield under subsistence
farming is 135 kg/ha (Kenya Ministry of Agriculture, Annual
Reports, 1974). Under research conditions the Cowpea
Project has recorded yields of over 1000 kg/ha. So far,
local varieties have out-yielded new entries from the
International Institute of Tropical Agriculture (IITA) in
the cool and less humid, or warm and dry environments of the
Fastern Province. The IITA cultivars performed better under
humid, warm environments. The main problem appears to be
insect damage. In the pre-flowering stage, cutworm (Agrotis
ipsilon’' was the most serious pest. Taeniothrips sjotedti
was the most serious flowering pest while American bollworm
(Heliothis armigere) was the most serious pod boring pest.
Among the diseases recorded was one named "yellow mottle"
which had not been recorded in East Africa.

The breeding section has collected 235 cowpea cultivars
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from within and outside the country, and these are being
evaluated for their suitability for leafy vegetable and
seed production in the different ecological zanes.

The Rhizobium MIRCEN is observing the nitrogen fixing
capabilities of the various cultivars.

PIGEON PEAS

Pigeon pea is the third most important grain legume in
Kenya after field beans and cowpea. It is very tolerant to
drought and can grow under a great variety of climatic and
soil conditiors (Landrau and Samuels, 1959; Johnson and
Raymond, 1964; Pursglove, 1968). In East Africa pigeon pea
is grown primarily as a pulse crop. However, the unripe
green seeds are also an excellent fresh vegetable or they
may be canned. Protein content in dry seeds generally
varies from 20-28% with a aood amino acid balance and very
low antinutritional factors (Tawde and Cama, 1962; Johnson
and Raymond, 1964). Because pigeon pea is a very important
grain legume in marginal rainfall areas of Kenya and has a
good potential for alleviating protein deficiency, research
for its improvement was started in the Department of Crop
Science in 1975. Progress which has been made in its
research at this University includes:

1. Germplasm Collection

Any crop improvement program requires a wide genetic
variability on which improvement can be based. With this
in mind, a number of both local and exotic pigeon pea
genetic resources have been assembled. These have been
grown and screened for a number of agronomic characteristics.
Of the 840 entries in the pigeon pea germplasm bank, 236
were collected from Kenya. The Kenya cultivars are late and
require 10 months to mature while most of the exotic entries,
mainly from India, but also from the Caribbean, South
America, Australia, and the Sudan, mature within 4 months.
A number of promising cultivars have been identified and are
undergoing further improvement. This germplasm bank has
supplied seed to research workers in other countries,
including Sri Lanka, India, Zambia and Botswana.

2. QOutcrossing in pigeon pea and its insect-pollinators

According to reports from various parts of the world,
pigeon pea outcrosses between 0.09-80% (Ariyanagam, 1976;
Khan, 1973). This range of outcrossing makes maintenance of
pure pigeon pea cultures extremely difficult. In 1976, two
experiments were planted at six sites in Kenya to determine
both the degree of outcrossing of pigeon pea under Kenyan
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conditions and the influence of insect pollinators on the
degree of outcrossing. Stem color was used as the genetic
marker. At one site, the experimental plot was planted near
a 30-beehive apiary to expose it to a very high insect-
pollinator population. Insect-pollinator activity was
determined at all sites by counting the number of pollinator
visits per unit area. The results of outcrossing are shown
in Table 2.

Table 2: Estimates of the degree of outcrossing of pigeon
pea at six sites in Kenya

Mean degree of

Site outcrossing
Katumani 35.44
Kibos 25,20
Kampi ya Mawe 41.96
Mtwapa 43.94
Kabete: Low pollinator population 46,66

" n " 94.50

As Table 2 shows, there is a very wide range of out-
crossing in pigeon pea in Kenya. Under high insect-
pollinator population, the observed outcrossing of 94.50%
means that this crop should be regarded as open-pollinated.
This observation has far-reaching consequences on breeding
methods which should be adapted in the improvement of this
crop. The deqgree of outcrossing was directly influenced by
the number and activity of insect pollinators at each site
(r = 0.994; p = 0.001).

Williams (1977) has reported a list of insect genera
and speccies and their foraging activities on pigeon pea in
Hyderabad, India. In a similar survey in Kenya, seven
genera and 24 species of insect-pollinators of pigeon pea
were observed. In this study, the most important pigeon pea
pollinators were 10 Chalicodoma, 5 Megachile, 5 Xylocopa
species und Apis mellifica race adansoni Ltr.

3. Population improvement approach

Since outcrossing in pigeon pea is quite high in Kenya,
the population-improvement approach was adopted, rather than
the traditional pure-line one. Two selection methods were
used, namely Stratified Mass Selection (SMS) (Gardner, 1961)
and Modified Simple Recurrent Selection (MSRS). Four
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improved populations of SMS and 2 of MSRS were tested in
replicated yield trials in 3 locations in Kenya in 1977.
Selection pressure used was 10% for SMS and 5% for MSRS with
grain yield the criterion. A number of other plant
characteristics, especially those likely to influence
drought resistance, were measured. Among the parameters
measured was the Chlorophyll Stability Index (CSI) (Kilen
and Andrew, 1969).

In both SMS and MSRS, no progress was made in grain
yield or its components. However, improved populations by
both methods had taller plants with more primary branches
and slightly more pods per plant. Improved populations also
had significantly more leaves and larger leaf area, and more
moisture and dry matter per plant. It is interesting to
note that the dry matter in the improved populations was not
deposited in grains. Progressively improved populations had
negative relationships with number of seeds per pod, number
of seeds per plant, 100 seed weight and grain yield. How-
ever, location mean yields were 849, 1,603 and 1,431 kg/ha
for Katumani, Kampi ya Mawe and Thika respectively. Since
the populations used mature after 4 months, it is possible
to take two similar harvests per year in these bimodal
rainfall areas. VYields of early maturing pigeon pea are
therefore quite promising in marginal rainfall areas of
Kenya.

Characters which are thought to confer drought
resistance also showed interesting trends. CS5SI was reduced
by 6.4 and 3.2 by SMS and MSRS respectively. This implies
that improved populations may have better drought resistance.
Root studies, however, showed increased dry matter
accumulation in improved populations, but shallower tap-
roots and fewer primary latersals. These observations imply
that improved populations have poorer rooting systems and
may not have good rooting facilities for drought resistance.

4, QOther rcsearch work in progress

Progress made on the improvement of local pigeon pea
cultivars is much slower since each cropping cycle takes 10
months. Intercropping early-maturing pigeon pea with maize
shows yield reductions of up to 75%. Late-maturing local
types do better in mixtures with maize.

Population studies show that pigeon pea grain yields do
not respond to spacing ranging between 20 cm x 75 cm and
50 ecm x 180 cm. Phosphate fertilization has shown erratic
results.
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MIXED CROPPING

In East Africa, legumes are very rarely grown as mono-
cultures. They are usually intercropped with cereals,
cassava and other food and cash crops. In a recent survey
by the PPP, 73% of 52 farms surveyed used mixed cropping
systems. The systems vary from alternate rows of legumes
and maize to alternating maize and legumes within the row,
or even maize and legume planted in the same hole. The
different programs are trying to find the best mixtures.
They are alco interested in how weed ard insect pests can be
controlled in such mixed cropping systems.

OTHERS

The University is interested in other legumes in
addition to grain legumes.

Under the Rhizobium MIRCEN Project, the black wattle
(Acacia mearnsii), a tree legume, is being evaluated with
the aim of exploiting its potential for nitrogen fixation.
The tree grows on a wide range of soils varying from shallow,
rocky, poor soils to fertile soils.

In cooperation with the newly formed International
Council for Research in Agro-forestry (ICRAF) there is a
proposal to evaluate the agro-forestry potential of
Leucaena leucocephnla in food production, conservation and
rehabilitation of the marginal rainfall areas of Eastern
Africa.

MICROBIOLOGY

The following are strains which have been isolated from
legumes. They are now heing tested and screened in the
microbiology laboratory in the University of Nairobi Soil
Science Department using modified Leonard Jar techniques.

Table 3

Legume of origin Number of strains
Vigna unquiculata (cowpea) 27
Phascoulus vulgaris (field bean) 100
Pisum sativum (qarden pea) 20
Cajanus cajan (pigeon pca) 3
Phascoulus ilunatus (lima bean) 2
Trifolium semipilosum

(Kenya white clover) 2
Dolichos lablab (hyacinth bean) 3
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Table 3 (continued)

Legume of origin Number of strains

Acacia mearnsii (black wattle)
Vigna mungo (black gram)
Vigna aureus (green gram)
Glycine max (soybean)
Desmodium intortum

(silverleaf desmodium)
Glycine wightii

(perennial soybean) 1

NN 2O

-

CULTURES FROM OTHER LABORATORIES

Vigna unguiculata (cowpea)

Phaseoulus vulgaris (field bean) 1
Cajanus cajan (pigeon pea)

Medicago sativa (lucerne, alfalfa)

Glycine max (soybean)

=guvuves

Rhizobium cultures were previously stored in YMA
slants at 0 - 4°C, Recently we have started storing
cultures in YMA slants under liquid paraffin. We hope to
achieve longer viability and avoid frequent subculturing
which is time consuming and may lead to mutation of
rhizobia.

RHIZOBIUM CARRIERS

Local materials are being investigated as carriers for
rhizobia inoculants. So far it has been found that filter
mud mixed with soil in ratio of 3:1, satisfies the
nutritional requirements for Rhizobium growth. Molasses is
also being tried as a source of carbon.

Following materials are being tested as carriers:

Peat
Filter mud By-products of the white sugar
Baggase industry in Western Kenya

Sisal dust

Coir dust

Coffee husk coumpost
Sawdust

Charcoal dust

Wool asgh

Ground maize cobs
Alfalfa straw

= OV ODNOVUVEWN -

-
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THE ROLE OF FAO IN THE PROMOTION OF
BIOLOGICAL NITROGEN FIXATION

Fernando Riveraos
Senior Officer
Grassland and Pasture Crop Group
Plant Production and Protection Division/FAQ

FAOD is currently involved in many agricultural develop-
ment projects in Asia, Africa, Latin America and the Near
East, in which the introduction and adaptation of forage
plants and grain legumes are important activities. All
provide excellent opportunities for demonstrating the
methods of legume inoculation, the testing of strains, and
the relationship of incculation to nitrogen fixation,

The present goal of the FAD program on BNF is to
coordinate on-going field projects and current research
programs with a view to promoting the efficient and wide-
spread use of nitrogen fixation in current farming practices.
Objectives include;:

1. Practical demonstrations of the benefits of
inoculation of legumes in the field;

2. Improvement of traditional legume crops by the use
of selected strains of Rhizobium;

3. Introduction of new lequme crops and their specific
inoculants in developing countries where the lack
of rhizobia in the soil has precluded their
cultivation; and

4. Improvement of soil fertility by adopting suitable
legume crops and pastures.

These objectives are implemented through the FAO
program in the introduction, exploration and collection of
forage legumes; through its field projects sponsored by the
UNDP, Regular Program Funds; and through a special grant
from UNEP. Activities are also facilitated by strengthening
those national institutions which deal with legume crops.

A number of national and international institutions are
cooperating with the FAO Proqram on Biological Nitrogen
Fixation. Taese include INTA (Argentina), INRA (France),
CSIRO (Australia), University of Queensland (Australia),
NifTAL Project (USA), and the MIRCENs in Porto Alegre, Brazil
and Nairobi, Kenya, and among the international institutes:
CIAT, ICRISAT and IITA.
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Progress to June 1979

Missions identifying the constraints to BNF were carried
out with a financial contribution from UNEP in the following
African countries: Cameroon, Ghana, Ivory Coast, Kenya,
Malawi, Nigeria, Rwanda, Senegal, Sudan, Upper Volta and
Zaire, and in the Latin American countries of: Argentina,
Bolivia, the Dominican Republic, Ecuador, Paraguay and Peru.

Field programs are underway in Argentina and will begin
in the second half of 1979 in Peru. In West Africa, field
demonstrations in Senegal, Ivory Coast, Upper Volta and
Zaire have been initiated in the present growing season
(June-October). On both continents grain and forage legume
crops are being initiated. FfFull details of field experiments
and their results will be available in November, 1979. All
activities are being implemented by qualified Rhizobiologists,
acting as consultants.

It is predicted that in the future UNEP will request

that FAO identify constraints to the practical applications
of BNF in Central America and Asaia.
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RECENT WORK BY THE JOINT FAO/IAEA DIVISION:
THE '>N EXPERIMENT

Maurice Fried
Director
Joint FAQO/IAEA Division
International Atomic Fnergy Agency

INTRODUCTIGON

On the basis of findings of a previous FAO/IAEA Joint
Division coordinated research program entitled "Use of
Isotopes in Fertilizer Efficiency Studies in Grain Legumes"
(scheduled for publication in 1979), the FAD/IAEA Joint
Division is expanding its efforts by coordinating and
assisting in research on the application of isotopic tracer
techniques to the quantification of biological nitrogen
fixation by leguminous plants. The new program will invulve
approximately twenty agricultural institutes in Member
States of the FAQO and IAEA with financial support from the
Swedish International Development Authority (SIDA).

The main concern of this research is to develop and
utilize quantitative measurements of the amount of nitrogen
fixed by legumes grown in the field. The use of isotopic
nitrogen to quantitatively measure nitrogen fixation under
field conditions appears to be the most promising technique.
Although it is not practical to label nitrogen in the
atmosphere under field conditions and measure !N, fixation
directly, a viable alternative exists in the addition of a
labelled nitrogen source to the soil and measuring nitrogen
fixation by dilution of the labelled nitrogen taken up by
the plant from the soil and labelled source by the
unlabelled atmospheric nitrogen that becomes fixed. This
requires a non-fixing plant as a control to determine the
isotopic composition of the nitrogen taken up from the
labelled source and from the soil without dilution by
atmospheric nitrogen. The major assumptions are that the
sources of nitrogen in the soil are absorbed by the fixing
and non-fixing plants in the same ratio, therefore the same
isotopic composition, and that fixatien by the legume does
not alter the chemistry and availability of the soil
nitrogen. When the same rate of addition of the labelled
nitrogen source is given to both the control and legume, the
fraction of nitrogen fixed by the legume (Nf) is determined
by the formula:

No o= 1 - % '>N atomic excess (of fixing plant)
- % >N atomic excess (of non-fixing plant)

On the other hand, when the rate of application of
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labelled nitrogen source differs between the control and the
legume, the "A" value transformation must be used to
determine the amount of nitrogen fixed.

OBJECTIVES

The major objective of immediate concern is the
improvement of methodology for measuring nitrogen fixation
by legumes, using isotopic nitroger techniques. This will
be accomplished by examination of a number of factors,
including:

1. Design of experiments to improve precision;

2. Suitability of various non-fixing plants for the
determination of the ratio of soil-derived nitrogen
to !'*N derived from the nitrogen in the added
labelled source;

3. Amounts of available nitrogen in the soil that may
influence the growth of both the legume and non-
fixing plant, and the consequent effect on nitrogen
fixation; and

4. Influence of agronomic practices that are important
to cooperating members on the precision of nitrogen
fixation measurvemen:s and the amounts of nitrogen
fixed.

Another objective is to measure the amounts of nitrogen
fixed by the leguminous plants grown in different ecological
situations. The associated errors will be determined.

After the methodology has been successfully established,
further objectives will be outlined that will deal primarily
with agronomic manag:ment practices with the aim of increas-
ing biological nitrugen fixation and crop yields.

