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SUMMARY REPORT OF THE SEMINAR 

It was in Latin America that man first brought the common bean in from the 
wild and added it to the world's great food crops. In the ancient cultural patterns of 
Latin America's people, it is iiatural that beans hold a special place in traditional 
agriculture and accustomed foods. 

Along with their edible relatives in the legume family, beans both offer 
promise, and pose stubborn problems, for hungry millions everywhere. This is 
nowhere more evident than in the developing countries of Latin America. 

What is the promise? Into diets too narrowly based on cereals such as maize, 
or roots such as cassava, beans and other food legumes bring quantities and qualities 
of body-building protein lacking in the customary daily food of lower income people.
Protein is vital need, particularly of the growing young. No source of the needed 
protein, other than food legumes, is so close to the means of, and so accepted by, the 
masses of people. 

What are the problems? Climatic hazards and prevailing low-level technology 
keep bean yields low. Demands exceed supply and keep market prices beyond reach 
of many low-income people, even while farmers too commonly find growing bean 
risky and commercially unprofitable. rhe subsistance farming family simply hopes, 
too often vainly, that the little bean plot will fend off hunger. Fvcn if we learn how to 
produce more beans, there are gaps in our knowledge of how best to process beans 
into various food products, and how best to utilize their food values. 

What are the solutions? They are not simple. Both tecnnological and socio
economic actions are needed. While the long-term problems are tackled, short-term 
ingenuity is needed. Plant breeders can raise yields by combining productive genes 
from the wide variety found in the many strains of Phaseolus vulgaris (the common 
field bean). 

Agronomists, with the help of tntomologists and pathologists, can devise better 
ways of planting, tending and protecting the crop. More effective storage methods 
can be developed along with ways of processing beans into new and perhaps more 
acceptable foods. Aided by newly built-in qualities, nutritionists can explore how to 
use beans in healthful, satisfying diets compatible with traditional customs. 
Extension workers can carry the new "technology package" to farmers and new 
dietary knowledge to homemakers. Governments can provide the infrastructure of 
supporting institutions. 

To confront this complex of promise-problems-solutions, a Seminar on The 
Potentials for Field Beans and Other Food Legumes in Latin America and the 
Caribbean was organized by CIAT-Centro Internacional de Agricultura Tropical. The 
seminar took place February 26-March 1, 1973, In Cali, Colombia, CIAT's base. 
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From more than 20 countries on'five continents, from national and international,
public and private, institutions, some 150 participants came to hear 32 speakers-not 
only to listen, but also to contribute their own experience and insights in liveiy
inter-disciplinary discussions. They were scientists in a dozen biological and social
 
disciplines; researchers and practical agronomists and engineers; administrators and
 
communicators.
 

One result, is the gathering together of a great fund of knowledge about the
 
potentials and the problems of food legumes. This4 information is being published by
,

CIAT in English and Spanish for widespread circulation. 

Out of the Seminar came no new Institute or "Program," nor was this intended. 
The national and international organizations represented are already, each in its own 
way, engaged in programs spanning research, training, communication, and action 
in the field. 

There resulted, however, agreement to find practical means to link all these

efforts together and so to focus more sharply upon recognized priority tasks.
 

To this end, the seminar participants asked the Seminar Steering Committe
 
to form a small task force to draft a proposal as to how these linkages might be most
 
effectively forged. This request came at the conclusion of a plenary session in which
 
the reports of 12 general discussion groups were heard and consolidated.
 

While there was unanimous agreement about the convenience and desirability

of establishing a regional cooperative network or program, suggestions varied with
 
respect to criteria of formulation and operation. It general, it was considered
 
convenient to review the experiences obtained in Latin American institutions such as
 
the Central American Cooperative Program for Food Crops Improvement (PCCMCA)

that could be the basis for the establishment of a wide-ranging network. 

Participants agreed that an international network must not replace national 
activities, but must complement and provide effective liaison among them. Activities
 
suggested for consideration included coopelative research projects, publication and
 
documentation systems, conferences and symposia, exchange of personnel, training,
 
and operation of germplasm banks. 

' Once operating, the network could also help channel research activities and
 
technical and financial resources to member institutions.
 

Within one hour after adjournment of the seminar, the Steering Committee 
met and nominated three persons to staff 'the proposed task force. All had 
participated in the seminar and weri still available. When invited to serve on the 
Task Force, all three agreed to do so. 

Members of this group are Dr. Ricardo Bressani, Institute for Nutrition in 
Central America and Panama, Guatemala City, Guatemala; Dr. Luis Marcano, 
president, Shell Foundation, Caracas, Venezuela, and Dr. Oswaldo Voysest,
Departamento de Leguminosas de Grano, Estaci6n Experimental "La Molina," 
Lima, Peru. 

In addition to the papers of the seminar and the specific comments which the 
participants were invited to send the Task Force, the group will draw upon the 
recommendations of the 12 discussion groups mentioned above as well as the reports
of the six disciplinary work groups. These latter reports identify the major problem 
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areas, assign priorities to the problems, propose approaches to consider and suggest 
the institutions and individuals which the people from that discipline attendirig the 
seminar believed might most appropriately undertake the needed work. 

Specific research-oriented goals of a coordinated program were outlined as 
follows: To identify research areas of common interest; to establish priorities among 
these; to plan experimental work toward these objectives; to seek additional funds 
when needed to carry out the indicated experiments; to assist various cooperators to 
conduct the agreed upon research, and to evaluate ard disseminate the results of the 
cooperative research effort. 

While each disciplinary work group listed several areas for priority attention, 
some of the areas emphasized by each group were as follows: 

Agionomy: Greater attention to the cultural practices of small bean producers 
in hilly areas who grow beans inter-planted with other crops, as well as varieties and 
practices for thou. who produce beans as a monoculture, commercial crop. 

Breeding: Increased efforts to identify and to incorporate into productive 
genotypes resistance to a wide spectrum of insects and disease. 

Plant Physiology: Intensive research on the physiological capabilities that 
limit yield in a continuing program to determine superior plant types. 

Crop Protection: Location of s~urces of resistance for or means of controlling 
the principal diseases (rust, root rot, bacterial blight, common mosaic, golden mosaic) 
and the main insect pests (small harvest flies, lady bugs, cutworms, aphids, storage 
insects). 

Economics and Nutrition: Establish nutritional and chemical composition 
patterns according to eating habits; study price stabilization mechanisms attractive 
to producers and consumers; seek improved means of taking technology to farmers; 
study bean processing; establish adequate storage conditions, and provide more 
reliable statistical information on production and prices. 

Administration: Form a small task force to develop plans and criteria for an 
international network for bean improvement. 
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Section 1.
 

FOOD LEGUMES AND HUMAN PROTEIN NEEDS
 

The improvement of food legumes as acontribution to improved human nutrition 

Samuel C. Litzcnhcrger 

Acceptability and value of food legumes in the human diet
 

Ricardo Ircssani
 

Discussants: J. E.Dutra de Olivaira and Nelson do Souza
 

Problems and potentials in storage and processing of food Jegumes in Latin 
America 

Luis G. Elias 

Factors and tactics influencing consumei food habits and patterns
 

Marina Flores
 

Discussant: Francis C.Byrnes
 



THE IMPROVEMENT OF FOOD LEGUMES AS A CONTRIBUTION 
TO IMPROVED HUMAN NUTRITION 

Samuel C.Litzenberger 

The FAO Food Survey estimates that on a world basis some 10 to 15 percent of 
the people are undernourished and up to half suffer from hunger or malnutrition 
or both. These nutritional deficiencies are most serious within the developing
countries. According to Schertz (7) about two-thirds of the woi Id, the poor countries, 
consume only half of the world's protein; and this is mostly cereal protein. If the 
projected population increases are realistic, that within the next generation the 
world's population will double, the food situation will worsen unless substantial 
effort is dirccted toward increasing food production. 

Undernourishment or malnutrition may arise from inadequate caloric intake,
protein deficiencies, and a shortage of vitamins and minerals. Of these deficiencies 
protein deficiency has aroused the greatest concern. Protein hunger may largely be 
overcome by an increase in availability in animal or pant proteins at price levels the
affected population can afford, or through fortification. These alternative routes
have often been considered as competitive; in reality they are complementary. Each 
alternative has special advantagcs and disadvantages and both have their inherent 
costs. 

In fortification the costs include the price of the basic ingredients (soybean flour,
fish concentrate, amino acids, minerals, vitamins, etc.) and the costs of transportation, 
dietary incorporation and distribution. The costs of materials can be calculated but 
the characteristics of the target population ( age profile, geographic
distribution, etc.) are largely unknown making transportation and distribution costs 
difficult to estimate. 

Increased plant or animal proteins can be achieved from improved plant varieties 
and from better management practices. These, in turn, require increased expenditures
for research. Increased levels of productivity resulting from research can be predicted
almost with certainty but the costs involved are less predictable. This is true because 
for many crops the potential for improvement is largely unknown. Secondly, the 
efficient utilization of improved cultivars is somewhat dependent upon the local 
infrastructure (extension effort, seed production and distribution facilities, 
transportation and marketing facilities, etc.). Thus, any precise cost comparisons
between the alleviation of protein deficiency through breeding, or through 
fortification are not possible at present. 
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Table 1.Comparadve cost of major protein sources in human diets 

Food Source US$/kio /oProtein USS/kilo protein 

Beef 	 1.54 15.2 10.12 
Pork 1.10 11.6 	 9.46 
Poultry 	 o.66 20.0 1.30• 
Nonfat dry milk 	 .9 
solids 0.32 35.,6 	 0.90 
Dry beans 0.18 23.1 	 0.77 
Soybeans 0.11 34.9 	 0.31 
Oats 0.051 13.0 	 0.40 
Wheat 0.062 12.2 	 0.51 
Maize 0.057 9.5 	 0.59
 

5.5n
Potatoes 	 0.11 2.0 

Source: 	 Dimler, R. J. Soybean protein food. Soybean Protein Foods 1966, Agr. Res. Service, 
USDA 71 - 35 May 1967. 

This paper will be concerned only with the possible role of the food legumes in 
alleviating protein deficiency and opportur.ities for increased production. As for 
comparative costs of major protein sources in human diets, the cost per kilo of 
protein for crops is strikingly lower than that for animal protein (Table 1). Of those 
listed, cereals and soybeans are the least costly. 

The world over, vegetable proteins account for approximately 70 percent of the 
protein in the human diet and animal proteins some 30 percent. In the developing 
countries even less of the total dietary protein comes from animal sources. Cereal 
proteins make up more than 70 percent. a sizeable fraction of the total vegetable 
protein consumed. The protein content of cereals normally ranges from about 8 to 
16 percent. In each of the cereals, protein quality is below the optimum need of 
man; some one or more of the essential amino acids being limiting, the major ones 
being lysine and tryptophan. Small animal trials run on opaque-2 maize, high proly, 
barley, high protein wheats, and on the man-made species triticale, indicate that 
even within the cereals, improvements in protein quantity and quality are being 
achieved.
 

Compared with the cereals and root/tuber crops the food legumes in general 
present a much more favorabli picture with respect to both quantity and quality of 
protein. Protein varies from 20 to 40 percent. Methionine and to some extent cystine, 
both sulfur-bearing, are usual], the most limiting amino acids. Thus cereals and 
legumes complement each other very satisfactorily, both in terms of protein content 
and quality. The food legumes, when raw, contain a number of toxic factors. Most 
of these, however, are destroyed by normal cooking procedures. The heat stable 
factors which must be considered include cyanogens, alkaloids (most serious in 
Lupinus species), lathyrogens (Lathyrus sativus), favism (Vicia faba) and flatulence 
factors.
 

Approximately 20 species of the Leguminosae family are used for human food in 
some area of the world. Eight of these are most extensively grown but even within 
this group there are striking differences in area of adaptation and use. Roberts (5) 
has grouped six of these into four major classes depending primarily upon climate 
requirements. These are as follows: 
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A. Low humid tropics 

(1). Pigeon peas (Cajanus cajan) 

(2). Cowpeas (Vigna sinensis) 

B. Semidry or seasonal tropics 

(3). Groundnuts or peanuts (Arachis hypogaea) 

C. Tropical intermediate elevations to temperate zones 

(4). Soybeans (Glycine max)
 

(5). Dry beans (Phaseolus vulgaris)
 

D. Cool weather, high elevation zone 

(6). Chickpeas (Cicer arietinum)
 

(7). Peas (Pisum sativum)
 

(8). Broad beans (Vicia faba)
 

We have added peas and broad beans to the Roberts' list with chickpeas in the 

cool weather group because of, their relative importance as food legumes In these 

specal environments. Next to soybeans and groundnuts, peas and dry beans are the 

most extensively grown legume crops, each occupying about 10 percent of the 

world's area planted to food legumes. After these in importance come the broad 
beans, averaging about 5 percent of the area planted. 

The limitation of food legumes to the above eight species mus' be somewhat 

arbitrary. In certain geographical areas other species would equal or exceed them 

in importance. For example, lentils and broad beans are grown as extensively as 

chickpeas in the Near East and pigeon peas, although widely grown, are of little 

importance as a food crop in Africa. Similarly Lowpeas are yet only of major 

consequence in Africa as a legume food crop. 

Data on production and on average yield by regions, for a selected group of 

legumes and oilseed species, are presented in Table 2. Average yields for any given 

species vary greatly among regions and only soybeans and peas on a worldwide basis 

and to a lesser extent groundnuts and broad beans exhibit any marked yield 

superiority. These average yields, however, provide a poor measure of yields which 

might be expected under more favorable management practices. 

GOALS FOR RESEARCH 

If the six species listed by Roberts (5) plus certain others of regional importance, 

are to play an important role in alleviating protein deficiency a greatly expanded 

research program will be required. With a few notable exceptions, only limited 

research has been done on food legumes encompassing a balanced program involving 

both the development of improved cultivars and a careful examination of soil 

management and production practices. In terms of grain yield per hectare the food 
are lackinglegumes are characteristically lower yielding than the cereals. Critical data 

to establish what fraction of the yield differential is inherent and what fraction a 

reflection of the limited research effort expended. 
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TAbe 2. Mange utxld and regi na production of prin in dioands ot mttie . m CP T) and yield inb of 
kil. for a selected group of legumes ard ca seed spec-s 

Wold Toal North Amncrca Lz. Amenica Near East Far EntCYelp Pm/ _ AdesY ProduPon / Y ci ProY Yiel iold Prod -.V Y id Pro" 

t,ve€-, 

O 

DIr bes 
Dry p-
Broadbeas 
CWlckpe 
Lets 
Pigeonperu 
Cowpm 

1070M(11) 
10115(10) 
4636( 5) 
7445( 7) 
996( 1) 

1829(2) 
1063( 1) 

4.7 
11.5 
9.9 
6.9 
6.2 
6.3 
32 

833 
197 
-
-
31 
-
2 

15.3 
16.3 

-
-

12.4 

-
6.3 

40031 
101 
189 
150 
22 

31 
-

5.9 
6.9 
5.9 
7.2 
5.9 
7.0 
-

195 
7 

328 
206 
223 

-
16 

11.0 
17.5 
15.0 
9.1 
7.7 
-

12.3 

2619 
970 

11 
65S8 
458 

1760 
26 

3.1 
9.2 

12.2 
6.9 
5.1 
6.4 
6.2 

80 
352 
341 
316 
128 

38 
104 

60 
7.3 
8.3 
6.3 
5 
3.8 
3.7 

( Seed Crep 
Saybiam 
Cnmdnuu 

43613(44) 13.0 31269 181 903 10.5 9 11.3 161 7.0 23 7.7 

(mabell) 
Sesmme 
-Sinflowter 

15034(15) 
16285 -
9944 -

8.S 
2.9 

12.7 

1153 
4 

102 

19A 
4.0 
9.5 

1246 
3211 
1032 

11.5 
6.6 
8.7 

292 
2107 

237 

7.8 
3.6 
9.6 

5869 
5930 

-

7.0 
9 

-

4219 
1305 
i5 

8.1 
3.0 
60 

Soare: 1969 FAO Production Yearbook Vol, 23. 
1/ Nmu m in pareatbem indicate perce hg of world total food legume promotion %hich totaled 101.347.o1)rmeutic to.. 
2/ Vahmdarakened indicate the current word center of production nf the crop I,ted. I or dry pia and sunflow r iti Russia with crspective production of 4,8130Oad6,6,OOOoM.., and for yield of 1,540 and 1.370 kg/ha. Por broad bean. ,t % Mainland China aith an average production of about 3.0OOO MTand ayelda refm0gA. 



For the production of protein nutrition per hectare not all of the food legumes
yield less protein nutrition per hectare than the cereals (Table 3). Soybeans averaged
about 150 percent more than the three most extensively grown cereals in the world;
groundnuts were nearly 25 percent mre productive, while peas were nearly 10 
percent higher. For dry beans, one of the most extensively grown food legumes in 
Latin America, protein nutrition averaged about 30 percent less than the best of the 
cereals. Ihe other food legumes yielded progressively less. 

While Climate is a major limiting factor in the ultimate yield of any crop, it is
 
apparent from these data that past toni erted effort in breeding and selection has
 
undoubtedly played Amajor role in giving comparative advantages to soybeans, peas
and groundnuts for yield superiority. I or example, starting from a tropically-adapted
plant the soybean was transformed through a concerted effort into one of the most 
efficient producers of grain of any of the legume crops in the temperate /one. 'Ihis 
is not to indicate that no further improvement is possible. Quite the contrary, since 
the past efforts were geared mostly toward the produc tion of a seed with the highest 
content of oil. 

Continued orientation of rcscarch to the development of types with more and
 
better protein anti the selection of plant types partie ularlV w'll adapted to the
 
tropical and subtropical environments can devclop cquall% superior plants not only

for the soybean, but can be similarly effective in improving yields of other selec ted
 
food legumes. Most species are endowed with suffh ient genetic diversity to make
 
this advancement possible, otherwise thiel would alread) have disappeared as Spe ies. 
Continued effort on the part (if rescart.It is net essar) , first to loc ate the needed 
genetic factors and then to combine them into the winning ( ombimation. 

'ields in which additional rcscar It is obviously needed in lude the development
 
of higher yielding cutivars having the ma\imum possible re',isiante to disease and

insect pests of local importance: improvements in protein p,'ri cntage, amino atid
 
balance and other nutritional qualities; and the development oi better soil management 
and production practices. 

VARIETAL IMPROVEMENT 

In tropical areas work on varietal improvement of food legumes has suffered from 
lack of continuity as well as limited resources. Where major advances have been 
realized, e.g., beans in Mexico and Colombia, cowpeas in Nigeria, pigeon peas in
India, etc., the new varieties have had only limited impact due to restricted seed 
production and distribution progranms and extension efforts. 

At the Stockholm Conference on luman I nvironment considerable emphasis was 
given to the necesity for the collection and preservation of both cultivated and wild 
plant species. I he importance of such efforts canot be over-cmphasiled. One of the 
first requirements for effective breeding research with any (rop is an adequate 
germ plasm resersoir of the variability characterizing the species. 'Some collections 
exist hut it is questionable if these are adequate for any of the species of interest. 

Major collections now available include beans, soybeans and peanuts maintained 
by the U.S. Department of Agriculture, beans by CIAT, cowpeas by lITA and the 
Nigerian Government. A program in Iran and India supported by AID and the
Agricultural Research Service (ARS), U.S. Department of Agriculture, assembled a 
collection of some 26,000 items representing 10 species. This collection is currently 
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Table 3. Relative efficiency of worldwide protein production of selected food crops 

Protein World avg
Totni Protein content yield

Crop world Grain content Nutritional nutritional protein 
production yields of seed value coefficient nutrition 

(MillionMT) (MT/ba) M% eggMprotein) %)(kglha) 
Le-m food crop 

Soybean 43.6 1.3 38 62 23.6 306.8 
Dry beans 8.7 0.8 4722.1 10.4 83.1 
Dry peas 10.1 1.2 22.5 50 11.3 130.0 
Chickpeas 7.4 0.7 20.1 S3 10.7 73.8 
Groundmits 15.0 25.60.7 •69 17.7 123.9 
Broad beans 4.6 1.0 23.4 . 41 9.6 95.0 
Pigeon peas L8 0.6 20.9 39 8.2 51.7 
Cowpeas 1.1 0.4 23.4 "57 13.3 51.9 
Lentils 1.0 0.6 24.2 41 .9 61.4 
Mungmbam 2.0 0.3 23.9 32 7.6 19.7 

C'unal 04= crops 

Wheat 332.5 1.5 12.2 68 8.3 121.2 
Rice (Paddy) 284.2 2.2 7.5 5.776 122.6 
Maize 251.1 2.4 9.5 55 5.2 123.2 

Sunflowers 9.9 1.3 12.6 93 11.7 148.6 
Potatoes (-isb) 315.5 13.8 532.0 1.1 151.8 
Cassava 85.6 &7 1.6 85 1.4 121.8 
Plantain 12.7 15.0 1.1 71 0.8 120.0 

Sources: 1969 Production Yearbook (FAO Vol. 23) and 1970 Amino Acid Content of Foods and Biological Data on Protein 
(FAO VoL 24). 



being maintained by the All India Coordinated Pulse Program and by the U..S. 
Department of Agriculture in Puerto Rico. In addition, smaller collections involving 
items of local interest are maintained by each active breeding program. 

The assembling of germ plasm variation in world collections, however large, is of 
limited value unless adequate provision is made for both maintenance and evaluation. 
Too often, these two activities have been dependent upon the interests of a very few 
individuals. As a result, neither effort has'been completely satisfactory. 

Roberts (5) has suggested a system which should give a greater degree of stability 
and usefulness to collections now in existence and for their further expansion. This 
responsibility would be assumed by the several International Institutes. Some of his 
recommendations have already become a reality. For example, dry beans are currently 
being supported to a beginning extent by CIAT; cowpeas have been accepted by 
IITA as a major pulse crop for needed research and training on an international basis; 
pigeon peas and chickpeas are now the international responsibility of ICRISAT; 
soybeans were to have been assigned to CIAT or IITA and groundnuts possibly to 
IITA. 

No priority support was indicated for dry peas or broad beans, two of the food 
legumes which have shown some real advantages as producers of quality protein in 
volume in selectcd environments. The Federal Station at Mayaguez and the University
of Puerto Rico would continue their general interest-in soybeans for the tropics and 
subtropics in cooperation with the University of Illinois and its large legaime collection. 

As for the mungbtan, while the brief production and seed quality data of Table
 
3 show it to be a poor performer, its importance as a short-seasoned catch .top
 
following other regular crops, especially ric', in tropical regions requires some
 
research support This will orobably be forthcoming from the Asian Vegetable
 
Research Development (0.ner(AVRDC), Taiwan,which will be working very closely
 
with IRRI.
 

Regardless of the final diposition of responsibilities for further collection and for 
maintenance, provision must aL'o be made for a network of cooperating stations to 
accumulate the information needed on relative yield performance, day-length 
responses and disease and inseLt ieactions. 

More recently AID has been encouraged by the Consultative Group (CG) through
TAC (Technical Advisory Committte on International Agricultural Research) to 
consider the development of an Inte, national Soybean Resource Base at the 
University of Illinois where advantage would be taken of the vast competence that 
already exists with this crop in the U. S. at the University and as supported by the 
Regional Soybean Laboratory located n.-arby. To support its immediate need for a 
U. S. based tropical environment Puerto Rico would become an integral part of the 
Resource Base. 

Such a proposal would serve as the ntcleus for the ultimate establishment of 
an international institute providing research and training services to the International 
soybean network much as is currently being done by the other international crops 
centern. Outreach and linkage activities would be handled comparably to those 
already worked out for the different crops by the international institutes. Soybean 
Resource Base activity linkages with IITA, CIAT, ICRISAT, IRRI, etc., would be 
envlsioned to be direct and supported by mtltilateral funding through the CG. 
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In the Regional AID/ARS Pulse Improvement Project which has variously
cooperated with India, Iran, and at Puerto Rico, since 1969 for special support to
Latin America on bean and cowpea diseases and related insects, tremendous 
differences have been observed among the collections representing each species.
These variations included apparent yield potential, maturity, plant type and 
resistance to various diseases and insect pests. It was apparent that.major
improvements could be achieved by selection among and within currently grown
types. Even greater increases in yield potential should be possible by selection among
the progeny of carefully selected parents or through population breeding h'here a 
broad genetic base is required to control limiting diseases and insects. Relatively little
breeding work of this type has been undertaken and yet this is the simplest way in 
which desired recombinants may be produced. 

Each crop poses its own peculiar problems. Extensive breeding work has been 
done on soybeans within the temperate regions and a large number of commercial
varieties are available. Soybeans, however, are day-length sensitive and these varieties 
are of limited usefulness outside the region of their development. Most of these 
varieties would be poorly suited to the range of day-lengths prevailing in the tropics.
Many other legumes exhibit similar response to variation in day-length. Similary, the
major disease and insect pests vary from species to species and, possibly to a lesser 
e-xtent, with ecological 7ones. It is thus apparent that any screening or selecting of
improved types must be done in the environment in which the crop is to be 
ultimately grown. 

Breeding and management are complementary activities; high yielding cultivars
cannot express their potential if water or fertility is limiting. Similarly, good
management cannot compensate for inferior germ plasm. This relationship requires
that breeding and management studies be conducted simultaneously. Population
densities, time of planting, pest control, water distribution and fertility regimes each 
may affect yield rtsponse and must therefore be incorporated into any breeding and
evaluation program. Knowledge of response under an adequate or optimum regime is 
required to provide useful information on relative yield potential. 

IMPROVED NUTRITIONAL CHARACTERS 

Information on variation in protein percentage is available for several of the food
legumes. Environmental effects are known to be important. Corresponding information 
on the effects of environment on the individual amino acids is much less extensive. 

Protein content 

The most extensive work on protein variation has been done in soybeans (1).
Protein and yield are negatively correlated as are also protein and oil content. These
correlations, while statistically significant, are not so great as to be a major barrier to
genetic progress. The major emphasis in modifying composition has been directed 
toward increasing oil percentage. Only limited effort has been directed toward 
increasing protein percentage yet two varieties, Protana and Bonus, have been
released having approximately 43 percent protein. If protein were to receive increased 
emphasis it appears that still higher types could be developed. 
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Silbernagel (8) has screened a large number of bean varieties and, introductions 
and found protein values ranging from 16 to 33 percent. Protein percentage was found 
to be Influenced by environment with considerable variation among both locations 
and years. Certain lines, however, were consistently high in protein under all 
environments tested. Rutger (6), also working with beans, found variation in protein 
content ranging from 19 to 31 with a mean of 24.6 percent. Within the sample of 
lines used yield and protein content were not significantly correlated but a positive 
correlation was observed between protein content and late maturity and negative 
correlation between protein ind seed weight. 

While mungbeans were not included in the select group of six listed earlieri, variation 
in protein percentage is of some interest. Studies were conducted at the University 
of Missouri in 1970 and 1971 under an AID contract. Among the 313 strains tested 
from the world collection protein percentage ranged from 19.1 to 28.3 percent in 
1970 and from 22.1 to 31.2 percent in 1971. Yield, protein percentage and seed 
weight were negatively correlated. 

In studies conducted in India with chickpeas, pigeon peas, mungbeans, peas and 
cowpeas, Krober et al (3) reported significant varietal differences in protein content. 
No significant differences were found among the urd bean and lentil varieties tested. 

From the rather limited data available, it appears that protein content is under 
some degree of genetic control; however, the pattern of inheritance has not yet been 
established. The development of higher protein types should therefore be possible in 
most of the species examined. An effect of environment on protein content was noted 
in most studies. This relation complicates the problem of breeding for increased 
values as the material must be evaluated under a range of environments to obtain a 
fair measure of real differences. The extent to which environmentally induced 
differences can be minimized by uniform management practices remains to be 
established. 

Protein quality 

Information on amino acid profile in the food legumes is less detailed than for
 
protein content. Data for some of the legumes of interest are presented in Table 4.
 
Some cereal and root/tuber crops and animal products are included for comparison.
 

Two points are of particular interest. First, lysine values tend to be high for the 
legumes. This fact is responsible for the complementarity of cereals and legumes. 
Second, there are rather large variations in the methionine plus cystine values among 
the different leguminous species. The values given serve for average comparative 
purposes but have the limitation that the samples tested were not necessarily grown 
under uniform conditions. 

In breedting for improved protein quality primary emphasis must be given to 
methionine, as it is normally the first limiting amino acid. Cystine variation would 
also be of some intc.est as methionine and cystine exhibit a mutually sparing relation. 
Possibly some attention should also be given to lysine to ensure discarding strains 
with below normal values. 

The ion exchange amino acid analyzer is not well suited to the needs of the plant 
breeder who is concerned with the evaluation of large numbers of samples. The 
microbial assay, though possibly less precise, can be more readily adapted to handle 
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Table 4. Comparmn of amino acid content per 100 grams of food 

Food Moisture 
(grams) 

Protein 
(grams) 

-

Lysine 
(tugi 

Sulfur-containing amino acid 

Mcdii- Cystine Total 
onine (rg)
(Ing) 

Trypto-
phan 

(mg) 

Total 

essential 
amino acids 

(mg) 

Total 

amino 
amids 
(mg) 

Maize 
Rice-brown 

-polished 
Wheat 

12, 
13 
13 
12, 

-
. 9.5-

7.5' 
6.7 

12.2 

254 
299 
255 
374 

182 
183 
150 
196 

147 
84-

108 
332 

329 
264 
259 
528-

67 
98 
95 

142 

3,820 
3,033 
2,695 
4,280 

9,262 
7,973 

.6,785 
12607 

Root and Tubers 
Potato 
ViYam(Dioscora) 
Cassava (Mmu'i ot) meal 

Lefflne (Pulse) 
Beans (Pbaseolus) 
Beans, Broad (Vicia) 
Chickpea 
Cowpeas (Vigna) 
Peanut 
Lentil 
Lima bean 
Mungbean 
Peas 
Pigeon pea 
Soybean 

eat and PoWy 
Beef and Veal 
Chicken 
En (Hen) 
Fish meal 

78 
72.4 
13.1 

11 
11 
11 
11 
5.2 

11 
11 
11 
11 
11 

8 

61 
66 
74 
10.1. 