REGIONAL CROPS OF INTEREST IN PARTICIPATING COUNTRIES

High yielding locally adapted varielies of nodulating
crops will be used in the experiment. Soybean (Glycine max)
will be utilized in five countries (Arqgentina, Romania,
Senegal, Sri Lanka and USA); cowpea (Vigna unquiculata) in
Nigeria; broadbean (Vicia faba) in three countries (Egypt,
Syria, United Kingdom); chickpea (Cicer arietinum) in three
countries (Bangladesh, India, and Syria); pigeon pea
(Cajanus cajan) and groundnut (Arachis hypogaea) in India;
lentil (Lens esculenta) in Syria and common bean (Phaseolus

vulgaris) in Mexico.
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Sudan grass will be used as a non-nodulating control
crop by all of the participants in the coordinated research
program. Another non-nodulating spceies will be employed as
a second control. This second control specles should be
selected by the program participant on the basis of its
physiological similarity to the lequme crop of interest.

The second non-nodulating species may be selected on the
basis of the following similarities to the leyume crop:

1. Growth period (it is essential that the control
crop has a growth period ideally equal to, but must
not be shorter than the legume crop of interest)
Root distribution pattern

Total nitrogen uptake

Climatic adaptation

Pattern of nitrogen uptake

Piant height

NS W
e o o

Theze characteristics may be uvsed as criteria in the
selection of a non-nodulating control crop although the
selected crop will usually not have all of the characteris-
tics listed.

EXPERIMENTAL TREATHMENTS

Common Treatments

1. Non-legume, at N, (Sudan grass* unless otherwise
specified)

2. Non-leqgume, at N, (non-nodulating isoline, wheat,
barley, ctc.)

3. Legume, at N,

4. Non-lequme, and Legume, at N, (alternate rows of
each crop)

5. WNon-leguume, at N, (Sudan grass unless stherwise

specified)

Non-legume, at N,

Legume, at N,

Non-legume, and Legume, at N, (alternate rows of

each crop)

9, Optional treatment

10. Optional treatment

11. Optional Lreatment

12. Optional treatment

o~ O

NOTE: i. Ny 70 kg N/ha as ammonium sulfate

100 ka N/ha as ammonium sulfate

* Sudan grass varicty should have approximately the same
height as the legume plant.
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ii. Optional treatments (9-12) should be included
if at all possible

iii. Optional treatments (9-12) are any of the

following:

a. additional legume cultivars at N,

b. additional legume cultivars at N,

c. additional legume species at N,

d. additional legume species at N,

e. Rhizobium inoculants at N,

g. additional non-nodulating test crop;
must be grown at both N, and N,

f. and

For example, the optimal treatments could be three
additional legume cultivars at N, and one different source
of inoculant. In other wcrds, a participant may choose four
treatments from one of the above list or any combination.

DESIGN

Split-plot design with 6 recplications in blocks with
each block containing two whole plots for nitrogen level,
subdivided into sub-plots based on mandatory and optional
treatments selected. See sample layout in Figure 1.
Treatments 1 anc 3 must be locatcd adjacent to each other;
Treatments 5 and 7 must also be located adjacent to each
other. Follow the randomization pattern for each block
which will be included in the Field Record Book furnished by
the FAUO/IAEA Division. Refer to Figure 1.

PLOT LAYOUT

1. Each !*N-treated plot consists of 6 rows with
spacings in nd between rows indicated in Table 2,
and the plol size will depend on the row spacing
indicated in Table 2. All treatments including
optional treatments must have the same row spacing.

2. Plot dimensions are given in Table 3,

3. Figures 2 and 3 indicate areas to receive !N
within each plot and also indicate the !N harvest
area.

4., Figure 4 is an example of a supplemental yield plot
layout.* This layout is an example only. Row
spacing must be the same as the !'*N plots. Plot

* Nodule observations should not be made on the N plots
(see Section XIV on nodule observations).
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length and the number of rows per plot should be

the same as commonly used in experiments in your

country. The number of rows per plot need not be
six.

Additional trecatments for the yield plot may be
included which are not in the '*N experiment (a
zero, 20, and 100 kg N/ha must be included in the
yield plots).

Figure 5 illustrates a typical layout of the !N
and yield plots. This layout is an example only,
and if a better layout is available, use it. Only
the '*N-layout must be followed exactly.

SELECTING AND DESCRIBING THE EXPERIMENTAL SITE

The site selected for this study should be on a soil
type representative of the major area of the region on which
the crop under test is grown. Care should be exercised in
locating the ~it~ ~n ~r ko nncnne.

1.

Low fertility level of nitrogen; the 0-60 cm of
soil should contain less than 70 kg/ha of inorganic
nitrogen (see so0il sampling section below).

A uniform plot area; avoid areas with obvious
physical or chemical soil variability. Also, the
site should be located so there will be no
extrancous influence from trees, shrubs, roads,
etc., at the perimeter of the site and so there is
a~nle space for an adequate border of the crop
under test to be sown surrounding the plot area.
The site MUST NOT be located on o0ld experimental
plots where previous differential applications of
labelled or unlabhelled fertilizers have been made.

NO LEGUME CROP should have been qrown on the site
at least for over the preceding two year period.

The site selected should have a minimal amount of
organic residues.  When an appropriate site has
been selected, the rccecords for the site
characteristics and history should be completed in
the Field Book.

The soil profile should be described and classified
by standard soil survey methods. A pit for this
purposce should be dug in the border area adjacent
to the experimental plols. MINIMIZE ALL TRAFFIC ON
THE PLOT AREA,
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PREPARATION OF EXPERIMENTAL SITE AND SEED INOCULATION

The entire experimental area including border areas,
should be uniformly treated in relation to the following:

1. Cultural practices

Ploughing, discing and harrowing should be done
according to procedures commonly used in the region before
seeding.

Manual weed control should be done both before and
after seeding as required-~-D0 NOT USE CHEMICAL HERBICIDES.

Irrigation should be carried out as and when required.
Record the actual amount of water used for irrigation, the
dates and duration of irrigation, all other cultural
practices and any damage to crop by pests and diseases,
birds, etc. in the Field Record Book.

2. Fertilizer practices other than Nitrogen

If, in the judgement of the investigator, potassium,
phosphorus, magnesium, sulphur, lime or any micronutrients
may be limiting for good legume plant growth and production,
the nutrient or nutrients should be uniformly broadcast at
an appropriate rate over the entire area prior to seeding
and worked into the soil up to a depth of 10-15 cm. Micro-
nutrients should be applied only where a known soil
deficiency exists. It is recommended that any basic
treatment used should not include nitrogen.

The amount and rate and form in which any nutrient is
applied, and also dates of application, should be recorded
in the Field Record Book.

3. Seed inocculation

The seeds of the nodulating grain lequme crop under
test should be inoculated with root nodule bacteria which
will be sent to the investigator by the Nitragin Co. through
Dr. G. E. Ham, USA. The seeds should not be subject to any
chemical fungicidal treatments. Instructions for inocula-
tion will be sent by Dr. Ham.

MARKING AND FITTING THE EXPERIMENTAL AREA
FOR PLANTING

Before planting and application of the fertilizer
treatments, all preliminary cultural operations and basic
fertilizer treatments must be completed, the land prepared
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“for planting and each plot carefully marked with identifying
stakes, e.g., painted blue. The sub-plots which are to
receive labelled nitrogen should also be measured carefully
and marked with identifying stakes, e.g., painted blue. The
sub-nlots which are to receive labelled nitrogen should also
bec measured carefully and marked with identifying stakes
(see Fiqures 2 and 3), e.g., red, Planting rows may be
measured and staked al the same time.

To facilitate this operation and subsequent operations
involving location of '*N-labelled areas, it is suggested
that a framework may be constructed with a wire grid system
that would delineate the !*N arca, the area to be harvested,
and the outer unlabelled area. Such a grid system would
have to be easily portable so that it could be taken from
onc plot to the next.

PRCPARING PLOTS FOR SFEDING AND SN TREATMENT

Land Surtace Preparation

Seed bed preparation should be appropriate for seeding
of legume crop chosen for the experiment.

All plot surfaces should be prepared as if the legume
were to be seeded. Plots which will be seeded to non-legume
should be handled with minimum modification needed to
accommodate the plant to be seeded.

CLIMATOLOGICAL AND OTHER ENVIRONMENTAL RECORDS
(see detailed instructions in Field Record Book)

1. Essential records

Detailed records of rainfall (date, amount,
intensity) for the full duration of the
experiment.

o

b. Where irrigation is used, record dates,
duration, and guantity of water and method of
irrigation,

c. Measure soil moisture contents at seeding and
maturity and bulk density up to 100 cm.

d. Daily records of maximum and minimum soil
temperaturcs at secd level for 14 days after
seeding and thercafter maximum weekly
temperatures.

e. So0il mopisturc measurements at the same
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positions and frequently as for soil
temperature.

2. Desirable records

a. Level of water table at fortnightly intervals
from seeding to harvesting.

b. Meteorological data for calculating potential
evaporation (after Penman), a significant
factor affecting crop production:

i. wind speed - an integrated 24 hours
recording

ii. net radiation - hours of sunshine are
sufficient to enable this to be estimated

iii. air temperature - dsily minimum and
maximum

iv. relative humidity readings at 9.00 and
15.00 hours

OBSERVATIONS ON NODULATION AND NODULE ACTIVITY

Observations at three different stages of growth (early
vegetative; 21-28 days after germination; early flowering
and mid-pod-filling stage) should be made for nodulation
studies from the guard rows of the yield plots. At each
observation time, a minimum of 6-12 plants for each legume
treatment from each replication plot selected at random
should be assayed individually for:

1. Nodule activity by using acetylene reduction
technique where facilities are available;

2. Nodule number per plant and position in the root
system, i.e. primary and secondary root nodules;
primary roct nodules are those located on the tap
root, and secondary root nodules are located on
branch roots away from the tap root;

3. Nodule colour when sliced, to calculate the % of
the active nodules (active nodules usually look
pink or reddish brown in colour, while inactive
nodules usually look either white or green);

4. Nodule dry weight per plant; and

5. Extent of insect damage to nodules as a percentage
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of total nodules on each plant.
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MICROBIOLOGICAL WORK ON NITROGEN FIXATION IN ASIA

Peter J. Dart
Program Leader, Microbiology
International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT)

WORK OUTSIDE INDIA

Bangladesh., Virtually no work is presently in pr~,ress,
but centers where microbicrlogists are now stationed are the
Bangladesh Agricultural Research Institute (BARI) in Dacca,
the Institute for Nuclear Agriculture in Mymensingh, and the
Bargladesh Agricultural University, Mymensingh. Some
research on nitrogen fixation for M.Sc. degrees is also in
progress at Dacca University. Inoculants are not produced
on a conmnmercial scale, Major grain legumes are Khesari
(Luthyrus sativus), chickpea (Cicer arietinum), lentil
(Lens esculenta), and black gram (Vigna mungo). The total
area under pulse production decreased by 16.7% between 1969
and 1975 to 319,000 ho, abovt 2,5% of the total cropped area,
with average yields about 740 kg/ha. Therec is a limited
production of groundnuts, but very few pasture or fodder
legumes are grown.

Thailand. Some work on inoculum production, mainly for
soybeans, is being undertaken at Kasetsart University,
Bangkok. Ffield responses to inoculation for soybean can be
large. At Khon Khaen University. some work on inoculation
is in progress; at present the microbiologist is undertaking
research at ICRISAT for his Ph.D.

There is virltually no soil microbiology resecarch in
Indonesia (apart from inoculation of pasture legume trials)
or in Burma or Nepal,

Paukistan. In Pakistan some research is being conducted

by Dr. K. A. Malik at the Nuclear Institute for Agriculture
and Biology in Faisalabad.

Malaysia. Inoculants arc provduced at the Rubber
Research Institute, where research has mainly been concerned
with legume cover crops. But at the Botuny Department,
University of Kuala Lumpur, and in the Department of
Agriculture there has been an interest in other crops.
Soybeans apparently respond to inoculation. Soils are often
very acidic.

Philippines. Some work is being done at the University
of the Philippines at Los Banos, where inoculation trials
have been conducted, and inoculants are produced. There has
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as a carrier, but they are of very poor quality. The two
major universities in Cairo, and Alexandria University give
microbiology courses to several thousand students each year.
Unfortunately overcrowcing and lack of equipment and
operating funds restrict research work very severely.

WORK WITHIN INDIA

India is the lzrgest producer of legume crops in Asia,
and has one of the largest scientific establishments in the
world in terms of manpower, but until recently work in soil
microbiology was relatively neglected. There is increasing
interest at a national planning level on increasing pulse
and legume oilseed production in India.

Most agricultural rescarch work is sponsnred by the
Indian Council of Scientific Research (ICAR) with head-
quarters at Delhi. The ICAR has three schemes which
sponsor the major work on nitrogen fixation.

The largest body of microbiologists are employed by
the All India Coordinated Pulse Improvement Project,
directed by Dr. taxman Singh, Project Director, ICAR
Directorate of Pulse Improvement, Kanpur. Some 15 micro-
biologists are stationed at Agricultural Research Centers
(field stations and agricultural universities) throughout
the country (sece list, p. ), and work mainly on coordi-
nated projects agreed on at an annual worksnroa, covering
surveys of nodulatinn in the field, strain tosting,
inoculation trials, and screening of germplasm for nodula-
tion characteristics. The project coordinator, Dr. R. B.
Rewari is staticned at the Indiun Agricultural Research
Institute (IARI), New Delhi. The scientists in this scheme
would welcome cooperative research with the NifTAL project.
Because many of these microbiologists have only been
appointed in the last three years, present facilities vary
a great deal between centers and this places some limita-
tions on the kinds of revearch that can be meaningfully
conducted. There is an attempt Lo concentrate work at each
center on the two or thrce crops of major importance in the
region where the rescarch center is located. The major
crops are chickpea, pigeon pea, green gram, black gram, and
cowpea (Vigna unyuiculata). Some work is also being done
on guar {(Cyamopsis tetragonolobus), moth bean (Phaseolus
acontifolius), and horsegram (bolichos biflorusj, and a
swall amount on soyvbean. ICAR has a separate All India
Coordinated Rescarch Projeel on soybean, but with only two
microbiologists--Dr. M. V. Shantaram of the University of
Agricultural Scicnees in Bangalore, and Dr. V. R.
Balasundaram of [ARl--working under its auspices. 0One
microbiologist at the Central Arid Zonc Research Institute
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these have provided superior inoculum strains in some
locations. Little information is available on subsequent
survival of the inoculum in farmers' fields, but on research
stations indigenous soil populations of R. japonicum have
been established. The arca under soybean cultivation at

c 60,000 ha is appruvaching the "take-off point" in terms of
economy of handling the harvested beans and o0il extraction,
and associated increased returns Lo the producer, and
increases in the area under cultivation are predicted.

Chickpea is the major pulse crop in India (c 7.3
million ha), but mean yields are low (c 580 kg/ha) although
yields of 4-5,000 kg/ha have been ohtained in experiments.
The area sown to chickpea has declined in the lasl fifteen
years, and production has moved from the northern states
into north central and central states as wheat and rice
production has increased in the northern states. This
suggests that new areas are being used for chickpea produc-
tion, and responses to inoculation can be e.pected., Field
surveys show poor or no nodulation in some areas. Responses
to i1noculation have been obtained in land traditionally used
for chickpea cultivation and an example is shown in Table 1.

Table 1*: Gram field experiment--Delhi, Rabi 1967-68

Gram yield, N uptake
Trecatment kg ha~! kg ha"!
Uninoculated 1033 34.5
Rhizobium 1323 45.0
C.D. at 5% 156 3.4

On at least 2 million ha annually, pulses (mainly
chickpea, green yram and black gram) follow paddy rice.
Where the pulse has been absent for some time, substantial
responses to inoculation (vp Lo 150% for chickpea) have been
obtained, but little is known of responses where the
rotation is more nearly "puaddy-pulse-paddy-pulse," or how
the inoculum survives under @ subusequent rice paddy.