2.0 
2.4 
1.6 

22.1, 
23.4 
20.1 
23.4 
25.6 
24.2 " 
20.0 
23.9 
22.5 
20.9 
38.0 

17.7 
20.0 
12.4 
75.0 

96 
97 
67 

1,593 
1,513 
1,376 
1,599 
1,036 
1,739 
1,466 
1.927 
1,692 
1,607 
2,65.3 

1,573 
1,570 

863 
5,808 

26 
.38 

22 

234 
172 
209 
273. 
338 
194 
246 
126 
205 
107 
525 

478 
502 
416 

2,052 

12-
27 
23 

188 
187 
238 
255 
366 
221 
199 
168 
252 
204 
5S2 

226 
262 
301 
924 

38 
65 
45 

422-
359 
447 
528 
704 
415 
444 
294 
457 
311 

1,077 

704 
764 
717 

2,976 

33 
30 
19 

223 
202 
174 
254 
36 
231 
199 
-

202 
117 
532 

198 
205 
184 
720 

667 
821 
404 

8;457 
8,244 
7,802 
8,640 
9,502 
9,504 
8,359 
8,547 
8,464 
7,505 

16,339 

7,875 
8,380 
6,338 

30,360 

1,572 
2,009 
1,184 

20,043 
20,951 
19,290 
21,086 
27,610 
23,447 
19,104 
20,344 
20,901 
18,460 
40,945 

17,163 
18,206 
12,763 
70,308 



large numbers. The modified microbiological assay developed by Kelley cL al (2) has
been used extensively on beans. From a study involving 3,600 strains he concluded
that methionine level was under genetic control and speculated that throughbreeding and selection the present level of critical amino acids might be doubled.
Work with mungbeans at Missouri (9, 10) indicated a three-fold range in methionine 
content. Unfortunately, ihere appeared to be an inverse relation between protein

and methionine content.
 

Amino acid compositional studies are under way at a number of institutions in
both the U.S. and India. Hopefully, information will soon be forthcoming on the
inheritance patterns of the individual amino acids of interest and their interactions 
with both protein and environment established. 

Other nutritional characters 

The heat stable factors of greatest concern include the cyanogens. alkaloids,

favism and flatulence factors. Fortunately, all of these factors are not common to

all species and therefore routine screening of all material may not be necessary. Any
new variety, however, should be carefully evaluated for all heat stable factors before
release. Assay procedures are available for the factors of greatest potential importance. 

Wide variations in the time required for cooking exist among the food legume

species. Reduced cooking time may be an important factor in consumer acceptance
 
of new cultiars where fuel is in limited supply.
 

Evaluation of each of the factors of interest (amino acid composition, heat stable
factors and cooking time) can be incorporated into a laboratory screening program
closely coordinated with a breeding program. Staff and funds required for such an

effort will, however, be substantial. l.xperience will likely dictate that some
priorities be established and that only a small segment of the breeding material will
 
be subjected to all tests. 

The final evaluation of any breeding product must depend upon nutrition studieswith appropriate test animals, both when utilized as the major source of protein and
when utilized in combination with normally available cereal and root and tuber cropsthat are consumed with it. Differences in amino acid nutritional availability have
been demonstrated in some of the cereals and may exist more widely even in the foodlegumes. Unfortunately, because of the quantities of material required, nutritional 
evaluation must be deferred until late in the breeding and evaluation process.
However, this is an early must for any new variety being considered for release. Forobvious reasons this should even be a basis for selecting parent stocks in any expanded
breeding program. 

MANAGEMENT
 

The complementary relation between breeding and management has already beenmentioned. Management studies on the food legumes have been limited. A partial
explanation for this arises from the wide differences in cultural practices employed.Legumes may be grown in nionoculture or as mixtures with corn, sorghum, cotton or other crops. When grown in mixtures, the regime of planting time and fertility is
that employed for the major crop. This may or may not be optimum for the legume. 
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When grown in monoculture it has commonly been assumed that nitrogen

requirements will be satisfied through nitrogen fixation by appropriate strains of
 
Rhizoblum. In studies with soybeans in Illinois the use of nitrogen fertilizer has
 
given some increase in yield but the level of response was not economic. Nitrogen
 
applications, however, did produce a higher protein percentage in the seed. The
 
need for phosphorus and potash will be dependent upon soil characteristics
 
and previous mAnagement and cropping practices. With the introduction of any

relatively new species into a community either for testing or production, and
 
especially in the tropics and sub-tropics, assurance of appropriate nitrogen fixation
 
by Rhizobium is of prime importance. 

Plant population must be geared to rainfall distribution patterns and stored soil
 
moisture unless water needs are to be met through irrigation. Fertilization levels
 
must be geared to both available water and population levels.
 

ECONOMIC FACTORS 

Unless plant breeding and management research are successful In increasing
 
average yield levels to the extent that they become competitive with cereals, the
 
deserved increase in production may be difficult to achieve. Some data from India
 
(Table 5) may serve to illustrate the problem.
 

Prior to the introduction of the short-statured wheats, yields of wheat were 
approximately 30 percent greater than for chickpeas (gram). With approximately

equal prices, returns per unit area would correspond to the average yields. With the
 
current extensive use of the new improved wheats and the accompanying

improvements in management practices yields per hectare have nearly doubled while
 
yields of chickpeas have shown little change. The effect of this example is self
 
evident.
 

Thus, in 1970, per unit area returns from wheat were nearly double those from
 
chickpeas, ignoring any differences in cost of production.
 

Table 5.Average yield and price for wheat and chickpeas (gram) In 
India for the agricultural years, 1950 to 1970 

Crop 1950 1960 1965 1968 1969 1970 

Wheat 

Avg. yield, lbs/acre 591 759 738 1043 1079 1159 
Price RO/Quintal 97.0 97,1 1068 104.5 

Chickpeas 

Avg. yield, lbs/acre 430 601 469 541 '639 600 
Price RO/Qulntal 93.2 101.5 99.0, 108,1 

Source: Bulletins of Food Statistics, Ministry of Agriculture, New Delhi, India. 
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This comparison Isnot entirely valid as the two crops are not completely
competitive. Wheat is grown under irrigation where this is possible, while chickpeas 
are more commonly grown under rain-fed conditions. The illustration, however,
emphasized the point that without substantial increases in yield or without some 
differential pricing structure substantial increases in legume acreage may be difficult 
to achieve on a sustained basis. 

CONCLUSIONS 

In conclusion, the prospects of developing food legume types superior in yield to 
those in common use appear excellent. Improvements in quantity and quality of 
protein appear equally feasible. Either of these developments would contribute 
greatly to a lessening of the protein deficiency problem. The extent to which these 
possibilities are achieved will depend upon continued resources being allocated to 
needed research. 

Priority support should be provided to the eight most extcnsively grown food 
legumes whose prospects appear comparatively brightest for more and better protein 
production on a world or regional basis. Current average protein production 
performances per hectare for the eight major food legumes for specific countries or 
regions serve as a beginning for any overall food legume improvement program 
(Table 6). 

For the greater part of Latin America, to help alleviate the problem of protein 
deficiency, no national or regional program supporting research, training, and 
production, could exclude the bean. Beans have been and will continue to be for 
some time a major supplier of protein in that part of the world. It is apparent,
however, that as a first priority special effort will be necessary for all concerned to 
concentrate on the development of improved strains and supporting cultural practices 
which result in economically competitive yields when compared to other crops 
grown, while at the same time retaining or increasing their consumer acceptability 
and nutritional value. 

Table 6. Comparative production levels of protein nutrition in kg/ha for Latin America 
and centers of most extensive cultivation 

Crop Latin America 	 Center of most 
extensive cultivation 

Soybeans 248 425 (USA) 
Groundnuts 163 90 (India-Pakistan) 
Dry beans 61 69 (Brazil) 
Dry peas 18 174 (USSR) 
Chickpeas 77 74 (India-Pakistan) 
Broadbeans 57 94 (Mainland China) 
Cowpeas - 79 (Nigeria) 
Pigeon peas 57 54 (India-Pakistan) 
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To accomplish this, actual protein yields per hectare of beans will have to be more 
than doubled in Latin America to be on a par with the cereals; more than tripled to 
be on a par with the groundnut; and more than quadrupled to be on a par with the 
soybean. I hus, where the soil and climatic environments appear appropriate for the 
culture of soybeans and groundnuts, the researcher-production team may find these 
two crops the quickest route to increased production of quality protein and deserving 
support accordingly. 

For the more humid environments where limiting disease and insect pests also do 
well, special consideration may have to be given to the cowpei, gigeon pea and 
possibly other species. While the present farmer yield level of protein nutrition per 
hectare is hardly that of the other food legumes considered worthy of research 
support, their prospects of improvement appear to be as great as for the bean. 
Ifowever, as with any of the food legumes, advancements will only come with a 
continued and expanded research effort with central direction. 
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ACCEPTABILITY, AND VALUE OF FOOD LEGUMES IN
 
THE HUMAN DIET
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Discussants, J. E. Dutra de Oliveira and Nelson do Souza 

INTRODUCTION 

Leguminous grains have been recognizcd as important sources of protein in the 
diet of populations of many tropical areas of the world. As the production of meat, 
milk, eggs and fish increases slowly, legume foods offer a way to bridge the problem 
of an enlarging protein gap. They can easily cover the amount of protein that is 
needed, and what is probably more important, they may, when properly consumed, 
provide the quality of protein highly desirable for the feeding of vulnerable 
population groups - infants, children, pregnant and lactating mothers. 

These foods are generally accepted and consumed by all populations, including 
those in areas where animal protein foods are more available. Therefore the task of 
supplying more protein through legume grains is in many ways easier than other 
approaches. In spite of these well known and accepted general facts, legume grains 
have been, in a way, regarded as more of a laboratory curiosity because of their 
protein and antiphysiological factors, than as food which can provide significant 
amounts of nutrients. Furthermore, the efforts of agricultural scientists to improve 
on them, are far behind their achievements with cereal grains, oilseeds, fruits and 
vegetables. Today, however, the food problems of the world, particularly the 
protein problem, make it mandatory to increase research in all aspects cf legume 
grains from production to consumption. 

ACCEPTABILITY 

Information on the intake of legume grains is not easily obtained and available 
data comes mostly from production records. However, there is some reliable 
information from dietary surveys. Granting limitations inherent in these statistics,
values reported from both sources for Latin American countries are listed in Table 1. 
The table also includes information on the total dietary intake of calories and 
protein, as well as from legume grains specifically (1). 
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Table 1. Legume grain Intake in Latin American countries, excluding soybeans and peanuts 

Legume Food 
Country lntake Calories Proteins Total Total 

g/day /day /day intake intake 
-"calories, protein 

cal/day glday 

Argentina 6.3 20 1.3 2,820 81.6 
Bolivia 5.6 .19 1.3 1,840 47.9
 
Brazil "64.4 
 220 14.8 2,780 66.3
 
Chile 27.1 92 5.8 2,410 77.2
 
Colombia 11.4 
 38 2.6 2,160 51.9
 
Costa Rica 27.3 
 93 6.0 2,430 53.9
 
Ecuador 26.3 91 
 6.1 1,890 48.4
 
El Salvador 31.6 108 7.1 2,030 S6.7
 
Guatemala 23.3 80 5.3 2,080 55.4
 
Ilonduras 29.9 102 
 6.6 2,080 53.7
 
Mexico 54.7 
 208 12.0 2,610 71.9
 
Nicaragua 72.0 245 't 
 17.3 1,986 64.4
 
Panama 24.0 82 
 5.2 2,310 58.1
 
Paraguay 30.6 105. 7.1 2,560 
 64.1 
Peru 26.2 91 5.8 2,230 55.9
 
Uruguay 9.0 28 1.8 3,220 
 104.3
 
Vecezuela 29.6 100 6.5 2,310 58.7
 

Source: Food Balance Sheets 1960-62. FAO, Rome, 1966. 

One could conclude that except for three or four countries of the 17 listed,
legume grains are a significant part of the people's diet. However, the Intake is really
not as high as aesirable, probably for reasons other than lack of acceptance or 
because they do not belong to the area's food patterns. The reasons'probably lie in 
availability. 

The value reported is for the whole country; however, it has often been reported
that different areas within a country show higher consumption rates. For example,
in Venezuela for 1966, the national average intake was 26 g per person per day,
represented by P. vulgaris, P.sativum, C.cajan and V. sinensis, while in a rural town 
in the Venezuelan Andes, consumption per person was close to 71 g, mainly from
P. sativum (2). A study carried out in a coffee plantation in Guatemala showed that 
children aged 18-32 months consumed 24 g/day, mothers, 79 g/day, and adult men,
91 g/day (3). These figures are significantly higher than the national average shown 
previously (4). 

KINDS 

Table 2 lists the legume grains more often consumed by the population of Latin 
America. Although P. vulgaris, whether black, white or red, occupies first place in 
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Table 2. Legume food%consumed in Latin America 

Common name
 

Scientific name English Spanish
 

Phaseolus vulgaris Garden beans Fr(jol, Caranta, 
Poroto, Ilabichuela 

Phaseolus angularis Adzuki Jud a 

Phascolus calcaratus Rice bean Judia 

Phascolus coccineus Scarlet runncr bean JudIa
 

Phaseolus lunatus Sieva bean Jud(a
 

Phascolus limensis Lima bean Judia
 

Vigna sinensis Cowpea Frijol, Caup(
 

Cajanus cajan Congo pea Gandul, Guandu, 

Pigeon pea Quinchoncho 
Pisum sativum Alaska pea Arveja, Guisante 

Cicer ardnum Chick pea Garbanzo
 

Lens esculenta Lentils Lentcja
 

Vicla faba Broad bean Ilaba
 

Dolichos lablab Field bean Gallinazo
 

Lathyrus sativus -- Almorta 

Lupinus mutabills Lupin Lupino 

most countries, there is color preference between tountries, black toated grains are 
preferred in most. Other legumes consumed, but in lower amounts, probably because 
of acceptance. are Vigna sinensis, Cajanus cajan and Vicia faba. Also tonsumed in 
lower amounts, but for reason of price are Lens esculenta, Cicer arietinum and 
Pisum sativum. 

RELATIONSHIPS TO AGE AND INCOME 

Food habits or acceptance patterns are formed early in hiidhood and like other 
fundamental habits tend to resist change. The acc(eptante pattern for legume grain 
consumption is clearly shown in l'igure 1 (5). The values represent the average of 
dietary surveys in three towns in Guatemala. They show that legume intake in one 
form or another begins early in childhood. Consumption of P. vulgaris broth, 
relatively high at first, decreases with age, while the intake of the cooked grain 
increases.
 

This pattern, which from the nutritional point of view is highly desirable, is not 
necessarily stable, and it is changing mainly due to the low availability and consequent 
high price of P.vulgaris The relatively low intake of beans by children is not peculiar 
to Guatemala, but is a practice of mothers almost everywhere where beans are 
consumed. For example, Nfart nez and Chivez (6), indicated that in a very poor 
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Mexican rural community, mothers did niot feed any beans to children aged 3 to 24months. However, when an educational program was initiated, at least 50 percentof the mothers accepted beans as a food for their children. Similar observations have 
heen reported from other countries, for example in Jamaica, where children one to 
six years of age consume from 2.6 to 5.3 g of legume grains per day (7). 

Iecause of their low availability, the frequency with which legumes are consumed
is far less than daily, particularly in very poor communities, as shown in Table 3. Thedata in the table come from continous dietary surveys performed in Santa Maria.
Cauqui, in the highlands of Guatemala (8). About 37.0 and 49.0 percent isconsumed by the mother and father, respectively, and the difference by the other
four family members. On this basis, the four young members, who need more
protein of better quality, would get only 8 to 10 g per serving, the two 1dults, 85 
to 113 g per serving. 

I requency of intake is important for most nutrient sources if they are to make a
nutritional impact on the quality of the diet. An example is shown in Table 4. Inthi%study, carried out with young rats, fed a maize diet, soybean protein was feddaily, every two and every three days. The results show a favorable relationship
between frequency of intake and weight gain of the animals, and between frequency
of intake and the protein quality of the diet, and utilizable protein. 

Obviously, a daily intake of Phaseolus represents a higher intake of protein,
thcrcfore more utilizabic protein, than when intake is less frequent (9). The same
effect is observed in children. Table 5 presents results of a study in which Phaseolus 
was fed every 3,6 and 12 hours as a supplement in a constant ratio of one partPhaseolus to three parts maize. The effects were measured using the nitrogen balance
method. These results suggest a lack of complementation between maize andPhaseolus protein. They suggest also the need to make Phaseolus more available if
expected to improve protein nutrition (10). 

The acceptance pattern indicated by the amount of legume food consumed isquite constant during the year for the family unit. Table 6 shows figures publishedby Flores et al (11) on legume intake over a 12-year period. Intake per family varied 

Table 3.Frequency of Phaseolus intake per family in Santa Maria Cauque, Gustemalal! 

Frequency Number of Distribition 
days/week families 

2 10 12.7 
3 20 25.3 
4 '36 45.5 
5 10 12.7 
6 3 3.8 

Sourcet INCAP. Unpublished data. Garcia, B,et al. 1972. 
It Average of 690 g Phaseolus, served in 3 meals to a 6 - member family 

21 



Table 4. Effect of frequency of lnitake of a soybean protein supplement 

on the protein quality of a maize diet 1. 

Avg. weight PER UtilizableFrequency of 
protein,supplementation gain, g 

28 days
 

74 	 2.26 6.71Daily 

61 	 1.98, 5.83Every 2 days 

60 	 1.84 5.42Every 3 days 

35 	 1.49 3.47None 

SourLet Bressani, R., L. G.Elias andM. Flores (1971).
 

L/ 8Y soybean flour added to basal diet when supplemented.
 

from: 48 to 54 gper person per day, while intake for 3 to 5 year old children, varied 

from 10 to 14 g.During the same period, production increased about 25 percent 

while prices increased from $0.07 to $0.10 per pound. The relatively low production 

increase, together with the higher price and population in the country, may explain 

the constancy of intake. 

METIODS OF PREPARATION 

Since P.vulgaris is the most accepted legume grain in Latin America, more 

discussion will be given to its preparation than to other legume foods. Figure 2 

represents schematically the process of cooking and food preparations obtained. 

Table 5. Effect of frequency of Phaseolus intake on nitrogen balance in children 2/ '


Nitrogen balance 

Absorbed Retained Absorption RetentionFrequency Intake 

mg/kg/day 	 % intake 

64.1 22.7Every 3 his 326 	 209 74 

211 61 62.0 17.9Every 6 hs 340 
50 65.2 16.1Every 12 hrs 310 	 202 

17.155 80.7MWk 322 	 260 

Sources INCAP. Unpublished data. Wilson, D. et al. 1964.
 

I/ Nine children, aged 2-6 years, weight 9.30-23.20 kg.
 

2 Ratio of malze/Phseolus intake: 3 parts maize to 1part Phaseolu,,
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Table 6, Phaseolus vullpuis consumption in rural Guatemala 

g/person/day 

Year Family Child 

1953 54 

1956 54 
1959 51 10 
i960 52 14 

1961 4q 10 

1962 53 11 

1965 50 13 

Sources: Flores et A.1955, 1957, 1964, 1966. 

For P. vulgaris the grains are placed in sufficient water to cover them, with additional 
water to allow for absorption and evaporation. Onions and other flavoring ingredients 
are usually added and cooked at atmospheric pressure for four to five hours until 
soft. The bean broth, if available, is consumed as a soup with rice, cubes of toasted 
bread or other such food. The cooked beans may then be consumed as such, usually 
with plantains, rice or maize in the form of tortillas, or by crushing and straining, 
strained beans are prepared. These are then mixed with fat to make fried beans. The 
changes in chemical composition and nutritional value are shown in Table 7. Some 
crude fiber is lost during straining and fat content increases as expected in fried 
beans. Cooking improves protein quality through destruction of antinutritional 
factors, but fried beans show a slightly lower value, probably due to destruction of 
some essential amino acids, such as lysine and/or methionine (12). There are variations 
to the above cooking process, particularly addition of salts, sodium chloride and 
sodium bicarbonate. In most countries, fried beans are more popular with the 
consumer. 

Table 7. Protein quality of bean preparations in Guatemala 

Processing Avg. weight PER Available Protein Fat Crude 
product gain, g lysine fiber 

g116 g N 

Raw beans 0 - 5.83 24.6 1.9 4.6 

Cooked beans 34 1.24 6.30 24.9 0.7- - 2.8 

Bean broth - - - 1.9 0,1 0 

Strained beans 37 -,,. ,1.43 6.35 24.0 0.6 1.6 

Fried beans 10 0.87 5.17 17,8 13.3 1.6 

Casein 130, 2.73 - - -
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Phaseolus 

water to cover grain 
allowed to soak{1O4-5 hours atmospheric pressure or 

Cooking C20-30 min. 16 lbs. pressure 

Cooked groin, 

Broth . -), consumed or discarded 

Cooked grain (including broth) 

{mashed, strained 

seed coats strained Phoseolus 

I Addition of fat or 
oil cooking 

Fried Phaseolus 

Incop 73-91 

Figre 2. Home cooking process and food prepardons of Plheolus vulauis In 
GuatemaIL 
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Other legume rains are similarly prepared, but some are eaten differently. Forexample, Vicia faba may be consumed immature but Is often allowed to mature andthen toasted. The toasted seed is ground into a fine powder and used to prepare cold-drinks. C. eajan, also consumed when dry, in areas where It is consumed is also
prepared in the immature form as garden peas (13). 

IMPORTANT FACTORS IN LEGUME FOOl) ACCEPTABILITY 

Legume grains known to contain antiphysiological factors have received the•attention of many investigators. Table 8.lists such factors which, it should be clear,are not universally found in all legume grains (14, 15). Furthermore, the concentration
of such substances is not the same for all edible legume grains. 

The most common of such factors are the trypsin inhibitors. These
antiphysiological factors are important chiefly in raw legume grains, since heatprocessing destroys them in most cases. These substances are rich sources of cystine,a semi-essential amino acid which may replace part of the methionine needs of
monogastric animals. Since legume grain protein is methionine deficient, the presence of cystine may be of nutritional benefit. Therefore, it has been suggestedthat selection of legume grains for higher trypsin inhibitor content might be useful

in inLreasing the protein quality of legume grain protein (16). Ilowever,jaff andothers, have indicated a negative relationship (17, 18). Most, if not all, of the studies
of trypsin inhibitor activity in legume grains have concerned monogastric animals,

particularly rats; however, some species such as poultry are not as sensitive and ithas been indicated that such an antiphysiological effect is not detectable in humans
(19). This point, however, should be studied. 

Ilemaglutinin compounds are also present in most legume grains, characterized bycausing blood clotting. As these are assumed to be destroyed by heating, theirimportance is only in raw grains. Recent results show, however, that in some
situations cooking does not destroy all hemaglutinin activity (20). 

The goitrogenic factors and cyanogenic glucosides are less well known
antiphysiological factors in legume grains and as is the case for trypsin inhibitors
and hemaglutinin compounds they are destroyed during heat processing (15). 

Lathyric factors present in L. sativus constitute a serious problem in areas where
such a legume is consumed. Much work has been done on the identification of the 

Table 8. Antdphysiological factors in legume grains 

Trypsin inhibitors 

Hemagludnln 

Amylase Inhibitors 

Cyanogenic glycoside 

Goltrogenic factors 

Flatulence factors 

Lathyrle factors 

Favism 
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responsible compounds and mode of action. The same is also true for favism, a toxic 
compound present in Vicia faba, a legume grain produced and consumed in Central 
America, and for toxic alkaloids of bitter taste found in Lupinus mutabils, a 
legume grain consumed in Ecuador (21, 22). 

Flatulence factors have received much attention in recent years, particularly ii 
soybeans. These compounds are not destroyed by heat processing, and for many
people, they probably limit the intake of beans. Consumption of beans in some cases 
has increased flatulence from 16 cc/hr to about 190 cc/hr. Along with the volume 
increase, CO 2 content rises from a normal value of 10 to 12 percent to above 50 
percent. 

Evidence suggests that the primary cause of flatulence may be the production of 
gas by gram-positive, anaerobic bacteria present in the intestinal tract, after 
stimulation by unknown factors in dry beans. The microorganism Clostridium 
perfringens has been shown to be the primary source of gas, and it is the main 
intestinal anaerobe. Ihe unknown factors utilized by the bacteria may very well be 
low molecular weight carbohydrate fractions present in legume grains, including 
sucrose, stackyose and raffinose (23, 24, 25). Recently, it has been reported that 
processing may decrease to variable degrees the flatulence factors in some legume 
grains (26). 

Up to now, mention has been. made of the antiphysiological factors in 
legume grains. However, some relatively recent reports show that they have a 
hypocholesterolemic property; that is, they decrease blood cholesterol levels. 
Studies In the United States and in India have shown that individuals consuming
cooked beans, such as P. vulgaris, or Cicer arietinum, had lower serum cholesterr' 
levels than those who did not. The factors responsible are not known. Some 
workers have suggested legume grains have a carbohydrate fraction which causes 
such a decrease in cholesterol (27). However, it should be pointed out that the 
lipid content of beans is highly unsaturated, although present in low amounts (28). 

Legume grain contain other factors not yet even well classified, which may 
cause pathological effects when consumed raw. For example, it has been noticed in 
pregnant ewes, rats and chicks that feeding of raw beans causes muscular dystrophy, 
increasing vitamin . requirements. These compounds however, are sensitive to heat, 
therefore are destroyed during processing (29, 30). 

THE PROBLEM OF LEGUME-PROTEIN DIGESTIBILITY 

Most people recognize that beans are difficult to digest and may give rise to 
stomach upsets. Nutritionists are aware that they have a low protein digestibility. 
Information on this particular problem is limited. It is not known whether these 
effects are caused by a more rapid movement of the cooked legume through the 
intestinal tract or by resistance to protein hydrolysis by the gastrointestinal 
enzymes. In any case, significant losses of nitrogen occur in feces when beans are 
consumed. 

Table 9 summarizes the results of studies on human adults fed Alaska split pea
(Pisum sativum) (31). Similar observations have been made in children. Table 10 
shows results of various studies of children fed Phaseolus vulgaris in combination 
with other foods. I'ecal nitrogen increased as milk-protcin nitrogen intake decreased. 
Not all the effect can be attributed to bean protein, since it was given in 
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Table 9. Pecal nitrogen and apparent protein digestibility of human adults fed egg 
protein and split peas with and without methionine addition 

Nitron, g App. 
Protein source Intake Urine Fecal Absorbed Retained prot- dig. 

Egg 5.60 4.90 0.81 4.79 -0.11 85.6 
Split pea 5.47 4.62 1.16 4.31 -0.31 78.8 
Split pea + met S.95 4.21 1.19 4.76 + 0.55 80.0 

Source: Esselbaugh et al. 1952. 

combination with maize. However, nitrogen losses increased, and beans may be 
responsible to some degree (32). 

Results in the lower section of Table 10 were obtained from young dogs. The 
ihtake of beans equalled 32 percent of total nitrogen, and with these relatively 
small amounts of beans, fecal nitrogen increased from 36 percent to 40 percent of 
the nitrogen intake (32). 

Additional information for children summarized as nitrogen balance data is 
shown in Table 11. In these results (33), fecal nitrogen for milk was equivalent to 
19 percent of milk nitrogen intake. On the other hand, for beans, fecal nitrogen was 
equivalent to 36 percent of nitrogen intake. Nitrogen loss in urine is quite similar 
for both protein sources. Therefore it may be concluded that the lower retention of 

Table 10. Fecal nitrogen from children and young dogs fed various 

protein containing cooked beans 

Nitrogen 
Diet Intake Fecal % Fecal N 

mg/kg/day of Nintake 

Children 

Milk 387 70 18.1 
25% Milk 

+ 75% (maize + beang) 358 98 27.4 

10%Milk 
+ 90% (maizo+beas) 353 134 ,38.0 
100 %(msW+bem) 347 107 30.8 

Dogs 

Maize $20 189 36.3 

Maize + black beas 635 254 40.0 
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nitrogen is due mainly to the significant losses of nitrogen In feces, rather than to apoorly balanced absorbed protein. The author indicated that in comparison with the
number of bowel movements from milk, used as reference, bean consumption
increased bowel movements by six. There was also an increase in the weight of feces 
when beans were ingested (33). 

These findings indicate again some of the reasons for the lower digestibility of 
beans. hlowever, the fundamental factors are not known. Studies with rats have
shown accelerated food passage when bcans are consumed. Furthermore, the
cotyledons and not the seed coat were responsible (24). 

The low protein digestibility of legume grains has been observed not only as 
among species, but also among varieties of the same species; see Table 12,.Jaff6 (34). 

No experimental results permit us to estimate with precision the variability of 
protein digestibility of the various bean cultivars, which would allow us to selectvarieties with higher values. It is possible that grain size has a significant influence, 
since small seeds have heavier cotyledons. 

Recently, Seidl et al (18) obtained a protein fraction from'black beans that wasresistant to in vitro digestion by 10 proteolytic enzymes, even after protein
denaturation, and that was inhibitory to trypsin and papain. It is not known if such 
a protcin is present in all legume grains. The classical trypsin inhibitor is thermolabile, 
so it follows that it cannot be responsible for the low digestibility of piotein
observed in some species and varieties of beans. 

PROTEIN CONTENT AND QUALITY OF LEGUME GRAINS 

Iecause legumes arc nutritionally important among vegetable foods for their 
rclatiely high protein content, attention is given here only to that nutrient. 

Protein content of edible species of legume grains, excepting soybeans and 
groundnuts, varies between 18 to 32 percent. The cotyledons contain about 27
percent protein, while the embryonic axes and seed coat contain 48 percent and
5 percent, respeLtivcly. Cotyledons contribute the largest amount of protein because
of their greater weight. Salt-soluble globulins are the predominant class of proteins
in seeds of Phaseolus and some of these have been shown to be resistant to
hydrolysis by proteolytic en/ymes. The presence of such proteins in legume grains
may explain the low digestibility of legume grain protein (18). 

Table 11. Fecal nitrogen losses from milk and P.vulgaris fed to children 

Nitrogen balance
Protein source Intake Fecal Urine Absorbed Retained 

mg/kg/day 

Milk 236 46 116 190 74 
Cooked black beans 227 81 109 146 37, 

Sourcet Data from Rosales Arz6, A. M. INCAP (1972). 
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Table 12. True protein digestibility of legume'graln species and variedes 

L.egume grain True protein
 
digcstibility, %
 

Phaseolus vulgaris (black) 76.8
 

Phascolus vulgaris (white) 84.1
 

Phaseolus vulgaris (pink) 79.5
 

Vigna sinensis (black) 90.0 

Vigna sinensis (beige) 86.4
 

Pisum satvum (green) 90.7
 
Pisum sativum (yellow) 93.9
 

Cajanus indicus 90.5 

Cajanus indicus 59.5 

Lens esculenta 92.6 

Cicer arietinum 90.5 

Source: JaffW, W.G. (15). 