In terms of area under production, groundnut (Arachis
hypogaea) is the next most important legume, with the area
fluctuatinu considerably but around 7 wmillion ha annually
with yields of about 700 kg/ha. Where groundnut production

¥ From W. V. B. Sundara Rao, Plant & %So0il Special Vol. 1971,
287-291.
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is starting in large, new, irrigation schemes, nodulation is
often very poor, as can also be the case in rainfed crops,
suggesting that scope exists for inoculation. Farmers often
use urea fertilizer, which suggests that the symbiotic
nitrogen fixing system is defective. Responses to inocula-
tion have been obtained on research stations.

Pigeon pea is the second most important pulse crop with
about 2.5 million ha sown annually with average yields of
about 680 kg/ha. Response in terms of grain yield to
inoculation is rare, perhaps because of the low harvest
index, but also because of the pattern of nodulation of the
crop, with nodules senescing from 30 days after germination
and new nodules forming on new roots deeper in the soil.
Nodules form at soil depths greater than 1 meter. Surveys
of farmers' (ields often report very poor nodulation, but
this may be because of the difficulty in recovering the
nodules from soil as their attachment to the root is very
fragile. Early nodulation can be influenced by inoculation
and a response in grain yield has been obtained at ICRISAT
in a Vestisol, with yields of 1700 kg/ha, increased 25% by
inoculation.

In an Alfisol, yields were increased by as much as 30%
to 1000 kg/ha by addition of nitrogen fertilizer at the rate
of 20 and 200 kg N/ha, suggesting that the nitrogen supply
from the symbiotic system was limiting yields,

Increases in grain yield of field crops of other pulses
have also sometimes been obtained at various centers in the
coordinated trvials.

In India, the quality of inoculants produced severely
limits the potential for increasing yields through inocula-
tion. The Indian Standards Institute has sect minimum
standards for Rhizobium inoculants, but it is not mandatory
for manufocturers to conform to these. Inoculants presently
produced are not sterile apart from Rhizobium (the optimum
condition), and the numbers of contaminants often exceed the
numbers of rhizobia, making them virtually worthless for use
by farmers. Lack of an infrastructure for distribution and
storage of inoculants prior to use also restricts the
potential use. If responses to inoculation can be reliably
obtained, the extension agencies would readily include
inoculation in the package of practices for grain legume
production, but in the present circumstances are understand-
ably rcluctant to do so. If 1noculalion is recommended, the
potential market for inoculants is encrmous.
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indicates a close link between rates of photosynthesis and
nitrogen fixation. Water stress without obvious wilting
markedly affected groundnut nitrogen fixation and yield, and
there were indications of differences between cultivars in
this response.

The residual effects of our legumes on the nitrogen
nutrition of subsequent crops are under examination. For
example when compared with maize, a previous groundnut crop
enhanced yields of millet by 655 kq/ha or 49%.

Screening of several hundred field-grown germplasm
lines for each crop has shown very large varviability for
symbiotic characteristics. For example in the 110 pigeon
pea crossing block cntries, nodule number per plant varied
6 fold between lines. e are at the stage of choosing
parents for a crossing program to follow the heritability of
these traits with the aim of increasing nitrogen fixation by
breeding. We have a collaborative project with North
Carolina State University for groundnut work.

Future projects will:

Survey the distribution of mycorrhizal fungi in soils
of the semi-arid tropics, and seleclt fungal strains
capable of stimulatina growth and nutrient uptake in
the presence of indigenous mycorrhizal populations in
soil;

Examine the role of plant genotype in the mycorrhizal
response;

Examine the response of ICRISAT crops to inoculation
within the field--particularly under low fertility
conditions;

Examine the response of field-grown chickpea, pigeon
pea, groundnut, millet and sorghum to inoculation with
mycorrhizal funqgi, particularly under low fertility
conditiong.

Staff includes:

Peter Dart ... Program Leader-Microbiology
J. V. D. K. Kumar Rao ... Microbiolugist {(pigeon pea)
0. P. Rupela ... Microbiologist (chickpea)
P. T. C. Nambiar ... Microbiologist (groundnut)
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The Cereal Microbiology Program at ICRISAT

Research is focused on nitrogen fixation associated
with pearl millet, sorghum, minor millets and some tropical
grasses., Several hundred lines of worldwide origin have
been tested under field conditions with about 10% having
high nitrogenase activity. There is a large variability
between plants, fields and seasons in activity, which is
correlated with soil moisture. Pot experiments and nitrogen
balance experiments with hybride of napier grass x pearl
millet (Pennisectum purpureum and P. americanum) indicate
that significant amounts of nitiogen can be fixed by root-
associuted bacteria. At least 6 types of organisms seem
involved in the activity and can be isolated from surface-
sterilized roots., Future work will be concentrated on
nitrogen balances for millet and sorghum production in the
field and in lysimeters, to estimate nitrogen fixation.

The possibility of using N to label soil organic
matter and meusure nitrogen fixation is also being explored.
Crosses huve been made between millet lines with high
nitrogenous activity and high nitrogen uptake.

List of Some Microbinlogists Working on
Nitrogen Fixation in Asia

Name and Positian Institution

1. Dr. A. Balasubramanium
Microbiologist (Pulses)

Agriculture College and
Research Institute
Tamil Nadu Agricultural

University
Coimbatore
INDIA

2. Dr. V. R. Balacunduaram Indian Agricultural

All India Coordinated

Research Institute

Pulse Imrovement (IARI)
Project New Dclhi 12
INDTA
3, Dr. G. R, Gajendra Gadkar J.N.K,K.V., University
Microbiologist Jabalpur
INDIA
4., Dr. T. K. S. Gowda Agricultural Research

Microbiologist
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10.

11,

12,

13.

Name and Position

DI‘. Ba Ro Gupta
Microbiologist (Pulses)

Dr. S. V. Hedge
Scientist (Microbiology)

Dr. A. L. Khurana
Microbiologist

Dr. A. S. Khurana
Microbiologist

Dr. N. 3. Pawar
Microbiologist

Dr. Raman Rai

Dr. M. Rangarajan
Microbiologist (Pulses)

Dr. M. Rangaranjan
Microbiologist

Dr. H. S. Nagaraj Rao
Microbiclogist (Pulses)
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Institution

Dept. of Soil Science &
Agricultural Chemistry

C.5. Azad University of
Agriculture and
Technology

Kanpur

INDIA

Univ., of Agricultural
Sciences

G.K.V.K., Bangalore-560065

INDIA

Dept. of Microbiology

Haryana Agricultural
University

Hissar-125004

INDIA

Department of Plant
Breeding

P.ALU,, Ludhiana

INDIA

Agricultural Research
Station, Badnapur
Dist. Aurangabad (M.S.)

INDIA

Rajendra Agricultural
University

T.C.A., Dholi (Muzaffar)

Bihar

INDIA

Agriculture College and
Research Institute

Madurai

INDIA

Agricultural College and
Research Institute

T.N.A.U., Madurai

INDIA

Agricultural Research
Institute

A.P.ALU., Rajendranagar

Hyderabad-500030

INDTA



14,

15.

16.

17.

18.

19.

20,

Name and Position

Dr. R. B. Rewari

Project Coordinator

All India Coordinated
Pulse Improvement
Project

Dr. M. V. Shantaram

Dr. L. C. Sharma
Microbiologist

Dr. Laxman Singh
Project Director

Dr. Vikram Singh
Director

Dr. J. S. Srivastava
Microbiology (S.R.A.)

Dr. G. S. Venkataraman
Project Director
Microbiology Division
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Institution

Indian Agricultural
Research Institute
(IARI)

New Delhi 12

INDIA

All India Coordinated
Research Project on

Soybean

University of Agricultural
Sciences

Hebbal, Bangalore 560065

INDIA

Agricultural Research
Station, Durgapura

Jaipur, Rajasthan

INDIA

Indian Council of Scien-
tific Research (ICAR)

Directorate of Pulse
Improvement

Kanpur

INDIA

All India Coordinated
Oilseeds Research
Project

Andhra Pradesh Agricul-
tural University

Rajendranagar, Hyderabad

INDIA

Dept. of Genetics and
Plant Breeding

Faculty of Agriculture

B.H.U., Varansi

INDIA

Coordinated Research
Program on Algae

Indian Agricultural
Research Institute
(IARI)

New Delhi

INDIA



Name and Position Institution

21. Dr. K. A. Malik Nuclear Institute for
Agriculture and Biology
J Hang Road
P.0O. Box 128
Faisalabad
PAKISTAN

22, Institute for Nuclear
Agriculture
P.0. Box 4
Mymensingh
BANGLADESH

23, Soil and Fertilizer
Research Institute
P.K. 54 Yenimakalle
Ankhara
TURKEY
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INTERNATIONAL SOYBEAN PROGRAM (INTSOY)

R. Stewart Smith
Soil Microbiologist/INTSOY
Dept. of Agronomy
University of Illinois at Urbana-Champaign

The objective of the International Soybean Program
(INTSOY) is to assist in the development and exploitation of
the inherent potential of the soybean as an efficient source
of high-quality protein and high-quality edible o0il for
diets of both the rural and urban poor. The US Agency for
In.ternational Development provides support to the University
of Illinois at Urbana-Champaign and the University of Puerto
Rico, Mayaguez Campus, to assist in developing INTSOY as an
international soybean resource base. INTSOY provides
technical assistance to AID and cooperating countries,
agencies, and institutions on the production, plant
protection, marketing, and use of soybeans. Soybeans offer
a greater potential for lessening developing country protein
and calorie shortages than any other grain lequme. The
ability of the soybean in association with Rhizaobium
japonicum, to fix atmospheric nitrogen thereby eliminating
the need for costly petro-chemical fertilizer, makes it an
attractive crop to the small farmer with low cash reserves
for the purchase of production inputs.

INTSOY research activities have been interdisciplinary,
with scientists from both universities in the areas of plant
breeding, agronomy, soil microbiology, pathology, entomology,
nematology, weed science and food science contributing to
research programs on soybean production and use in the
tropics and subtropics. An array of trials has been
developed to identify, evaluate, and hasten the process of
adoption of improved soybean varieties. It is now known
that soybean can be developed as a high-yielding crop at
tropical latitudes. Substantial attention has been given to
cultivars which exhibit resistance to diseases. Pathogens
that affect seed quality and germination have been inten-
sively studied through cooperative efforts of the Universi-
ties of Illinois and Puerto Rico.

Two components of the INTSOY program relate directly to
the International Network of Legume Inoculation Trials being
promoted through NifTAL.

The first is the International Soybean Variety
Experiment (ISVEX) supervised by Dr. William H. Judy, INTSOY
Agronomist. ISVEX was organized in 1973 and is conducted
annually in 80-90 countries at 200-300 sites. The ISVEX
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triel is designed to:

1. Evaluate the adaptation and response of soybean
cultivars under a wide range of environmental
conditions;

2. Provide research workers an opportunity to compare
local and introduced varieties;

3. Provide a source of new germplasm which the
Cooperator may use directly or incorporate into his
breeding program; and

4. Identify areas of the world which have a potential
for soybean production.

Each Cooperator is given a complete ISVEX instruction
booklet with recommended management practices and requested
observations, soybean seed as required and sufficient
inoculant. FEach Cooperator returns data on: days to flower,
days to maturity, nodule rating, plant height at maturity,
lodging score, shattering score, number of plants harvested,
yield of dry soybeans, pods per plant, 100 seed weight, seed
quality rating, and percent germination. After receiving
data from the Cooperators, INTSOY analyzes all data and
publishes a detailed report including the data from each
cooperating site for the annual ISVEX report.

The second INTSOY component relating to the Rhizobium
Experimentatiorn Network is the work I am doing with
Rhizobium japonicum and the inoculation of soybeans in the
tropics and subtropics. Two international projects have
been initiated: The International Soybean Rhizobium
Inoculant Experiment (ISRIE) and the International Inoculant
Shipping Evaluation (IISE).

The International Soybean Rhizobium Inoculant Experiment
(ISRIE) is a soybcan inoculant response trial which is being
done by over 100 Cooperators in the tropics and subtropics.
The objective is to determine soybean yield response to
inoculation with Rhizobium japonicum in tropical areas.
ISRIE has four treatments: (a) non-inoculated control,

(b) rhizobia inoculated, (c) rhizobia inoculated plus
nitrogen fertilized, and (d) nitrogen fertilized. Davis
variety seed, granular inoculant and instruction booklets
are being sent from the University of Illinois to all
Cooperators.

We have agreed at this Network Planning Workshop that
NifTAL will check with INTSOY and not ask a Cooperator
contacted by both organizations to duplicate the soybean
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inoculant response component in the Network experiment.

The International Inoculant Shipping Evaluation (IISE)
is an inoculant trial evaluating the quality of granular
soybean inoculant after exposure to international shipping
and storage conditions. High temperature, loss of moisture
and time elapsed use stresses which affect the quality of
inoculants. Inoculants shipped to the tropics for research
or commercial use may have encountered these kinds of stress.

Samples of commercial granular soybean inoculant (50
g.) are being sent to more than 100 Cooperators in the
tropics and subtropics. Attached to the sample is a
temperature indicating label which irreversibly changes
color as each of the following temperatures are reached:
389, 43°, 49%and 54°C. Instructions accompany the sample
directing the Cooperator to complete a data sheet indicating
which temperature has changed color, and to return the
sample to the INTSOY microbiolugy lab at the University of-
Puerto Rico. The maximum temperature to which the inoculant
was exposed will be rec-rded and R. japonicum numbers and
percent moisture determined. -

Both inoculant trials are being sent from INTSOY,
University of Illinois, in cooperation with the Interna-
tional Soybean Variety Experiment (ISVEX).

Both international inoculant trials are similar to
proposed Network Trials in several ways. Coordination and
cooperation between the two orqganizations can assist each
project in meeting its goals. Copies of the instruction
booklets for both ISRIE and IISE have been sent to NifTAL.
In addition, two cooperative projects between INTSOY and
NifTAL are being formulated.

The objective of the first experiment is to determine
the establishment and persistence of four strains of R.
japonicum from a commercial inoculant at various pH values
in Puerto Rico soil which is acid and high in available
aluminum. One aspect of this trial will include nodule
sampling. The nodules will be sent to NifTAL for
serological typing. This will provide an opportunity to
test the proposal that NifTAL offers a nodule typing
service to overseas participants in the International
Network of Legume Inoculation Trials.

A second cooperative project will be planted in Puerto
Rico to field test strains of R. japonicum which have been
determined to be acid tolerant under laboratory evaluations
conducted by Dr. Don Munns (University of California at
Davis). Those R. japonicum strains which have been
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determined acid-tolerant will be used in an experiment to be
planted on an acid soil with high aluminum saturation.
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CURRENT WCRK ON NITROGEN FIXATION BY
TROPICAL LEGUMES IN LATIN AMERICA

Jake Halliday
Soil Microbiologist/Beef Program
Centro Internacional de Agricultura Tropical (CIAT)

PREFACE

This is not a scientific paper. It is a guide to who's
who and what they are doing with respect to nitrogen fixation
research with tropical legumes in Latin America. It is
orientated specifically to the NifTAL planning workshop for
a network of Rhizobium testing that might involve sites in
Latin America. The information presented may in a few cases
be incomplete or even out of date; therefore comments and
recommendations in this respect are welcomed. An appraisal
is made of each research group with respect to their capacity
to participate effectively in a program of Rhizobium testing
at the field level. Readers are referred particularly to
the first three items in the section headed "DOCUMENTATION.

The views expressed in this article are entirely those
of the author and should not be construed to represent those
of the management or Board of CIAT nor its donor agencies.

INTRODUCTION

Although a large number of researchers in tropical
Latin America are working in biological nitrogen fixation,
very few are involved in comprehensive programs that embrace
not only collection and isolation of strains of Rhizobium
but also evaluation of their effectiveness at both the glass-
house and field level. This last aspect is particularly
neglected and only four groups are known to be actively
involved in field evaluation of strains of Rhizobium, (CIAT
Beef Program; CIAT Bean Program; EPAMIG and UFRGS/IPAGRO).

There are many individuals, mainly in the universities,
conducting strain selection programs which are executed
enthusiastically but with relatively little direction. On
the other hand there are many agricultural institutes with
legume programs conducted at an agronomic level without
rhizobiological back-stopping. The isolation in which these
groups work with respect to each other despite their common
goals is unfortunate and is attributable to the lack of
effective communications media such as journals, the
infrequency of conferences and workshop, the economic and
logistic difficulties in attendance at international
scientific meetings, and inter-person and inter-institution
Jjealousies. Relatively little can be done about the last
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circumstance, but one can expect an improvement in the
others with time.

Against this background there is an opportunity for
agencies such as NifTAL to make a major impact, first
through encouraging and supporting ccllaboration between
groups within countries; second by promoting a field
orientation in groups presently engaged in strain selection;
and third by making strains available as inoculants for use
by legume agronomists.

INTERNATIONAL PROGRAMS

CIAT, Cali, Colombia

CIAT, one of ten international centers administered by
the CGIAR, has as its objective "to generate and deliver, in
collaboration with national institutions, improved technol-
ogy which will contribute to increased production, produc-
tivity and quality of specific basic food commodities in the
tropics--principally in Latin America and Caribbean
countries--thereby enabling producers and consumers,
especially those with limited resources, to increase their
purchasing power and improve their nutrition." Consistent
with CIAT's declared low input strategy, biological nitrogen
fFixation research features prominantly in two commodity
programs.

Bean Program. The bean program works to improve
Phaseolus hean crops. Beans are an important protein source
For rural and low-income families throughout Latin America.
Consumer prices for this grain legume are high, largely
because of low crop yields caused by diseases and insects.
seientists are striving to alleviate bean production
problems through rescarch and training in all phases of
Phascolus crop improvement, especially by development of
pest resistant germplasm,

The obirctive of the soil microbiology section of the
Bean Program is to ensurc that the benefits from biological
nitrogen fixation in this crop are maximized. The strateqgy
employed involves not only the classical strain selection
approachk but also novel and exciting work which exploits
varietal dilferences in nitrogen fixation by Phaseolus
vulgaris to breed specifically for enhanced symbiotic
performance.

Dr. Peter Graham is head of the section. Silvio Vitery
end Luz Dary Ruiz are his research assistants. Gloria
[sabel Ocampo i: the bacteriologist. The activitics of the
section have been reported. Participation rating: 5.
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The objective of the Soil Microbiology Section of
CIAT's Beef Program is to maximize the benefits of biological
nitrogen fixation to adapted forages in the acid, infertile
soile of tropical Latin America. Priority has been given to
the legume/Rhizobium symbiosis. The research strateqy is
(1) to maintain and augment the CIAT Rhizobium germplasm
resource; (2) to evaluate the symbiotic nitrogen fixation
potential of Rhizobium strains with adapted legumes; and
(3) to test expression nf symbiotic potential of selected
strains in field situations, initially at Quilichao,
Carimagua and Brasilia and then in regional trials throughout
the Beef Program's target areas.

Rhizobium Collection

The number of strains in the CIAT Rhizobium collection
for tropical forages doubled during 1978 to 2043 through
donation by collaborators (principally R. A. Date of CSIRO,
Brisbane) and collection expeditions to eastern Venezuela
(CSIRO/CIAYT), Ecuador (CSIRO/CIAT), and northeastern Brazil
(EMBRAPA/CSIRO/CIAT). The second edition of the catalogue
of strains of Rhizobium for forage lequmes is available on
request.

Rescarch on collection methodclogy has revealed that
although silica gel and calcium chloride do not differ
significantly in the rate at whicn they dessicate nodules
in storage vessels the viability of rhizobia in stored
nodules is greater and the level of contaminating organisms
on primary isolation plates is reduced when calcium chloride
is used. It is now known that a key factor in past failures
with isolation of Rhizobium from nodules of plants
(especially Stylosanthes spp.) growing in acid soils is that
many such strains have an acid requirement for gruwth and
cannot grow on the standard medium (pH 7) used for isolation.
This implies that the search for acid-adapted Rhizobium in
existing collections of strains which were orginally
isolatcd onto routine norn-acid media may not be the most
valid nor fruitful approach. Collecting activities have
been stepped up using acid media to isolate and maintain
cultures.

A practical manual for the collection, isolation,
characterization and preservation of strains of Rhizobium
was prepared in conjunction with R, A. Date and is avail-
able from CIAT on request.

Strain Selection

Strains of Rhizobium for forage legumes which are
nominated as promising by the Beef Program's germplasm
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committee continue to be selected by a five stage program.

Stage I (aseptic tube culture)

Forty-three strains of Rhizobium isolated from root
nodules of Stylosanthes species from various soil types were
tested with two 5. capitata genotypes (CIAT 1019 and CIAT
1078). Nodulation did not occur in any host genotype by
strain combination. When the standard agar rooting medium
was acidified to pH 4.9 however, nodulation was observed
with 15 strains tested with S. capitata (CIAT 1019). It is
concluded that 5. capitata has an acid requirement for
nodulation. S. capitata exhibited greater specificity in
in iis strain requirement than S. guianensis (CIAT 136),

5. hamata (PI 40264A) and S. hamata (PI 38842) each of which
nodulated with all 43 strains.

Eight out of 15 strains of Rhizobium tested with Zomia
sp. (CIAT 728) formed nodules under the conditions of The
test.

Only half of the strains of Rhizobium tested with
Macroptilium sp. (CIAT 535) formed nodules, indicating a
much higher degree of specificity of strain requirement than
is the case with the very promiscuous Macroptilium atropur-

pureum cv. Siratro.

Stage II (sand culture with pH 7 nutrient solution)

Thirty-nine strains of Rhizobium were ranked in order
of their nitrogen fixation potential with Desmodium
ovalifolium (CIAT 350). The best non-CIAl isolate was 26th
in the effectiveness ranking. Variation in strain effective-
ness can be attributed mainly to differences in the mass of
nodules formed (sce Figure 1) rather than the rate at which
the nodules function (specific nodule activity).

The results of experimentation with Stylosanthes
capitata (CIAT 1019) indicated that growth requirements of
the plant have not been met satisfactorily by the medium
used routinely in this stage. CIAT 71, a strain of known
effectiveness with S. capitata, was ineffective in the test.
Work continues to develop a nutrient solution suitable for

sand culture of §. capitata,

The wide spectrum strain CB 756 was moderately effec-
tive with Macroptilium sp., (CIAT 535). Three strains (CIAT
320, 420 and 318) were more effective.
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Stage III (pot culture in unsterilized site soil)

Plants inoculated with the best strain in a trial with
Stylosanthes capitata yielded double the dry matter of
uninoculated control plants. The strain CIAT 71 which has
to date been recammended for S. cagltata only on the basis
of high effectivity with §. guianensis and genetic compati-
bility with S. capitata was confirmed as a highly effective
nitrogen fixing symbiont for this host and has increased
attractiveness as a wide spectrum inoculant strain for acid
soils. CB 756, a strain often used to inoculate Stylosan-
thes, was confimed to be ineffective with this S. capitata
accession.

The Rhizobium strain CIAT 71 originally isolated from
Stylosanthes nodules proved to be one of the most effective
strains on Zornia sp. (CIAT 728), a taxonomically closely
related genus. The strain CIAT 103, which had been
recommended previously for Zornia on the basis that it was
a Zornia isolate, is only moderately effective with this
accession.

Only three out of twelve strains of Rhizobium that were
highly effective in nitrogen fixation with Desmodium
distortum grown in sand jars were capable of nodulating and
fixing nitrogen under acid soil stress.

In trials with Centrosema hybrid brasilianum x
virginanum (CIAT 438), ranking of cffectiveness in nitrogen
fixation in acid soil in the presence of competing native
strains of Rhizobium differs from the order of merit under
optimal plant growth conditions (Fig. 10.5a). The best
strain under stress in site soil was eighth in effective-
ness order in sand jars. Also, several strains that were
fully effective in sand jars fixed no nitrogen in acid soil.
It was particularly alarming that strain CIAT 327 which was
49th out of 50 strains in sand jars gave the second highest
yield in the Stage III trial.

In trials with Desmodium heterophyllum (CIAT 349),
only one out of ten strains of Rhizobium that were fully
effective in nitrogen fixation at Stage II was fully
effective in nitrogen fixation under stress in acid soil.

Stage III results emphasize the important modifying
role which the soil can play on the lequme/Rhizobium
symbiosis and demonstrate the need for caution in over-
dependence on the standard sand jar test to select strains
of Rhizobium for stress conditions.
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Stage IV (field trial of selected strains and inocula-
tion technologies

Quilichao. Data from the field trials with Desmodium,
Stylosanthes, Centrosema, Galactia, Macroptilium, and
Pueraria phaseoloides (CIAT 9900) are summarized in Table 1.

Carimagua. Results of the field trials with Desmodium
ovalifolium (CIAT 350), 5. capitata (CIAT 1019), S, capitata
(CIAT 1078) and Macroptilium sp. (CIAT 535) are summarized
in Table 2. The experiment with Macroptilium has been
terminated due to lack of host plant adaptation to the soil,
climatic, insect and disease stresses of the region. With
S. capitata accessions neither 1019 nor 1078 survived into
the second year under small plot, pure sward conditions.
Adult plants of 1019 were virtually eliminated by spider
mites and in 1078 stemborer reduced the population of mature
plants to near zero. These results are inconsistent with
the observed behavior of these accessions in mixed pasture
with grasses. Some useful data may be obtained on Lhe
persistence of introduced strains in soil and their ability
to nodulate new seedlings, but it is not possible to study
the inoculation response for more than one growing season
with this experimental design. Future experiments with
these accessions will be performed in larger plots with
mixed swards.

Acid Tolerance by Rhizobium

Results from field and pot trials show that a response
to inoculation with selected strains of Rhizobium is the
rule rather than the exception. There tends to be a
reduction in the response over time however. It is likely
thal protection of the inoculant strain witlh pelleting at
the time of sowing permits an early and high percentage
infection by the c¢ffective introduced strein thus giving a
marked initial response. A critical puint is reached when
the primary nodule population decomposes (after 2-3 moenths)
and the rhizobia must survive in the acid soil as free-
living soil saprophytes. HMultiplication at low pH is of
paramount importance for reinfection of the lequme root,
competition with native strains of Rhizobium for nodule
sites and persistence in the so0il microflora. Research was
therefore directed at development of a medium to test for
this character. Alkali production by tropical rhizobia has
been an obstacle to the development of such a test causing
the pH to rise from its initial value of around pH 4 to
above pH 8 and thereby confusing interpretation of the
result. A stable acid medium in which the ability of
Rhizobium to praduce alkali has been eliminated was
developed. The medium permits selection of strains genuinely
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capable of multiplication at low pH (Fig. 10.6) and will
enable the effect of aluminum and other acidity stresses on
Rhizobium to be determined.

Demonstration that alkali production by the tropical
rhizobia is dependent on the culture medium reopens the
debate over whether these microorganisms actually produce
alkali in the rhizosphere of their host and whether it was
correct to attribute an evolutionary and ecological role to
the process. It has been considered that lack of alkali
production by the non-typical Rhizobium for Leucaena
leucocephala is the prime reason for the lack of adaptation
to acid soils in this species. Parallel experiments at
Quilichao and Carimaqua employing identical treatments and
a recently assembled collection of strains of Rhizobium
isolated from Leucaena has revealed that there is not, as
was thought, a block to nodulation of Leucaena below pH 5.0.
A wide array of strains from differing soil types were
capable of forming effective symbioses in acid conditions.
A few strains were exceptionally effective and are being
investigated further.

The section is headed by Dr., Jake Halliday. Fabio
Gutierrez is the principal research assistant, Gladys
Sanchez and Lucia Mejia de Mayor the bacteriologists, Ramon
Gualdron the research assistant in the Carimagua station,
and Karen Spedel the research associate at Brasilia.

The activities of the section have been reported®-V,
Principal leqgumes of interest are Stylosanthes spp.,
Zornia spp., Desmodium and Leucaena leucoucephala.

The section offers training to individuals holding
positions in organizations actively engaged in pasture
research in the Beef Program's target area.

Strains of Rhizobium from the collection of over 2,000
isolates from tropical forage lequmes are available either
in the form of pure cultures or as peat-based inoculum, of
which 100 kg was produced in 1978. Participation rating:
5.

Drs. Graham and Halliday handle production of what have
become referred to as the "Noticias"!®, a quarterly bulletin
of general information with a detailed bibliography of
articles on Rhizobium in the CIAT library.

MIRCEN, Porto Alegre, Brazil

'"MIRCEN' stands for Microbial Resources Center, and
IPAGRO/UFRGS is one of a number of such entities worldwide
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in receipt of funding from UNEP/UNESCO/ICRO. Although the
concept of these centers originated at an UNEP meeting in
Nairobi in 1974, 1978 was the first operational year of the
MIRCEN at Porto Alegre.

The objectives have been defined as:

1. Promotion of increased awareness of the potential
of biological nitrogen fixation through newsletters,
field demonstrations, conferences and direct contact
with researchers and extensionists.

2. Maintenance of a Rhizobium culture collection and
distribution and interchange of strains with other
research centers throughout the world.

3. Applied research on topics of importance to regions
where inoculation with Rhizobium is required, i.e.
strain selection, inoculant production, and other
factors limiting to nitrogen fixation.

4. Practical training for laboratory personnel,
researchers, extensionists, and technicians from
commercial inoculant producers.

Dr. J. R. Jardim Freire heads the group and details of
staffing can be found in the section on UFRGS/IPAGRO. One
training course has already been staged (July 1978) and two
publications disseminated, issue number one of the MIRCEN
Rhizobium Newsletter?® and a "Special Edition" of the
Newsletter!® admirable for the practical orientation of its
content.

MIRCEN, unlike the two programs in CIAT, is not
commodity restricted, and can therefore be considered as the
most important center for Rhizobium research in Latin
America.

FAO/UNEP

As part of a global program promoted by Dr. Fernando
Riveros consultancy reports on various Latin American
countries® were compiled in 1976/1977. Projects are in
progress in N. E. Argentina (trupical forages) and will soon
be initiated in Peru (tropical forages, Pucallpa; temperate
forages, Ayacucho; soybean, Tarapoto). Participation rating:
5.
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BOLIVIA

Centro de Investigacion Agricola Tropical, Sta Cruz

Dr. Rob T. Patterson of the British Mission has
experience in inoculation trials with tropical forages,
namely Glycine wightii, Desmodium intortum, Stylosanthes
guianensis, and Macroptiloma axillare.

Universidad Boliviana '"Gabriel Rene Moreno," Sta Cruz

The Faculty of Agriculture has a project on tropical
forage legumes. Miguel Cortez has been evaluating the need
for inoculation throughout the tropical regions of Bolivia.