In addition to species differences, other factors have been shown to affect the 
content of protein as well as other nutrients, including essential amino acids. Table 
13 summarizes the results of one study carried out with 25 varieties of Phaseolus 
vulgaris. The protein content ranged from 20.1 percent, to 27.9 percent, and was 
influenced significantly by both variety and location. Methionine varied from 0.17 
percent to 0.33 percent, lysine from 1.69 percent to 2.42 percent, and tryptophan 
from 0.14 percent to 0.22 percent. This variation was the result of both, varietal 
and location factors, except in the case of methionine, where varietal differences 
were not significant. 

l'his particular study found that the intervariety coefficients of correlation 
between pairs of these nutrients were all positive and that a majority of them were 
highly significant. This implies that genetic factors that cause one nutrient to 
increase effect an increase in other nutrients as well (35). 

The essential amino acid content of legume grains has been studied many times. 
Representative values indicating the variations reported are showil in Table 14. Eor 
Lomparative purposes, the table also shows values for beef, ganmc beans have been 
called "the meat of the poor." This table shows that legume grain protein is high'in 
lysine content, a factor of much nutritional significance when beans are considered 
as supplements to cereal grains. A second factor of interest is that they are low in 
total sulfur-amino acid content, which also is important when considered in terms 
of diets based primarily on such roots as cassava. The next amino acid of special 
interest is tryptophan with relatively low values. 

Amino acid content of legume grains depends on species, varieties, localities, 
and management practices. Of particular significance are the results of application of 
minor element fertilizers. For example, it has been shown that the uptake of zir c 
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Table 13. Analysis of variance of nutrient content of bean varieties grown in two localities 

Mean square 

Source of D. F. Nitrogen Methionine Lysine Tryptophan 
variation 

Varieties 24 0.5600$ 0.009 0.1930 0.003*0
 

Localities 1 2.869*0 0.1890* 0.998** 0.041"
 

Var x Ioc 24 0.090** 0.00600 0.091* 0.001"
 

Reps within
 
oc 4 0.016 0.0002 0.021 0.0002
 

Expd error 96 0.024 0.001 0.019 0.0002
 

Sources Tandon etal. (35).
 
Statistically significant differences at the 5% level of probability.
 

Highly significant differences at the 1 % level of probability.
 

by the pea bean causes increases in methionine. In another study, Pisum sativum 
fcrtilized with sulfur, increased methionine content from 1.29 to 2.18 g per 100 g 
of protein (I1). 

The nutritive value of legume grains also has been studied extensively. Biological 
value, representing the amount of absorbed nitrogen retained in the body, has been 
found to be variable and low in most legume grains. Some representative results are 

Table 14. Range in essential amino acid content in species and varieties of legume grains 

Amino acid Range Beef 
g/gN g/g N 

Arginlne 0.36 - 0.57 0.40 

Histidine 0.08 - 0.21 0.22 

lsoleucine 0.32 - 0.62 0.33 

Leucine 0.20- 0.68 0.51 
Lyslne 0.34-0.71 0.55 

Methlonine 0.03-0.11 0.15 
Cystine 0.01 - 0.07 0.08 

Phenylalanine 0.15 -0.49 0.26 

Threonine 0.16-0.31 0.28 

Tyrosine 0.06 - 0.24, 0.21 

Tryptophan 0.01 - 0.07 0.07 

Valine 0.24'- 0.49 '0.35 

s3.
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Table 15. Biologic value of some species and varieties of legume grains 

Legume grain 1Ilologic value 

% 

Cajanus eajan 46 - 74 

Phaseolus vulgads (black) 62 - 68 

Vigna sinensis 45 -72 

Cicer arednum 52 -78 

Lens esculenta 32 - 58 

Phascolus aurcus 39 - 66 

Phascolus mungo 60- 64 

Pisum sativum 48- 49 

shown in Table 15. Valucs range from 32 percent to 78 percent, and large variations 
arc also observed for varieties of the same species (34, 36). It is difficult to explain 
such high variability because many factors are involved. However, it is highly 
probable that the main factor is the relatively low concentration of sulfur-amino 
acids in legume grains. 

The beneficial effett of the addition of mcthionine to beans has been shown 
many times (II). 'able 16 summarizes some results. Addition of 0.3 percent 
methionine increased the protein efficienty ratio in every case, but not equally 
among all speCies. This small effect of methionine addition in some cases may be 
explained on the basis that methionine is not the most or the only limiting amino 
acid in %omelegume spccies. * 

Table 16. Effect of methioninc addition to various species and varieties of legume grains 

Protein efficiency ratio 

Legume grain -Mcthionine +Methionine 

Phascolus vulgaris (black) 0.0 - 0.9 3.5 - 3.8 

Phascolus vulgaris (red) 0.0 1.7 

Phaseolus vulgaris (white) 1.2 2.7 

Vigna sinensis (black) 1.0 1.6 

Vigna sinensis (beige) t 1.0 1.8 

Pisum sativum (green) . 0.3 2.7 

Pisum sativum (yellow) 0.0 1.2 , 

Lens esculents 0.0 0.9. 

Ciccr arictinum ,1. 2.8 

Source: Jaff, W.G.(17). 
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Table*17. Amino acid iupplementatlion to Cjanus indicus 

Amino acid' Amount added 	 Avg. wt. PER
 
gain, g
 

None 	 - 48 1.82 
DL-methionine 	 0.1 35 1.52 

DL-methlonine 	 0.3 30 1.32, 

DL-tryptophan 	 0.1 58 1.81 

DL-methionine 0.2 	 . 

118 2.65 

DL-tryptophan 0.1 	 -

Source: Braham et al. (37). 

The results in Table 17, obtained with Cajanus cajan, show that methionine 
addition has no effect on improving protqin quality. The same is true if only 
tryptophan is added. However, when both amino acids were added, protein quality 
increased, which indicates that, at least in Cajanus, both amino acids are about 
equally limiting (37). T:ie same sort of situation may exist with other legume 
grains, particularly with those that do not respond significantly in protein quality 

improvement when supplemented with methionine. 

The protein quality of legume grains can also be affected by other factors, such 
as storage, and processing. These two post-harvesi factors may haiv played important 
roles in the nutritive value reported by various workers. Legumc grains tontain 
antinutritional factors which are destroyed by cooking, and cooking may de, reawe 
protein quality. So it is possible that if processing is not carried out under equal and 
standardized conditions, it may contribute to the variability in the biological vate 

reported in the literature. 

Storage affects cooking quality, because it iscommon to find hardshell beans in 
stored beans. liardshelis require longer cooking, which may decrease protein qulity. 
Therefore, it is suggested that optimum cooking condition%should be established 
for each legume grain species, in order to reduce the variability in nutritive value as 
determined biologically. This will b: of value for agronomic and nutritional 
improvement programs. IFurthermore, care should be taken to compare bean species 
and varieties that have been under equal storage conditions. 

NUTRITIONAL VALUE 

Among vegetable crops, legume grains contain the highest amounts of protein, in 
general well above twice the level in cereal grains, and significantly more than in 
root crops. The protein of the legume grains is considered to be a rich source of 
lysine. Sulfur-containing amino acids are the major amino acid deficiency. Cereal 
grain proteins are low in lysine but have adequate amounts of the sulfur-amino acids. 
It is evident that legume grain protein is the natural supplement to cereal grain 
proteihis. If this is accepted, any nutritional improvement to be done in legume 
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foods must consider the nutritional role they play indiets, based on cereal grains and 
starchy foods. In the specific case of edible roots such as cassava and other starchy 
foods such as plantain, legume grain protein may constitute the only source of 
protein. 

The supplementary effect of legume protein to cereal grains is well documented. 
On a dry-weight basis, the level of beans usually represents about 10 percent of the 
dry weight in diets, at least those eaten in Central America (4, 5). Therefore, in the 
results presented in Tables 18 and 19, the diets fed to rats were prepared with 90 
percent cereal and 10 percent black beans (P. vulgaris). The resulting performance 
was compared with that from diets which contained 100 percent cereal grain 
protein. 

The effect of beans in increasing utilizable protein in cereal-legume mixtures is due 
to an increase in protein quality as well as to a higher protein content. This is shown 
in Table 18, in which protein content is equalized to about 7.5 percent among 
dietary treatments. Even though the presence of 10 percent beans in diets increased 
the protein quality of the cereal, the increases were larger for those cereal grains 
poorer in protein quality, such as maize and sorghum, followed by wheat, rice and 
oats. 

The results when protein content of the diet was not adjusted to a fixed level are 
shown in Table 19. 

Table 18. Percent utilizable protein from cereal fed alone and from 90 percent 

cereal + 10 percent bean mixtures 

Protein source Protein in Utilizable
 
diet,% protein, %
 

100%Rice 6.9 4.01 
90% Rice + 10 %Beans 7.9 4.96 

100%Maize 8.5 2.41 

90 %Maize+ 1O %Beans 10.3 4.10 

100% Sorghum 7.7 2.23 

90% Sorghum 
+ 10% Beans 8,6 3.93 

100% Whole Wheat 11.0 4.26 

90% Wheat
 
4 10 %Beans 12.0 5.94
 

100% oats 13.8 8.22 

90% oats
 
+1%ens 14.6 8.73'
 

Casein 10.7 '8.02 
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Table 19, Protein quality of cereal grain .nd of cereal pain-bean diets,, 

'fed at equal levels of dietary protein 

Protein source 	 Av. wt. PER 
gain, g 

100 %Rice 	 43 2.15 

90% Rice 
+ 10 % Beans 	 56 2.32 

100% Maize 	 13 0.87 

90 %Maize 
+10% Beans 32 1.40 

100 sorghum 	 12 0.88 

90 %Sorghum
 
+10 % Beans 30
 

100% Wheat 	 19 1.05 

90%6 Wheat 
+ 10% Beans 	 41 1.73 

100%Oats 	 - 34 1.60 

90 %Oats 
+ 10 % Beans 	 75 2.37 

Casein 	 75 2.71 

'rable 18 shows two results of interest. One is the increased protein content of 
the diets when they contained 10 percent bean. This is a significant increase, 
particularly for children, who require relatively higher protein intakes than do adults 
but have a smaller stomach capacity. The second point of interest can be seen 
under the utilizable protein column, which is higher for diets made with cereal and 
beans. It is also of interest to see that higher increases in utilizable protein are 
obtained from the cereal-bean mixtures when the cereal is of a low protein quality
as for example, maize, sorghum, wheat, rice and oats, in that order. 

The term "utilizable protein" means the product of protein quality and protein 
content relative to a reference protein, which in the present case was casein. 

The evidence presented serves to propose at least two factors that should be 
considered in bean quality improvement programs. First is the desirability for higher 
protein concentration in legume grains, which becomes more significant in terms of 
child feeding. Second, such protein should be higher in lysine content, as this amino 
acid is limiting in all cereal proteins tested. Even though lysine is not the only 
limiting amino acid in cereal proteins, increased protein content in beans will carry 
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Table 20. Amino add supplementation of maize-bean diets. 

Dietary treatment Avg. wt.gain PER 
g/28 days 

Maize 4-Beans 69 2.11 

Maize+ Lys+ Try 
+ Beans, 2/ 103 2.64 

Maize Beans 
+Meth 1 66 1.93 

Maize + Lys 4. Try- / 

+ Beans +Met / o. 108. 2.69 

'Maize 32 1.21 

Maize -Lys 
I.Try- lO 2.68 

1/72.41 maize + 8.1 %beans. 
2/0.30%L-lys FICi + 0.10 DL-try. 
3/0.30%DL-met. 

11 O.46%L-lys HCI + O.10%DL-try. 

with it more tryptophan, threonine, and methionine-amlno acids that are somewhat 
deficient in the cereal grain protein. 

liven though the presence of 10 percent beans increases the protein quality of the 
cereal, such mixtures are still deficient in the same amino acids as the particular 
cereal under consideration. However, the amounts needed arc lower. The information 
in Table 20 supports these statements. Maize alone shows a significant response to 
the addition of lysine and tryptophan; these two amino acids also improve the 
quality of the mixture of maize and bean under consideration (38). Addition of 
methionine to beans, whether or not maize is supplemented with lysine and 
tryptophan, does not improve the quality of the protein. Similar results have been 
observed with rice-bean mixtures, in which bean contributes about 10 to 12 percent 
of the dry weight of the diet. 

The above information is presented to indicate that any consideration given lo 
improving the nutritive quality of beans must be based on the fact that they are 
eaten together with other foods, cereal grains in particular. In this respect, it is of 
interest to inalyze the results in Table 21. This study seeks information on what 
changes should be introduced into beans to obtain cereal-based diets with higher 
protein quality. 

The results were obtained by changing those nutritional characteristics in beans 
that would be reflected in. better quality protein diets. Adding beans to a maize diet 
improves protein content and protein quality. 
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Table 21: Effect of various dietary treatments of beans on the protein quality of corn- bean diets 

Dietary treatment Protein in Protein Av. W Utilizable 

diet, % 'Maize Beans gain protein
% g/28 days % 

100% maize 8.7 100 0 25 2.93 

87% maize + 13 % beans 10.6 71 29 48 4.54 

74 % maize + 26% beans 12.3 51 49 86 6.26 

87%%'Malze+ 13 beansL/ 12.3 62 38 72 5.87 

-87% maize*+,13% beans / 12.8 59 41 94 7.09 

-87% maize + 13% beansY 10.5 71 29 71 5.45 

1/ Bean with a protein content 1.5 times the protein content of common beans. 
2/ Bean with a protein content 2.0 times the protein content of common beans., 
3/ Bean with ahigher lysine content than common bean. 

In treatment 6, bean intake and protein content were maintained as found in 
nutritional surveys. However, the bean protein simulated in this case represented 
one with a lysine content higher than normal. The results indicated that this was 
as adequate a change in bean protein composition as were the other modifications 
studied. 

For practical purposes, the data shown in this and other tables suggest that the 
protein quality of cereal-based diets could be much improved if the intake of beans 
could be increased through increasing their availability and reduced prices - provided
of course, that there are no physiological factors limiting the intake. Likewise, the 
data suggest that beans containing higher protein or those containing normal 
protein with higher lysine levels could be nutritionally beneficial to populations who 
consume cereal-based diets. This applies particularly to preschool populations, where 
nutrition problems seem to be concentrated. Any alternative should be as good, and 
it is up to the agronomist to concentrate on one of the possibilities. Let me 
emphasize, however, that it is not advisable to generalize, because the situation 
recommended is (a) for populations consuming maize, (b) when beans contribute 
about 13 percent of the dry weight of the diet, and (c) when the legume food is 
Phaseolus vulgaris. 

Some information is also available for cassava-based diets. Results are shown in 
Table 22. Beans with or without methionine addition improve growth performance, 
as indicated by lower weight loss in a 28-day experimental period. The results were 
expected, because dietary protein is about 4.6 percent, a level too low for growing 
weanling rats. The solution would be to increase the intake of beans, and the beans 
utilized should have a higher menthionine content. 
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Table 22. Effect of small amounts of legume rain on the 

nutritive value of cassva-based diets, 

Dietary treatment Protein Avg. wt. 
% gain, g 

Cassava (100) 	 1.8 

Cassava + beans (87/13) 4.6 	 - 7 

Cassava+ beans 
+ met (87/13/0.3) 4.6 	 - 6 

As shown in Table 23, manioc flour diets with and without methionine were 
tested In the presence of three levels of beans in the diet. Protein intake was higher 
as the percentage of bean in the diet increases. Best performance was obtained in 
every case in which methionine was present, also expecteu in view of the well known 

Table 23. Protein quality of maniac flour with and without methionine 

addition mixed with various levels of beans 

Dietary treatment 	 Protein % Avg. wt. PER 
in diet gain, g 

6i %maniac flour 
+ 35% bean flour 	 8.04 7.7 0.78 

65% manioc flour 
+ 0.6% methionine 
+ 35 %bean flour .85 68.2 2.70 

55 %maniac flour 
+ 45 % bean flour 	 9.97 14.2 0.96 

55 %manioc flour 
+ 0.6 %methionine 
+ 45 % bean flour 10.09 66.8 2.68 

45 %maniac flour 	 I 
+ 55 % bean flour 12.17 31.7 1.28 

45 maniac flour 
+ 0.6% methionine 
+ 55% bean flour 12.23 71.0 2.27-

Source Dutra de Oliveira et al. (39) 
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sulfur-amino acid deficiency In bean protein. Even though protein efficiency appears 
to decrease as common beans increased in the diet, the percentage of utilizable 
protein was essentially the same. 

It must be pointed out that a recommendation for bean with a high methionine
 
content to complement manioc diets will depend on the actual amount of bean
 
consumed by these particular populations. Although methionine addition to beans
 
fed to humans has resulted in improved quality (31), the levels needed are smaller
 
than those commonly utilized in rat studies.
 

NUTRITIONAL CONSIDERATIONS OF LEGUME-CEREAL AND 
LEGUME-CASSAVA MIXTURES 

It has been shown that small amounts of legume protein added to cereal grains 
improve the amount of utilizable protein in the mixture. It also has been shown that 
higher intake of beans with a higher protein content and beans with a higher lysine 
content also could result in better quality diets. Assuming that bean production could 
be easily increased and that this increased production would stimulate higher 
intakes, the question would be: How much is recommendable in terms of protein 
quality? 

Figure 3 presents results when diets for growing rats contained equal amounts 
of protein, derived in different proportions from maize and Phaseolus. Maximum 
protein value was obtained when 50 percent of the protein in the diet was derived 
from beans and 50 percent from maize (40), corresponding tp 72 g of maize and 28 
g of beans. The ratio of maize to beans is 2.6 to 1. 

It is interesting that a mixture of the two components in the ratio shown has a 
protein quality greater than each component fed alone. From the amino acid 
content of the two components and comparison to amino acid patterns, lysine 
appears to be the main limiting amino acid when maize provides from 50 percent to 
100 percent of the protein of the diet. On the other hand, methionine becomes the 
deficient amino acid as greater proportions of protein are provided by beans. 

Some evidence to this is shown in Table 24. The addition of small amounts of
the three limiting amino acids to maize increased protein utilization from a protein
efficiency ratio (PER) value of '1.05 to 2.47. The 50/50 mixture was improved from 
2.10 to 2.42 by the addition of small amounts of lysine and methionine. The addition 
of methionine, tryptophan and leucine improved the quality of bean protein, an 
effect probably due mainly to methionine. 

Additional results are shown in Table 25. This shows the effect of amino acid 
supplementation to optimum protein quality mixtures of cereal and legume grains. 
The effect of methionine supplementation is dependent on the cereal grain as well 
as on the legume. For example, the mixtures of maize and sorghum with Phaseolus 
vulgaris are improved when methionine is added, but this is not true in the case of 
rice. On the other hand the cereals with Phaseolus lunatus are not improved in 
quality when supplemented with methionine. 

Similar studies have been carried out with opaque-2 maize and black beans, with 
the results shown in Figure 4 (42). In this example, bean protein is still deficient in 
methionine; however, though opaque-2 maize has essentially the same methionine 
content as common maize, it has significantly higher levels of lysine and tryptophan. 
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PROTEIN QUALITY OF VARIOUS COMBINATIONS OF CORN 
AND BLACK BEAN PROTEINS 

(8-9% Protein in Diets) 
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Figure 3. Optimum protein quality mixtures between maize and Phaomolus 
widgazia. 
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Table 24. Amino add supplementation of 72 percent maie and 

28 percent bean mixtures 

Weight distribution, % 
Maize Beans 

Amino Acids 
added 

Avg. wt. 
gain, g 

PER 

100 0 None 29 1.05 

100 0 LY-TryLeU 74 2.47 

72 28 None 51 2.10 

72 28 Met-Try 59 2.03 

72 

0 

28 

100 

Met-Lys 

None 

75 

-3 

2.42, 

-

0 100 Met-Try-Leu 23 1.04 

Table 25. Amino acid supplementation of cereal legume grain combinations 

Weight 
Cereal 

distnbudon, % 
Legume 
gain 

Amino acid 
added 

Avg. wt. 
gain, g 

PER 

Maize (70) 

Maize (80) 

Sorghum (70) 

Sorghum (70) 

Rice (80) 

P. vulguras (red) (30) 

P.lunatus (20) 

P.vulgarls (black) (30) 

P.lunatus (30) 

P. vulpris (red) (20) 

None 

Met 
Met-Lys, 

None 
Met 
MctLys 

None 
Met 
Met-Lys 

None 
Met 
Met-Lys 

None 
Met, 
Met-Lys-Thr 

47 

58 
42 

52 
51 
46 

56 
58 
64 

50 
50 
77 

57 
62,
67 

2.41 

2.60 
2.35 

2.50 
2.56 
2.49 

2.54 
2.61 
3.05 

2.44 
2.47 
3.27 

2.85 
2.98 
3.20 

Rice (80) P. lunatus (20) None 
Met 
Met-Lys-Thr 

62 
63 
73 

3.08 
3.13 
3.66 

Source: Sirinit et al. (41). 



AVERAGE WEIGHT GAIN AND PROTEIN EFFICIENCY
RATIO OF BEAN• OPAQUE-2 MAIZE MIXTURES 
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Figure 4. Optimum protein quality mixtures between opaque-2 maize.and 
Phaseolus vulgaris. 
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Highest performance occurred when 50 percent of the dietary protein was derived 
from each component. However, similar values were observed when maize 
contributed greater levels of protein. On the other hand, greater levels of bean 
protein in the mixture resulted in lower performance, because of an increasing 
methionine deficiency. The 50/50 mixture of maize and Phaseolus vulgaris gavc a 
PER value of 2.1 and a weight gain of 52 g. In contrast, the 50/50 protein mixture 
of opaque-2 maize and Phaseolus vulgaris gave a PER value of 2.6 with a weight 
gain in 28 days of 108 g. 

The experimental results show the optimum proportion of maize to beans to be 
78 g of maize and 28 g of beans for a 2.6 to Iratio. The results of various nutritional 
surveys carried out in Central America permit calculation of the actual ratio 
consumed. These results are shown in Table 26 (4,5). In both adults and children, 
consumption of maize predominates, which permits the conclusion that the diets 
are low in protein and deficient in lysine. 

Mixtures that provide the maximum protein quality have been determined for 
other cereals and legume grains (43). A summary of such results is presented in Table 
27. These results suggest that the poorer the quality of the cereal the greater the 
level of legume protein needed to bring about the improvement in quality. They 
also suggest that cereal-based diets could be of a higher protein quality if the legume 
grain intake were higher than at present. 

Examination of legume intake in bean-consuming countries shows that in general, 
it is relatively low -- for example, average intake levels in the Central American 
countries. The highest intake is 72 g/person/day which is not enough to give a 2.6 
ratio with respect to the cereal intake (5). 

These and other results raise various questions. Why do people eat only these 
amounts of beans? Can more beans be consumed? Is consumption limited by their 
low availability, or is there a physiological limit induced by unrecognized factors, or 
by a resistance to digestion? If bean consumption is to increase and help solve the 
world protein deficiency. these questions must be answered. 

Table 26. Average daily intake of maize and beans in various areas of Central America 

Maize Beans Maize/Bean
g/day g/day ratio 

Guatemala
 
Adults 423 58 7.3
 

Children 	 281 24 11.7
 
295 26 11.3
 
277 15 18.5
 

HondurasAdults 	 398 56 7.1 

El Salvador
 
Adults 374 60 6.2
 

Best ratio 	 72 28 •2.6 
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Table 27. Protein value of optimumi combinations between cereals and leguminous seeds 

Distribution of rotein 
in diet, '
 

From cereal From beans PER Increase, %
 

100 rice 0 beans 2.25
 
80 rice 20 beans 2.62 16.4
 

-

100 maize 0 beans 0.90
 
50 maize 50 beans 2.00 122.2
 

100 maize 0 cowpea 1.22
 
50 maize 50 cowpea 1.84 50.8
 

100 wheat 0 beans 47"
73 wheat 27 beans 70" 48.9
 

-

100 maize 0 soybean 1.50
 
40 maize 60 soybean 2.85 90.0
 

Net Protein Utilization (NP U). 

An attempt to answer some of them is shown in Table 28. In this study, young 
rats were allowed to eat as they wished from two feeder cups placed in the cage.
One contained maize, the other Phaseolus. The maize and bean diets were modified 
(second column) to permit'the rat to choose the food that was made more suitable 
nutritionally. Intake from each cup was recorded (third column) and used to 
calculate the maize-to-bean ratio. From the protein ingested and the protein efficiency 
ratio, the percentage of utilizable protein was calculated. 

The first group was fed on maize and beans without any other dietary treatment.
 
The ratio of mnize to beans was 3.58 with a utilizable protein of 3.11 percent.
 

Results indicate that the animal tried to balance the quality of the protein 
ingested, because the ratio of 3.6 is closer to the best ratio-2.6- found in other 
experiments. When both maize and beans were supplemented individually withi 
vitamins, minerals and additional calories, the animals consumed higher amounts of 
maize and beans to give a ratio of 3.87, similar to that of the previous case. 
Utilizable protein increased - to be expected because other needed nutrients were 
provided. 

The third treatment stimulated the free intake of beans and also of maize. The-. 
increased intake of beans can be explained on the basis that the animal consumed 
more to meet its needs for other nutrients. There was also an increase in maize 
intake, probably needed by the rat as a source of calories to balance the Increased 
intake of protein from an increased intake of beans. These results also indicate that 
beans do not impose a physiological limit of intake. 
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Table 28. Effect of various dietary treatments on the free Intake of maize and bean by young rats 

Foods 	 Dietary Intake Utilizable protein 
treatment g/rat/28 days Ratio % 

Maize None 18 3.58 3.11
 
Beans None if
 

Maize 	 Vt.Min-Cai 238 3.87 5.15 
Beans 	 Vit-MinCal 61 

-

Maize None 257 2.08 6.24
 
Beans Vit-Min-CaI 124
 

Maize Vit-Min-Cal. 250 2.65 6,19
 
Beans None 94
 

Maize Lys-Try 184 3.86 3.81
 
Beans Met 47
 

Maize Lys-Try-Vit 
Min-Cal 272 
Met-Vit- 2.26 6.68 
Min-Cal 120 

Maize Lys-Try-Vit
 
Min-Cal 291 2.94 6.10
 

Beans Vit-Min-Cal 59
 

Factors more directly related to protein quality were tested in treatments 5 to 8. 
Adding lysine and tryptophan to maize and methionine to beans did not significantly 
alter the ratio of maize to beans observed in the first group. Utilizable protein
increased slightly. When all three amino acids and other nutrients are added to the 
two foods there is a high intake of both to give a 2.3 ratio with 6.7 percent of 
utilizable protein. Treatment 7 improved the protein quality of maize, but not of 
beans, with other nutrients present in both. This stimulated maize intake, but not 
that of beans, contrary to what is seen in treatment 8, in which beans, but not maize, 
were supplemented with methionine to improve protein quality. This resulted in an 
increase in bean intake, but it did not differ greatly from the intakes observed in the 
third treatment. 

The results indicate clearly that when the rat was allowed to choose its food, it 
did so by nutrient supplemefitation, but not by amino acids alone. Many observations 
are difficult to explain, and no attempt Is m2de to do so now. However, the results 
show clearly that the animals tend to consume more beans when they are available 
and that this higher intake causes no damage to the animal. Therefore, efforts should 
be made to increase production of legume rains to permit cost reductions and thus a 
greater intake. 
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On the basis of the results presented regarding the supplementary andt 
complementary effect of bean protein to cereal grain protein, as well as the effect of 
amino acid addition to bean-cereal mixtures, calculations were made on the best levels 
of certain essential amino acids and other nutrients which beans should have. 
Consideration in these calculations.was also given to the possibility of attaining 
them now or in the near future according to the variability in the nutrients normally 
found in a relatively large number of samples analyzed. 

The calculations based on these facts suggested that bean protein should contain 
6.4 g of lysine/1 6 g of nitrogen, 1.2 g of tryptophan/1 6 g of nitrogen and 2.3 g of
 
total sulfur-containing amino acids per 16 g of nitrogen.
 

These values in bean protein will complement cereal protein efficiently. The 
protein level in beans should be not less than 25 percent. The reasons behind this 
figure have been outlined. Furthermore, present cereal-bean diets are low in protein 
content, which makes it difficult for a child to meet his protein needs from such 
diets, because they tend to be bulky. The protein digestibility of beans should be 
about 85 percent. Finally, maize-bean diets have a low calorie density, and populations 
consuming them also have a calorie deficiency. Therefore, itwould be ideal if bean 
lipid concentration was around 6 to 8 percent. An advantage of soybeans as a food 
over other legume fcods is their higher fat content. The lipids in beans should be 
of great nutritional benefit not only as sources of calories, but as sources of essential 
fatty acids.
 

CONCLUSIONS 

It would appear that the most important .. t to be made in bean research is to
 
increase the yield, which, it is hoped, would increase their availability and decrease
 
their cost. Significant advances have already been made in this respect in some 
countries, for example. El Salvador. However, the higher yield effort may be short
lived because of impropei storage conditions, which cause hardshell in the grain, so 
reducing cooking quality. 

Once the above is achieved, bean research sho uld concentrate on increasing total
 
protein content. Results indicate that higher levels of lysine, tryptophan and
 
methionine, in that order, result from higher protein-containing beans. Higher protein
 
content is of benefit to situations in which beans are consumed together with cereal
 
grain and manioc-based diets.
 

Attempts should also be directed toward increasing protein digestibility of some 
legume grain species. The factors responsible for protein indigestibility are not 
known. Trypsin inhibitors could not be totally res ,ionsible, because they are destroyed 
during heating. However, it is possible that prese-itly available techniques do not 
permit assays for other heat-stable factors. 

Beans with a higher lysine content might prove to be very effective in improving 
the quality of the cereal diet. However, if digestibility of the protein is improved, it 
is probable that the amounts now present are enough to balance the low lysine 
content in cereal grains. 

The flatulence factor is another characteristic of beans that should be 
eliminated. It may be possible that it might be destroyed by certain processing 
techniques. 
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High methionine-containing beans also should receive attention, particularly 
for those populations on manioc diets, which contribute little protein. 

Higher intakes of bean protein probably could be achieved through the 
preparation of stable pre-cooked products, which offer the advantages of improved 
stability, lower costs of preparation, and possible additional nutrients. 