BRAZIL

CENA, Piracicaba

This center for nuclear research has an active nitrogen
fixation group in the persons of Dr. Alaides Ruschel and Siu
Mui Tsai Saito. Although a lot of attention is given to
non-Rhizobium research (nitrogen fixation in sugar cane)
sound work has been accomplished on rhizobiology, principally
with Phaseolus vulgaris. A developing interest in legume-
based pastures within the beef production program at the
center makes it likely that Rhizobium studies with tropical
forage lequmes will be initiated. Facilities at the Center,
especially for sophisticated research with isotopic nitrogen,
are exceptional?%?, 22

CNPq/EMBRAPA/UFRRI (km 47)

Although the research program directed by Dr. Johanna
Dobereciner has a strong and understandable bias towards
nitrogen fixation by Azospirillum spp. in association with
grasses, it does also have a responsibility for the
legqume/Rhizobium symbiosis. Until recently Avilo Franco
directed a program of research on lequmes (principally
Stylosanthes spp., Phaseolus vulgaris and Glycine max) with
emphasis on minor elcment requirements. He is currently
undertaking his Ph.D. in the US with Dr. Don Munns and there
are no plans to replace him during his absence. Helvecio
de-Polli, who was also involved in legume work (pelleting
with minor elements) is also leaving to study for a higher
degree. The Annual Report (for 1977) of the group is
available?.
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EMBRAPA: CPAC, Brasilia

The federal agricultural research organization EMBRAPA
has a center with responsibility for investigations relating
to agricultural exploitation of the "Cerrados" (acid,
infertile so0il savannahs)?', The soil microbiology group is
comprised of Allert Rosa Suhet and Milton Vargas. Research
interests are in nitrogen fixation by soybean and strain
selection for forages adapted to acid, infertile soils. A
research associate from the soil microbiology section of
CIAT's beef program will be stationed there from June 1979
to augment the work on forage legumes. Dr. Derrick Thomas
is a legume agronomist at the station with previous
experience, and intense interest, in inoculation experiments
with forage legumes. He has inoculation experiments in
progress with Leucaena leucocephala.

EPAMIG, Sete Lago.s

At the beef production program of the agricultural
research department of the state of Minas Gerais, legume-
based pastures arc being developed of infertile, acid soils.
Nuno Maria de Sousa Costa is the agronomist in charge of
what is an cxtremely impressive and go-ahead legume intro-
duction and evaluation program. A trained microbiologist
is on staff at Sete Lagoas (Ana Maria Quadrelli de Escuder)
but the rhizobioloqgy aspect of the work is hampered at
present by lack of finance and facilities. Despite this,
experiments have recently been initiated on the response of
tropical forage legumes to inoculation with Rhizobium.
Species of interest are obviously the tropical forage
legumes and some emphasis is being given to Leucaena
leucocephala.

INPA, Manaus

Dr. Rosemary Bradley is the soil microbiologist with
INPA (National Ins*itute for Amazonia Research). Her
training and talents are currently under-utilized due to
lack of definition of, and application to, specific objec-
tives by INPA with respect to legume recsearch. At the
suggestion of CIAT she is becoming involved in rhizobiolog-
ical back-stopping of organizations such as PROPASTO and
CIAT who aspire to introduce lequme-based pastures in areas
where the jungle is being cleared. She should be considered
a key person also with respect to a NifTAL Network because
of her stratcgic location. Dr. Bradley may receive travel
funds to service Rhizobium inoculation gexperiments through-
out northern Brazil through an informal agreement with
CIAT's soil microbiologist. Unfortunately she will be away
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from post on extended leave for part of 1979 but has two
assistunts capuble of running things in her absence.

INSTITUTO AGRONOMICO, Campinas

This Sao Paulo state research organization has a soil
microbiology section headed by Eli Sidney Lopez. Although
there is an increasing interest in VA mycorrhizas,
rhizobiology is still the principal activity in the group.
An excellent and varied collection of strains of Rhizobium
is maintained, and documented, at a high standard. Eii
Lopes has invested a great deal of effort in acquiring
facilities for research which must now be rated among the
best in Latin America. The group has quite broad objectives
in improving nitrogen fixation in crops of importance to the
state of Sao Paulo. The main species of interest are
Phaseolus vulgaris (temperature tolerance), soybean and
tropical forage legumes for acid soil conditions. Peanuts
have been receiving enlhusiastic attention from Roberto
Giardini. A field aspect has been lacking from the program
so far but is planned for the near future. Work on forage
legumes will be with the pasture program in the neighboring
Instituto de Zootcenia (Animal Husbandry Institute) at Nova
Udessa where Jose Eduardo de Almeida is keen to initiate
work .

UFRGS/IPAGRO, Porto Alegre

The Faculty of Agronomy of the UFRGS (Federal Univer-
sity of Rio Grande do Sul) and the soil microbiology
section in IPAGRO (state institute for agronomic research)
can be considered ac a single unit for all practical
purposes since muny projects are executed jointly and some
staff are common Lo both entities.

Dr. J. R. Jardim Freire heads the group. He 1is
currently Director of the Faculty of Agronomy but despite
4 heavy administrative burden maintains a strong involvement
in the soil microbiology groups of UFRGS and IPAGRO. Dr.
Caio Vidor is executive director of UFRGS/IPAGRO with
responsibility for Rhizobium ccology. Dr. Joao Kolling is
Full time with [PAGRO and handles field selection of
Rhizobium strains, soil fertilily and limiting factors.
Maria Helena Pedroso is in charge of inoculant production
and the supply of inoculant straings to commercial producers.
Jessi Soares Pereira looks after serology. TI. G. Kolling
runs gas chromaloqraphy and Dercio Scholles has responsibil-
ity for tropical forages. P. Selhach works on soil limiting
factors. f[wo MIRCEN funded positions are vacant for a
microbiologist and an extensionist,
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Main crops of interest are soybean, common bean (Phaseolus
vulgaris) and alfalfa. Research at present tends to be site
gspecific in that it relates to the somewhat unique subtropical
climate of Rio Grande do Sul. For example tropical forages
such as green leaf desmodium, percnnial soybean and siratro
are being evaluated for use as summer legumes in pastures.
Selection of strains of Rhizobium and plant lines for high
temperature tolerance plays an important role. Although
soils of the reqgion are very acid, liming to pH 5.5 is
economic and thus selection of acid tolerant rhizobia has
not been pursued. The group recognizes the need to broaden
their research interest as part of their international respon-
sibilities in the role of MIRCEN (see earlier section).

COLOMBIA

ICA/CIAT, Carimagua

Projeclts executed by the soil microbiology section of
CIAT's Beef Program in the Llanos Orientales of Colombia as
part of the stage {V of the strain selection program’ are
exceuted jointly with ICA, the national agricultural research
organization. No personael from [CA collaborate in the
projects at present because Fernando Munevar is away from
post studying wilh Avt Wollum for his Ph.D. This section is
included Lo emphasize that any proposed experiment for the
Carimagua statien, which could be considered of strategic
vialue to the NIfTAL Nelwork, should be submitted to the
Joinl TCA/CIAT "consejo." Although forage legumes receive
the Lime Light at this station a proposed Rhizobium strain
Leail witn peanuts might be Favorably received due to
interest tn ouse of this cash crop prior to sowing improved
pastures,

lgﬂ4mP“JMj"ﬂ

Raul Yarela conducts research on soybean rhizobia, most
tecently on tolerance to compounds used as seed treatments.,

CuUBA

ICA, La Habana

Mirtha Lopez and Eduardo Sistachs work on the rhizobiol-
ogy of tropical forages in the Instituto de Ciencia Animal.
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DOMINICAN REPUBLIC

UASD, Sto. Domingo

Rafael Martinez is a phytopathologist at the Universi-
dad Autonoma de Santo Domingo. Although he expressed
interest in initiating rhizobiology work in response to
proposals made by FAOQ consultants he has not taken up an
invitation to CIAT for training.

CNIECA, San Cristobal

The Centro Nacional de Investigaciones, Extension y
Capacitacion Agropecuaria conducts research with soybean,
common bean and tropical forage legumes. However, mainly
for lack of rhizobiological back-stopping, legumes are sown
uninoculated.

CEAGANA, Sto. Domingo

Alfrida Pimental is conducting Rhizobium strain
selection and evaluation for Leucaena leucocephala.

ECUADOR

INIAP, Pichilingue

Although an inoculation trial (in pots) was performed
with Centrosema pubescens by Carlos Palacios in 1974 there
are at present no projects in Ecuador involving Rhizobium
nor are there trained rhizobiologists in that country.

HONDURAS

United Fruit Company, La Lima

D. C. Sharma of the Division of Tropical Research has
interest and experience in the inoculation of tropical
forage legumes used as cover crops in banana plantations.
The species used were Centrosema pubescens and Desmodium
intortum.

MEXICO

Centro de Rhizobium de BANXICO, Tezoyuca Mor

Antonio Moreno and Josefina de Trujillo are fortunate
in having excellent facilities for Rhizobium evaluation at
laboratory, glasshouse and field level. Principal piants
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of interest are tropical forage legumes.

Colegio Superior de Agricultura Tropical, Cardenas Tabasco

Mariz Eugenia Velasco has been selecting strains and
testing for inoculation responses on perennial soybean,
Centrosema and Stylosanthes.

INIP, Palo Alto

Gaspar de los Reyes Gonzales is the rhizobiologist in
the forages program of the Instituto Nacional de Investi-
gaciones Pecuarias.

Instituto Politecnico Nacional, ENCB, Mexico

Dr. Maria Valdes is head o7 the Soil Microbiology
Laboratory. Despite an increasing interest in VA mycorrhi-
zas, rhizobiology is still the main research and teaching
subject. There is no direct involvement in field research
but it should be borne in mind that almost without exception
the soil microbiologists presently engaged in agricultural
research in Mexico were trained at ENCB and that Dr. Valdes
maintains close contact with former students to an extent
that it could be said that she performs informally a
coordinating role.

PANAMA

University of Panama

Blanca de Hernandez is associate professor of microbiol-
ogy in the School of Biology. Samuel Hammond, a member of
her staff, recently received training at CIAT. The
university itself has very little opportunity for field
research but Hammond will be teaming up with the forage
agronomists of IDIAP (Instituto de Investigaciones Agrope-
cuarias) to perform tield evaluation of Rhizobium strains for
tropical ferages.

PERU

IVITA, Pucallpa

The institute for veterinary research is conducting
experiments on the use of legume-based tropical pastures to
prevent the running down of soil fertility in jungle
clearance zones. Dr. Jose Toledo, the director of the
institute, recognizes the importance of a direct rhizobio-
logical (nput in the program but plans to have one of his
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technicians trained for this at CIAT have not come to
fruition.

Universidad Nacicnal Mayor de San Marcos, Lima

Jose Gomez Carrion has conducted strain collection and
evaluation for both tropical and temperate legumes. So far
a field aspect has been lacking from the evaluation proce-
dure. Theoretically the research performed at Lima is
implemented at IVITA, Pucallpa, but it has not been a
satisfactory arrangement from IVITA's point of view.

SURINAM

Centre for Agricultural Research, Leysweg

Dr. J. F. Wienk is in charge of collaborative projects
between the University of Surinam and the Agricultural
University, Wageningen, the Netheriands. Although the
project is in its infancy, there is an interest in Rhizobium
inoculation in cowpea, peanut, soybean, mungbean, leucaena,
centrosema and kudzu.

VENCZUELA

CENIAP, Maracay

Dr. Luis Ayala and Thisbe Diamante de Fernandez are the
rhizobiologists with this regional center of the Fondo
Nacional de Investigaciones Aqgropecuarias (FONAIAP). Main
legumes of interest are soybean, common bean, cowpeas and
peanuts.

FUSAGRI, Maracaibo

Tha FUSAGR!I group work in close collaboration with the
University of the State of Zulia. Or. Ivan Casas is the
microbiologist in the Agricultural Rescarch Institute.
Facilities und potentiol for execution of field work are
excellent bul ne recent information on projects in progress
is available.

1V1C, Caracas

Dr. Paul M. Williams has recently initiated a research
program on rhizobiology of soybean, common bean and cowpea.
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Universidad de los Andes, Merida

‘Silvino Reyes and Roberto Skwierinski are interested in

the evaluation of inoculation with Rhizobium to improve
nitrogen fixation of both grain and forage legumes in the

acid,

infertile soils of the western plains of Venezuela.

Universidad del Oriente, Nucleo Monagas, Jusepin

Rafacla de Monasterios is the soil imicrobiologist in a

group that works primarily with peanut and the tropical
forage leqgqumes. Cesar Alcala has conducted several pot
trials on the interaction between Rhizobium inoculation and
fertility level in forage legumes.
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THE INPUTS (INCREASING PRODUCTIVITY
UNDER TIGHT SUPPLIES)
PROJECT NETWORK

Saleem Ahmed
Coordinator INPUTS Project
East-West Center
Honolulu, Hawaii

INTRODUCTION

Because resources used for agricultural production at
the present technological levels are becoming scarce,
research strategies aimed at identifying and increasing the
use of alternative, more plentiful resources are vital.
Emphasis is presently placed on increased research efforts
in intercropping, nitrogen farming, and recycling of organic
residues. At the same time, research efforts are being
planned to develop increased understanding of farmer
decision-making processes. The INPUTS project serves as a
vehicle for collaborative and cooperative research effort
for some of these studies.

The INPUTS (Increasing Productivity Under Tight
Supplies) project was conceived in mid-1974 at a time when
the vulnerability of agriculture to the diminishing
availability of fossil enerqgy was manifested through wide-~
spread fertilizer shortages. The overall project objective
is to seek technological and economically viable alterna-
tives to the high input/high energy requirements of modern
agriculture. Its strategies--indeed its pillars--are
collective planning, cooperative implementation, and
collective cvaluation.

Phase 0One

At the initial project planning meeting held in October
1974, and attended by 41 scientists from 14 countries and 4
international organizations, the participants, on the basis
of current research findings and avallability of resources,
designed sperific plans to undertake field research in
specific arecas aimed at increasing the efficiency of
fertilizer use. These were:

1. Evaluating the efficiency of slow-release fertiliz-
ers such as sulfur-coated urea (SCU) and isobutyl-
idene diurea (IBDU);

2. Evaluating the efficiency of placement methods such

as mudball technique and banding, for flooded paddy
and upland, irrigated conditions;
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3. Evaluating the efficiency of intercropping systems
consisting of cereal crops grown in combination
with legumes; and

4. Evaluating the efficiency of locally available
organic materials in crop production.

To provide for timely project implementation,
institutional support was provided by the International
Fertilizer Devclopment Center, USA, (supply of SCU);
Mitsubishi Chemical Industries, Japan, (supply of IBDU);
Kyushu University, Japan, (soil chemical analysis); Virginia
Polytechnic Institute and State University, USA, (statistical
analysis); and all participating institutions in various
countries (research implementation using own resources).

During the next 18 months, 43 field studies were
completed by 23 organizations in 13 countries. Results of
these were presented at the First Review Meeting held in
June 1976 and attended by 53 scientists from 17 countries
and four international organizations. The following were
the highlights of the findings of the first year's efforts:

1. Intercropping cereals with legumes, versus growirng
them alone, generally increased the yield of the
total system, provided better returns to the farmer,
and also provide components for a more balanced
diet.

2. Under certain agroclimatic conditions for paddy,
SCU and IBDU were found to be agronomically superior
to reqular urea, although economic feasibility
remains in question.

3. Mudball technique of fertilizer application,
although agronomically sound, entailed high labor
costs, thus making its use uneconomic.

4. Under most upland, irrigated conditions, requla:
urea was found to be superior to SCU.

5. Use of poultry dung, cow dung and other locally
available organic materials were founu to be
satisfactory alternatives to fertilizer use, where
available,

Phase Two
Based on the findings presented at the First Review

Meeting, some studics were strengthened for continued
research during the second phase, and others were modified.

85



Since the mudball technique was found economically ineffi-
cient, it was replaced by the use of urea briquette in the
experiment. The intercropping study was further strengthened
and treatments for evaluating organic materials were also
included within its design.

To provide for speedy implementation of the recommended
research, institutional support was again indicated, this
time by International Fertilizer Development Center, USA,
(supply of SCU); Mitsubishi Chemical Industries, Japan,
(supply of IBDU); Joint FAQ/IAEA Division, Austria, (supply
of labelled N); Benchmark Soils Project, University of Hawaii,
{(soil chemical analysis and classification); NifTAL Project,
University of Hawaii, (supply of Rhizobium inoculants); and
University of Hawaii, Department of Horticulture, (supply of
Leucaena seed).