Finally, it should be emphasited that for nutritive quality screening purposes, it 
is essential to standardize all procedures, starting with storage, through processing 
and drying to the biological assay technique. The optimum cooking procedure to 
inactivate trypsin inhibitors and other heat-sensitive toxic substances probably is 
not the same for all legume species or varieties, because they contain different 
concentrations of those compounds. Similarly, some species have a greater tendency 
than others to hardshell. Standardization and definition of the screening procedures 
will speed up the nutrition role of legume grains for human populations. 
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Commentary upon: 

ACCEPTABILITY AND VALUE OF FOOD LEGUMES 

IN THE HUMAN DIET 

J. E. Dutra do Olivelra 
and Nelson do Souza 

NUTRITIVE VALUE OF BEANS 

We would like to make a few comments on the basis of our past work, mai:ty 
with common beans (Phascolus vulgaris). Brazil is the largest common bean producer 
of the world and we have one of the largest per capita consumptions. It can be said 
that it is the staple food in Brazil. In the northeast are. of the country it is consumed 
mainly with manioc flour and in the south with rice. 

'he ICNNI) survey in northeast Brazil found that common beans were used at 
least once daily by almost 100 percent of the famdiles and are the most important 
single source of protein in the local diet (1). 

The intake of beans ,aries from one pla e -o another within the northeast; a 
few results of dietary surveys in that area appear in Iable 1. tetause beans are eaten 
along with manioc flour in that area, we thought it would be ad%antageous to utilize 
manioc as a methionine carrier to balance the local diet. Our initial results have been 
shown by Dr. Bressani, and further studies on the same subject, including different 
ratios of beans to manioc and variable amounts of methionmne, have been published (2). 

Table 1. lood consumption in some areas in northeast Brazil 

Urban Rural area 
Food Recife area A B 

g/day 

Beans 80 130 215 70 
Rice 100 135 125 15 
Manioc flour 65 125 200 330 
Meat 235 105 40 70 

49 



In south Brazil, where beans arc commonly used along with rice, we haveIntensively studied this combination. The most common bean is the brown variety. Wehave been finding in rats that the mixture with the best nutritive value is the onewith ,80 to 90 percent of the protein from rice and 10 to 20 percent from beans. 

We did a series of studies on amino acid supplementation of the rice andbeans mixtures. We think it of interest to report a study on self-selection ofdietaryprotein from rice and beans by rats (3). We confirmed that on the ad libitum intakethe animals chose a mixture of 80 percent of the protein from rice and 20 percentfrom beans. It was also shown that methionine supplementation of the beans isresponsible for a three-fold increase in the total intake with abetter PER. When bothrice and beans dre amino acid fortified the animals gain more weight, the PER isgreater but the bean consumption isnot so large as when only the bean is
supplemented (Table 2). 

We have done a few metabolic studies on children, giving them arice and beandiet in the same proportions as they eat at home. The nitrogen retention is not sohigh and the nutritive value of the mixture can be improved when part of it isreplaced by milk or corn and soya mixture (4). 

Acceptance of beans as a daily food in the south is quite good and we do notexpect aproblem in this respect. Current food habits in Brazil make it unlikely thatalarge intake of beans by infant. and small children will occur. We believe that inthis region a bear flour or a formulated well-balanced bean mixture could be if
value. 

The price of beans in Brazil (Table 3), is not higher than other usual foods; interms of protein it is even cheaper. 

A better contribution of beans to the huhnan diet can be achieved by newvarieties with more methionine, or with pre-cooked products. Nlethionine can beInfused in beans in the pre-cooking process, as we have reported earlier (5). 

Using common bean protein concentrates isanother approach through which,we thought, beans could supply protein for human consumption (6). 

Also new varieties, or bean processing, that would save the three to five hourscooking and the fuel used, could enhance bean consumption. 

Table 2.Food intake and utilization of rats by self-selected diets 

Food intake, X Diet I Diet 2 •Diet Diet 4 
Rice 

'flans 
166 
41 

137 
129 

233 
s0 

234 
75 

Amino acid 
Suppleaentadon 
Rice 
Beans 
We htpin, 0 

.. 
40 , 67 70 

+ 
+, 

'95 
PIER 2.71 3.51 3.39, 428 

s0 
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Table 3. Price of beans ascompared to other foods in Brazil (1972) 

Belem Recife Rio S.Paulo 	 Protein 
content 

glO0g 

Beans, kg 2.13 1.46 1.31 1.89 20.25 
Rice, kg 1.50 1.73 1.89 7-8 
Manioc flour, kg 0.75 1.06 1.01 1.11 0.8-1.8 
Meat, kg 7.33 5.89 5.91 6.32 18-22 
Milk liters 1.30 0.70 0.67 0.71 3.4-3.6 

Cruzeiros (1dollar = 6 cruzilros) 

In summary, we conclude that beans can have areal impact on the quantity
and quality of the proteiri intake and diet of several areas, if interest and support 
can be brought to thoroughly investigate different aspects of their utilization. 
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PROBLEMS AND POTENTIALS IN STORAGE AND PROCESSING 
OF FOOD LEGUMES IN LATIN AMERICA 

Luis G.Elias 
Rlcardo Bressani 
Marina Flores 

INTRODUCTION 

The leguminosac comprise approximately 600 genera with around 13,000 
species; however, out of this number only a few, about 20, are of'economic 
importance as legume foods, and they are consumed either immature or dried by 
humans. In Latin America the varieties recognized and accepted as edible food are 
fewer. In Central America and Mexico, as well as Argentina, the most widely 
consumed is Phaseolus vulgaris, in all of its variety of forms and colors. Although 
in lower amounts other legume foods such as Phaseolus lunatus, Vigna sinensis, Cicer 
arietinum, Lens esculenta and Cajanus cajan are also eaten in specific regions of this 
continent. 

Preference for one type of legume over the other is probably related to 
availability in the area; in turn, availability is determined by environmental 
conditions which favor higher yields of one over other legume foods. It is also possible 
that factors not related to agronomic aspects are responsible for preferences, such as 
dietary habits and cultural practices. Apart from these problems, it must be 
recognized that a great part of this potential source of protein, which could help 
improve the nutritional value of the diet consumed by the Latin American population, 
has not been fully utilized. This is due not only to the low production of this food, 
but as well to lack of adequate storage conditions, which further limit its availability. 

The purpose of this paper is to analyze some present and potential aspects 
related to the storage and processing of legume foods in Latin America. 

PRODUCTION 

Obviously, it is necessary to know the availability of the raw material if 
recommendations are to be made in order to improve storage conditions and 
increase the possibilities for processing. Unfortunately, due to extensive gaps in crop 
production statistics, no accurate statement can be mad6 as to the production of 
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legume foods in Latin America. One of the reasons is that in most of the area legume 
foods are grown in small plots, usually around the homestead, to supply the needs 
of the family. Only that part of the production calculated as a surplus is sold in the 
market, or when the need for money arises. Even though the figures have their 
limitations, it is possible to draw sonqe interesting observations from them. 

The data published in the 1966 FAO Production Yearbook for the six continents 
are shown in Table 1. As can be observed, the production of dry beans in Latin 
America is only surpassed by the Far East. Yield per hectare is quite variable for the 
same species, not only between regions, but also between species in the same region,
suggesting that some species are better adapted to environmental conditions than 
others. Therefore, an increased production would be achieved through the selection 
of species which are best adapted'to prevailing environmental conditions in the 
region. 

On the other hand, the variability of production and yield indicates also that 
there is a definite potential in the developing countries for a substantial increase in 
legume food production. It is also of interest to note that yields vary with the type
of pulse and with respect to region, being lower for Latin America, Africa and the 
Far East. Such a situation could well be due to slow development of improved 
varieties, poor agricultural practices and adverse environment. It is feasible to think 
that the use of an appropriate technology would permit an increase in the production
of legume foods in Latin America. However, higher production requires the availabilit 
of adequate facilities to handle the crop in terms of itorage and processing. 

Postharvest problems 

The chemical and physical characteristics of the leguminous seeds suggest they 
are one of the more stable foods. However, long periods of storage require some 
technical measures to avoid detrimental effects on their quality for processing, on 
their organoleptic and culinary characteristics and on their nutritive value. 

Dry bean quality includes the characteristic of softening during reasonable 
cooking time, uniformity in color and size of the seeds, absence of fissures, and 
normal sanitary conditions (1). 

STORAGE
 

Lack of adequate storage conditions appears to be one of the most important 
technological problems, affecting indirectly the production and more directly the 
availability of leguminous seeds. The problem can influence these aspects mainly In 
two ways: 

(1). The farmer has to sell the crop to intermediaries at a lower price, before 
demand for the product arises, thus reducing economic incentive. 

(2). The total availability is affected by the physical and organoleptic changes
which occur in the seeds, due to inadequate conditions of storage, hardening of the 
shells being the effect most often observed. 
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Table. -Production ofdried pulses, by conunen,%in 1966 

1965 Dry 
beans 

Dry 
peas 

Dry 
broad 
bean 

Chick 
peas 

Lentils Piecon, 
- peas 

Cow-, 
peas 

Vetch LupiDeS- Other 
pulses 

Europe Area 
Prod. 
Yield 

4009 
863 

2.2 

484 
722 

14.9 

715 
841 

11.8 

391 
162 

4.1 

109 
67 
6.1 

---- 13 
12 
9.2 

314 
250 

8.0 

-225 
257 

- 11.4 

357 
204 
-5.7 

North 
America 

Area 
Prod. 
Yield 

645 
805 

12.5 

112 
219 

19.6 

-
... 

-.-. 

-
.-. 

- 41 -
24 -

5.9--.

..
- -

Latin 
America 

Area 
Prod. 
Yield 

6293 
3776 

6.0 

151 
120 

7.9 

297 
188 

6.3 

132 
120 

9.1 

64 
40 
6.3 

23 
15 
6.5 

-
-
-

-
-
---

4 
6 

15.0 

31 
25 
8.1 

Near 
East 

Area 
Prod. 
Yield 

190 
207 

10.9 

13 
12 
9.2 

248 
432 

17.4 

247 
209 

8.5 

307 
281 

9.2 

-
-
-

13 
13 
10.0 

325 
298 

9.2 

7 
12 
17.1 

209 
227

10.4 

Far 
East 

Area 
Prod. 
Yield 

7560 
2315 

3.1 

1146 
946 

8.3 

16 
17 
10.6 

10256 
6546 

6.4 

973. 
473 

4.9 

2584 
1915 

7.4 

47 
27 

5.7 

-
-
-

-
-
-

4199 
1995 

4.8 

Africa Area 
Prod. 
Yield 

1233 
607 

4.9 

463 
345 

7.5 

333 
295 

8.9 

400 
240 

6.0 

207 
122 

5.9 

127 
49 

3.9 

2504 
1083 

4.3 

21 
11 

5.2 

226 
56 

2.5 

1654 
822 

5.0 

Area: 
Production: 
Y'dd:. 
Re& Taken from: 

1,000 hectares. 
1,000 metric tons. 
100 kg/hecte. 
FAO Production yearbook (1966 b). 



According to results of several studies carried out to establirh optimum conditions 
to maintain dry bean quality, the main factors involved are moiuiture content of the 
seeds, environmental temperature, relative humidity and period of storage (2, 3, 4, 5). 
Although there are no specific investigations studying these four variables 
simultaneous'ly, the results so far obtained indicate that these conditions are closely 
interrelated. 

Physical changes. 

The most evident physical deterioration in quality through inadequate storage
conditions is the hardening of the shells. This effect is generally evaluated by the 
time required for the beans to soften during cooking. Figure 1 shows the effect of 
temperature, moisture content of seeds and period of storage on the cooking time of 
a variety of Phaseolus vulgaris. By increasing the moisture, temperature and period

of storage, the cooking time required was increased significantly. These results also
 
indicate that a moisture content in the seeds of less than 13 percent does not affect
 
the cooking time, regardless of the temperature and period of storage. Other studies
 
have confirmed the importance of the moisture content in keeping the quality of
 
dry beans during storage (3), indicating a high positive correlation between moisture
 
content in the seeds and cooking time.
 

It is also known that these conditions depend not only on temperature but also
 
on the relative humidity of the environment. Studies on the hygroscopic equilibria
 
of beans stored at different relative humidities (6) arc of interest. Figure 2 shows
 
the results obtained with a variety of beans with an initial moisture content of 11.4
 
percent, stored at 25°C in relative humidities ranging f;orm 11 to 75 percent.
 

It was not possible to obtain equilibrium moisture values for relative humidities 
between 80 and 98 percent, due to the development of mold growth ;n the seed. 
Using this same procedure, different varieties were studied, and it was found that 
there were no significant varietal differences in equilibrium moisture values. 
However, differences were found in the change of moisture content when beans 
were stored at high humidities. From these results it was possible to establish a 
relationship between the equilibrium moisture values and the environmental relative 
humidity, as shown in Figure 3. 

These studies to find the adequate storage conditions should be carried out with 
the varieties most often consumed in our countries. 

A longer cooking time due to varietal differences or inadequate conditions of 
storage constitutes a problem to the housewife because of fuel costs, and at the 
industrial level also, since food processors standardize processing methods. 

Although less appreciated, another important problem is biodeterioration of the 
seeds, due to the attack of insects, fungi and rodents. In this case also, proper 
conditions of storage and appropriate handling and cleaning of the material 
contribute to decrease serious wastage of a food which is at present in shortage. 

Changes In the chemical and organoleptic properties 

Besides the observed changes in texture, beans can also be affected during storage 

In their organoleptic properties. 
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Figure 4 shows the results when six varieties of beans with different moisture 

contents were stored for two years at 250C. These data indicate that beans with a 
moisture content higher than 10 percent, developed off-flavor, whereas beans stored 
with a moisture content below 10 percent kept their quality for two years. These 
organoleptic changes are due to the deterioration of the lipidic fraction of the seeds, 
as is illustrated in Figure 5, which shows an increment in the acid value of this 
fraction for beans with a moisture content higher than 10 percent. It is also of 
interest that the fat content of pulses represents a relatively small percentage of 
their overall composition, varying from I 'to 6 percent depending on the species (7). 

However, it has been found that a high percentage of the lipid content is of 
unsaturated fatty acids, consisting mainly of palmitic, linoleic and linolenic acids, 
together with smaller amounts of stearic and oleic acids (8, 9, 10, 11, 12). 
Development of a rancid off-flavor during storage, therefore could well be due to the 
action of the enzyme lipoxidase present in beans on the unsaturated fatty acids (9). 
It is Also possible that oxidation and polymerization of the lipids cause changes in 
Water permeability which in turn affect cooking time (9). The main factor affecting 
tbe texture of the seeds, that is, the moisture content, is also responsible for the 
deterioration observed in their organoleptic properties. Figure 6 illustrates the effect 

of moisture content on the lipid acid values of a variety of Phaseolus vulgaris. The 
sample with 16 percent moisture,*at six monihs of storage, gave a relatively high 
acid value as compared to the initial values, and increased significantly with the 
storage period. On the other hand, the sample with a moisture content of 5 percent 
was stable during 24 months of btorage. Panel testing carried out on the same 
material showed a positive correlation between the lipid acid values and acceptability 

Changes in nutritional value 

There is little information in the literature related to the effect of storage on the 
nutritive value of bean protein. Some investigators (1), however, have suggested that 
the factors affecting the physical-chemical, organoleptic and culinary characteristics 
of legume foods could also alter its nutritional quality due to the longer time required 
for cooking (3, 13). 

Specific studies related to the nutritive value of soybean during storage have been 
reported by some investigators (14, 15) usirig in vitro techniques. lhese results 
indicated that protein qolubility in salt solutions, as well as the enzymatic 
digestibility, decreased during storage. Table 2 shows the effect of storage on the 
biological value and the digestibility of soybean protein. Biological value decreased 
during the period of storage for the raw whole beans as well as for grouiid 
autoclaved seeds. It is also of interest that the reduction in protein quality was not 
observed until 12 months of storage for autoclaved beans. Storage decreased 
protein digestibility only for raw whole beans. 

Further work on this probrem carried out by Mitchell and Beadles (16), indicates 
that the higher stability of autoclaved beans as compared to the raw is probably due 
to the lack in the processed beans of conditions which permit enzymatic reactions 
to take place. These enzymes are involved in respiration processes in the embryo, 
which accounts for 92 percent of the total weight of the seed. According to the 
authors this factor could also explain that the nutritive value of cereal grains stored 
under these conditions is not appreciably altered by seed respiration since the embryo 
or germ in these seeds represents only 9 to 10 percent of their total weight. 
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Table 2. The effect of storage on the true digestibility and B.V. of 
- whole soybean and soybean ground and autoclaved 

.,Treatment True Biological 

digestibility value 

Raw soybean 84 	 72-

Stored for 8.5 months 
-at 26t 27"C (78-80 F) 78 	 . 63 

Stored for 12 months at 
-260 270 C (78-800 F) 79 	 66 

Ground, autoclaved 
and stored for 8.5 months 85 73 

Ground, autoclaved and 
stored for 12 months 84 68 

Taken from: 	Mitchell, H. H. (quoted in Adv. Food Res. 4:269, 1953) 
Ind. Enq. Chem. Anal. Ed., 161696, 1944. 

Adverse conditiens of storage can also affect the nutritive quality of bean proteins, 
through a reduction of the availability of some amino acids, as reported for other 
foods (17, 18, 19, 20, 21, 22). 

PROCESSING 

Measures to increase the production as well as to improve storage conditions of 
legume seeds are one of the most important aspects for the solution of the 
problems faced by this crop. An additional aspect is that technological processes are 
required to take care of increased availability. It is also very important to find new 
ways of utilizing the product. 

Industrialization of beans could, in fact, be an indirect way to increase their 
cultivation through a more stable economic incentive, and could be a guarantee in 
the utilization of the crop. In addition it would permit selection of varieties needed 
by the industry and consequently stimulate the use of improved agricultural practices. 

The processed product would have, furthermore, the advantages of a higher 
stability, constant availability thruugh the year, more uniformity, and easier 
preparation, and could also be used as a vehicle for other nutrients. From the 
industrial point of view, the main problem is economic, since processing involves an 
Increase in the final cost of the product. This aspect becomes more important in the 
case of beans, since this food is a basic ingredient in the diet of most Latin Ametican
 
countries.
 

Types of processing 

The types of processing must be developed according to the dietary habits of the 

population and also to the forms in which the food is consumed. This does not mean 
that other types of products could not be processed, but in the beginning it would, 
be easier to introduce preparations that are part of the normal diet. 
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rhe food technologist must also have in mind the housewife's convenience Inpreparing the product. In the case of legume foods, the types of products that can
he processed are (1)pre-cooked, dehydrated whole beans; (2) pre-cooked bean flourl
13) canned bean (whole); (4) canned beans (fried). Each one of these processes will 
be Analyzed as to advantages and problems. 

Pre-cooked, Dehydrated Whole Beans 

Continuous advances in food technology have made possible development of
different processes for the preparation of pre-cooked, dehydrated whole beans. A
great deal of research hat been done to reduce the Looking time of beans, and at the 
same time to avoid adverse changes in the physical characteristics of the final
product. I igure 7 shows an outline of some methods proposed and utilized in the 
preparation of this product. 

In general terms, it consists of soaking the beans in water, stea n-cooking,
followed by dehydration (23). A blanching step has been recommended by some
investigators (24, 25), indicating that this additional treatment offers the advantages
of ensuring complete hydration, and destroying hpoxidase activity prior to soaking,
improving in this way the stability of the processed product (luring storage. 

Ireezing before or after cooking ,iswell as dipping in a sugar solution is carriedout to avoid "butterflyng", a characteristic represented by the development of 
fissures which appear during drying of cooked beans. 'Ihe cooking time required to
soften the final product varies according to the protess employed and the variety of
beans utilized, as well as the previous conditions of storage. In this case, the final
 
product is ready for consumption after rehydration and a cooking time of 5 to 10
 
minutes.
 

The process shown at the right of Figure 7 involves hydration of the dry beans by
soaking in water, pre-cooking in steam, cooking and dehydrating. The processed
beans are ready for consumption after covering them with hot water, followed by
boiling for 30 minutes. 'I hik process is claimed to have advantages in ter , of cost
 
and of product quality.
 

Other processes (26, 27) that have been described, easure not only the physical

appearance of the prodcIc t, but also the stability of it-, nutritional quality.
 

In one of these proc esses (I igure 8), the main feature is that the cooking step is
omitted. In this case, beans are subjec ted to an intermittent vacuum treatment for

30 to 60 minutes In a solution of inorganic salts, which fa( ilitates hydration in the
 
soaking step which is carried out later, using this same solution. The material is then

rinsed and dried. (.oking time of the processed beans vries between 25 to 30
 
minutes.-With little modifications, this process can also be used to prepare pre
cooked frozen beans. In this case, cooking time of the final product varies between
 
10 to 20 mitiutes.
 

In the other process (I igure 9) beans are coated with sucrose instead of dextrose 
to avoid the development of (issures during drying, as well as to maintain the
nutritive value. rhis is possible since there is no Maillard reaction (29, 30, 31) which 
occurs when a r, ducing sugar, as for example dextrose, is used (32). This reaction 
s known to decrease the nutritive value of foods, due to the interaction of 

carbohydrates with amino acids, giving as result a decrease in the physiological 
avallabilty of these nutrients. 
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Flgw 7. Processes used In the preparation of precooked, dehydrated whole beans. 
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Steam cooking 

Lo Bell. y col. (1969). Ninth Dry Bean 
Research. Conference at Forth Collins, 
Coloado, August 13t15, 1968. (ARS 

74-50). 
Incop 73.93 

"Im 9. Processes used inthe preparaton of pre.-cooked, dehydrated whole bean. 
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@CAN 

HARINADE FRIJOL pRg-COCIDA 

PRI-COONKID FLOUR 

RAW IAS 


FRIJOLES CRUOO$
 

CANNED BEANSPRE-COOKED. DEHYDRATED BEANS, 

FRIJOLES ENTEROS ENLATADOSFRIJOL ENTERO PRE-COCIDO Y DESHIDRATADO 

For the housewife's convenience, Industry ismanufacturing different types of food products from 
legume grains. 

RAW BEANS
 

FRIJOLES CRUDOS4,
 

PRE-COOKED DEHYDRATED BEANS, DAMAGED
PRE-COOKED, DEHYDRATED BEANS 

FRIJOL ENTERO PRE-COCIDO Y DESHIDRATADO DATRAD 
FRIJOL ENTERO PRE-COCIDO Y DESHIDRATADO 

Damage of beans (right) ocurred during drying in comparison with pre-cooked bean., processed 
adequately (left). 
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Close-up of damaged pre-cooked beans. 

PECOOKED BEAN FLOUR 

HARINA DE FRIJOL PRE-COCIDA I 

RAW BEAN FLOUR J
 

HARINA DE FRIJOL. CRUDOJ 

Partial loss in color in bean flour occurs generally when black beans are used. 
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Pre-cooked Bean Flour 

The technology used in the preparation of pre-cooked bean flour (33, 34) Isvery 
similar to the processes previously described (See Figure 10). The material is 
subjected to woaking, cooking and dehydration, followed by grinding. The final 
product is ready for Lonsumption after cooking for 10 to 15 minutes. 

As in the previous process, the main objective isto obtain a quick-cooking product 
with minimum deterioration of the organoleptic and nutritional properties of the 
original material. 

Two problems have been found in relation to the physical characteristics of the 
final product: the final texture of the preparation and a discoloration of the flour. 
Partial loss in color is mainly observed when black beans are used. 

Apparently this change can be controlled by processing conditions during 
cooking. Cooking in water seems to facilitate solubility of the pigments located in 
the seed coat, which further penetrates the cotyledons, resulting in a darker flour 
color. A discoloration of the flour is observed when the cooking step iscarried out 
without the addition of water. This is a very important aspect from the viewpoint 
of the consumer, since agood quality of black bean soup is associated with its 
darker color. Coarse texture of the flour isdue to the presence of dried particles of 
the seed coat, which is rot completely pulverized. Care should be taken in the 
grinding step to obtain amore homogeneous product, since eliminating the seed 
coat makes the process more expensive. 

Several studies have been made of the effect of this process on the nutritive value 
of the bean proteins (13, 34, 35, 36). The results shown in Table 3 demonstrate that 
a cooking time beyond 30 minutes at 121 0C under 16 lbs pressure, without aprevious 
soaking, decreases the nutritive value of the proteins. This reduction is due, in part, 
to a lower availability of lysine, one of the essential amino acids (13). The combined 
effect of different periods of soaking and cooking time on protein quality is 
illustrated in Figure 11. The data show that optimum cooking time for the samples 
without soaking varies from 20 to 30 minutes. On the other hand, the soaked 
samples showed a reduction in the nutritive value when the cooking time was 
higher than 10 minutes. 

Statistical analysis showed significant differences between the samples subjected 
to 16 and 24 hours of soaking and those cooked for 20 and 30 minutes (37). 
Furthermore, the conditions of soaking, cooking and grinding must be controlled in 
order to obtain an acceptable product, from the organoleptic aud nutritional point 
of view. 

Pre-cooked Canned Beans 

The preparation of pre-cooked canned beans differs from the process previously 
discussed in at least two aspects. First, beans are generally cooked in the can, and 
second, in some products the legume food is mixed with other ingredients, such as 
meat. tomato sauce, and other condiments. The simplest product is prepared with 
beans in brine. 

To obtain an acceptable texture in the final product, it is important to use beans 
with a normal cooking time, since it has been reported that sometimes canners find 
that the heat process required to sterilize canned beans is not sufficient to make 
them tender (38). 
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Table 3. The effect of cooking on the protein quality of beans 

Cooking Weight Protein 
gaime efficiencypin


minutesb g/28/days rado 

0a
0 0 

10 75 1.31 
20 72 1,35 

30 76 1.29 

40 59 1.20 

60 35 0.89 

90 37 0.92 

120 37 0.88' 

150 29 0.78 

180 24 0.63 

a. All animals died. 
b. Cooked in autoclave at 121 0 Cand 16 lbs pressure. 

In some cases canning has been found to affect protein quality significantly (39). 
For example, in the preparation of canned beans with sauces, sugars are generally 
added, which can react with bean proteins under the high temperature processing
conditions, causing non-enaymatic browning reaction to take place (29). ihis 
reaction is desirable from the organoleptic point of view, giving a produc t with a 
characteristic flavor, known as "baked beans". lloss ever, the nutritive value is 
drastically affected (39, 40, 41, 42) if areduing sugar, like gluc ose, isused. 

Table 4 shows the effect of adding glucose and su rose on the protein quality of 
canned beans. Canned beans, cooked in water for 70 minutes, showed a decrease in 
weight gain and in protein effi( iency ratio, indicating a redut tion of nutritive value. 
The addition of sucrose to the input solution, resulted in a slight decrease of these 
two parameters, whereas the presence of glucose alone in the (anned product
reduced significantly the weight gain as well as the protein efficiency ratio. 'I he 
simultaneous addition of sucrose and dextrose to the input solution, did not 
significantly affect the protein quality as tomp'ared with the addition of glucose 
alone. 

Excessive cooking time affects not only the protein quality, but also the 
vitamin content of the product. Lantz et al (43) have shown an increased destruction 
of thiamine in prolonged cooking. 

Stability of the processed products 

The processes to which beans are subjected no doubt help increase the chemical 

stability and the organoleptic, cooking and nutritional characteristics of the raw 
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FORMS OF CONSUMPTION INDUSTRIAL PREPARATION 
AND HOME PREPARATIONS 

Washing
-I- Washing--F-

Cooking 
Pressure cooker 15-30 min. 

Cooking 
Retort I2 0C 

Cloy pot 2-5 his. 30mlin. 

Wholeboons Dehydration 

Wet fiij 
screeing 

S~Packaging 

Seasonng 
e y rol n <(Iot, gorlich, o"ion, others) 

, 
Sofl puree 

or 

tried boons 

Portiol 

Fried boons 
(paste) 

Incep
73.102 

4p11 10. Process for the prepsadon of precooked ban flour. 
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RELATIONSHIP BETWEEN AVERAGE WEIGHT GAIN AND PER WITH COOKING TIME 
OF BEAN SAMPLES' SUBJECTED TO VARIOUS SOAKING TIMES 

(Growing tots) 

40 

30 

20. 

1.5, 

1,o. 190 ~0 his soaki s, ook 

O 16hrs sook 

Q 24 his sok 

0.5 

0 10 20 30 
Cooking time (min) 

of storage ot ambient.Dry bean samples processed ,ifter 4mronths Intop 7.110 

Flpm 11. Relationship between average weight pin and PER with cooking time of bean 
sample. (dry bean samples processed after 4 months of storage at amblent) subjected to 
varous soaking dies (Growing rats). 
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Table 4.Protein quality of canned beans 

Samplei of canned bean% Average weight Protein 
0in, gl3 days efficiency

ratio 

1. Cooked with water* (20 min) 72 1.53 

2. Cooked with water (70 min) . 44 1.06 

3. Cooked in 10% sucrose solution 40 1.09 

4. Cooked in 10% glucose solution 4 0.16 

5. Cooked in solution of
 
8 %sucrose and 2%glucose 26 0.78
 

6. Control- casein-lactoabllumin 
(5.1) 158 3.64 

Cookingtemperature: 1210C. 
Taken from- Powrie, W. D. and E. Lamberts. Food Technol. 181 111, 1964. 

material. However, storage time and conditions, as well as the type of packaging 
will influence to a larger extent the keeping qualities of the product. When pre-cooked 
and dehydrated Wshole beans, for example, were packaged in plastic bags (25) 
at room trinperature, there %%as no sign of damage alter one year ot storage. Similar 
samples stored at 50oC and 50 per(ent relative humidity developed an unpleasant 
odor after two months. It has Also been found that a higher water content in the 
product is conducti% e to lesser stabilit) of its physic al and organoleptic characteristics. 

Similar studies have been ( arried out on stability of pre-( ooked bean flour. 
Recenti), Del 'Pustoet al (50) found that storage temperature and type of packaging 
affected tile stabilitv of this pro(lu t (I igure 12). After 15 months of storage, the 
flour packed in paper or in i)ol etliylenc bags showed an increase in the free fatty 
acid content, as well as in the water content. Similar results were obtained with 
storage at 50( although the In(rease of free fatty acids was lower than in the previous 
case (I igure 13). 1liew and other results (5 I, 52) indi(,-te that the final water 
content in the pro(essed food is a sery Important fact-)r in retaining the organoleptic 
qualities of the produ(t. In this regard the addition of dntioxidants is an adequate 
solution to avoid the damage due to deterioration of the lipidic fraction. 

Loss of the original color and alterations in texture and odor have been the main 
problems found dlring prolonged storage of (amnned beans. 'I his physical and 
organoleptiu damage Isdue to an interaction between trates of mincrals with the 
organic onitituents o)f the seed, taking place during the autoclaving and later on 
during the storage pertud. I he addition of (hctmwals during the soaking process 
often contributes to the keeping of t haram terTstics dematded by the consumer (53). 
Obsimously. these aspet ts are vere important and should be taken into consideration 
when dealing with the different climatt ( onditions in I.atin America. 

Technical and nutr~tional problems 
'lie technologitAl and nutritional problems inherent to each of the products 

described can, in general, be solved by means of adequate processing techniques. 
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EFFECT OF STORAGE TIME'ON PRECOOKED BEAN FLOUR QUALITY 

80 Storage: Ambient temperature 

I 

'I 

60 

40* 

Paper bag / 

F~reefolly acids' 

40 c . 

Plastic bag 

~Paper bag 

..Moisture"*
 

.d plastic bag
 

0369 12 1518 

Time, monthsKOH100 smple pmg / 

SMoisture 

Incop
73.108 

Figu 12. Effect of storage on precookcd begn flour quality. 
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80 80EFFECT OF STORAGE TIME ONPRECCOKED BEAN FOUR QUALITY 
Storagetemperature.5°C
 

60 

/ 
40O 

Paper bag Or/ 

Free flaty oclds**I/ 

Paper€ bo 

* 
Moisture , 

FPlastic bog 

0 3 6 9 12 IS5o", 1 
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FlpMe 13. Effect of storage on precooked bean flour quality. 

74 



PRE-COOKEO BEAN FLOUR (Pigeon pea) 
PRE-COOKED BEAN FLOUR (Block beons) 

HARINA DEGANDUL PRECOCIDA 
HARINA DE FRIJOL NEGRO PRECOCIDO 

. , .-= 

BLACK BEANS (-COW PEA 
BEAN FLOUR (Cow pea)

PRE-COOKED 
FRIJOL NELRO (-CAUPI 

DE CAUPI PRECOCIDAHARINA 

Precooked gandul flour, pre-cooked cowpea flour, pre-cooked black bean flour and mixture of 
black bean and cowpea fiours. Note similar appearance of products. 

"1,0uFbOO VIFTAm 

PRE-COOKED BEAN FLOUR g -h 

DE FRIJOL PRE-COCIDAHARINA 

(Fried)CANNED BEANS 

FRIJOLES FRITOS ENLATADOS 

Precooked bean flour and canned fried beans are two products that have been in the market of 
Guatemala since 1971. 

75 



Whole cooked beans with rice Isa typical dish inseveral Latin American countries. 

CREAM OF BEAN SOUP
 

CREMA DE FRIJOL
 

Pm-cooked flour of legumes can be used to prepare soups of different type and flavor. 
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This technology, however, is used to a limited extent by the food industry, in the
Latin American countries, mainly because of the unavailability of the raw matevial,
and the lack of acceptability of the product by the consumer for economic reasons. 

The food industry needs perforce Aconstant availability of raw materials. In the 
case of beans, the problem is more complicated since beans are a basic food in most
Latin American countries, and thus the direct demand of the population competes
with industrial demands. 

The problem could be obviated, at least in part, by increasing production or by
using other legume grains less consumed than beans but capable of being used inprocessed foods. As an example, it is possible to partially replace beans (P. vulgaris)
by other legumes in the production of pre-cooked black bean flour, without
affecting the nutritional or organolcptic characteristi( s of the product. Table 5
summarizes results obtained in biologi al trials when black bean flour was
substituted by cowpea (Vigna sinensis). Substitution did not significantly alter
'protein quality as measured by weight gain of experimental animals and protein

efficiency ratios.
 

Another interesting aspect shown in this table is that as cowpea replaced black 
.pns, no.increase in the weight of the pancreas was observed. Tbe increase ofpancreas weight, according to previous studies (44, 45, 46), is a reflection of the presence or residues of heat-stable trypsin inhibitors present in some legumes.
Cowpea thus presents the added advantage of being free of trypsin inhibitors, and 
some varieties have a superior protein quality to that of beans(Phaseolus vulgaris) 
(47, 48) 

Combinations of black beans with other legumes such as pigeon pea (Cajanus
cajan) could also be used in order to make black beans more available, possibly
reducing the price of the product and developing interest in the production of new 
legumes in Latin America. 

As concerns acceptability of these products by our population, it has been said
that for several reasons, it would not be successful at present. We believe that the
industrial and economic change that has been taking place in our countries will allow
the consumption of these products by the majority of the population. In Guatemala,for example, at least two of these products pre-cooked bean flour and canned fried 
beans have been in the market for the last two years, thus showing the feasibility

of processing and consumption of these products.
 

Advantages and uses 

Advantages of a processed product, mentioned previously, are greater stability,
uniformity, and availability. Regarding beans, shorter cooking tirie is an obvious 
practical advantage to the housewife. The use of these products will, of course, 
depend on the culinary preparations in each country. Pre-cooked and dehydrated
beans can be used in several cooking preparations, such as whole cooked beans, 
beans and rice, salads and so forth. 

Pre-cooked flour of legumes can be used mainly as soups of different tyle and 
flavor and other home preparations as shown in Figure 10. Besides, it cap be
combined with other foods in the preparation of thick soups of a high nutritive
value (49). 'rable 6 shows the composition and nutritive value of one of thrse 
products developed by INCAP. The quality of the protein of the basal formula, as 
evaluated by protein efficiency ratio, is quite high. 
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Table S. Protein quality of diffent combinations between black 
beans (labmeolus vulpnrs) and cowpea (Vigna sinensis) 

Ingredlentes 1 2 3 4 5 6 7 8 

Precooked cowpea flour,. % 
Precooked black bean flour,% 

Percentage distibution of 
protein in the diet from cowpea 

From black beans 

Average weight gain. g 

Protein Efficiency Ratio 

Weight of pancrea, g 

33.00 

-

100 

0 

56 

1.69 

0.445 

26.40 

8.30 

80 

20 

46 

1.53 

0.368 

23.10 

12.50 

70 

30 

50 

1.40' 

0.326 

19.80 

16.70 

60 

40 

53 

1.61' 

0.995 

16.50 

20.80 

50 

SO 

48 

1.50 

0.923 

13.20 

25.00 

40 

60 

55 

1.54' 

1.038 

6.60 

33.40 

20 

80 

55 

1.57 

0.9657 

-

-

0 

"100 

57 

1.62 

- 1.090 



Table 6. Composition and protein quality of soup base formula of hih nutrive value 

Ingredients in the basal formula g Soup Base formula g 

Precooked beans flour 45.00 Base formula 90.00 

Cereal flour (corn, nce) 25.00 Seasonings and 
other inredients 10.00 

Total 100.00 

Cottonseed flour 27.00 

Torula yeast 3.00 

Total 100.00 

Percentage of protein 
inthe diet, 12.5 

Weht gain, g 97 

Protein Efflciency Ratio 2.19 



SOUP BASE FORMULA 
OF HIGH NUTRITIVE VALUE 

FORMULAS BASE PARA SOPAS 
DE ALTO VALOR NUTRITIVO 

3 4 

Above and below: physical appearance of pre-cooked flours of legumes and-home made soups 
prepared with these products. 

LEGUME SOUPS OF HIGH NUTRITIVE VALUE 

SOPAS DE ALTO VALOR NUTRITIVOA BASE DE LEGUMINOSAS 

4 4 
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-INTERRELATIONSHIP BETWEEN STORAGE AND PROCESSING 

The quality of the raw material determines to a very large extent the quality of 
the final product. Adequate storage conditions are of primary importance in 
retaining bean quality for processing. The phenomenon known as hardening of the 
seed is one of the most serious problems confronting the food industry, since 
"hard" beans are not properly cooked during the time normally used in this step of 
processing. 

With the purpose of separating normal beans from "hard" ones, Bourne (54)
developed an interesting practical method based on the fact that seed size in a given 
lot of beans follows a normal pattern of distribution, while "hard" beans are usually 
found in the fraction comprising the smaller si7e. Rejection of 20 percent of beans 
prior to soaking discards about 70 percent of "hard" beans. Likewise, during the 
soaking process, normal beans absorb water and swell, while "hard" beans do not 
swell and are, consequently, discarded with the smaller-size seeds. Selecting again 
for size after soaking, "hard" beans can be practically eliminated, obtaining a better 
final quality of raw material. 

Storage-conditions can also determine the processing to which beans should be 
subjected. It has been found, for example, that when recently harvested beans are 
processed by the same tecnnology used for beans that have been under storage, results 
on the nutritive value are different (37), as can be observed ir, Figure 14. 

In this case, protein quality was damaged by cooking times longer than 10 minutes 
including those samples that were not previously soaked, which suggests a greater
swelling capacity of the recently harvested beans. This hypothesis was confirmed 
(Figure 15), when the hydration coefficients of recently harvested beans, and 
beans stored for four months under laboratory conditions, were compared. Beans 
that had been stored (lid not, in 24 hours, reach the hydration level reached by the 
recently harvested bean- ;n 8 hours (37). These results could explain the greater 
sensitivity of the fresh bean protein to the thermal treatment used during processing, 
especially that of samples which were not subjected to soaking. 

In some cases, bean quality can also determine the kind of processing which will 
be more adequate from the practical and economic points of view. The seeds that 
require a longer cooking time, for example, can preferentially be used for the 
manufacture of precooked flours, thus utilizing a raw material which is unfit for 
ordinary consumption or for other preparations. 

CONCLUSIONS 

The most pressing nutritional problem facing Latin America seems to be the 
unavailability of legume seeds for human consumption, due mainly to agronomic, 
economic, and technological factors. 

Inadequate storage conditions contribute also to decreased human consumption 
of .hese products, due tQ a deterioration of the cooking and organoleptic 
characteristics of the seeds. 

Industrialization of beans could help to partially solve the production problem, 
through an incentive for increased agricutur.l technology, price stabilization, 
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RELATIONSHIP BETWEEN AVERAGE WEIGHT GAIN OF RATS ANDCOOKING TIMES 
OF BEANSAMPLES SUBJECTED TO VARIOUS WATER SOAKING TIMES 

SS " A, Okrs 1Ok•0 his sock 
5 O 6 hs soak 

C2 24 his sock 

0.CC4 

20 10I 20 2 
Cook'ng 1ima(min) 

RELATIONSHIP BETWEEN PER ANDCOOKING TIME OF BEAN SAMOLE5 
SUBJECTED TO VARIOUS WATER SOAKING TIMES 

1.5 

S0 rrisoak 

A 8 his soak 

0 16hrs soak 

1.0 . 24hirssoak 

10 20 30 

Cooking time(man) 
Dry boom soon alterharvest. Incop 72.111samples processed 

Figur1e 14.. Relationship between avenge weight gain of rats and cooking times of 
bean samples subjected to various water soaking times. 
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RELATIONSHIP BETWEEN 	 SOAKING TIME AND HYDRATION COEFFICIENT 
OF BEAN SAMPLES 

250. 

200

o Dry beansomples processed alter harvest 

A 	Dry ben sample processed alter 4month 

of $toraoe af ambient 

100
 

0 	 8 16 24
 

Socking time (hrs) 
Incap 73-112
 

Fig= 13.. Rekdonship between soklIg tim and hydrmdo coefficient ofbeen 
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greater availability throughout the year of these products, and production of a
variety of processed foods aimed at the convenience of the housewife. 

Since beans are Ftbasic food in most Latin American countries and considering

their potential as aprotein source, their increased consumption would contribute
 
to the Improvement of the nutritional status of these populations.
 

RECOMMENDATIONS 

Studies are needed on the storage of the most common varieties of beans 
consumed in Latin American countries, in order to establish the-adequate conditions
that will guarantee the preservation of the crop up to the time of purchase by the 
consumer. These findings would lead to the construction of adequate silos, thus
guaranteeing the farmer the economic ifaLentive of his crop. 

Since quality of raw materials isof vital importance to the food industry,
Improved legume varieties should be selected that xill fulfill the quality standards
needed for the production of processed foods that can compete advantageously
with other products in the food industry market. 

Another desirable measure would be to inci ease the production of other highyielding legume grains that are not normally consumed in these countries and,
which are easy to cultivate. The selection of varieties with the same sted shape andcolor as normally consumed by the different regions should not be overlooked Odnce
they could be used in processed foods as apartial substitute for those legume grains
which are already accepted, with consequent increased availability of the latter. 

It is possible that through research and through conferences like the present,beans will finally achieve the preeminent place they deserve in the field of food
technology since, through the years, they have played and continue to play a
significant role in the cultural and dietary pattern of the Latin American countries. 
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FACTORSAND TACTICS INFLUENCING CONSUMER 
FOOD HABITS AND PATTERNS 
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INTRODUCTION 

Anthropologists and sociologists have been the first investigators to provide
information on food habits from regions of histo'rical interesi in civilizations that

have disappeared, or native groups living in primitive conditions. Little is known
about food habits elsewhere because research studies have been very scarce. 

On the other hand, nutritionists have been studying the quantitative consumption 
or availability of food in each country without paying too much attention to food
habits. Nevertheless, the developing countries are those in need of such 
information. In some, customs and food habits are known but unfortunately
sociologists and anthropologists do not give the origin but only the prevalence of 
these customs without data on the reasons behind them. Therefore, some
nutritionists, as they gather data on quantitative intake also take the opportunity to
collect information to explain food habits. This is the case in Central America (1-8)
where the characterisincs of the diets are well known in the different population 
groups, and the reasons for the dietary habits in those food patterns. 

These studies were first carried out through dietary surveys which covered 
seven days of almost living with the family (9) to observe the handling, preparation
and distribution of foods within the family. In Guatemala, unique in this regard,
the anthropologist Antonio Goubaud Carrera '10) studied extensively all social 
aspects and especially food habits among rural communities. 

Later, the dietary studies in Central America have continued in a more
specialized way, as measuring the food consumption of preschool children (11, 12).
Small children represent one of the most vulnerable groups in regard to nutritional 
status of the population of Central America and Panama. 
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FOOD HABITS 

Nature offers human beings an enormous variety of foodstuffs. Men usually 
select them according to the quantity in which they are produced and give preference 
to those that satisfy their basic needs. The main cultures and civilizations have 
flourished in areas where man's efforts were rewarded by abundance of a certain 
indigenous cereal. 

Rice, wheat and maize have represented the source of life for the civilizations 
of the Far East, the Mediterranean (Egypt and Rome) and America,'respectively, 
during the development of their societies. The opening of routes across the world 
brought those grains to the rest of the world, where they combined with other 
products and formed special dietary designs called food patterns. 

In some areas of the world, the majority of people enjoy plentiful food sources, 
while in others low production limits food availability drastically, and only a minority 
satisfies its needs. The amounts in which different items are consumed by people in 
each area, and the customary treatment given to them, determine the levels reached 
by calorie and nutrient intake in every population group. 

FACTORS INVOLVED IN FOOD SELECTION 

Differences in types of foods and combinations in which they are consumed 
have been determined by several ecological factors, defined below. 

Geographical Location 

The territory where man happens to live will lead him to select the staple, as 
well as other food products, with which to ,ulldhis diet. In the highlands or near 
the sea, close to the rivers or lakes, in the tropical or temperate zones, land and water 
will offer him different foods. 

In general, most cereals such as wheat and maize, and legume grains, such as 
beans or chickpeas, grow better in the highlands and temperate climates, while some 
root crops, such as sweet potatoes or yam, and oily seeds, as sesame or cotton, are 
native to warm lowlands. Sea shores shaded by palm trees provide foods rich in 
protein and fats; in addition, a variety of marine products may be available. 

Extensive grassy plains where cattle or other domesticated animals can be fed 
provide their inhabitants with meat and milk. Thus, great differences in food patterns 
may exist not oiily between countries, but also within each country. 

Cultural Factors 

Throughout the centuries, cultures have developed around an area's principal 
indigenous foods. Man learned to cultivate and domesticate the necessary plants 
and animals. After many generations, he inherited special technologies for px.!paring 
those products. Each society disseminated its own culture, so foods which originated 
in one place appeared in different areas also, following the expanding civilization. 
Optimum climatic and soil conditions found in differing areas have favored the 
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adoption of fornign items. Thus, with human migration there has been a real 
exchange of foods between continents. Cacao, used to prepare chocolate, regarded 
as the beverage of the gods in the Middle American civilization, emigrated to other 
lands, while coffee from Ethiopia came here to replace it (13). India hat been the 
motherland of many products now cultivated in African, European, and tropical 
American countries. 

How well introduced foods were accepted by the people has been a matter of 
time, prestige, production, and the essential needs of the people. If local conditions 
were suitable they became a part of the food patterns. If the new food was 
unadaptable to local conditions, it was not considered an important item, even 
though its prestige may have been great. Experience of previous generations with 
new food products resulted in favorable or unfavorable social attitudes toward them. 
Important roles are played by ease of preparation and good preservation, as well as 
flavor, appearance, and other qualities, in adoption of the new product into food 
patterns. 

If the introduction of the new food was associated with an unhappy event, 
like disease or a change in the social organization, it is considered taboo and is 
avoided at least by certain groups. In other instances, religious or related beliefs 
force the people to avoid important foods. Foods with high nutritive value, but 
with associated religious meaning, may be consumed only during local festivities, but 
for the rest of the year may not be considered appropriate in customary diets (14). 

There are recent examples of misleading beliefs or unfortunate experiences 
with new products. When powdered skim milk was introduced in different parts of 
the world, and prepared with contaminated water, people deduced that children 
became ill from the new kind of milk. In several impoverished areas, where fruits 
are abundant, residents prevent their children from eating them because previous 
experience has convinced them that some frukits produce worms. Meat and eggs may 
be considered as luxury items, or as very strong foods, to be avoided for the duration 
of certain physiological conditions. 

In many instances, flavor is the quality that has guided people's attitudes 
toward a certain food, and on this basis they attribute ill effects or medical 
properties to it. 

FACTORS WHICH MODIFY FOOD HABITS 

Although geographical location and culture are factors responsible for 
establishing food patterns, other factors will modify diets while keeping the basic 
food pattern but introducing changen with the new products. Factors that may 
modify the food :,.tterns are the following ones. 

Economic Factors 

Food availability and traditional food patterns lead groups of people to eat the 
same type of diet through the generations,. However, new foods with more prestige 
may gradually replace indigenouL products partially or totally if economic conditions 
permit. Every dietary survey carried out in any country, and even among small 
towns with the same culture and more or Jess homogenous social status, has always 
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revealed differences in consumption closely related to tHe econbnid status of the, 
'families. 

The common picture in a poor locality shows a l.rge proportion of families 
with diets in which the staple food constitutes almost the total daily consumption.
At the same time, a smaller proportion with larger incomes are consuming new 
products and less of the staple food, which improves the quality of the diet. While 
differences within a town are not great, differences between towns in a given country, 
are remarkable when there are economic differences. 

Since calories constitute the primary necessity, poor families will be satisfied
 
with a sufficient amount of calorie sources, as cereals or tubers, and very rmall
 
quantities of other foodproducts, while families in higher income l4rackets will be
 
able to obtain a more varied diet and greater quantities of more expensive foods. 
Differences between poor and rich are painful to perceive, especially in regard to 
expensive foods cf animal origin. 

In certain impoverished countries of Africa (15) or Central America (16),
where the sole occupation in the rural area is farming, the comparison between rural 
and urban areas in food consumption is paradoxical. The main farming products of 
the rural areas daily reach the city markets. Urban families with regular cash income 
are able to buy a great variety of products. The families in the rural area have to be
satisfied with a monotonous diet, combining a basic cereal with beans or peas and 
some wild green leaves. 

In those countries, food supplies, especially animal products, are insufficient 
to feed the entire population. Only better-off city families, a small segment of the 
population, enjoy the privilege of good diets. In any dietary survey of these cities, 
a long list of tropical fruits or fresh vegetables arfd meat, milk and eggs will be part
of the usual food pattern. Sugar and fats will complete the list. The diets enjoyed by 
a privileged few are rich in vitamins and animal protein, and are more comparable to 
the diets of families living in rich or well developed countries. 

In high income countries where the economy no longer relies primarily on 
agriculture, where industry and technology are sufficiently developed to offer the 
people a high standa-d of living, rural and urban areas do not show those great dietary
limitations. 

Education 

The Jevel of education has influenced the dietary patterns in a significant way
in all those highly developed countries. Studies on undeveloped countries have not
been carried out, or at least have not been planned for this purpose, and consequently,
information is very limited. 

In the studies of Hollingsworth (17), it is clear that the educational level 
modifies the diets of English familics since several products appear in the diets with 
greater frequency and in greater amounts, according to the nuynber of school years
of the parents. Other studies present similar results, as in the United States (18).
Not only have food patterns changed but also the schedule of the meals and working
methods. 

The same studies mentibn that family size-may also modify diets. But the 
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,findings do not show clearly If the effects result primarily from the sie of the family, 
or from the economic level. 

-Urbanization and Indr-itrialir %tlon 

The degree of urbanization that is taking place in some areas also influences 
the food intake, producing chamges in the diets of the people. Sometimes a more 
varied diet is produced and in other instances a negative change can take place, as 
when some local highly nutritive products are abandoned. As mentioned, differences 
between the rural and urban area, in the poor countries, are disappearing with the 
degree of urbanization. Rural communities change significatively when a new road 
is opened, or with the installation of factories, or with the improvement of public 
services in the community. 

Industrialization of the countries has visibly increased the income level of the 
families. That change has modified the type of diets of families in low socio-economlc 
levels when they improve their income. In these countries, the seasonal changes that 
once produced modifications in the diets have disappeared with the help of 
industrialization and technology. Advances of food technology in preservation, 
storage, and transportation have made it possible for people to have all kinds of 
products at their disposal during the entire year. 

THE STATIC AND DYNAMIC ASPECTS OF FOOD PATTERNS 

The -degree of change or modifications of the diets will depend on the intensity 
with which societies succeed in following their plans for economic advancement, 
urbaniration, agricultural development, and industrialization. 

The more static area in food patterns correspondi to staple foods consumed by 
the people, mainly in low income countries where farming systems are strongly 
traditional (19). The tendency of staples to survive through different couditions 
Increases with the risk of changing farming systems. The urgr ncy of basic needs make3 
it essential to secure the production of the main local food. It is easier to change the 
systems for products not essf ntial to the diets, through such means as the introduction 
of new seeds, new implements or new methpds of cultivation. 

The main difficulty in changing staple foods resides in the fact that they are 
deeply embedded in the system of cultural values of a society. In the rural areas of 
Central America, for instance, the same staple food - maize - has persisted for 
centuries and has always been the principal farming product. For the cultivation of 
maize, people are still using the same implements and following the same methods 
employed by their ancestors. Furthermore, the process for converting maize into 
food has not changed since the ancient time of the Mayan civilization, and this is 
true not only for Central America but also for Mexico. 

A good illustration of the statiL mechanism of the staple food in a society may 
be found,in a relatively recent project launched in New Mexico, U. S. A., t6 help the 
Navaho Indians. The basic diet of thil group was'maize, beans, squash, and potatoes 
(20). The agent paid great attention to the relationships between agrictltural 
technology and the environmental condition of farming practices, as well as social 
organization. With excellent field demonstration methods, the hybrid maize was 
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planted and successful yields drew enthusiastic response. Agood percentage of 
families planted the new seeds instead of the indigenous maize, and the desired 
improvement of production was obtained. 

However, the program collapsed when families failed to use the maize for 
their daily bread. The agent forgot to investigate food habits among the women, who 
discovered that the qualities of the new maize differed from those of common maize 
when tortillas were prepared, changing the original flavor and texture. 

On the other hand, economic changes have such an impact on the behavior and 
social attitudes of people as even to produce changes in staple foods. The proximity
of large urban centers to small rural groups and the openitig of new roads often 
promote acculturation in developing countries. As families gradually derive better 
incomes, they start changing their food habits and introducing new products or 
replacing some of the local ones. 

For instance in Central America it is frequently observed that rural families 
begin to use lard according to rising income, mainly for the preparation of beans and 
rice, while rice replaces maize partially or totally in spite of its higher price. In this 
case it is not only the economic level producing the change, but also the prestige
that rice and fat have, since they are considered as Spanish foods (16). 

Changes due to social 3tatus or prestige may bring beneficial effects, but this 
is not always the case. Main sources of carotene in the Indian diets of Central 
America are yellow maize and wild green leaves. With acculturation, these foods,
lacking prestige, are dropping from the diets of this population group, and being 
replaced by white maize and other cereals and vegetables of low vitamin content. 

The most dynamic areas in food patterns comprise items generally utilized 
to complement the main calorie source, like new cereals, fats, and sugars. These are 
easily incorporated into the diets to improve flavor, and may gradually replace the 
basic food or give ir more variety. If the new products can be prepared with less 
work, and if their flavor is accepted, adoption is more rapid. Thus, sugar sweets, and 
pancakes or biscuits made from wheat flour, for example, all have a high degree of 
acceptability among such people as the inhabitants of the Polynesian Islands (21),
the Eskimo in Canada (22) or the Indians of the reservations in the United States 
(23). The products are brought by white people, .issionaries or other visitors 
belonging to what is regarded as an upper class group, so that articles used by them 
are accepted because of their prestige value. 

Prestige clearly provides a definite guideline for changes in food patterns
promoted by socjo-economic factors. The use rcf wheat bread in the rural 
communities of Latin America makes the people feel that they are eating like city
people. The use of sugared water by some rich families in the Polynesian Islands,
irstead of the unfashionable but more nutritious coconut sap, is another example.
Cultural or religious beliefs no longer count in some groups of India and Africa 
when money is available to obtain expensive milk or meat products, becauie they are 
eaten by Europeans (24). 

FOOD PATTERNS IN CENTRAL AMERICA AND PANAMA 

The economy of the countries of Central America as well as others in Latin 
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America relies on agriculture. About 50 percent of tht population is occupied in 
farming where the main products are maize, beans, rice, bananas and coffee; in 

addition to such export crops as cotton. The basic diet in Central America and 

Mexico consists mainly of maize consumed as tortillas, beans, fresh vegetables 

especially tomatoes and green leaves, bananas, tropical fruits and coffee. Sporadically, 

the diets include also meat, milk, eggs in smal! amounts, and also sugar and fats. 

In Guatemala, El Salvador, Honduras and Nic tr",ua the staple food is maize
 

tortilla. For its preparation maize is treated with lime waLer of wth ashes dissolved
 

in water and placed in the water where the grain is boiled. L.;Lr the maize is made 

into "masa" by a fine grinding, and shaped in round cakes of different thickness 
according to the area. While in Costa Rica and Panama rice replaces maize as a staple 

food, in the areas where the population is of Negro or Caribbean extraction, they 

prepare the wheat flour pancakes fried with fat as the daily bread. 

The second important food item in Mexico and Central An'erica and also in 

some countries of South America is common beans of different color varieties, 
mainly the black and red. The Indians prefer to prepare beans by boiling them with 

some herbs for flavor, while the "mestizos" boil the beans and add lard. For more 

sophisticated preparations, the boiled beans are mashed, strained, and fried, the 

resulting paste having a veiy soft texture and special flavor. 

Fresh vegetables constitute the third item of the diets in Central America, 
mainly in Guatemala where green leaves and tomatoes appear very frequently in the 
rural areas, while in the urban area cultivated vegetables, carrots and lettuce appear. 
The Negro-Carib groups consume more starchy roots and tubers-cassava, yam or 

potatoes. Fruits are not important in Central America, except for the city families 
and even in this group only citrus fruits and bananas are eaten with some degree of 
frequency. 

In all these countries meat is consumed in yery small amounts, except in 
Panama, where consumption is about twice that of any of the other Central Ameiican 
countries. The meat most commonly used is beef, but fish also appears in some 
population groups of Panama, Nicaragua and Costa Rica. In the highlands there is 
some consumption of goat meat or pork, but these do not count as an important 
contribution to daily diets. 

Availability of sugar is high in all. thise countries, since sugar cane is one of 
the main crops; therefore, the consumption level is sufficient. Raw sugar is still more 
popular in the rural areas, while in urban areas refined white sugar has higher 
acceptability. Fat consumption in Guatemala is extremely low, especially among the 
Indian population where the only source of fat is the oil content in maize used for 
$ortilla. Ori the Atlantic Coast and in Panama, however, large quantities of vegetable 

oil or fat are consumed, or coconut milk which is used for special preparations (25). 

In Mexico and Central America some traditional dishes appear on feast days or 

SundAys,.such as maize dishes or sometimes beans with maize and pork, prepared 
with the addition of sauce, the whole covered with banana or maize leaves. One of 
the most typical dishes in Guatemala is the preparation of mashed plantain filled 
with black beans which have been boiled, strained and fried. 

Another characteristic of the diets of Central America and Panama is the low 
consumption of milk and milk products. The Indian population consumes productc 
such as cheese but in very small amounts. In Nicaragua and Costa Rica, where there 
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Is a greater availability of dairy products, dietary surveys show a greater consumption. 
In the three countries, Nicaragua, Honduras and Costa Rica, one of the typical breads 
called "rosquillas" is prepared with maize flour and cheese, and is very popular 
among children and adults. 

Most Indian and "mestizo" families in the rural areas rear small animals such 
as chickens, but consumption of that kind of me'at is very small, though consumption 
of eggs is frequently observed. The Indians prefer boiling the eggs while the 
"mestizos" prefer eggs fried or in Spanish preparations, where beaten whole egg is 
used to coat some vegetables which sometimes are stuffed with meat. A typical dish 
is "chiles rellenos" (stuffed peppers). 

Those food patterns do not correspond strictly to each of the population 
groups, but may change through cultural interrelations or urbanization as well as by 
a better socio-economic status or social changes. The introduction of fats in the .diets 
of the Indians is observed when there is a certain degree of urbanization, oi great 
Spanish influence, while fish, green bananas, rice or starchy roots enter the diets of 
the "mestizos" when they live in the coastal areas. 

Table 1 shows the average consumption of the different foods which are
 
consumed in Central America and Panama in both rural and urban areas. Marked
 
differences between the rural and urban areas reveal the limitation that exists in the
 
rural area, in regard to the more important foods especially those of animal origin.
 