Since the success of any agronomic innovation can only
be measured by farmer acceptance and adoption, and since
international understanding of farmer decision-making process
is inadequate, a significant evolution took place at the
First Review Meeting. Socio-economic studies were included
in the INPUTS nroject. A specific study on farmer decision-
making in technology adoption was identified and its
methodology subsequently developed.

Agronomic and socio-economic studies have now been
conducted in various countries, and results of 48 such
agronomic and secven socio-economic studies conducted by 24
organizatinns in 13 countries and territories have been
revicwed.

International Participation

Perhaps the greatest strength of the INPUTS project has
been its international character. During the past three
years, participants from 40 «::.naizations located in 21
countries have attended mee’ Lan. .

Other INPUTS Projeet Meetinge

In order to iwmprove the efficiency of the various field
studies being implemented under the project, a Research

Methods and Program Management Workshop was held in Honolulu
during March-April 1977. 1t was attended by junior colleagues
of the participating scientists., The objectives of the

workshop were to make participants aware of the detailed
aspects of conducting field agronomic and socio-economic
rescarch, and to expose them to fundamentals of human
resource management. [t was attended by 20 junior and middle
level scicentists from 12 countries. In May 1977, a Research
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Methodology Assessment Meeting was neld in Chiang Mai,
Thailand to enable participating scientists to observe INPUTS
studies 1n the field and to discuss and refine the methodol-
ogies being used for various studies. This meeting was
attended by 24 participating scientists from 14 countries.
Altogether, over 180 participants have attended the 5
meetings.

MAJOR ACCOMPLISHMENTS OF THE INPUTS PROJECT

Perhaps the three most important milestones of the
INPUTS project over the past 3% years have been:

1. Conceptualization of methodologies for conducting
field agronomic and socio-economic research on an
international cross-cultural basis with standard-
ized formats. In the agronomic trials, treatment
rates were developed as percentages of the locally
recommended rate rather than as quantities used
uniformly everywhere. In the socio-economic study,
a standardized, workable methodology was evolved
and used in all six countries where the study was
conducted during the past year.

In both kinds of studies some inherent drawbacks
exist. In the agronomic studies, the accuracy of
what constitutes the recommended rate of applica-
tion is of paramount importance; in the socio-
economic area, some efficiency of the study could
be lost in the cffort to standardize it. In both
cases, however, since these concepts enable uniform
statistical analysis, the advantages significantly
outweigh the disadvantages.

2. Establishment of effecvive comnunication channels
between scientists in various countries. In spite
of the so-called "communication explosion," the

inadequacy of effective two-way communication among
people in different countries working on the same
problem remains a serious constraint to accelerated
agricultural development. Perhaps the INPUTS
project has contributed to the removal of some of
the barricrs in the path of this two-way communica-
tion.

3. Development, through informal and indirect exposure,
of cross-cultural awareness and understanding.
These are abstract, non-quantifiable and non-defin-
able personal expericnces. To the extent that the
project has raised the "human being" within each
participant above the "scientist" in him, it has
led to the cultural enri~hment of all of us.
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CURRENT RESEARCH ON
BIOLOGICAL NITROGEN FIXATION
IN THE USA

Lloyd R. Frederick
Senior Soil Microbiology Specialist
Development Support Bureau
US Agency for International Development

Research and development of biological! nitrogen fixation
(BNF) technology in the USA is suppaorted financially by
several organizations: federal agencies, state agencies,
research foundations and private industry. The funding by
Federal agencies for fiscal year 1977 is listed in Table 1.
In Table 2, an estimate of the amount of support for basic
and applied research is given for fiscal year 1977.

In the USA and Puerto Rico, more than half the state
research institutions have a significant effort in BNF
research. The amount of financial support from states,
Foundations and private industry is not known, but the total
1s not likely to exceed 50% of the total federal support.

Farmers in developing countries are presently investing
about 5 billion dollars each year to buy commercial nilrogen
Fertilizer. By 1985, at least 7 billion dollars will be
invested if present trends continue. To supply adequate
food for the people of the world, estimates by UNIDO are
that the use of commercial nitrogen fertilizer will increase
from the current 50 million metric tons (MT) annually, to
about 135 million HMT by the year 2000. The developing
countries will need about 50 million MT by the year 2000 at
an estimated cost of 25 billion dollars per year. Consider
the nitrogen needed to increase quantity and quality of food
produced in farming systems in developing countries. Include
the large financial and energy investments being made 1in
commercial nitrogen fertilizer.

A reasonable cenclusion is that an increased investment
1N research for the development and utilization of BNF
technology to supply some of the nitrogen is needed.

Perhaps 80 to 90% of ull BNF research activities relate
to the leqgume-Rhizobium system. The root-nodulating woody
species/Irankia system, the Azolla system, the associative
bacteriu/grass system, blue-green algae and the free-living
bacteria are all heing studied, but usually at only a few
research 1nstitutions. At this time, only the legume-
Rhizobium and the Azolla systems are used by farmcrs in
several countries to increase agilcultural production and
income. Blue-green algae are used with rice to a limited

88






vigorous nodules? Well-nodulated soybeans in the midwestern
US have rarely given economic yield increases with added
combined nitrogen, while common beans are often fertilized
heavily with nitrogen to product economic yields. Thirty to
fifty pounds of fertilizer nitrogen is often recommended for
soybeans in tropical areas. What is the best economic
relationship? What can be done for the small-holder farmer
who may not be able to purchase fertilizer nitrogen?

Most of the research activities in BNF in the USA are
oriented toward basic research, even though some may be
"mission-oriented." Basic research is absolutely necessary
to provide a foundation of knowledge and may provide some
future "breakthroughs." Research applied to current .field
problems is essential if BNF technology is to be utilized
properly. Most of us would consider most of the NSF-funded
research under ASRA (formerly RANN) as basic, and the
projects under USDA-SEA Competitive Grants are often basic.
Titles don't reveal much, but “The Proton-motive Force in
Nitrogen Fixing Bacteria" and "Structure and Mechanism of
Nitrogenase" are examples that represent the trend.

Probably $5 is spent on basic research for every $1 spent on
research directly applicable to field problems. The studies
done under the S-112 regional project are excellent examples
of the latter type of research and have illustrated that
commercially produced inoculants available in the US have
varied from high quality to extremely low quality.

Inoculant technology is a neglected field of research except
by some commercial producers. More studies are needed to
determine the conditions and the crops where it is economical
to inoculate. Can we find plants and rhizobia that optimize
BNF? A further challenge is to incorporate BNF technology
into economic farming systems.
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Table 1: Amount of Federal Funding for Research on
Biological Nitrogen Fixation, FY 1977*

AGENCY FUNDING FOR BNF RESEARCH

Environmentul Protection Agency ceeveervrerececnccnceeess $ 28,000
Office of Research & Development

National Aeronatics & Space Administration ...eevececeses None
Space Biology Program

National Science Foundation ..eveeevevecscevecenceocenssns 2,867,200

Directorate for Applied Science & Research

fpplications ........ Cheeereecaaas «ee. $ 1,420,000
Directorate for Biological, Behavioral,
& Social Sciences .......... et aeesen 1,427,800
Biochemistry & Biophysics
Programs ........ Cheeaan $ 207,000
Developmental Biology
Program ......... cereans 142,300
Metabolic Biology Program . 237,500
Genetic Bioloyy Program ... 80,000
Cell Biolugy Program ...... None
Ecology Program ........... 181,000

Ecosystem Studies Program . 500,000
Systematic Biology

Program ..viieieneeenens 80,000
Population Biology &

Physialogical Ecology

Program ...... Ceerrasees None

Directorate for Scientific, Technological,

& International AFliars c..vieenees oen 19,400
Division of International
Programs ...civeiiienaes 19,400
Division of Policy Research
& Analysis  ooiiiieeen None
IS Department of Agriculture .......ccveeee. testesersanan 3,920,000
Agricultural Rescarch Service ........ 450,000
Cooperative Stute Research Service ... 3,270,000
Forest Service ...ivviiiiiiinennnnennss 200,000
US Department of ENergy .e.vveeevesananas ceeien Cevsesens . 517,000

Division of Biomedical & Environmental
Research ...vevvcnensns teseccanans . 517,000
Fuels irom Biomass Systems Branch .... None



Table 1 (continued)

AGENCY FUNDING FOR BNF RESEARCH

US Department of Health, Education & Welfare ............ $ 100,000

FDA Bureau of FOOOS tievivrvennrrnnneennns None
NIGMS Cellular and Molecular Basis
of Disease Program .................... $ 100,0002
US Department of State v.ievvevveunereriennceeenneensnnns. 263,000
AID Development Support BUTEA v.eeevevess. 263,000°

TOTAL FEDERAL SUPPORT  .ivvvvereesas $ 7,695,000

1

Data are only for federal support of CSRS federal-state
research system, and do not include funds from state and
other non-federal sources.

These funds are for two grants for research on enzymes and
were only peripherally involved with the study of nitrogen
fixing bacteria.

These duala, which are included in the total for federal
support of research in the area of biological nitrogen

Fixation, are for the Development Support Bureau and do
not include any research funded in other AID programs.

Although support is approximately $1,300,000.

* From National Science Foundation, Interagency Committee
on Plant Sciences, 1979. Federal support for research
in the plant sciences. Wwashington, D.C. 90 p.



Table 2: Amount of Federal Funding for Research on
Biological Nitrogen Fixation, FY 1977, by Type of
Research!#*

Cost of Basic Cost of Problem-Oriented

Agency Research or Applied Research

Environmental Protection Agency
Office of Research &
Development None $ 28,000

National Aeronautics & Space
Administration
Space Biology Program None None

National Science Foundation
Dircctorate for Applied
Science & Research
Applications (Formerly RANN) None 1,420,0002

Directorate for Biological,
Behavioral, & Social
Sciences $1,427,800 None

Directorate for Scientific
Technnlogical & International
Affairs 9,700? 9,700°%

* From National Science Foundation, Interagency Committee on Plant
Sciences, 1979. Federal support for research in the plant sciences.
Washington, D.C. 90 p.

Agency progzam officers identified the type of BNF research that was
funded. It should be kept in mind that basic research in a mission
agency usually is closely related to specific needs in the agency's
areas of responsibility and might not be considered as basic research
in a traditional scientific sense.

Funding was for multidisciplinary projects, and only a portion of the
funds was for plant science research. See text on program.

Estimate. Breakdown not available by type of research, but about half
of all plant studies funded by the Division of International Programs,
which supported all of the BNF work in this directorate, was basic
research; the rest was problem-oriented. Total support for BNF research
was $19,400 in FY 1977.
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Table 2 (continued)

Cost of Basic Cost of Problem-Oriented

Agency Research or Applied Research
US Department of Agriculture
Agricultural Research
Service $ 180,000* $ 270,000*
Cooperative State Research
Service Little or none 3,270,000%
Forest Service None 200,000
US Department of Energy
Division of Biomedical &
Environmental Research 517,000 None
Fuels from Biomass Systems
Branch None None
US Department of Health,
Education, & Welfare
FDA Bureau of Foods None None
NIGMS Cellular & Molecular
Basis of Disease Program 100,000¢ None
US Department of State
AID Development Support
Bureau None 263,0007
$2,234,500 $5,460,700

“Estimate. Breakdown not available by type of research. However, in
overall ARS research program in plint sciences, about 60 percent of
FY 1977 expenditures was for problem-oriented and applied studies, and
40 percent was for supported basic research. Total support for BNF
research in FY 1977 was $450,000.

*Estimate. Breakdown not available by type of research, but CSRS
research is largely problem-oriented and applied.

®Funds were for two grants for research on enzymes; studies were only
peripherally concerned with the bacteria in biological nitrogen fixation.

? These data are only for funding by the AID Development Support Bureau
and do not include any research funded in other AID programs.
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PROGRAM IN BIOLOGICAL NITROGEN FIXATION
SUPPORTED BY THE BUREAU FOR DEVELOPMENT SUPPORT
AGENCY FOR INTERNATIONAL DEVELOPMENT

The Agency for International Development (AID) is an
action-oriented US Agency dedicated to helping to alleviate
food and agricultural problems, particularly in developing
countries, using US technology wherec appropriate. There is
an urgent need to make systems available that provide
nitrogen for crop production without using scarce and costly
fertilizer nitrogen.

The program in biological nitrogen fixation (BNF) is
based on the premise that AID funds should be used to develop
knewledge and technology of immediate help to the small
family farmer. AID (DS/AGR) initiated a program in 1975 to
develop and adapt BNF technology to tropical farming systems,
to test this technology in the developing countries and to
assist these countries to exploit BNF in their farming
systems. Assistance involves supplying nodule bacteria and
legumes of high quality, finding solutioens to limiting
factors, helping to train personnel, conducting cooperative
research on BNF with scientists in developing countries,
providing technical assistance in developing indigenous
production of leqgume inoculants of high quality, and
developing appropriate cropping systems using BNF.

Approximately 80 percent of the overall effort is aimed
at developing the legume-rhizobia system and utilizing the
technology related to nitrogen fixation by legumes or other
root nodulated plants. About 20 percent of the overall
effort is directed to evaluation and domestication of other
systems.

The current program has projects to develop BNF
technology with 20 US institutions and cooperative studies
between US institutions and 9 developing countries (Morocco,
Senegal, El Salvador, Guyana, Egypt, Chile, Thailand,
Nigeria and Brazil), also linkages with 4 IARCs, and has
provided technical assistance on production plants in
Thailand, Guyana, Sri Lanka and Spain., To meet the urgent
need to exploit BNF technology as widely as possible, the
requirements for projects are expected to increase.

Projects have been developed as indicated below.
Further information can be obtained from project leaders or
the author.

1. NifTAL (Nitrogen Fixation in Tropical Agricul-
tural Legumes) with the University of Hawaii:
To work on developing effective strains of
rhizobia, more adequate inoculation methods and
more effective nitrogen fixation in the
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useful tropical lequmes. Training course on Rhizo-
bium technology scheduled for six-week periods about
once each year., NifTAL, P.0. Box "O", Paia, Hawaii,
96779, USA. Leaders: Drs. Jake Halliday*, A. S.
Whitney, and B. Bohlool.

2, World Rhizobium Study and Collection Csnter at USDA,
Beltsville Agricultural Research Center: To
provide a comprehensive germplasm bank for rhizobia
for all legumes--tropical and temperate--and other
nitrogen fixing microorganisms of agrieultural
significance. Leaders: Drs. Deane F. Weber and
Harold Keyser, BARC/AR/SEA/USDA, Beltsville,
Maryland, 20705, USA.

3. International Soybean Program (INTSOY) of University
of Illinois and University of Puerto Rico: To
study inoculant delivery problems as well as genetic
interactions with tropically adapted soybeans.
Leaders: Drs. Stewart Smith and W. Thompson, INTSOY,
University of Illinois, Urbana, Illinois, 61801, USA.

4. Biological Nitrogen Fixation--Consortium for Soils
of the Tropics (CST) will use their State-of-the-Art
(SOTA) studies to improve institutional capability
to conduct research related to biological nitrogen
fixation (BNF) in the tropics, to train scientists
in BNF technology, and to advise developing country
administrators/scientists regarding BNF utilization.
Studies indicated below are being conducted cooper-
atively under the leadership of the institution
indicated.

a, CORNELL UNIVERSITY, Dr. M. Alexander, Dept. of
Agronomy, Ithaca, N.Y., 14853, USA. Also,
Drs. S. Mughogho, H. Lowendorf, T. Scott,

D. Bouldin.

1) Survival and Persisience of Bhizobium in
Soils.

2) VField Management and Exploitation of BNF.
b. UNIVERSITY OF HAWAII, Dr. B. Bohlool, Dept. of

Microbiology, Honolulu, HI, 96822, USA. Also,
Dr. J. Walker, T. Lumpkin, and R. Yost.