I
 

Sources of protein in the diets 

The roles played by different products in the food patterns of Central 
America and Pan ima are presented in Table 2, where the figures correspond to the 
percentage contribution of the different items to total protein intake. The more 
important contribution corresponds to cereals, essentially maize and rice, which 

provide 30 to 50 percent of the total protein. The second most important item in all 
cases is the group of beans, especially in Nicaragua where 32 percent of the total 
protein comes from this group. The other foods, with the exception of meat and milk 
from which around 15 percent of the total protein is derived, do not have great 
importance as far as the nutritive value of the diets is concerned. 

Bean consumption in Central America and Panama 

We see in Table I no differences in the consumption of beans among the 
population groups in Central America when rural and urban areas are compared. 
Also there is no difference between the different socio-economic groups, which 
indicates that beans are one of the most important items in the food pattern, which 
has not been modified by introduction of new products. To illustrate this aspect, 
Table 3 presents the results of bean consumption according to the socio-economic 
status of families in rural areas of Costa Rica. The consumption of the low-level 
group is 51 grams per person per day; the middle group 50 grams, in other words 
equal; and the high-level 43 grams, which is a very small decrease. 

The striking differences that may be observed among the countries in regard 
to bean consumption is that each country has preference for one color of beans, 
but of the same kind. Table 4 shows the consumption of beans in the rural and 
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Table 1. Food consumption at fiunly level in Central America and Panama 1965-67 

Method: 24-Hour Recall 

Quantities cxprmed in grams per eson per day 

Foods 
Guatemala 

RL UL 

El Salhrador 

R U 

Honduras 

R U 

Nicaragua 

R U 

Costa Rica 

R U 

PanamL 

R U 

D 

Dairy productsU 

Es 

Meats 

Leguminousseeds 

Vegetables 

Fruits 

Banauas and plantains 

Starchy roots and tubers 

84 

13 

44 

54 

66 

14 

20 , 

14 

246 

31 

85 

49 

150-

58 

64 

34 

190 

10 

37 
-59 

53 

17 

16 

13 

237 

31 

77 
52 

90 

71 

49 

12 

194 

13 

41 

56 

51 

40 

43 

22 

289 

21 

87 
47 

56 

54 

49 

24 

243 

12 

58 
72 

27 

41 

72 

33 

377 

21 

90 
so 

74 

52 

75 

24 

193 

15 

40 
57 

66 

7 

47 

46 

350 

23 

74 
48 

126 

60 

57 

SS 

73 

"11 

90 
20 

25 

so 

99 

82 

163 

19 

=134" 
19 

68 

99 

75 

70 

Cereals: 
Corn tortilla and tamal 
Pinol (toasted corn)
Rice 
Wheat bread 
Wheat flourand pastes
Oder cereals 

Sugas 

Fats 

544 
0 

16 
36 
4 
2 

52 

4 

228 
0 

34 
167 

5 
5 

74 

24 

533 

27 
26 
0 
6 

41 

15 

249 
0 

55 
66 
0 
5 

38 

37 

340 
0 

29 
12 
8 
5 

39 

16 

203 
0 

so 
74 
9 
7 

45 

21 

190 
14 
54 
28 

7 
16 

58 

19 

84 
26 
80 
S1 
0 
7 

63 

29 

62 
0 

100 
54 
12 
0 

89 

19 

21 
0 

103 
80 
16 
4 

77 

41 

6 
0 

186 
37 
10 
29 

51 

26 

-0 
0-

150 
65 
9 

13

42 

35' 

1I R rural U= urban 

2/ Expressed in rermsof liquid milk 



Table 2. Percent contribution of foods to protein intake among families of the rural area in Central America and Panama: 1965-67 
Method: Three-day Daily Record 

Guatemala E Salvador Honduras Nicaragua Costi Rica Panm 

Dairy products 6.8 13.7 13.2 15.2 17.1 6.0 

Egg 3.2 1.9 2.6 1.8 3.5 1.6 

Mean 13.5 10.2 16.8 13.6 16.6 34.5 

Leguminous seeds 18.7 18.8 21.9 32.2 23.4 9.3 

Vegetables 1.7 1.3 1.6 0.5 1.7 1.4 

Fruits 0.2 0.2 0.7 0.6 0.2 1.6 

Bananas and plantains 0.4 0.2 0.8 1.8 1.4 2.0 

Starchy roots and tubers 0.4 0.3 0.5 0.4 1.5 2.0 

Cereals 52.6 52.0 39.7 32.3 31.6 39.3" 

Sagms 0.1 0.1 0.1 0.0 0.3 0.1o 

Fats 0.0 0.0 0.0 0.0 0.0 0.0 

Miscellaneous 2.3 1.3 2.0 1.8 2.7 2.1. 



Table 3. Consumption of leguminous seeds per person per day among funilies 

of the rural area Costa Rica: 1966 

Quandtes expressed in grans 

Method. Thre-dy DaI y Record 

Red beans 

Black beans 

White beans 

(alseolus cocaineos) 

Other kinds of beam 

Socioeconomic groups 
Low Median High 

33 25 21 

17 22 20 

- 1 1 

-... 

1 1 -

Total 51 50 43 

urban area for each country, where consumption of guandfi (Cajanus cajan) and 
lentils is observed only in Panama. The totals for Guatemala, El Salvador, Honduras, 
Costa Rica and Panama do not show much difference between rural and urban areas, 
except in Nicaragua where the rural consumption is very high, because of the great 
availability of beans there. 

Diet of preschool children in Central America and Panama 

In the diets of preschool children, who constitute one of the most vulnerable 
groups in Central America, beans take also an important place in the dietary pattern 
of the child. Table 5 presents the average food consumption among preschool 
children in the rural area of Central America and Panama. The same situation which 
was found among the families, but in smaller amounts of food, is seen in this table. 

When the figures are analyzed, especially those for bean consumption among 
preschool children, by age groups, one sees that beans are part of the diet among the 
small children from I to 2 years, but their importance increases for children of 3 and 
4 or older. Table 6 shows bean consumption by preschool children according to age, 
for rural areas in Central America and Panama. During the first years of life the 
family, even with their limitation, offers to the small child the only milk available. 
Therefore, the figures for bean consumption increase for the following years since 
milk intake decreases drastically. Figure 1 illustrates the average consumption of 
beans in each age group in the different countries, where Nicaragua stands out with 
the higher amounts (Fig. 1 appears on page 102). 
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-Tjble4.Consunp of leguminou seeds per person per day In the Ams of Central America and Pansm: 196567 

Mi*Mtdz- 24-Hour recall 

Countries . - black 
Be4ns 

red white others 
Guandfi 
(ajams Lentil Total 

ruralrea 5,S4, - 541 
rban arm 48--- - 4 

M Salvador 

rural are 
urban am 

38 
5 

21 
46 1 

-
-

-
-

-
-

9 
52 

Hondurm 
urala a 1 41 ....- -

urbana 1 46 ...... 47 

Nicaraga 
rural am 
urbanames 

-

-
66 
48 

2 
-

4 
1 

.. 
- -

.. ;-72 
49 

Costs Ric 

mural am 
urban area 

23 
30 

,34
17 1 

- --

-- -48 

ural ame - 6 - 10 1 3 20 
urban a - -13 . .- - 6 19 



Table 5. Diet of preschool children in the rural area ofCentral America and Panama.. 1965-67 

Quantitcs expremed in grams per child per day 

Method: Threeday Daily Record 

Foods Guuiemala El 
Salvador 

Honduras Nicaragua Costa 
Rica 

Panam 

-DLu 

Dairyproduc 

Egg -

s 

• 

d 

127 

13 

10 
13 

300 

6 

6 
14 

255 

10 

11 
14 

336 

7 

14 

403 

13 

11 
9 

154, 

6 

40 

Vegetables 

Fruits 

Bananasand plantains 

Star roots and tubers 

Cereals: 
Rice 
Oatmeal 
Wheatb-ad 
pastes 
Corn tortilla 
Other cereals 

Sugar 

Fat 

17 

16 

17 

7 

8 
1 

28 
1 

-140 
1 

32 

3 

20 

18 

10" 

5. 

.11 

28 

164 
6 

31 

6 

20. 

-- 29 

22 

-8 

13 

20 
11 

'128 
5 

26 "43 

7 

9 

23 

45 

"8 

28 
-
27 
-
58 

'26 

.52 

7 

19 

12 

33 

20 

41 
1, 

31 
4 

12 
5 

9 

-7 

41 

62 

40. 

+ 
66 
3 

-29 
2 
6 

20 

43 

13 

Expmsedinermsofliquidmilk - . - . 



Table 6. Consumpdon of leguminous weds among preschool children in the rural area
 
ofCentral Amen-a and Panama: 1965-67
 

Quaitities expressed in grams per child per day
 

Method: Three-day Daily Record 

Age aroups 
I year 2 years 3 years 4 and 5 years 

Guatemala 6 14 23 14 

El Salvador 4 "' 11 18 23 

Honduras 
Nicaragua , 

4 
17_ +17 

12 
','48 

17 28 
74 

CostaRica 6 8 9 20 

Panama 5 9 " 11 4 

Sources of Protein in Diets of Preschool Children 

The important role of beans in the diets uf children is better appreciated In 
Figure 2 where the contribution of different foods to the total protein intake is 
shown. For illustrative purposes, only El Salvador and Nicaragua are shown. During 
the first years of life the intake is small but for the followipg three and tour years 
beans contribute with around 50 percent of the total protein intake, particularly 
in Nicaragua. 

EFFECT OF DIET ON NUTRITIONAL STATUS 

OF POPULATION GROUPS 

The high incidence of diets deficient in calories, protein and other nutrients is 
a consequence of the limitations in fooA availability in Central America. The averagE 
overall nutrient intake levels for the vhole country in each case are more or less 
sufficient to cover the nutritional requirements, but uneven food distribution brings 
about inadequate consumption by a great segment of the population. 

The dietary findings of the nutritional evaluation performed in each of the 
countries during 1965-1967 (25) revealed that in a significant number of families 
in all the countries the intakes of calories and protein do not reach a sufficient level 
to cover nutritional needs. 

Limitation in the calorie and protein intake is one of the principal.causes of 
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growth retardation in countries with the soclo-econonic, agricultural and dietary

characteristics of underdevelopment typical of the Central American countries.
 

The small child gets the smallest share in the distribution of food within the 
family, and consequertly, the protein intake is very low. The anthropometrical 
measurements Ind clinkal findings give mort -vidence on the prevalence of protein
calorie malnutrition in thege population groups. Epidemiological evidence indicates 
that protein intake is drasticvIly reduced as the supply of breast milk diminishes and 
the growing child begins to rect ive foods rich in carbohydrates and very poor in 
protein, as in the case of cereals (26). In addition, the preschool age is the period of 
most rapid growth and once retardation is established there is little likelihood of 
catch-up. Therefore, the preschool age is the most critical one. 

Adequacy Levels of Preschool Children's Diets 

The percentage of adequacy of the average diets of the children for each 
country of Central America and Panama is given in Table 7. In spite of the fact that
 
the average figures do not indicate the real situation, it can be observed that the
 
diets of the children in all cases are deficient in calories. In these diets more or less
 
adequate in protein and low in calories, the protein has to be utilized primarly to 
cover the caloric needs. The results are diets deficient in calories and protein, as well 
as in other nutrients. 

PRESENT AND FUTURE AVAILABILITY OF BEANS 

IN CENTRAL AMERICA 

Using the food balance sheets to determine the availability of food in the 
countries of Central America, it is found that the average consumption of calories 
and protein in 1970 reaches levels that cover only 80 or 90 percent of the caloric 
needs in Guatemala and El Salvador. If the same information is given, not by average
figures for the whole country, but by social strat, it is found that 50 percent of the 
population in the low group in Guatemala, El Salvador and Honduras reach only 
two-ihirds of the needs for calories and protein. If these countries were able to 
increase the availability of beans, as in the case of Nicaragua and Costa Rica, such 
low socio-economic strata cuuld have diets that would cover adequate values, provided 
the price of beans were sufficiently low to be afforded by all. 

Bean consumption and demand, projections for 1990 

The consumption figures for beans obtained through food balance sheets for 
1970 are given in Table 8, and also the demand projections estimated on the basis of 
the increments in production and population growth. Only Nicaragua reached an 
adequate average figure of 57 grams daily per person in 1970, in the low strata. For 
the median and high strata, in 1970, for all countries the consumption was quite 
sufficient, between two or three ounces per person per day, which constitutes an 
adequate proportion in their food patterns. For the highest strata in the countries, 
where the consumption of beans is also important, by 1970 the figures were already 
more than adequate. 
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Table 7. Percent adequacy of the average diets among preschool children ine 
++ +rural area.of Central America and Panams 1965-67 " 

fethod: Three-day Daily Record 

*-

Guatemala El 
SalvadorRia 

Honduras Nicaagua Cat Panamat 

Calories i54 - 74 65 87 76 82 

Protein -94 

Calcium 

Iron ~47 
Vitamin A (Retidnoi) 

Thiamine 

Riolavin -89 

Ni-cin.. 

VitaniC 

97 

66 

90. 

so 

50-

-117 

138 

34 

47 

90 

2 

52 

-1 

-

104 

122 

42 

50 

68 

82 

44 

73 

.-. 

* 

138 

143. 

65 

69-

98 

118 

60 

78 

-

116 

1486 

48 

77, 

82, 

129 

45 

62 

-

117

4S 

77,z 

79 

70 

7 

93 

-



Table . Avahbility of beaus at present and in the future in Central Amcrica 

- *ruonCrfloperday 

-,Guatenm 	 - El --,-Honduras -zNicrMagua- Costi Rica 
Salvador 

1970 

Lowstrata 
Median strata 
High strat 
Highest strata 

- 19 
31 
41 
S 

'- 16 
24 
33 
41 

28 
46 
60 
79-

57 
70 

- 82 
94 

29 
39 
46 
58 

19so 

Low stratm 
Median strata 
High tra a 
Higheststrata 

25 
41 
52 
S5 

21 
31 
40 
41 

30 
49 

-65 
79 

- -

59 
72 
85 
93 

-. 
32 
41 
49 
58 

1990 

Low straa 
Median strata 
High strata 
Highest strata 

28 
46 
55 
SS 

21 
33 
41 
41 

* 
33 
53 

"70-
79 

.61 
75 
88 
93 

36 
''45 

52 
58 

Data from GAFICA (Grupo Asesor de Ia FAO pan Ineo cna). 
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Tablc 9. DaIly consumption per person in terms of calories and percent adequacy by
 
population strta according to income level. Year:. 1970
 

. Guatemala E Hondura Nicartau Cos= Rkc*- '"-= 


Low sm 
Consumption 
Adequacy(%) 

e ~ Median a~tiat 

Consumption 
Adequcy( ) 

Consumption 

Adequacy (%) 

Wqheststa 

Consumption 
Adequacy(%) 

Total population 

Consumption 
Adequacy(%) 

Salvador -, 

1326.1 * 1345.4 1464.6 1767.2 - 1990.0
 
61 A 65 68 
 84 92
 

2362.1 2128.0 2661.0 2703.5 2631.6' 
-109 102 123 128 122
 

2918.8 2696.7 3267.8 - - 3255.1 3107.3-- +
 

134 129 152 154 144
 

4234.0 3694.8- 4589.6 39312' 4112.3
 
195 177 213. 186 - - 191 "
 

.. 
 . ..
 

202i.3 1901.0 2250.1 2379.7 2456.5
 
93 91 104' 113 114
 



TAW 10. Duly consumption p person intrms ofproteins and pcrsunt adequacy by 
populiation sram according to incomeleel. Year 1970 

Guatemala El Honduras Nicaragua Costa Rica, -
Salvador 

Low stta 

Consumption (pams) - 30.7 30.0 33.3 -.,46.6 ,47.2
Adequacy() -s6 61$5 85 87 

Medam mrat 
Consumption (grams) - 56.9 50.1 65.0 - 72.5 69.6 
Adequacy ) -1o3 93 119 132 128 

High strata 
Consumption (grams) 75.5 67.8 85.8 90.3 86.9 
Adequacy(K) i71 156. .19 . 206 200 ' 

Consumpuig (grams) 129.7 -101.4 -136.8 111.9 -122.9-
Adequacy %) 294 234 312 255 283 

Tots population 
Consumption (grams) --50.3 -45.1- 55.8 64.2 63.6 
Adequacy () - - 91 83 102 117 117 



-Tabe€ 11. Day consumption per person in te.ms of calories and percent adequac popul-- byby pop la io n 

Consumption 
Adequacy(%) 

Medlanm 
Consumption 
Ade'q-ac(%) 

Hibstratz-
Consumption 

Adequacy (%) 

Highest srt 
Consumption 
Adequacy (%) 

Total population 
Consumption 
Adequacy 

inco m l ordProjection 1990
ording tta a accstr 

Guatemala El Honduras Nicaragua Costa Rica-
Salvador 

- 1535.8. 1477.4 170L.2 1928.8- 2354.5.,- 70 71, 79 .... .91 1
 

2742.3, 2379.9 3127.3 2991., 2964.2 
125 - 114 145 . 141 .,+ 138
 

- 3485.4 3117.0 4052.4 3643.2. 3497.9
 
159 
 150 ... 188 172 163
 

- 4243.3 3705.6 
 4573.6 3294.2 "4110.4194 178 
 212 185 
 191
 

2325.,1 .2112.4 2628.7 25963 2787.6101 -29.106106 11 776
122 123 
 130
 
1

4+ 



Table 12. Daily consumption per person in terms of proteins and percent adequacy by population 
strata according to income level. Projection 1990 - no change . 

Guaterna El Honduras - Nicaragua Costa Rica 
Salvador 

Low stta 
Consumption (grams)
Adequacy ( 

36.9 
61 

'33.1 
56 

40.4, 
74 

51.6 
108 

60.4 
-1492 

Median strata -

Consumption (grams) 
Adequacy (i) 

67.7 
111 

55.5 
103 

77.6 
142 

81.1 
170 

81.9 
202, 

ffigh Strata 
Consumption (grams) 
Adequacy %) 

91.1 
190 

77.7 
180 

- 107.7-
246 

102.1 
245 - " 

-101.1 

249 -

HIghest strata -

Consumption (grams) 
Adequacy (%) 

130.2" 
311 

101.5 
251 

I16.4 
332 

112.2 
269 

1233S 
- 304 

Total population 
Consumption (grams) 
Adequacy ( 

58.8 
105 -

50.7 
94 -

66.5' 
142 

70.8 
148 

- 76.1 
187 



Undoubtedly, to reach these projections In future years agricultural programs 
as well as socio-economic changes must follow an accelerated rate to parallel rapid 
population growth, as the report of the "Grupo Asesor de la FAO para la Integracion 
Centroamericana" (GAFICA) suggests. 

Levels of calories and protein 1970-1990 by social strata 

To illustrate more clearly the food situation in these countries, Tables 9, 10, 
I1 and 12 show the analysis made by the Institute of Nutrition of Central America 
and Panama (INCAP) of the figures obtained by GAFICA. For the years 1970 and 
1990 the figures reveal that there exists and will exist a segment of the population 
in each country that will still be affected by deficiencies in their food consumption. 
In other words, by 1990 if those countries continue with the same rate of production, 
the low strata will continue with deficiencies in calories and protein consumption in 
Guatemala, El Salvador and Honduras. 

Therefore, it is necessary to plan a more ambitious strategy to reach a better 
production and consumption, and again the group of GAFICA has proposed higher 
figures. These are called "projections for 1990 high tendency or with change", where 
a great increment of production has to take placc to attain higher increments in the 
consumption of all the foods, but mainly beans, proposing that the low strata in each 
of the countries will reach the following figures per person per day: 

Country 	 1970 1990 Increment 
(gra) High tendency 

Guatemala 19 40 	 111 

'ElSalvador 16 31 	 94 

Honduras 28 so 	 79 

Nicaragua 57 70 	 23 

Costa RIca 29 39 	 34 

Such a proposition means that extraordinary efforts will be necessary in 
development of agricultural programs, utilizing all kinds of mechanisms that may 
exist in the countries to apply the most efficient methods of farming, arid putting 
to use all advances in food technology and marketing. 

THE IMPORTANCE OF INDUSTRY AND TECHNOLOGY 

IN NUTRITIONAL STATUS 

The role of agricultural extension in the improvement of food patterns is 
unquestionable. In some areas, advances in food science and technology have run 
parallel with advances in socio-economic research. There are countries where 
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population groups are more susceptible to changing patterns, not only because they 
are more receptive but because they are upholding no ancient tradition left behind 
by great civilizations. If some remnant traits of old cultures happen to exist, they 
are easily changed if the people are offered aproper substitute and the means of 
smooth adjustment to it. 'Ihis is the reason why several African communities are 
undergoing rapid social, economic and political changes as Arciult of successful 
educational programs. 

fnod technology and industrialization have been extremely influential in 
changing food patterns, not only in the well developed countries but also in countries 
where a certain progress has been achieved in different disciplines. I or instance, 
canned foods like fruit juice or ready-to-eat breakfast cereals, where no labor is 
needed and preservation is easy, also acquire certain prestige beiause they have 
been used first by the rich families. 

These products are replacing indigenus seasonal fruits or whole grain cereals 

which have to be cooked. 'Ihe same thing could happen with other processed food 
products such as the leguminous seeds. In some Caribbean areas and in Panama, the 
daily main dish at noon was always prepared with meat bone and some fresh vegetables. 
Now this typical preparation is disappearing because the dehydrated soups, which can 
be obtained at low prices and necd only the addition of some water and a short time 
for boiling, are becoming more popular (27). Of (ourse, their nutritive value is very low 
compared to that of the traditional meat soup. Neserthcless, this type of soup may 
yet achieve an adequate process to preserve the nutritive %alue of the basic products. 

There are cases in which industrialization or advances in food technology have 
brought profoundly beneficial effects to prevailing food p,,tterns, even when the 
early introduction of changes in processing may have hac: opposite results. Machines 
now substitute the domestic implements originally used to prepare the flours from 
cereals that must be milled. In the beginning, nutrients were lost because the product 
did not retain them in its refined form. Subsequently, howe%er, enrichment of those 
cereals or the improsement of the machines has yielded products with more Bi. 
Complex itamin. 

Usually, one of the ultimate goals of industrialization is to improve the national 
economy. At the same time, large-scale production causes lower-priced goods to 
reach more homes. Under certain other circumstances, industrialization means 
definite changes in life patterns for the population. Fhese af(eet not only working
hour schedules, but also food habits, those pertaining to meal times, for instance. 

In many developing countries, where the noon meal is most important, 
housewives have always had the entire morning to cook a whole meal for the 
family. However, industrialization eventually makes it necessary for them to 
change their cooking hours from morning to afternoon, because the men must work 
a continuous eight-hour shift. Some industries install their own cafeterias, but only 

the most sophisticated societies arc able to adopt them successfully because it is 
difficult to provide an attractive atmosp.ere and palatable and hygienic meals. 

It is ironical that improxed living standards have been accompanied in some 
societies by an increase in the employment of women. Ihis in turn, brings about 
changes in food patterns, which are due not only to an increase in the family 
income, but also to the fact that fresh food and home-cook ed meals must be 
substituted by manufactured food which can be preserved and prepared easily. 

Advances in food science and technology tend to improve not ord, *1h. 
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quality of food products but to make them uniform in nutrient content. Large
scale manufacturing and good preservation methods significantly decrease the price 
of foods, making them available everywhere at all times of the year and abolishing 
seasonal food shortage. In the countries of Central America and Panama, when 
availability of food dec reases, prices rise and consumption decreases drastically. If 
the processed beans were accepted, prices and availablity might remain constant in 
all seasons. 

Another aspect of dec elopment that influen es food patterns in any community 
is an improved system of communications. New roads and new transportation 
facilities gradually do away with cultural isolation. I ood exchange and distribution 
are encouraged by nutnerous new facilities and greater variety is incorporated into 
the diets. At present, highly deseloped countries (an consume different products 
from remote plate% I urthermore, they are caten not as an infrequent treat, but 
sometimes appear daily on the table. 

I inally, unexpe( ted social cents hase also made the breakdown of food 
patterns possible, introducing new foods and e%en rendering those with no prestige 
acceptable. In the history of food patterns, ( hanges hase been precipitated by 
natural disasters or wars. New products rejected under normal circumstances were 
immediately accepted. I hus, through unexpected (hams of events, new and 
modified food patterns may suddenly appear in the most unhkely places. 

GENERAL RECOMMENDATIONS TO IMPROVE DIETS 

In all developing countries it is necessary not only to increase quantities in 
consumption of the different products, but also to keep an adequate equilibrium 
of calories and protein. It is necessary to consume sufficient calories to meet the 
energy needs according to the different activities of the people, and the protein 
must suffice in quantity and quality for the building, maintenance and normal 
function of the body. 

Ihe iniprosement of piotem quality r-ust depend mainly on beans and other 
legumes, since it is almost impossible to increase significantly the consumption of 
proteins of animal origin in the developing countries. It is essential to think about 
how to increase these or other products to improve the diets, and as well how they 
can be successfully introduced to give them an important place in the food patterns. 
A processed food is easier to accept and incorporate as a new product. 'o 
accomplish this, the new products have to reach certain standards and characteristics 
as outlined below. 

(1). The preparation of food should be easy, with the least time and effort. There 
are many limitations in the developing countries in regard to fuel and if the 
housekeeper can use products that diminish fuel expenditure, one of the great 
problems facing the rural areas will be solved. With the present socio-economic 
changes, the mother needs to spend less time in the kitchen and looks for 
more convenient ways to accomplish the kitchen tasks. 

(2). The new food must have some similar characteristics with the main food 
products of the diet, in order not to deviate greatly from the food patterns. 

(3). The new product has to keep all the qualities under different circumstances, 
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preserving flavor, odor and texture to protect it from deterioration that will 
waste the family budget. 

(4). The new product has to gain a certain degree of prestige. It should never be 
identified as food for the poor. This prestige could be obtained only with an 
excellent advertising campaign, good packaging or an attractive container. 

(5).. Low purchasing power of the families is a problem. 'Iherefore, the price of 
the product will be of the greatest importance for its quick acceptability. 
The cost of the product should be low enough to reach all the homes. 

(6). Even though staple foods are the most static aspects of the food pattern, it 
could be possible to change them rapidly if low price, easy preparation, flavor 
and other qualities could be readhed in the new product. A wise and intensive 
educational campaign to accomi lish such changes is also necessary. 

(7). ior the introducttoi of the new product, the collaboration of the social 
sciences is required in order to learn of the people's concepts and attitudes 
toward the new product. Concepts or ideas can be positive or negative In 
regard to the information or advertising that the producers will release on the 
new product. It is not sufficient to know that t,-product is accepted because 
it has a new flavor or a nice color. 
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Commentary upon: 

FACTORS AND TACTICS INFLUENCING CONSUMER FOOD'
 
HABITS AND PATTERNS
 

FranCIs C. Byrnes 

First, it is important to recognize the significance of the material which Miss
 
Flores has presented. For too long, the bulk of the literature, scientific and popular,
 
has concentrated on a wide variety of anecdotal vignettes relating to the eating
 
habits and food likes and dislikes of exotic and sometimes not so exotic peoples.
 
While interesting, such information had limited utility for rescarch or action
 
programs.
 

This information as well as other factors about which I will comment should help 
us make more productive plans. Instead of attributing food likes and dislikes to a 
variety of elusive cultural factors, we can accept the premise that this facet of human 
behavior is the result of certain interacting processes and influences that link 
culture, man and nature, into a meaningful system. The challenge to us, as scientists 
and educators, is to study the situation so as to provide ourselves and others with 
insight and understanding. 

Second, the basic concerns here are not limited to beans. The issue of 
acceptability arises whenever a new variety of any crop is introduced or an old variety 
is moved into a new market. The problem appears more quickly when the new 
product differs significantly from the traditional commodity in one or more 
characteristics, such as size, color, shape, taste, texture, or cooking qualities. In 
addition, anything new runs the risk of being unfavorably associated with something 
of value to the people involved. That the associations or perceptions have no basis 
in fact or logic is immaterial so long as they are circulated and believed. 

Third, because of the pervasive nature of the problem, CIAT has undertaken a 
limited effort to bring together in cooperation with others, significant research data 
related to food preferences and diet patterns as well as information about educational 
and promotional efforts designed to change these. My remarks draw upon the 
information we have gleaned to date and in this sense they supplement and 
complement the excellent material made available by Miss Flores. 
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RESEARCH: what do we need to know? 

Unfortunately, not all of the countries have the kind of consumption data which 
Miss Flores and others have gathered about Central America and Panama. We 
encourage such studies in other countries. 

What do we know about the human biological bases of food preferences and
 
avoidances, particularly as far as beans are concerned? For instance, do some
 
people avoid certain beans because of an inability to digest them, or because
 
of other physiological reactions?
 

Some recent studies suggest why vast numbers of people in East Asia, Africa and 
South America regard milk as a food unfit for consumption by adult human beings.
Most adult mammals do not drink milk, and when they do, they have trouble 
digesting it because proper digestion requires the presence of lactase, an enzyme
produced by the lining of the small intestine. The principal known exceptions to the 
rule that adult mammals are lactase deficient appear to be the lactophilic populations 
of Europe and America and the domesticated cat. More than 90 percent of adult 
Thais, Taiwanese, Andean Indians and Eskimos have clinically established lactase 
deficiencies. Similar deficiencies appear to occur in less than 20 percent of Europeans,
between 10 and 20 perceht of the Un'-d States population of European ancestry, 
and 70 percent among adults of African descent (1, 2). 

Consumption of fresh or powdered milk by lactase deficient populations often
 
is associated with such problems as stomach pains and diarrhea. What might be the
 
parallel prdblems with respect to matching people with specific species of beans?
 

Are we able to express in definite physical-chemical terms the characteristics
 
associated with the beans which people in a given area prefer?
 

. An example from the International Rice Research Institute will illustrate this 
point. While many people not too familiar with rice believe that "rice is rice," 
this is not the case among the predominantly rice-eating populations of the Far East. 
There are sharp country and regional preferences. Early in its history, IRRI 
pcientists obtained samples of the rices comm.nding the highest prices in the various 
countries and submitted these to a wide range of physical and chemical tests (3). 

Amyltn.e content, they found, was the principal factor affecting the textural 
characteristics of cooked rice, being directly associated with how dry or how sticky 
it was after cooking. The amylose contents of the rices examined ranged from 12 to 
nearly 35 percent, with those preferred in Ceylon averaging more than 30 pircent,
and those in Taiwan less than 20 percent. Thus, you would not expect a Ceylonese 
to like Taiwanese rice, and vice versa. 

Other properties also found associated with consumer choice included differences 
in gelatinization temperaturcs, in the length and breadth of the grain, in the presence
or absence of opaque spots, in whether the grain elongated on cooking, in whether 
the cooked rice remained soft after cooling, azd in the absence or presence of an 
aroma. 

Later, the institute established taste panels and through much study, evolved 
reliable and valid techniques for selecting persons able to discriminate sharply
differences in consumer acceptability of rices. 

These research efforts and the resulting objective datu and measures provided
IRRI and subsequently CIAT with both tools and components by which to 
design new high-yielding rice varieties for specific market situations. 

116 



Research of a similar nature is more urgently needed with field beans because of 
the extremely wide product variabilities and pronounced acceptance - rejection 
patterns. Given such information, the bean breeders could establish definite objectives
rather than pursuing elusive goals. 

For instance, when studies in Colombia documented Astrong consumer resistance 
to the newly introduced opaque-2 maize, the maize breeders renewed their efforts to 
introduce the high lysine gene into traditional flint type maize (4). 

Do we have an adequate code for describing a diet pattern? We need to cooperate
with others directly concerned with such matters to make possible a formal 
description of a people's dietary pattern. Such a code would allow for the description
of food in all its different aspects: Physiological, sensory, chemical, nutritional and
cultural. The latter would involve agricultural, economic, socio-cultural, educational,
food handling and related factors (5). 

The following quotation illustrates the present fragmentary state of the science
 
of food habits:
 

"While some attention has been given to the physical components and thepsychophysical attributes of foods, additional attention needs to be given to the
 
social-psychological aspects. For example, we know that foods 'vary in their
 
desirability (an aspect which the food preference ratings measure so well). It may

well be that there are other dimensions of considerable importance: For example,

foods may vary in their centrality -the extent to which they are considered essentil
 
to a diet; in their perceived nutritional value; and in their prestige." (6).
 

In a specific area, what socio-cultural factors are associated positively or 
negatively with beans, generally, and a variety specifically? This would include
 
serious consideration of sematics: What you call someihing may be extremely
 
important.
 

In a specific area, what economic factors operate that significantly influence
 
availability and acceptability of beans, generally, and a variety,.spetifically?
 

ACTION: what can we Do and How do we Do it? 

Given the goal of increasing the consumption of beans within a population, the
 
following steps seem logical:
 

(1) Begin with an investigation of the situation. Document existing food
 
habits, and to the extent possible.
 

(a) Determine their basis and strength, and their relationships with 'other 
behavior patterns, attituded, beliefs, etc. 

(b) Determine how the commodity is obtained, prepared and consumed, 
and by whom. 

(c) Determine the characteristics associated with the preferred var leties 
in physical-chemical terms. 

(2) Introduce, if possible, the desirable charactestics into the varieties you 

are trying to promote. 
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(3) " If this is not possible, consider the various routes through which the new 
variety may gain acceptance: 

(a) Replace totally the present varieties; the people then will have no 
choice. 

(Vi) Produce and distribute the new variety at prices significantly less 
than current varieties. 

(c) Introduce the new variety into mass-feeding situations and/or through, 
processing channels which de-emphasize the differences. 

(d) Mount nutrition educational and promotional programs which combine 
status factors with sound education. 

(4) Accomplishing the steps just described will require development of an 
educational philosophy which recognizes that one does not change food habits as 
much as one attempts to improve existing dietary patterns with modifications and 
additions which involve as little dislocation and disturbance of the situation as 
possible. I nis would require, among other things, atterition to cultural and religious 
beliefs, attitudes and lractices, and cost, prestige, time of preparation, and culinary 
feasibility factors. The success of the effort will lie in augmenting and supplementing 
an existing local dietary pattern, not in replacing it. And, as Margaret Mead has advised, 
it is better to ask: "How do food habits change? "than to ask "How do we change 
food habits? ". But it is encouraging to know that, over time, and sometimes 
quickly, they do change. 

(5) Identify and use local resources, people and institutions concerned with 
these matters. We need to include and work with people of several disciplines. As 
basic reading material, I suggest two documents: 

Margaret Mead. Food Habits Research: Problems of the 1960's. Publication 1225. 
National Academy of Science-National Research Council. Washington, D. C. 1964. 

Jean A. S. Ritchie. Learning Better Nutrition. FAO Nutritional Studies No. 20. 
Food and Agriculture Organization of the United Nations, Rome 1967 

SUMMARY 

In summary, it appears that those who aspire to increase the yields and consumption 
of field beans, or other food legumes, have these alternatives: 

(1) Increase the yields of the beans the people now eat. With increased yields, ' 

prices should drop and consumption increase. You avoid the acceptance problem 
entirely. 

(2) If it is not possible to increase significantly yields of the varieties people 
now eat, then transfer, if possible, the desirable physical-chemical properties of 
these to the new strains with high yield potential. 

(3) If this is not possible, then it will be necessary to mount well-designed 

educational and promotional programs. These efforts, while possible, may be 
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expensive, take years to achieve effects of significant magnitude, and, in the 
meantime, the depressed prices on the new variety may drive it out of production.. 

*But If its yields are sufficiently greater than previous varieties, farmers may
 
continue to grow it and, quite likely, it will gain some degree of acceptance. a
 

But clearly, the challenge is to the bearn breeder to design a high yielding product 
to fit the already well established market. 
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RELATIVE AGRONOMIC MERITS OF VARIOUS FOOD 
LEGUMES FOR THE LOWLAND TROPICS 

Ken 0. Rachle 

Dlicussants: H.Doggett; A, M,PinchInat 

Several species of food legumes have exceptional potential for ,lleviAting

malnutrition in both humans and domestic animals, and by constituting a vital
component of both indigenous and intensive cropping systems in the lowland
tropics. ['he universal ability to grow vigorously under Awide range of environments
And on poor soili without supplemental nitrogen is particularly adtntageous inSubsistence Agriculture in remote area!. 'Ihe quick growth of some annuals like cowpeas and dry beans as well as the extended fruiting habit of long-duration vinyspecies (yam, l.ima beans and horseeye beans) And woody percnnials (pigeon pca, jackbean and locust bean) are tomplementary advantages in complex bush-fallo%% 
farming systems. Moreover, they provide the only non-processed proteinaceous food 
concentrate for both rural and urban utilization. 

Food legumes often have adistinct advantage o~cr other (ropS in simplicity ofpreparation and in multiplicity of edible forms, such as tender green shoots andleaves, unripe whole pods, green peas or beans and dry seeds. Some spe( ics, notablythe yam bean (new world) and siinged bean produLe edible tubers in addition to thefruit. l'he extellent nutritional value of most food legumes in terms of proteins,
calories, vitamins and minerals are highly complementary in tropi ,al
diets (omprisedof roots and tubers, plantain, cereals, indigenous vegetables, fruits and minimal animalproteins. Pulse proteins are also the least expensive proteinat cous food souri e. 

THE PROBLEM 

The nutrition situation frequently appears to deteriorate proportionately withthe decline in elevation and increase in mean annual rainfall in the tropics. In
Nigeria. the largest and richest nation in tropical Africa, both per caput calorie and
protein availabilities decline from north to west and southeast. In a survey carried
 
out in 1963-64 by FAO (1966), it was found that both calories (2,719 per caput)and proteins (80 Zper caput) were adequate in the semiarid Northern Region; butdeclined to 1,909 calories and 40 g of protein per caput in the subhumid Western
Region and 1,774 calories and 33 g of protein per Laput in the humid EasternRegion. Whereas cereals comprised 64 percent of the calories in the north, roots and
tubers made up 53 and 68 percent of the energy sources in the west and east,
respectively. 
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Conversely, the overt results of unbalanced nutrition may be even more acutein some humid and subhumid intermediate elevations like Uganda (1,000 - 1,200 m)where carbohydrate sources are more than adequate (3,000-4,000 calories percaput), but proteins are inadequate, resulting in an estimated five malnourishment
deaths per 1,000 population, primarily in post-weaning children. Superficially then,it would appear that semi-arid lowlands and higher elevations with lower populationpressures and where cereals and pulses are more easily grown and stored, are betteroff nutritionally except for the fact that statistics seldom reflect that these regions'are much more subject to vagaries of the climate with resulting famines which havetended to hold populations down in the first place. 

Tropical food legumes are frequently subjected to many natural hazards orare not genetically capable of responding to favorable growing conditions; andfrequently will not attain reasonable productivity levels nor good product qualityunder high temperatures and humidities. Problems include susceptibility to pest anddiseases, unavailability of efficient plant types with high yielding potential and rapiddeterioration in storagc. These problems are often exacerbated by fertilitydepleted soils with poor physical structure, low soil moisture holding capacity,
poorly distributed rainfall, high humidities, low insolations, and large numbers of
pests and discases. Moreover, some legumes have specific nutrient deficiencies, or
certain undesirable off-flavors, flatus factors, metabolic inhibitors or other toxic
substances. On the other hand, some otherwise well-adapted, high-yielding and
nutritious species are not utilized as a consequence of ignorance or unfamiliarity

with their culture and methods of preparation. 

PRODUCTION AND POPULATION 

Ihe tropical food legume situation is complex owing to the distribution ofpopulations, climatic/environmental considerations, large numbers of species

involved and inadequacy of available information. Since it is important to gain
perspective on the problems involved and establish priorities in pulse improvementprograins, a cursory analysis was made of populations and grain legume production
in tropical regions based on information available in Volumes 24 and 25 of the FAO
Agricultural Production Yearbook and other sources. In this analysis the tropics are
defined as countries with the majority of their territories lying between the Tropicsof Cancer and Capricorn. Thus, in the Americas, Mexico is included on the north,but Argentina, Chile and Uruguay are omitted. In Africa, countries lying north of theSahara with South Africa, are omitted. In southern Asia, India is included but

Pakistan, Bangladesh, Taiwan, and Australia are omitted.
 

In 1969 approximately 1.36 billion people or 38 percent of the World'spopulation lived in the tropics. The vast majority, or about 24 percent, are inSouthern Asia with India making up nearly two-thirds of the 852 million people inthat region. Tropical Africa and Latin America contribute almost equally to theremainder . 260 millions (7.2 percent) and 240 millions (6.7 percent), respectively. 

PRODUCTION TRENDS 

The worldwide production of all grain legumes increased by 49.1 percent Inarea ana 103.5 percent in production between 1948-52 and 1971. This represents 
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a proportionately greater increase than for cereals and roots and tubers during the 
same period. Further, the 111.6 million metric tons of grain produced on 117.5 
million hectares in 1971 was almost one-fourth higher than the production for 
1961-65. However, a considerable proportion of this increase is attributable to the 
rapid expansion of soybean cultivation in North America. 

Among tropical regions (all elevations) in 1970, southern Asia contributed 20.8 
million tons on 33.1 m ha or 51.8 percent, while tropical Africa produced 8.0 million 
tons on 12.6 m ha or 20.1 percent, and Latin America harvested 7.9 million tons on 
9.8 m ha or 28.1 percent and together totalling 36.5 million metric tons on 55.5
 
million hectares.
 

Increases in estimated grain legume production in the intermediate/high versus 
lowland tropics were analyzed for three separate periods over a 22-year period 
starting in 1948/52. There was an increase for all pulses grown in the tropics of 47.3 
percent in area and 84.3 percent in production between 1948/52 anti 1970. l.owland 
tropical legumes increased by about two-thirds between 1948/52 and 1961/65; and 
to 89.2 percent of 1948/52 by 1970 when they totalled 21.2 million metric tons 
on 33.8 million hectares; or 58 and 61 percent of production and area of all tropical 
grain legumes, respectively. 

Chickpeas (5.97 million tons) and dry beans (5.02 million tons) constituted 
two-thirds of total pulse production at intermediate and high elevations; whereas 
peanuts (13.3 million tons in shell; or 8.85 million toni kernels) comprised 53 
percent of all lowland tropical grain legumes in 1970. Pigeon peas were probably the 
most important lowland pulse with nearly 2 million metric tons of estimated 
production; although the Asian grams collectively were higher (2.7 million tons) in 
1970. Proportionately, soybeans increased more rapidly at intermediate/high 
elevations, recording a five-fold increased production between 1961/65 and 1970. 
At low.elevations, cowpeas more than doubled in production between 1948/52 and 
1961/65 and by 2.6 times by 1970. The Asian grams increased similarly in the 
lowland tropics by reaching 2.5 times their 1948/52 production in 1970. 

More than a dozen species contributed to the recorded production of grain 
legumes in tropical regions. Of these, dry beans (Phaseolus vulgaris), chickpeas 
(Cicer arietinum), some of the soybeans (Glycine max), dry peas (Pisum spp.), 
lentils (Lens esculenta) and broad beans (Vicia faba) are clearly cool-weather and, 
hence, intermediate to high elevation species. Similarly, pigeon peas (Cajanus cajan 
Millsp.), cowpeas (Vigna unguiculata Walp.), peanuts (Arachis hypogaea) and the 
Asian grams (mungbeans, black gram, moth-and others included in the "dry beans" 
category for southern Asia) are usually grown at lower elevations; and soybeans do 
occur in both ecologies - at least in southern Asia. However, it is becoming 
increasingly evident that several less familiar species other than those mentioned 
above are utilized in the lowland tropics, but are not accounted for in production 
statistics (see Table 1). 

SOME COMPARATIVE FEATURES OF TROPICAL GRAIN LEGUMES 

Some botanical and adaptive characters of tropical lowland grain legumes can 
be summarized in tabular form to facilitate direct comparisons of their potential for 

specific situations. See Tables 2-1, 2-2, 2.3 and 24. Species are grouped according to 
their presumed ecological use patteras; but considerable overlap occ.irs in adaptation 
and in macro-climates of particular locales within a region. 
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Table 1. Regional production oflowland tropical grain legumes in 1970 

(Adapted from FAO. 1971/1972) 

Southern Asia Tropical Africa- -  1+- Tropical Americas World TotalCrop/Species Actual Percent Actual Pent Actual P n ¢t;--Actual rPceDYt 

1. Grounilnutp
3 

A 9.32 59.7 5.43 46.134.8 .85 5.5 15.59 
Prod 7.73 58.2 4.42 33.2 1.14 8.6 13.28 62.6,

.2. Pigeon peas Are 2.75 94.2 .13 4.3 .05 1.3 2.92 8.6' 
_ Prod 1.87 95.5 .05 2.8 .04 1.8 1.96 9.2 

3.- Cowpeas Area .03 1.1 3.00 98.9 - " - 3.04 89 

S Prod .02 1.6 1.10 98.3 - - - 1.12 5.2 
Oh '4/__4.,Asiangrams Ari 8.13 100  33. 24.0'-

Prod 2.69 100 -  - - - 2.69 12.7
5' 5. Soybeans $ Area .77 100 -
 - - - 77 2.2 

Prod -.S2 100 .... .52 2.4 

6. Unspecified Arts 1.91 57.6 1.36 40.8 .05 1s 3.32 9.8 

o___r_____s Prod .91 55.2 .71 43.2 .03 1.5 1.64 7.7 
-

- All lowland Area 22.92 67.8 9.91 29.3 0.95 2.8 33.77 60.9 

Prod 13.73 64.7 6.28 29.5 1.20 5.6 21.21 57.9 

1/ Percent of total production of that species grown in thc lowland tropics. 4 "Dry bean" production in southern Asia is assumed to be 
2/ Percent ofall grain legumes (all species) grown in the lowland tropics. predominantly Asian grams (mungbeam. black gram. 
3/ Since peanuts ar one-third shell, net kernel roduction isesimatedat rice bean and others). 

&9 million metric tons or 52.8 percent of all owland grain legumes. 5/ Soybeans in tropical Africa and South America are pre
sumed to be grown mainly at intermediate/ high elevation. 

6/ Proportion of all tropical legumes including intermediatel
high elevations. 



Table 21. Some important adaptive features and botanical charactristics of selected lowland tropical pain legumes. 

"'- ,' - * L 	 Scmi-arid rgions (lcs than 500-60mm annul rainfal): 

(After Purseglova. 1968; Hutchilon and Da~zlel. 1958; Stanton. 1966) 

Dry Seed 
Productiv-

Rqio an nae S~cnf~ .~~t' ity levela 
Region adonameb scetfcV V Plunt Soil and climatePupsad-	 2. 

2" preee eel E Utilization 
tolerance 

1. 	 Bamba ground- Voandzek 22 A 90 Small. bunchy Dry, poor soils; VL 750 2600 Unripe seeds eaten 
nut (Africa) subtemnnea to herb; prostrate, high temperatures fresh; and ripe seeds 

150 rooting branches; 	 used as a pulse.
underround 
fruiting. 

2. 	 Kerstines Kastioea 22 A 90 - do - Dry. poor sandy VL 500 - Unripe and marie 

groundnut georpa to sois; high temps. seeds used as a pulse. 
(Africa) 120 and sunshine. 

3. 	 Moth bean V'" - 22 A 65 Slendcr, trailing Dry, light sandy M 300 1600 Green pods as vegeta
(India/Burma) 	 acontifolia to hairy herb 10-30 %oil. to ble; ripe seds whole 

90 cm talL 400 or split as pulse. 
Forage, hay and green 
manure. 

4. 	Tepary bean Phaseolus 22 A 60 Subercct herb, Dry ols.; does M 400 1500 Dry seeds for pulse; 
(Inda/.Burma) 	 acutifolius to hushy or rccurn- not tolerate to forage: 5 to 10 tons 

var. latifolius 90 bent. 25 cm high. waterlooing. 700 of dry hay. 

S. Cluster bean Cyamopis 14 - A 90 Robut huh% Alluviallandy VL 400 1600 Green beans vegeta
soili; high to ble; leaves and ste(India) tetragonolobua to herb. 

120 temperature%. 600 for forage; dry seeds 
for mucilage. 

11 A annual;P = pecnnial: SP = short term percnniaL 

2/ VL = very low; L = low; M = medium; MII = medium high; VH = very high. 



Table 2- 2. Some important adaptve features and botanical characteristics of .elected lowland tropica g legjume. 

II. Semi-arid to 'ubhumid regions (600 900 mm annual rainfall) 
(After Purseglove. 1968. RPIP° 1967. Sellschop. 1962. Verdcourt. 1970. Yoh* e al. 1972) 

Dryseeds ..Region and name Scientific -1 , Plant Soil and dimae ity levelsnareigin) 	 purpoeantype/size preference / _ utlsato 

1.Pent Bzl) Maa
hypog m 4 1to undwrgrund hrb; rinfamlsando underground fruiting. bn s, 	 to0 o 3000 sedusal foil cedncakd y s e s f r c . i g n 

ISO 
800 condiments. 

2. 	 Pigeon pen CaJam 22 P 100 Semi-woody shrub 1.S Well-drained(Africa) cajar (44) . to 
L 400 3000 Dry seeda for pulr; nripeto 5 m tall. sandy/claycy to to300 a vegetable. Forage500 5000 crop andcover. 

'seedsfoans. 

3. Cowpeas Vigna 22 A 65 Twining, climbing or(Nigeria) 	 Well-drained Humguicalifa 44 or to 	 300 2800 Dry seeds as pulse; tenderprocumbent herb, or sandy foams; to green seedlings, leaves, podsSP 200 erect bush: 20 to 120 high temperatures,Go M acm 	 400 and seeds as vegetables.tall. 
Formge and green manure crop.4. Mungbeans/ Vgim 22 A 80 Ercct-suberect, hairy Well-tilled loams M 400 2700 Dry .eeds as pulse - split or(24)Blak 	 to herb; Soto 130 cm todays;blackmungo 120 tall. 	 cotton soils. to sprouted; green pods as vege500 table; forage. 

S." Ifosegranm Doichas 24 A 120 Low, slender, semi- Tolerates very(South Asia) unfloars 	 M 200 800to erect herb. 	 Dry seeds as pulse and animalpoor soils, to to 
180 

feed; dry forage and green 
300 1200 manure. 

6. 	Hyacinth bean Liblab 22 SP 75 Herbaceous twining Well-drained;(South Asia) n;Vr 	 M 400 1500(24) to 	 Young pods and green beans asand bush forms. Tolerates poor soils300 	 to vegetables; dry seeds forand low fertility. 500 pulse and feed for livestock; 
forage. 

7. 	African locust Pil
bean (Africa) -pp. 

- P - Tree: I0-O m. Wide range- VL 350 - Dry seeds fermented asalluvial soils. to flavoring. Fruit pulp also 
o50 cooked. 

/ A = annual; P - perennial; 57 -hurt term perennial.
 
2/ VL = very low; 
 L 	= low; M medium; Ml = mcdiumhigh;VH = very high. 



Table 2 - 3. Some important adaptive fcature%and botanical characteristics ofselected lowland tropical grain legumes. 

Il1. Subhumid regions (900- 12W) mm annual rainfall) 

(After Pursaglove. 1968; Stanton. 1966; Hutchinson and Dalzial. 1958) 

11y seed 

-C I t-1 productiv
an Sinii 2ei Uae Plant %oil and climate b ity levels PurposeandP~~l~0-	 .- -~fc 

(Presumed origin) name 9 I type/ze prcfQrn/ = 2 ullzaton 

S --	 tolerance 

1. 	 Phaseolus beans Thaseolua 22 A 60 Dwarf bush to Light sands to VH 500 2500 Dry seeds as aputse. 
Central 	America) vulgmir to "twining/climbing. clayey soils, to green pods and beans 

IGO 700 as vegetable; also for 
forage. 

2. 	 Soybeans Glycine max 40 A 80 Erect bush; also Tolerates some M 600 5000 industria-protein and 
(S.E. A 	 to twining 20-180 cm. waterlogging. to to oIl Green seeds asChins) 200 1000 6c00 	 vegetable; dry seeds 

as a pulse. Forage from 
leaves, sten. 

3. Rice beas V a 22 SP 60 Erect-mubercct/ Light to heavy L 200 1200 Dry seeds as pulse;
(S. E. Asia) umbellte 	 to twining 150-300 cm. -oil%(after rice), to green seeds and pods90 300 asa vegetable. Fodder. 

4. 	Jack/vword Canavalia spp. 22 P 180 Bushy, erect 1-2 m; Tolerates some VL 800 4600 Reends, vegetable.
blkns. C. eniformis (44) to Large climber. waterlogging. to R pulse.
(Central America C-gla 300 1000 Medicinal, urease and 
and Africa) Africa)Vegetation lectin.for forap 

and cover. 

11 A = annual; P = perennial; SP = short term perennial. 
=2/ VI. 0 very low; L = low; M = medium; MH medium high; VH =very high. 



Table 2 - 4. Some important adaptive features and botanical charaeteristic of selected lowland tropical grain legumes. 

IV. Humid and very humid regions (above 1200 mn annual rainfall)
 

(After FAO/CCTA. 1958; Hutchinson and Dazel, 1958. Pursegtove. 1988)
 

soeti Dry seedseon ifd Pme ai productiv
(Prestumed origin) naE ln Si n m.-ate .~ity levels Purpose an 

nae- tvpc/sdzef=C/7
Il 

c " tolerance I. j-.. utilization 

1. Lima beam Phseoln 22 P 100 Twining dimber; Humid;well-drained; VL 500 2800(Central America) lunatus Dried beans as pulse;to or bush types. aerated soils, to green bean young270 600 pods and leaves asvegetable (Seeds may 
2. Winged bean Psopboearpua . . . . .. . . . . . . . . have HCN)P 180 Twining. glabrous Humid climate;.loamy VL 400 2500 ]Fresh green pods. leaves 

(Tropical Asia) egonolobus to herb 2-4 m long. %oils, to as vegetable; tubes; dry270 500 eeds as pulse; also green 
3. African yam .- ican Spbenostylis manure and forage- P 150 Twining. climbing Humid, well-drained L 300 1200 Dry seeds as a pulse; 

(West Africa) stenocairps to or procumbcnt herb; loams.300 3-(,m. to tubers fresh or cooked.00b4an (Mei.4. Arr:-rican yam&22 Pachyrrhizu2co 300m " 3-6 n op - lterbaccoti climber Humid; well-tilled,e-itra America) rom VL - - Tubcrm. raw or cooked.2 to 5 m. randy loams. Green pods- vegetable. 

S. Velvet bean Muctna pariens - p 240 Ilc-Ibaeeous chimbcr I lumid. poor. vandy(Africa) vat. utilis VL 700 Seeds used as pulse; cropto 3 to 8 m. loam'., high tcmpcra-. to - also grown for green34x) . .re.... IWO manure, cover and forage.
6. Hotseye bean Mucuna sloaiet - p 240 lcrhaccou climber Humid, well drained. VL - - Ri seeds 

to 3 to 10 m. high temperature.- pulse in thickening sa360 thce io 

/ A- annual; P - perennial: SP - ihort term perennial. 
=2 VI -- very low; I- = low: M - medium; M|i medium high: VH = very high. 



CLASSIFYING SPECIES 

Twenty-four species (greenfblack grams; and jack/sword beans are described 
together) have been allocated to four adaptive lowland tropical regions based
 
primarily on annual precipitation and soil types as follows: (1) Semi-arid - less .nan
 
600 mm rainfall - Table 2-1; (2) Semi-arid to subhumid - 600 to 900 mm rainfall -

Table 2-2; (3) Subhumid - 900 to 1,200 mm rainfall -Table 2-3; and (4) Humid
above 1,200 mm rainfall - Table 2-4. 

Five species are adapted to semi-arid Londitions, eight species are classified in 
the semi-arid to subhumid zone, five species are allocated to the subhumid zone, and 
seven species are assigned to the humid region. tlowever, only six of these crops are 
grown very extensively: (1) soybeans, (2) peanuts, (3) Phaseolus beans, (4) pigeon peas, 
(5) cowpeas and (6) green/black grams. Species secondary in importance or potential 
include: Batiibarra groundnuts, guar and moth bean in the semi-arid region; horsegram 
and hyacinth bean in semi-arid to subhumid areas; and Lima beans in humid regions. 
Other species which are comparatively obscure or confined to localized regions 
include: Kersting's groundnut, tepary bean, locust bean, rice bean, jack/sword bean,
 
winged bean, African yam bean, Mexican yam bean, velvet bean and horseeye bean.
 

Plant types 

Most grain legumes are twining semi-prostrate or climbing in their unimproved
 
state. However, several species do have erect, self-supporting structures, including
 
locust bean - a tree, pigeon peas - a semiwoody shrub, and jatk beans. There are three
 
small bunchy heibs with underground fruiting: peanuts, Bambarra and Ketmng's
 
groundnuts. Several others have erect or semi-erect bushy forms with imph ations
 
of greater photosynthetic efficiency, high yielding potential, tonvenient c in growing
 
and adaptation for mechanization: soybeans, mungbeans, beans, cowpeas, horsegram,

Phascolus beans, jack beans, Lima beans, moth beans and tepary beans. Twelve
 
species are classified as annuals and twelve are more or less perennial, although both
 
forms frequently occur in the same species.
 

Lodging occurs frequently in the erect and semi-crect Vigna and Phaseolus 
species and in soybeans, but is much less of a problem in pigeon peas and jack 
beans. Shattering is also a major problem in grain legumes, particularly in the 
more primitive and wild species, and where frequent wetting and drying out occurs. 

.Shattering is most serious in soybeans, and also in the tepary bean, rice bean and 
wild/weedy Vigna species. Less susceptible are pigeon peas (except the long-podded 
Philippine cvs), cultivated cowpeas and mungbeans. 

Soil and climate preferences 

Most species require well-drained sandy to sandy loam soils. However, a few 
like jack beans, soybeans, black grams and rice beans tolerate heavy soils and even 
waterlogging to some extent. Black gram, mungbeans and rice beans are frequently 
grown after rice on heavier soils. Jack/sword beans also have some tolerance of 
salinity and certain species of Canavalia are used in coastal regions, for binding sand 
and sand dunes as they grow quickly and tolerate salt spray and brackish water. The 
semi-arid species are usually more sensitive to waterlogging, but also perform better 
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under low humidities and bright sunshine. If grown under more humid conditions 
they are often subject to heavy disease infection and insect attack. Some of the long 
duration climbers like yam, velvet and horseeye beans may be tolerant of shade and 
very moist soils, as they ae usually grown in the humid forested zones with high 
amounts of cloud cover. 

DISEASES AND INSECTS 

A subjective and somewhat arbitrary assessment of susceptibility to pests and 
diseases suggests that several species, including Voandzeia, Kerstingiella, Cyamopsis, 
Parkia, Canavalia, Vigna umbeilata; Phaseolus lunatus, Psophocarpus, Sphenostylis, 
Pachyrrhizus and Mucuna have comparatively fewer pest and disease problems 
when grown in their regions of adaptation. However, peanuts, cowpeas and Phaseolus 
beans are frequently highly susceptible to various diseases and pests even in their 
optimal ecologies. In these situations, plant protection is often the major 
management input. I-or example, in the subhumid region of Nigeria, an effective 
insect control program (an increase yields of cowpea on the order of 5-10 times or 
more. 

YIELIDING ABILITY 

It is interesting to consider authentic yield records as one indication of a 
species' potential, since "average" yields may indicate that the crop was grown 
outside of its aidaptive cology, it was intermixed with other species, used for other 
purposes (leaves, green pods, or tubers), or planted as a catch crop. However, there is 
good evidence to confirm that soybeans, on both an average ind maxitpumr record 
basis. have the greatest yieldingpotential at present, both in terms of quantity and 
quality (high protein and oil c-ontent). 

Nevertheless, it is very interesting that some hitherto relatively unimproved 
species like pigeon peas (3,000-5,000 kg/ha of dried beans) and jack beans (up to 
4,600 kg/ha dry seeds) (an produt e high yields under certain circumstances. Even 
short-term Lrops like lambarra groundnuts (2,600 to 3,000 kg/ha); cowpeas (2,800 
kg/ha); nungheans (2,600 kg/ha) and Phaseolus beans (2,500 kg/ha), have high 
yielding potentials for the periods they occupy lands. At Ibadan, where it is 
comparatively easy to obtain 2,800 kg/ha of soybeans or about 32 kg of dry seed 
per ha/day, short duration cowpcAs will normally produce 1,500 kg or up to 25 kg 
dry seeds per ha/day. 

FORAGE AND COVER CROPPING 

The importance of grain legumes on succeeding crops or their use for forage and 
cover cropping is frequently ignored. Some of the best forage and grazing comes 
from several tropical species like the procumbent or semi-erect cultivars of cowpcas, 
tepary beans, horsegram, mungbeans, rice beans, velvet beans, guar, soybeans aid 
others. 