* Dr. Jake Halliday joined the NifTAL staff as Project
Director in March, 1979, during production of this Proceed-
ings.
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1) Inoculant Response in Tropical Soils.

‘2) Agronomic Value of Azolla in Wetland
Farming in Tropics.

c. NORTH CAROLINA STATE UNIVERSITY, Dr. H. D.
Gross, Dept. of Crop Science, Raleigh, N.C.,
27607, USA. Also, Drs. G. Elkan, A. G. Wollum.

1) Field Methodolugies for Studying Effects of
BNF Under Tropical Conditions.

2) Methodologies for Studying Compatibility of
Host Genotype and Rhizobium Strain Related
to Inoculation of Tropical Legumes.

d. UNIVERSITY OF PUERTO RICO, (to be named), Dept.
of Agronomy, Mayaguez, P.R., 00708.

1) Inoculant Production Technology in the
Tropics.

2) Inoculant Quality.

International Program in Training and Research on
Nitrogen Fixation in the Tropics. National Academy
of Science with Brazilian National Academy at Rural
University and EMBRAPA, Km 47, Campo Grande, Rio de
Janeiro. To further studies on biological nitrogen
fixation in grasses and legumes. Periodic visits
by US scientists to collaborate with Brazilian
counterparts in research and training program..
Grants to post-doctoral fellows to Brazil for travel
and some equipment. US travel and support for
Brazilian scientists to work at US institutions.
Leader: Dr. M. G. C. Dow, National Academy of
Sciences, 2101 Constitution Avenue, N.W., Washing-
ton, D.C., 20418, USA.

Associative Nitrogen Fixation in Grasses--Univer-
sity of Florida. Studies to find a dependable
system and measure agricultural potential of BNF
in grasses. Study inoculation and nitrogen
contributions. Leaders: Drs. S. West, R. Smith,
S. Schank, D. Hubbell and M., Tyler; Depts. of
Agronomy, Soil Science and Microbiology, Gaines-
ville, FL, 32611, USA.

Sorghum-Millet Collaborative Research Support

Program (CRSP)--University of Nebraska. Determine
nitrogen fixing potential in wheat varieties.
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10.

11.

12,

13.

Leader: Or. Klucas; Lab. of Agr. Biochemistry.
Univ./Nebraska, Lincoln, NB, 68503, USA,

Commercial Seed Industry Promotion Project (pending
approval). To stimulate and promote the development
of private and/or parastatal commercial seed and
inoculant industries in target developing countries.
Leader: Mr. Walter W. Simms; Industry Council for
Development, 821 United Nations Plaza. N.Y,, N.Y.,
10017, USA.

Bean-Cowpea CRSP--In Planning Stage. BNF component
to be determined. Leaders: Drs. W. Adams and D.
Wallace; Michigan State University.

Tropical Soil Management CRSP (in planning stage),
BNF component to be determined. Dr. J. Nicolaides,
N. Carolina State University,

Agro-Forestation Program (in development stage).
Inoculation trials with tree legumes. Tree legumes
in cropping systems. M, Benge, Program Officer,
DS/AGR, AID, Washington, D.C., 20523.

Peanut CRSP (in planning stage). BNF component to
be determined. Planning entity to be selected.

Nitrogen Fixation--Factors Limiting the Legume-
Rhizobia Symbiosis. Through USDA/SEA/CR, several
small research grants for a three-year study of
problems relating to inoculants, inoculation and
effectiveness, survival of rhizobia and competition,
and host-rhizobia interrelationships. Director:

Dr. A. S. Newman, USDA/SEA/CR, Washington, D.C.,
20250, USA.
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GRANTS AWARDED UNDER THE AID-SEA/CR
SYMBIOTIC NITROGEN FIXATION PROGRAM

PROJECT TERM (1976-1979)

Evaluation of Rhizobial Inoculants and
Methods of Inoculation to Improve LDC
Legume Productivity

Factors Significant to the Success of
Rhizobium phaseoli in the So0il and
Rhizosphere of Phaseolus

Development of an Improved Type of Legume
Inoculant for Use in Developing
Countries

Compatibility Effects of Strain and Host
Genotype on Inoculum Effectiveness in
Peanuts

Factors Limiting Symbiotic Dinitrogen
Fixation in Phaseolus vulgaris

PROJECT TERM (1977-1980)

The Effects of Seed Treatment
Fungicides on the Rhizobium-host
Infection Process in LDC Legumes
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LEADERS

David 0. Wilson

Georgia AES

Dept. of Agronomy

Experiment, GA
30212

. L. Schmidt

. E. Ham

. of Minnesota

ept. of Soil
Science

St. Paul, MN

55101

E
G
U
D

Harold L. Peterson

Miss. State U.

Dept. of Agronomy

State College, MS
39762

J. C. Wynne

G. H. Elkan

N. €. State U.

Dept. of Crop
Sciences

Raleigh, N.C.
27607

D. F. Bezdicek

D. W. Burke

Washington State
University

Dept. of Agronnumy

Pullman, WA 99164

LEADERS

Paul A. Backman

Auburn U.

Dept. of Plant
Patholog

Auburn, AL 26830



Nitrogen-fixation Efficiency of Cowpeas
and Mung Beans and Rhizobia spp. in
Saline Alkali Soils

Symbiotic Nitrogen Fixation in
Phaseolus vulgaris, P. mungo
(now Vigna radiata), Vigna
unguiculata, and Cicer arietinum

Factors Limiting Symbiotic Nitrogen
Fixation for Edible Food Legumes
in Developing Countries

Environmental Limitations on the
Performance of Rhizobium in
Tropical Soils

Factors Limiting the Viability of
Rhizobium phaseoli in
Inoculants

Alternative Carrier Materials for
Rhizobium phaseoli Inoculants

Biotic and Abiotic Factors Which
Influence Saprophytic Competence
of Strains of Rhizobium phaseoli

Effects of Rhizobium Strains and
Improved Inoculation Methods on
Alfalfa and Lentil Yields in Chile
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V. Marcarian

I. L. Pepper

U. of Arizona
Dept. of Agronomy
Tucson, AZ 85721

Barbara D. Webster
Carl L. Tucker
Donald D. Munns

U, of California
Dept. of Agronomy
Davis, CA 95616

W. T. Scudder

Florida AES

Dept. of Horticul-
ture

Sanford, FL 32771

B. Ben Bohlool
U. of Hawaii
Dept. of Micro-
biology
Honolulu, HI1

. E. Ham

. L. Schmidt

. of Minnesota

ept. of Soil
Science

St. Paul, MN

55101

G
E
u
D

D, L. Berryhill
North Dakota
State U,
Dept. of Micro-
biology
Fargo, ND 58102

Robert H., Miller

Ohio State U.

Dept. of Agronomy

Columbus, OH
43210

William Murphy
Lynn Barber
Central Oregon

AES
Redmond, OR 97756



Maximizing Symbiotic Nitrogen J. C. Miller, Jr.

Fixation Utilizing Cowpea R. W. Weaver
Genotypes and Specific Rhizobium Texas A & M Univ.
Strains Dept. of Hort.
Sei,
College Station,
TX 77843
PROJECT TERM (1978-1981) LEADERS
Edaphic Tolerances of Grain Legumes Donald N. Munns

U. of California
Dept. of Land Res.
Davis, CA 95616

Genetic Enhancement of Symbiotic C. 0. Qualset
Nitrogen Fixation in Chickpea Through C. L. Tucker
Breeding of the Host Plant D. A. Phillips

U. of California
Dept. of Agronomy
Davis, CA 95616

Field Evaluation of Inoculation David 0. Wilson
Methods to Enhance Nitrogen Georgia AES
Fixation by Food Legumes in Nigeria Dept. of Agronomy

Experiment, GA
30212

. L. Schmidt

. E. Ham

. A. E. Molina

. of Minnesota

ept. of Soil
Science

St. Paul, MI

55101

Soil Adaptability of Rhizobia for E
Food Legume Production in West G
Africa J

u
D

Effects of Salinity and Water Stress James R. Sims
on Symbiotic Nitrogen Fixation Ronald H.
Lockerman
A. S. Abdel-
Ghaffar
Montana State U.
Dept. of Plant
and Soil
- Science
Bozeman, MT
59717
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Survival of Rhizobium phaseoli in
Ultisols and Oxisols of Brazil

Transfer Mechanism for Introduction of

Improved Nitrogen Fixing Cowpesa
Genotypes into Developing Nations
(Supplement to FY 1977 grant)

Genetic Analysic of Host Factors
Affecting Nitrogen Fixation in
Common Beans

Establishment of a Bean Inoculation
Program Applicable to Small Farms
in Developing Countries

Increased Efficiency of Peanut
Production through Enhanced
Biological Nitrogen Fixation

Stability of Effectiveness in Cowpea
Rhizobia
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R. H. Miller

Calo Vidor

Ohio State U.

Dept. of Agronomy

Columbus, OH
43210

J. C. Miller, Jr.
R. W. Weaver
Texas A & M Univ.
Dept. of Hort. Sci.
College Station,

TX 77843

Fredrick A. Bliss

U. of Wisconsin

Dept. of Horticul-
ture

Madison, WI 53706

David H. Hubbell

U. of Florida

Dept. of Soil
Science

Gainesville, FL
32611

J. C. Wynne
G. H. Elkan
N. C. U.
Dept. of Crop
Sciences
Raleigh, NC
27607

R. W. Weaver

Texas A & M
Univ.

Dept. of Hert.
Sci.

Cecllege Station,
TX 77843
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A SUMMARY OF RECENT RESEARCH AND
TRAINING ACTIVITIES AT THE NifTAL PROJECT

A. Sheldon Whitney
Principal Investigator
NifTAL Project

NifTAL is the agronym for a project which is jointly
funded by the University of Hawaii and the US Agency for
International Development. The acronym stands for Nitrogen
Fixation in Tropical Agricultural Legumes. The goal of the
NifTAL Project, which was conceived to complement and
support legume-oriented programs throughout the tropics, is
to promote greater exploitation of the nitrogen fixing
potential of tropical legumes, thereby providing a basis
for increased protein production with minimal dependence on
nitrogen fertilizer. Its objectives are to provide a
foundation of tested rhizobial germplasm, improved inocula-
tion methodology, and training for a cadre of technicians
who will implement development of the potential of the
Rhizobium-legume symbiosis.

RESEARCH SUMMARY

Work discussed here has been carried out by many NifTAL
researchers. For fuller descriptions and tabular data see
the NifTAL Annual Report, 1978.

In 1978, nearly 250 strains of Rhizobium were added to
the NifTAL Rhizobium Collection. Most of these were proven
strains supplied by laboratories in 9 countries, but others
were isolated from nodules collected by NifTAL staff in
Hawaii and elsewhere in the tropics. Over 1000 strains and
isolates are cataloged in the active and reserved collections
at Maui headquarters, and over half of these have been
authenticated on at least one host. An abbreviated catalog
of strains which performed well at screening trials was
published in December, 1977, and is periodically updated. An
increasing number of requests for cultures have been
generated by this catalog and other NifTAL information
dissemination procedures, and cultures of Rhizobium strains
were supplied to workers in 17 countries during 1978.

Almost 300 strains of rhizobia were screened for effec-
tiveness on target legumes including peanut, pigeon pea,
chickpez, soybean, lentil, cowpea, mung bean, Leucaena, and
nine others. Two broad-spectrum cowpea-type strains (CB 756
and Nitragin 176A22, already in commercial use) perform
consistently well in trials involving legumes commonly
nodulated by cowpea-type rhizobia. These strains, however,
fail in tests on other legumes--a result which verifies the
need for legume-specific screening and field testing in
addition to growth room and greenhouse testing.
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Under a NifTAL subcontract to the University of
California at Davis, trials evaluating the tolerance of.
cowpea-type strains to acid soils were conducted. The
tolerance of strains to acidity and/or high soluble Al was
evaluated using a liquid medium containing glutamate,
mannitol, vitamins, and salts. About one-half of the
approximately 60 strains tested could grow at low pH (4.5 to
4.6) or high Al (50 uM) but less than one-third of the
strains could grow in the presence of both high Al and low
pH.

Comparison of performance in these tests with plant
tests indicated that failure to grow in the high Al-low pH
medium is a good indicator of failure to establish effective
nodulation in soil at pH 4.6. We therefore have the basis
for a simple prescreening test. However, some rhizobia
that succeed in growing at low pH and high Al nevertheless
fail to form nodules (or establish an effective symbiosis)
in acid soil (about 1 in 5 strains of those tested on cowpea).
This error is to be expected from the known existence of
acid-sensitive steps beyond the initial rhizosphere-coloni-
zation phase of the symbiosis.

A similar liquid media was used to determine tolerances
to low phosphate. 0nly about 10% of the strains tested were
sensitive to low (5 to 10 uM P) phosphate compared to growth
at 100 to 1000 uM P.

With mung beans, a smzll portion of strains that were
tolerant on one host variety proved sensitive on another
variety, and vice versa. This implies that comparative
testing of host tolerances should be done with more than one
strain of Rhizobium and comparisons of rhizobia should use
more than one host variety.

Results from two types of experiments have indicated
that there is considerable within-strain variation with
respect to acid tolerance. Results of these studies show
that most of rhizobial cells are sensitive, while only a
small minority (e.g. one cell per hundred or per thousand)
are tolerant. This work provides a basis for isolating
single tolerant clones from strains of mediocre tolerance.
Work is in progress to select and test clones derived from
several such strains. If these clones maintain this
tolerance to aluminum stress through subsequent generations,
this technique will make it possible to select strains for
acid soils much more easily than heretofore.

Other soil acidity factors, such as low calcium and

high manganese levels, were also evaluated. Tests of about
20 strains indicated that none of the strains were inhibited
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by calcium deficiency (50 uM) or manganese toxicity (200 uM).
Calcium was shown to have a negligible protective effect
against aluminum in an experiment with 3 strains at four
levels of each variable.

Tolerance of rhizobial growth to salinity was evaluated
by growing rhizobia in liquid medium containing up to 2%
NaCl. There were significant differences among strains of
cowpea rhizobia, Cicer rhizobia, R. japonicum, and R.
meliloti. A preliminary greenhouse trial with Cicer arietinum
indicated symbiotic sensitivity to salt greater than that of
either symbiotic partner when grown separately.

Thirty strains of Rhizobium leguminosarum were screened
for effectiveness on lentils. Fluorescent antibodics were
prepared against five effective strains. The three most
effective strains were tested for competitive abilily in
sterile vermiculite using the fluorescent antibody technique
to identify rhizobia in nodule samples. Results of this
experiment proved two of thc strains to be highly competitive.
These two strains, NZP 5400 and Hawaii 5-0 (a strain isolated
from Hawaiian soil), were further tested in a field competi-
tion experiment (Ustic Humitropept, pH 6.1) and were found
to be equally competitive against each other and were able to
overwhelm the ineffective indigenous population of lentil
rhizobia.

Because Rhizobium inoculants in the tropics are
frequently exposed to high temperatures during shipping,
merchandizing, and/or final use, the tolerance of potential
inoculant strains to high temperatures is an important
consideration. Ten slow-growing (cowpea-t ne) strains which
had been previously screened for-effectiveness were tested
in a peat-carrier for 14 weeks at two temperatures: 28°C
(moderate tropical ambient) and 37°C (high tropical ambient),
At 28°C all the strains maintained relatively high numbers
(10° to 10'°) throughout the 14-week period. At 37°C most
strains increased in number (>10') and then declined slowly
to about 107 to 106°, However, three of the 10 strains were
very temperature sensitive and declined to nearly zero within
2 to 6 weeks. At least one of these strains (TAL 655) was
isolated from a cool, high elevation site in Malaysia.

This experiment has shown the importance of such a
temperature screening prior to release of strains intended
for use in the tropics.

The hypothesis that re-isolates from nodules after
passage through an appropriate host outperform old stock
cultures was tested using large Leonard jars in the green-
house. Passage of R. japonicum (soybean rhizobia) through
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up to three series of plant nodules gave significant
improvement in the performance of strain USDA136b (=TAL 379
and CB1809). - There was no benefit for substituting a non-
homologous host (cowpea) in this case. There was no

benefit for one or two passages of cowpea rhizobia through
cowpea, but there was a significant improvement in strains
which were subjected to three cowpea passages cr through one
passage through common bean plus one passage through cowpea.
Passage of R. phaseoli was beneficial only when the strain
was passed through and re-isolated from both cowpea and bean
nodules.

These results generally support the hypothesis. In no
case did passage decrease effectiveness. However, some
strains responded significantly to plant-nodule passage
whereas others did not. It is not known whether the passage
merely restores responsive strains to their original
effectiveness, or whether it selects the most effective
organisms from a variable population and thereby actually
improves strain e¢ffectiveness over the original isolate.

In either case, this technique provides a very useful tool
to ensure that the best possible variant of a strain is
carried forward, even with non-responsive strains (since
effectiveness does not decline).

In strain trials with eleven soybean Rhizobium strains,
conducted at the Iole site of the Benchmark Soils Project at
Kohala on the island of Hawaii, total yield of plant tops at
the early podding stage was used as the measure of strain
performance. Two strains significantly exceeded the control:
USDA 138 (TAL 377) and USDA 136 = CB1809 (TAL 379), but
there were no significant differences between these strains
and the others in the group (Table 5). A nitrogen-fertilized
treatment (150 kg/ha split-application) was significantly
better than the symbiotic treatments, indicating that the
symbiotic plants were unable to fix sufficient nitrogen for
maximum yield under the cool, damp conditions prevailing
during the trial. A Rhizobium strain trial for lentil
bacteria was initiated in conjunction with the fourth
training course. Seven strains of R. leguminosarum were
tested at the Paia site late in the cool season. The plants
did not flower at this site and vegetative yield at 15
weeks was therefore used as the measure of strain perfor-
mance. Three strains were significantly superior at both
an e-orly sampling period (4.5 weeks) and at 15 weeks:

TAL 640 (UH:I-11), TAL 635 (UH-B88), and TAL 639 (UH:I-7).
All of these strains were isolated on Oahu, Hawaii. Although
early comparisons were restricted by a moderately high level
of nitrogen in the soil at planting time, the plants
inoculated with the best strains performed better than both
plus- and minus-nitregen controls at 15 weeks, with an
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average weight of 2.25 kg/plant for the top three strains,

A cowpea field experiment was laid out to determine the
recovery (in the nodules) of an applied Rhizobium inoculum
into a soil containing a high background population of native
rhizobia. Numbers of rhizobia in the soil capable of
nodulating Macroptilium atropurpureum (siratro) were estimated
using the plant infection technique. The native population
of Rhizobium was rather high (10%/g at the surface and 10%/g
below the surface) but this is probably typical of many
tropical situations where legumes have been grown for many
years.,

Three strains of rhizobia were compared at approximately
the same level of inoculum coated onto the seed using a
standard method. One of the three strains was also applied
using different inoculum concentrations (10° to 10° per seed)
and placements (various combinations of seed coating, band
placement, and mixing with the soil).

There were no differences in yield (top weight or grain)
since the native rhizobia were highly effective. However,
there were significant treatment differences with res»sect
to the number of nodules found by the introduced strain.
Using the standard seed coating method (10° to 10° cells/seed)
only a few noduies were formed by all except CIAT 239, but
none significantly exceeded the contrecl. As the numbers
were increased, recovery also increased to a maximum of about
34%. Few nodules were formed by the introduced strains until
inoculum levels significantly exceeded the population of
native rhizobia below the soil surface. In addition, there
was strong ecvidence that placement of the inoculum near the
seed was more beneficial than mixing with the soil.

The contribution of legumes to the nitrogen economy of
cropping systems was evaluated in field and greenhouse
experiments. Most of the evidence sugyested that sequential
cropping systems involving grain legumes and grass better
exploited the potential of legumes to provide nitrogen to the
system than did intercropping syste.s. Perennial forage-type
legumes, however, could be successfully intercropped provided
there were no alleleopathic interactions between grass and
legume. Leaf materials from a number of different legumes
incorporated into the soil on an equal-nitrogen basis were
identical in their release of nitrogen to a following grass
crop, regardless of nitrogen percentage or degree of mixing
with the soil.

The effect of liming was studied in the field, and the
effects of fertilization with nitrogen and phosphorus were
studied in the greenhouse. The major responses to liming a
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Tropohumult were:

1. At pH 5.0 to 5.3, the legumes responded primarily
to reduced aluminum in the soil;

2. Above pH 5.3, there was a "starter nitrogen" effect
due to lime-induced mineralization of the nitrogen
from the soil.

Soybean plants grown in nutrient solution containing
varicus levels of phosphorus and nitrogen responded strongly
to phosphorus and (at the highest levels) to nitrogen. The
poorer growth of the symbiotic (zero nitrogen) plants was
associated with reduced root development which may have
serious implications regarding the yield potential of
symbiotic plants.,

TRAINING PROGRAMS

The Project provided intensive training in Rhizobium
technology to 13 technologists during 1977-78, 12 of whom
were from developing countries. The courses followed the
general format developed for NifTAL by J. M, Vincent. The
third course was conducted July 11 to August 19, 1977 by the
NifTAL staff assisted by consultant R. W. Weaver of Texas
A & M University, and the fourth course was conducted
February 6 to March 17 by the NifTAL staff. In all the
courses, additional resource persons from University of
Hawaii faculty and visiting scientists were invited to make
presentations and to expand the types of expertise available
to trainees.

A total of 25 trainees have now received intensive
training in Rhizobium technology, and most of these will be
in positions to become cooperators in the proposed Network
to field test Rhizobium strairs under different tropical
environments. Trainees were from the following countries:
Philippines (3), Indonesia, Malaysia, AVREC (Taiwan),
Thailand (2), Bangladesh, India (2), Sr Lanka (2), Turkey,
Egypt, Kenya, Tanzania (2), Nigeria (2), Ghana, Trinidad,
Panama, and Mexico.

The graduate research assistants supported by NifTAL
have been actively engaged in thesis research related to
project objectives, while learning new skills and concepts
in the process. Research work is being carried or has been
completed by the students:

1. Effect of phosphorus nutrition on symbiosis.
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2. Ecology of Rhizobium associated with Lens culinaris
and Cicer arietinum.

3. Rhizobium affinities of tropical peanuts and
significance of ineffective nodulation in soybean.

4. Nitrogen fixation in the tuber-forming legqumes.
5. The effect of shading on morphology, yield, &and
nitrogenase activity of grain legumes and tropical

forage legumes and grasses.

6. Legume growth and nitrogen fixation as affected by
plang competition for light and for soil nitrogen.

BIBLIOGRAPHIC SERVICES

A full-time bibliographer collects, organizes and
disseminates information relevant to the work of the project.
Computer and manual searches offer coverage of many thousands
of scientific publications on a worldwide basis. From an
initial data base of 715 computer-generated references, the
collection now contains some 2500 cataloged references and
approximately 1800 documents, mainly reprints or photocopies
of journal articles. The files are growing at the rate of
about 30 entries each month. OQOur interlibrary exchange
resources include all the holdings of the University of
Hawaii libraries, and for special needs those of the National
Agricultural Library in Maryland. When those institutions
are unable to fill particular requests, photocopies are
ordered from the British Lending Library.

In Auqust, 1978, a selective bibliography with annota-
tions (1181 entries) was published by the NifTAL Project.
Supplements to this work will be compiled to keep the
listings updated.

The document collection is accessible through a
detailed subject index with more than 250 headings, so that
relatively refined searches can be performed with ease.
Clients may request reference lists pertaining to the
legume/Rhizobium symbiosis in tropical agriculture by plant
host or micro-symbiont species, by geographic and regional
reference, and by a long list of influencing factors such
as soil conditions, climate, toxic agents, soil antagonists,
and nutritional status.

Within the limits of copyright laws, NifTAL can provide

photocopies or reprints of available documents to Network
participants when such assistance contributes to the
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objectives of the collaboration. A note listing citation
numbers from the NifTAL lists will suffice as a document
request. For unlisted information or subject searches,
more details are required.

It is hoped that all relevant publications emmanating
from any Network member will be made available to all other
members. NifTAL can serve as a clearing house for such
distribution. As the Network evolves, policies to best
implement the bibliographic functions can be formulated.
Simplicity and informality should prevail.
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STRENGTHS AND CONSTRAINTS OF RESEARCH PROGRAMS
IN DEVELOPING COUNTRIES

Lloyd R. Frederick

Senior Soil Microbiology Specialist
Development Support Bureau
U.S. Agency for International Development

I'd like to express my gratitude and pleasure in being
able to participate here this week. The fellewship is very
congenial, and this workshop certainly provides a fine
opportunity to meet with many people who are interested in
biological nitrogen fixation (BNF). It is even more impor-
tant because we share an interest in finding ways to help
people in other countries who would like to improve their
agriculture. '

In a recent review of the AID grants to develop
capability to use biological nitrogen fixation in tropical
agriculture, the review committee made these comments: "In
the judgement of the evaluation panel, the general area of
biological nitrogen fixation in the tropics is important
enough, and the prospects for progress are impertant
enough, to warrant continued support--perhaps at a rate
even higher than at present. 1If there is one certainty
about biological nitrogen fixation in the tropiecs, it is
that the existing stock of knowledge is grossly inadequate.
There is need for verification of some of the existing data,
better understanding of the basic mechanism of biological
nitrogen fixation (including the possibilities of genetic
variability of plants and microorganisms) and a lot of
detailed work on the environmental parameters which affect
fixation." Our strategy at AID has been to move from the
institutional base in the US to cooperative research,
training, and outreach with scientists in national insti-
tutes and agribusinesses in developing countries. And, of
course, that's why we're here this week--to determine the
most effective way to do this.

When I was given the topic of research program
strengths and constraints in other countries, it reminded
me of a thistle blooming in a desert--rather thorny and the
scene pretty barren. On the other hand, there are some
attractive blooms on this plant. How can we talk about the
constraints of research programs? There are many
constraints, but each situation is unique; so it is
difficult to quantify these constraints, or to say anything
both meaningful and broadly applicable. But we may well
find some attractive rewards in this difficult task of
cooperating with other countries while working in an area
where we have some definite constraints and also some very
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But rarely would the farmer get a good stand of clover in
this way. So the farmer pays good money for clover seed to
make sure that he has an adequate pasture and forage crop.
We suspect that applying Rhizobium inoculant is often
necessary in this same way. More ctudies are needed on
Rhizobium populations, but we can't see the rhizobia as we
can see the clover plants. We can dig the plants and see
the nodules, but that takes more time and effort.

Many plants benefit from nitrogen fixation by soil
bacteria, as we all know, but it is rather intriquing that
at the present time, of the agricultural crops, only the
legumes are known to be able to fix all of their nitrogen
from the air (when conditions are favorable) by way of
nodules formed by rhizobia. As we also know, some legumes
cannot fix all their nitrogen at their present state of
development. The degree of interdependence between the
crop and the nitrogen-fixing soil bacteria varies. As we
heard yesterday, in the leqgumes the relationship is very
intimate. A few ounces of peat, carrying the right strain
of Rhizobium and applied to each hectare along with the
seed, can replace 200 to 1000 kilograms of nitrogen that
otherwise would have to be supplied by commercial fertilizer.
Both organisms are simultaneously involved in the process.
This is why we call the relationship symbiotic.

I make these very simple and ordinary statements to
emphasize the fact that knowing about rhizobia is not
enough; we must also know about the plants. And knowing
about the plants is not enough; we must also knoi. about the
rhizobia. Sometimes we microbiologists have overlooked this,
and some plant scientists may have overlooked the bacteria.
What I'm pleading for here is cooperation between specialists

in all appropriate areas. In the developing countries, where
we may not have specialists, but one person wearing all of
these "hats," this person will be extremely busy if he tries

to do all of these related tasks.

Figure 1 attempts to diagram within one page, the
resources needed to develop and adapt biological nitrogen
fixation into a useful technology. Unless we understand
something about the resources used in a BNF technology, it
is very difficult to determine the adequacy of the personnel

or the program. In traditional agriculture, the resources
and technology and their use may be so common that they are
not uncerstood. But if improved agriculture is to be

achieved, at least some part of the technology needs to be
understood and developed for increased use. An introduced
legume may fail if proper rhizobia are not introduced
through inoculation.
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Figure 1.

Some areas to be considered in the development and adaptation of biological

nitrogen fixation into a useful technology.

GERMPLASM

BIOLOGICAL

RESOURCES

PRODUCTION

~ TECHNOLOGY

NITROGEN

TECHNOLOGY

"UTILIZATION

Host Plant-iequme

20 to 30 spp. with agricultural
potential

Nitrogen fixation capability

Agronomic & food or feed

Legume Properties

Growth habit

Climatic adaptation

Nutritional needs
Nodulation

characteristics Seed production
Other characteristics
N 3

Legume-Rhizobia Compatibility Tests

¥

Root Nodule-Bacteria
(Rhizobium)

Nitrogen~fixing capability

Survival of inoculant on seed,
in soil

Competitiveness

Other characteristics

Rhizobial
Properties

Growth rates

Environmental adap-

tation
Nutritional
requirements
Preservation-
carriers
Infectivity on
legumes
Inoculant produc-
tion
-Bioengineering

~Quality evalua-

tion

Legume Husbandry

Seed planting
Inoculation-seed
and soil-

nitrogen fixed
Cultural methods
Pest control
Fertilization
Production
factors-
climate and
soil
Economic factors
Social factors

Seed and Forage

Food for Humans
Feed for animals
Industrial uses

]

—

Legume
Product

Marketing

L

L

Rhizobium

Marketing
Distribution
Storage
Quality
Economics

Crop Residues

Feed

Fuel

Fiber

Fertilizer,
mulch, ete.




Across the top of Figure 1 in capital letters is the
general flow of activities. The first thing needed is
germplasm resources--the plants and the bacteria. One
reason our BNF programs have not stressed plant resources is
that the International Agricultural Research Centers have a
mandate to work on certain plant resources, and we didn't
want to duplicate their work. The International Agricul-
tural Research Centers also are working on rhizobia, but, as
we noted, they are working with very specific crops. A
great deal of work needs to be done, and there are many
crops to work on.

The germplasm resources are, of course, just the
beginning. They are of no use until they are put to work,
and I called this area biolugical technology--the technology
of putting the bacteria and the plants to work. But
biological technology alone--knowing what is required to
grow the plants, and what the rhizobia require~-is not
enough. It is necessary to develop & production technology
with products that are useful and have a market value.
Production technology involves the production of good seed,
high quality rhizobial inoculant, and also production of
crop products that can be eaten, used or sold. In summary,
when the combined resources of plant and rhizobia are
manipulated by the correct biological and production
technologies, the end result is nitrogen utilization.

In the lower portion of Figure 1 there are 10 boxes
illustrating some areas to be considered in the flow of
technology development for nitrogen utilization. The first
are under the general heading of germplas resources. How
many species have current agricultural potential, with many
others that may have future potential. Among the host
plants, one of the things we need to know is the nitrogen
fixation capability. A few legumes fix no nitrogen
whatsoever. These are not very useful in nitrogen fixation.
However, if their product has other value we don't want to
dismiss that useful aspect. So, we need to know something
of the agronomics and the food, feed, fuel, or fiber
characteristics of the legumes, so that we can determine
the ways they are useful to us. Other characteristics of
the host plant can also affect the selection of germplasm
resources.

Simultaneously and parallel to this we have the
problems and considerations of the root nodule bacteria.
S