It is not unusual to obtain more thaa 20 to 40 tons of high protein green matter 
*or 5 to 10 tons of dry hay per hectare within a comparatively short time (60 to 90 
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days) from thickly-planted grain legumes. Similarly, these and other species are 
valuable for their soil fertility restorative abilities and as cover crops to protect 
erodible soils. Spreading types of cowpeas have shown excellent cover in erosive 
situatiops,'and the winged bean has such excellent nodulation and nitrogen-fixing 
abilities that sugar cane is reported to give 50 percent higher yields"following 
Psophocarpus than in ordinary rotations in Burma. In southern Georgia (U.S.A.), 
seed cotton yields were increased from 918 lbs/acre following cotton to 1,578 lbs/ 
acre following velvet beans plowed down as gicen manure (Martin and Leonard, 
1967). 

UTILIZATION FOR FOOD 

The many uses of grain legumes and the broad array of dishes that can be 
prepared from dried pulses or tender green pods and seeds are reasonably familiar. 
However, it is not so widely recognizei that extensive use is made of young 
seedlings and tender green leaves as pot herbs. As such they contribute excellent 
quality protein (up to 40 percent C.P.) to the diet. Moreover, the use of tubers from 
winged and yam beans is hardly known, nor are there any definitive reports on 
productivity and nutritive values of legumii.ous tubers, although Burkill (1967) states 
that winged bean tubers had 24 percent protein on a dry weight basis. 

Many grain legumes have special features of utilization and of nutritional value 
(Harvey, 1970). Others contain toxic properties, metabolic inhibitors, off-flavor 
enzymes, or flatulence factors. Fortunately, the most important of these undesirable 
constituents are dissipated in the cooking process (except the flatulents - stachyose 
and raffinose). 

RECENT PERFORMANCE IN SOUTHERN NIGERIA 

Several grain legume species have been studied in preliminary observations and 
trials at the International Institute of Tropical Agriculture at lbadan, Nigeria, to 
ascertain their adaptation, susceptibility to pests and diseases and to measure yielding 
potential if possible. Experiments and observation plots have been carried out in 
three seasons - long rains, short rains and irrigated dry season - with the following 
species: cowpeas, soybeans, pigeon peas, Lima beans, mungbeans, hyacinth bean, 
African yam beans (Sphenostylis stenocarpa), Mexican yam beans (Pachyrrhizus 
erosus), kidney beans, winged beans, jack beans, peanuts, Bambarra gioundnuts, 
rice beans and moth beans. It has been possible to obtain some quantitative information 
on some of these species which is briefly summarized in Table 3. 

Potential for.soybeanh 

The potential productivity of soybeans exceeds that of all other species studied 
and is a tribute to the excellent work done on this species in spite of the almost 
Insurmountable handicap of the narrow genetic base from which improvements have 
been made. This is particularly evident when quality and quantity of protein are 
considered - in addition to 20 percent oil. Moreover, pest and disease problems on 

soybeans are substantially less than for cowpeas and Phaseolus beans - at least in 

Africa. The most important management input in tropical soils is controlling weeds 
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T"IC 3. Some preiminary observaions and yield trial results on six lowland tropical pais legumes 
grown at IITA (Ibadan) and Bren Nieia and Kppn& Ghana, in 1971 and 1972. 

Trial Mean Valuea 
2/Mean 3/ 

Crop: No. of Pest Plant Days Days to Grain max. Remade 

Trial and SeaSonUC entric control heght to first kd4th yields yields
(cmr) flower harvest kg9AM kgih 

Coupas
1. Advanced - 1971F 24 H - 39.5 62.7 1,660 2,205 Excellent early growth2. Advanced - 1971S 24 H - 42.0 65.4 713 998 Late season drouth3. Observation plots - 1972F 245 H  46.3 57.3 1,773 -2,9282- Excellent: 41 exceed 2,300 kgI&&4. Advanced trial - 1972S 66 H - 45.2 66.1 1,118 1,535 Late season drouth 

EL Soybeans 
1.Ilinoi trial - 1971F 15 51.2 29.4 88.7 2,289 3,087 Poor stand in some plots2. Advanced trial - 1971F 25 L 68.9 31.2 85.9 1.948 2,820 - do 3. Advanced trial - 1971S 25 - - 67.3 32.6-	 - 74.2 - 1,956 2,785 Drouth affected late cultivars4. Advanced - Ibadan 1972F 16 L. 61.0 33.2 861 1,902 2,901 Maximum- 3,001 kg/ha5. Advanced - Bende 1972F 16 L- 53.7 26.9 97.5 2,005 3,525 Conducted Bende, Nigeria (ECS)- 6. Advanced - Ghana 1972F 16 L 67.0 36.8 103.1 2,359 3,125 Conducted at Kpong, Ghana

7. Pretninary trial - 1972F
8. Advanced trial - 1972S 

-20 
16 -" L 

L -	 74.0 34.0 815.0- 2,588 3,080 Excellent growth62.1 35.0 90.0 1,878 2,049 Affected by drouth 

1mL Mungeans 
1. Advanced trial - 1972F 22 - 84.8 37.4
2. Advanced trial - 1972S 	

81-94 1,300" f,992 Good growth/development21 M 40.3 37.2 57-71 521 813 Late planting - severe drouth 

IV. lima and jack beans 1972 
1. Lima bean nursery 196 N V'ey 60 96-122 1,200 2,563 Excellent; maximum = 3,291 lig/ha2. Jack bean growth analysis 1 N 120 66 166- 2,696 4,580 Bearing even after 166 days 

V. Treflis Experiment 1971/72V" 
1. Cowpeas. Iran Grey 1 H2 .Cowpeas- Sio Pole 1 H 	

S. viney 43 71-118 2,217 _$ Advantageovenouells = 1.9XVney. 44 71-128 2,182 3. Limas Large White I N 	
-do - - 3.6XViney 69 128-180 577  -do- - 19.2X4. WingedBean LargePod 1 L Viney 63 108-137 692  -do - 2.5X 

1/ Year followed by "F" indicates First or Long Rains (April-May plantings); "S" indicates Second or Short Rains (August-September plantings).

_/ Pest control measures required: H = heavy applications, M = medium schedule; L = low requirements; N = 
no controls necessry.

3/ Highest 10 percent averaged; except cowpea observation wheie 
mean from highest 13 (5.3 percent) were averaged. .4/ Only seven entries analyzed for yield on account of severe drouth; late cultivars received irrigation.

/ Experiment conducted twice in 1971 and 1972; results are means from both years; highest yields of cowpeas obtained in 1972; best yields of 
Limas and winged beans occurred in 1971. 



and producing adequate quantities of the proper Rhizobium (R. japonicum), and
 
the basic elements -phosphorus and potash.
 

Soybeans are most tolerant of high moisture soils, but are not generally 
acceptable for direct consumption outside Southeast Asia. Moreover, it is frequently
difficult to obtain satisfactory stands under,high temperatures and slow germination
(five days compared with two to three days for cowpeas and jack beans). More recent 
studies at liT.\ show that soybeans (cv Kent) have productivity levels of up to 32 kg
of dry grain per ha/day compared with about 25 for cowpeas (cv Prima) when 
moisture is not limiting (Moormann and Nangju, 1973). However, these comparative
productivity efficiencies were reversed under condition of increased moisture stress,
when the shorter duration, more drouth resistant cowpeas denlonstrated a distinct 
advantage. One of the factors contributing to greater efficiency of grain productivity
in soybeans is the longer period between first flowering and maturity averaging 42 
to 60 days, compared with about 23 days hi cowpeas. 

Pigeon peas 

Although quantitative data are not available from investig,4tions at the l1T.\,

this is a species with exceptional potential in terms of present use (probably second
 
in ir.purtance after cowpeas in West Africa). Advantages are a broad range of
 
adap.tability 
- spanning the semi-arid to humid tropics from lowland to intermediate 
elevations; wide range of uses both as perennial and anual forms; lower incidence 
of pests and diseases compared with cowpeas; excellent nutritive quality of tile fresh 
and dried beans; and genetic potential encompassing a very broad range of genetic 
diversity'ard comparatively high outcrossing - about 20 percent. 

iuma beans 

This must be an overlooked possibility for the low subhumid to humid tropics. 
At Ibadan, this species is comparatively pest free, producing exceptional dry grain
yields (up to 3,291 kg/ha within four months) under limited moisture. Moreover, it 
is widely consumed in the low humid African tropics both in dry and vegetable

form, in spite of requiring a long cooking time. Native varieties tend to be climbing

forms, but recent introductions of dwarf bush cultivars show considerable potential
 
and elicit much local interest in Nigeria.
 

Other species 

Mungbeans and black gram demonstrate considerable potential both in terms 
of quantity and quality (high protein digestibility), and for somewhat greater tolerance 
of pests and diseases under Ibadan conditions. In terms of yield per se the potential
for jack bean (Canavalia ensiformis) is extraordinary. It produced very high yields
(to 4,580 kg/ha) without pest control, and demonstrates very high tolerance to both 
high humidities and drouth. lowever, it is not particularly popular owing to its long
cooking time, toxic principles (lectins) contained in the seeds, and general lack of 
palatability. 

The winged bean has been highly touted for its broad range of usefulness, 
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-excellent quality, freedom from pests, and high contents of protein -37.3 percent, 
and oil- 18.1 percent (Posposil, et al, 1971). However, productivity at lbadan has 
been rather disappointing and growth has been slow, owing to a slight chlorotic 
(very light green) condition of its foliage in spite of heavy fertilizer applications. 
Lack of moisture, the appropriate Rhizobium or undetermined minor nutrients are 
suspected as contributory causes. Mas'!field (1967) suggests this species will not be 
very successful in regions with less thn six months growing season and 1,500 mm 
of well distributed moisture on well drained soils. 

CONCLUSION AND SUMMARY 

About 24 species of food legumes are cultivated to some extent In the World's 

lowland tropics for food, industrial products (protein, oil and mucilage), 
concentrates for livestock, forage, green manure and soil cover. Two of these 
species soybeans and peanuts, have received a modicum of effort towards 
improvement and progress has been remarkable, at least in soybeans. There have also 

been some comparatively limited investigations on cowpeas, pigeon peas, mungbeans 
and Linia beans; but other species have been almost totally neglected. Nevertheless, 
it is both surprising and encouraging that some of the more obscure species 
occasionally demonstrate exceptional productivity potential and often without many 
problems, or substantial management inputs. This suggests that comparatively modest 
investments on improvement could pay off handsomely and quickly. 

Although several food legumes show potential for specific conditions in the 
lowland tropics. it would probably be unrealistic to activate major improvement 
thrusts on more than three or four at the present time - at least at the international 
level. Il)wever, as demand increase-, more marginal lands are brought under 
cultivation and resourcis become available, it may become expedient over the longer 
term to mount programs on some of the more promising of these "secondary" species. 
Moreover. localized interests may well decide that emphasis on some presently 
obscure species lies within the realm of their national goals. I-or this reason and 
because secondary species are quickly lost with the expansion of more sophisticated 
farming %!ytcms. there is an urgent, immediate need to thoroughly and systematically 
collect and maintain indigenous germplasm. It should also be observed that the large 
seeded legumes may be more closely related than heretofore suspected (the majority 
have 2n - 22 chromosomes). Therefore, even obscure species could have important 
breeding potential when techniques tre developed to readily recombine quite 
diverse genetic materials. 

It is highly important at this time to carefully choose species worthy of in
depth improvement efforts. 'l his paper has attempted to present evidence for
 
making rational thoices for the lowland tropics. Factors considered are: present 
importanLe, preference for food, nutritional qualities, availability of genetic diversity 

ad ease of genetic manipulation. It is further assumed that major programs on 
soybeans and peanuts, supported in part by their industrial potential, will be 
continued and expanded separately as justified by commercial demand. Therefore, 
both additional species are proposed as having exceptional potential for the lowland 
tropics. These are listed together with their important attributes in the following 
order: 

A. Cowpeas - for the low semi-arid to subhumid tropics: 
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Present importance - about 1.2 to 1.35 million tons produced annually.
 

High preference for food in many forms: drlcd seeds as a.pulse; green pods,
 
green seeds, leaves and seedlings for vegetables.
 

High nutritional -value, low in metabolic inhibitors and flatulents.
 

Exceptionally wide range of genetic diversity and broad range of adaptation.
 

Ease of genetic manipulation - quick and easy to emasculate and cross;
 
outcrossing mechanisms also available for gene pools.
 

Qick emergence, fast early growth, short duration (many cvs), and high
 
photosynthetic efficiency - may be partially non-photorespiring.
 

B. Pigeon peas for the low to intermediate elevations, semi-arid to humid 

tropics: 

Present importance - about 2.0 to 2.3 million tons produced annually. 

E'xcellent nutritional quality, low content of metabolic inhibitors, and 
preference both as a pulse and vegetable..
 

Potential use in both short or long term cropping systems - annual and perennial
 
forms.
 

Broad range of genetic diversity available; and very wide adaptation in the
 
tropics from semi-arid to humid and low to intermediate elevations.
 

Low incidences of disease and insect pests (compared with cowpeas).
 

High rate of outcrossing' (ca. 20 percent) facilitatifig natural recombination and
 
using population improvement brccdifig methods.
 

C. Lima beans - for the low humid tropics:
 

Excellent adaptation and low incidence of diseases and pests.
 

Wide acceptability of both dry seed and vegetable forms.
 

High yielding potential in both twining and bush forms.
 

Broad range of genetic diversity available both in short-term bush and 
perennial twining types. I I I I 

High natural outcrossing (up to 18 percent); and availability of genetic male 
sterility to facilitate recombination. 

D. Mung bean/black gram - for the lowland semi-arid to subhumid tropics: 

Present importance - particularly In India (,0.75 million tons annually). 
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Well adapted - high yield potential. 

Somewhat fewer pests and disease problems thin cowpeas.' 

Excellent grain quality, very high protein digestibility; used for vegetable, dry 
seed pulse and sprouting. 	 * 

Short duration, quick germination, easy to grow. 

Wide range of genetic diversity available, and ease of genetic manipulation. 

Other species with exceptional adaptation to lowland tropical conditions 
include: Bambarra groundnut and hyacinth bean for semi-arid regions; jack/sword 
beans for semi-arid to humid conditions; and winged beans, yam beans (Sphenostylis 
stenocarpa), rice beans, and velvet beans for the humid tropics. lowever, major 
thrusts on these species should be deferred until their real potential is better assessed 
and adequate support become available. 
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Commentary, upon: 

"'RELATIVE AGRONOMIC MERITS OF VARIOUS FOOD 

LEGUMES FOR THE LOWLAND TROPICS 

H. Doggett 

I believe that before planning large scale development of the minor legumes, 
careful attention should be paid to the cooking systems in the areas where they are 

to be used, unless the intention is to market them as beans for export, or as oilseeds 
for crushing, 

In many parts of Africa, and I suspect that this could also be true of parts of 

* India, fuel is a limiting factor. The women walk miles to collect water: they walk 
miles to collect wood, bases of sorghum and millet plants, and dried cow dung. 
These bulky materials must all be lugged back to thehomestead. 

Adequate r,.nang corrects many of the antinutritional and flatulence factors 

in grain legumes: but under circumstances of a limiting fuel supply, anything that 

requires lengthy cooking will be ousted by those legumes which can be prepared 
quickly, without making excessive demands on the housewife's labor. 

I suspect that this has been an important factor in determining which legumes 
have been extensively developed by wan. It is also a factor working against the 

adoption of soybeans as a food for local consumption, as opposed to an export crop 
or as an oilseed for crushing. 

A striking fact is the complete difference between the grain legume component 

of West Africa and India, with East Africa occupying a rather intermediate position. 
With the notable exception of the ubiquitous groundnut, the legume history of West 

Africa and India must have been very different, and there may well be more room 
for exchange both of the legumes, and the food preparation systems associated with 
them, between the two continents. 

This leads on to stressing the importance of "irus diseases. These plague 
many of the food legumes. There are numerous viruses involved, and it is not 
unusual for two or three to be present in the same plant, as in the case of the rosette 
disease of groundnuts, where the three viruses on the East African coast are not the 
same as the three viruses causing similar symptoms in groundnuts on the shores of 
Lake Victoria. 

Viruses represent the most serious hazard when we are planning regional or 
international programs for the improvement of the grain legumes. I understand that 
the grain legumes project of the U. S. Department of Agriculture, Agricultural 
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Research Service. which operated in the Middle East and in India, ran in to the most
serious difficulties through problems with virus diseases. The history of this particular
project needs to be reviewed very carefully when planning how grain legume
improvement for the world is to be handled. 

It is also clear that it will be folly to make such plans without consultation with 
virologists experienced with the virus diseases of these particular crops. It is for this 
reason that free interchange between India and West Africa of legume material is
unlikely to he feasible or desirable, and the proper quarantine regulations would 
need to be rigorously observed. 

Even within .Africa, there is room for caution in the movement of the grain
legumes, and it is for this reason that IITA would seem to be so admirably located 
for the improvement of the cowpea crop. Within Nigeria the whole range from 
humid tropics to savannah zones can be covered without quarantine problems, and 
if some suitable arrangements could be negotiated with Niger, the work could be
carried right up to the edge of the desert. Evidently cooperating centers will be 
needed through this extensive region, but few places can be so well situated as 
liT.\ for cowpea improvement. 

*rhe situation in South and Central America m'ay also need watching from the 
point of view of virus diseases. Free interchange with other continents would clearly
be out of the question, and even within South America, the great natural barriers 
which exist in the form of forests and mountain ranges will have undoubtedly
confined certain diseases to certain areas. Workers there are already conscious of the 
problems which viruses present. 

In a lot of the developing world, legumes are interplanted with a cereal. This 
practice is not invariable,but it is very frequent. I would like.to see more attention 
paid to this type of agriculture. Dr. Andrews, at the Ahmadu Bello University, has 
demonstrated that mixtures of sorghum, millet and cowpea give a substantially better 
return per unit of land and per unit of labour than do these crops when grown
singularly. The surveys conducted by Dr.David Norman in Northern Nigeria confirm 
these results. 

Perhaps we should be thinking more often of developing cereals and legumes 
which mesh in well together, and in terms of maximizing production from such an
inter-planting system, rather than looking for the highest yielding sorghum, the highest
yielding groundnut, or he highest yielding cowpea on its own. 

Men breed cereals for high lysine in the protein of their grain. Perhaps we
should be paying more attention to the actual diet of the people. Is it corn or is it 
corn with beans? Is it sorghum or is it sorghum with groundnuts andcowpeas ?
Looked at in this light, we may find that breeding for a better amino acid balance 
in the whole diet presents different problems. Lysine may not matter at all. A better 
yield of protein from the legume, with an increase in the methionine content, may 
prove to be a more nearly correct answer. 

141'
 



II. C mimentary upon: 

RELATIVE AGRONOMIC MERITS OF VARIOUS FOOD 
LEGUMES FOR THE LOWLAND TROPICS 

A. M. PinchInit 

Dr. Rachie has stressed the remarkable potential of food legumes (pulses) for 
alleviating human malnutrition in the world. He has also singled out the disadvantages
of the low-elevation humid and subhumid regions compared s:th the semi-arid 
lowlands and higher elevation regions in supplying a balanced diet to their inhabitants. 
Large areas of Latin America, the Far East, and Africa, among the least developed 
parts of the world, are lowland tropics. 

Compared with that of other food crops, the producthity of commonly
cultivated pulses has been generally low, due mainly to their putati%e low genetic
endowment and high susceptibility to environmental factors. llowe er, according 
to a U. S. Department of Agriculture report released in 1970 (2). the maximum 
known commercial yield of dr beans (Phaseglus vulgaris) in the United States was
4,035 kg/ha (3,600 lb/acre) under irrigation in Colorado. That of so beans (Glycine
max) was 7,371 kg/ha (109.6 bushels per acre) in Missouri. 

In 1970, 1learned from farmers in the Constanza Valley of the Dominican 
Republic, that commercial dry bean yields of 4,000 to 5,000 kg/ha were not 
uncommon there. Such high yields were again mentioned to me by other sources 
while I was visiting that country in 1971 and early this year. The 1971 world mean' 
yield for dry beans was, according to FAO estimates (1), about 510 kg/ha; that is,
about one-eighth or less of the repo:ted potential yields from commercial plantings 
(two hectares or more). 

Excluding soybeans and peanuts (Arachis hypogaea), that have been used 
mainly as industrial or export oil crops, particularly in Latin America, the 1971 
world pulse production was 53 percent higher and pulse yield 26 percent higher than 
those of the 1948-1952 period (1). Such increases, especially the yield increase, 
although modest, are very encouraging. 

In Latin America (1), the most important pulse is dry beans (36.1 percent of 
the 1971 world production); in the Far Last (especially India), it is pigeon peas
(94.7 percent of the 1971 world production); and in Africa, it is cowpeas (94.2 percent
of the 1971 world production). The Far East also leads in the production of grams 
(mungbeans and their close relatives). 
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But, as l)r. Rachie has indicated, in the tropics. dry beans grow better at 
intermediate to high elevations; pigeon peas, cowpeas, And the Asian grams arcmostly low elevation crops. It thus seems fitting to suggest that more attention bepaid to the raising of pigeon peas, cowpeas, and possibly the Asian grams
(principally mungbeans) at the lower elevations in Latin America. 

Cowpeas, pigeon peas, and the Asian grams do have their share of agronomic
and socio-economic problems. Yet, compared to the Phaseolus beans (including
l.ima heans, at least in the Caribbean area), agronomically the) seem to be morereliable and produ~ tive ( rops for the lowland tropics, from semi-arid to humid, 
pmaking it easier to tackle the oLio-cconomic problems. 

Since 19 71, the Central American countries, including Panama, have already
been working on cowpeas and pigeon peas on a regional hasis through the Central 
American Cooperative Program for the Improvement of Food Crops (PCCMCA, inSpanish). A common interest in these crops and possibly the Asian grams, would 
cause and justify a closer cooperation between the institutions in Latin America on 
one side and those in Africa and Asia on the other, that are concerned with 
improvement of pulse production and productivity in the tropics. 
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POTENTIALS AND PROll.EMS OF PRODUCTION OF DRY' 
'BEANS IN THE LOWLAND TROPICS 

Guilli'rimo 1emrantez-firvo -

Discussants: Luls H, Camacho; Colin Leakey 

INTRODUCTION 

The tropical areas of production are located from 250 latitude south to 250
latitude north. These areas are characterized by high temperatures, generally
fluctuating between 220 to 28 0 C as average temperatures per year, and by highrainfall, though the variation might be from 400 mm to 4,000 mm per year,occasionally reaching higher figures, thus justifying a division into two categories 
- dry tropical areas and wet tropical areas. 

Dry beans (Phaseolus vulgaris) have a high nutritive value (23 percent

protein) and a high protein price (US$ 
 0.35 per pound), which corresponds to10 percent of the meat protein price. Consumption is high. Why, then, is the
 
production of this crop rather marginal?
 

The fact is that the production of this legume in the tropics is subjeLt to
significant problems. Thus the production of dry beans is considered unprofitable,
highly risky, and disadvantaged in competition with other crops. 

Collateral factors restraining extensive dry bean production are: traditiondl 
.cultural and management systems; size of production areas, and the need todevelop cultural practices or a "technology package," with specific research andexperimental data, and training of experts in dry bean production s) stems. 

Based on the information and experiences obtained in research trips in
countries such as the United States, Mexico, Guatemala, I.I Salvador, Honduras,
Nicaragua, Costa Rica, Panama, Colombia, E:cuador, Peru, and Brazil, I would like 
to present for discussion the problems or factors that in my opinion are limiting
dry bean production in tropical areas. 

DRY BEAN PRODUCTION IN THE TROPICS IS UNPROFITABLE 

In countries such as Canada, the United States, Chile, Peru, and others, 
there are good climatic conditions during the dry bean production period and 
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this lhfluenc,,s the national average yield, placing it above those obtained in other 
countries. On the other hand, in countries having a high proportion of cultivation 
of dry beans under tropical conditions, as in Central America, their production 
is generally, low, and this is reflected also in the national average yield, as seen 
below In data from the FAO Production Yearbook, Vol. 23, 1969. Average yields 
are given in kilograms per hectare of Phascolus vulgaris. 

Country Yield Country Yield 

Canada 1,600 El Salvador 690 
U. S. 
Chile 

A. 1,550 
1,220 

Guatemala 
Honduras 

640 
450 

Peru 1,170 Costa Rica 410 
Nicaragua 720 Panama 330 

Brazil, the largest dry bean producer in the world, (2.5 million tons) with a 
production average of 660 kg/ha, has areas of production with very good climatic 
conditions where yields of 1.2 ton/ha have been obtained, as in the region of 
Parana, the southern part of Sao Paulo, Santa Catalina and Rio Grande do Sul. 

There are countries, or rather, dry bean producing areas, with high levels of 
technology where outstanding production levels are obtained. A representative cas; 
is that of the U.S.A. which in the period 1959-1969 reached an average yield of 1.4 
ton/ha. This figure is well above that reported for Latin America, which was 525 
kg/ha. These significant results have bc-n made possible due to breeding with 
different dry bean varieties. it is also true that U. S. A. has kept a high average yield
because this crop is cultivated under irrigation in the states of Michigan, Nebraska, 
Montana, Idaho, Wyoming and Washing. 

In Mexico there is - dry bean producing region highly technified (production 
areas of the state-of Sinaloa), and in this area there are irrigation facilities. This 
region has an area of approximatJy 40,000 hectares with an'average yield of 1.3 
ton/ha, compared with the national average in Mexico of 460 kg/ha; the national 
level being affected by the production of the dry land areas or of tempora-y crops 
where yields are very low. 

DRY BEAN PRODUCTION IN THE TROPICS IS HIGHLY RISKY 

If we assume that 75 percent of the dry bean producing areas in the tropics 
depend on rainfall, then in principle, dry bean cultivation will always be subject to 
significant production decreases. El Salvador is an e cmple where 90 percent of the 
dry beans grown are either dry land crops or tempo ary crops. 

Heavy rainfall may destroy crops either by drowning the plants in flooded 
areas or by encouraging root-roti likewise, constant rainfall, even though slight, may
establish conditions conducive to diseases. On the otl~er hard, when the rainfall 
frequency fluctuates markedly, which very often happens, the drought periods cause 
considerable decreases in yield. Strong differences in water availability in the soil 
also lead to the appearance of leaf diseases, and to sharp increases in insect 
populations, reproducing at a high rate. 

Weeds are another factor that can significantly affect dry bean production in 

the tropics. Weeds develop rapidly due to the prevailing high temperatures, and affect 
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dry bean production when they are not eradicated at the proper time, before critikal ' 

competition for nutrients, water, and light. 

DRY BEANS CULTIVATION IN THE TROPICS IS UNDER COMPETITIVE 

DISADVANTAGE 

Since dry bean production is considered unprofitable in many instances,
 
besides being subject to high risks, this explains why dry bean farming does not so
 
far compete with other crops considered more profitable and less subject to risks.
 

For instance, in Nicaragua there is a preference for the production of cotton,
 
coffee, corn, and rice, and cattle enterprises. In Costa Rica, coffee plantations as
 
well as those of sugar cane, banana, and cattle raising, are more important than the
 
cultivation of dry beans. In Panama there is a preference for the production of cattle,
 
rice, corn, sugar cane, and cowpeas rather than dry beans. Similar situations prevail
 
in the rest of the tropical countries where dry bean production is restricted to small
 
areas.
 

The aforementioned crops, as opposed to dry beans, have the advantage of 
being under "agricultural insurance" and their price is guaranteed. 

TRADITIONAL CULTURAL SYSTEMS IN DRY BEAN PRODUCTION 
4 

The fact that dry beans are a less profitable crop than coffee, cotton, bananas, 
rice, and perhaps others, would explain why the areas of dry bean production are 
limited. 

I would venture that the largest part of dry beans produced in Latin America 
are planted not on flat land but on hillsides and perhaps the proportion amounts to 
80 percent. It is unnecessary to point out what are the obstacles restraining yields of 
a crop planted on hillsides. 

Since dry beans are a marginal crop, it is logical that the production areas are 
dispersed and consist of small farms in the hands of low income farmers. In Nicaragua, 
the average'arable land surface per farm in beans, is 1 to 2 hectares. A similar 
situation occurs in El Salvador (see 2nd Agricultural Census, 1961). In Costa Rica 
the situation is worse, because the average arable land surface is below 1 hectare. 

In the small plots dry bean yields arc not necessarily lower than on larger 
areas. The fact is, however, that a small farm'is c'omparatively less profitable, due to 
less efficient management, which results in higher production costs, hence smaller 
returns. 

In regard to the traditional culture systems, it is import,ut to note that a high
jiercentage (at least 75 percent) o1 dry beans produced in Latin America are grown 
in association with maize. Brazil produces 70 percent of its dry beans under this 
kind of farming with maize or with other crops. In Colombia, the figure is higher,
92 percent. 

Unfortunately, this system of associated crops used for dry beans has 
commercial disadvantages, and therefore the production is low, fluctuating between 
500 and 350 kilos per hectare. 
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PROBLEMS INVOLVED IN MANAGEMENT OF THE 

"TECHNOLOGY PACKAGE" 

in the application of the "technology package" in dry bean farming, that is, 
the use of advanced dry bean production techniques regarding management in 
general, one can point out highly important factors that might directly affect 
yields. 

Sowing Systems 

In the tropical produttion regions heavy accumulation of water from rainfall 
can be found in the soils at any time, which may severely damage the crops unless 
there is proper drainage of the excess. If the planting is on beds or hills, excess water 
can be channeled to drainage systems. i)ry bean cultivation on flat land without 
furrows leads to wilting of much of thc pjant population by drowning, root-rot, or 
by high incidence of leaf diseases. 

Seed Quality 

It is probable that the dry bean producing countries, at least in Latin America, 
are not producing certified seeds that guarantee breeding quality and healthy seeds 
in regard to virus, fungi and bacterial diseases transmissible through seed. 

In countries such as Nicaragua, Honduras, Guatemala, Peru, El Salvador, Brazil 
iind others, improved dry bean seeds are being produced, yet the necessary conditions 
have not been attained for seed to be considered "certified." In principle this 
problem could be solved by establishing a national law on product and on seed 
certification that includes dry beans. 

Another problem would be to find the reasons why farmers make such small 
use of improved seeds. Studies in El Salvador indicate that there only 10 per cent 
improved dry bean seed is used. In the symposium on dry beans in Brazil in 1971, it 
was reported that during 1968 only 0.2 percent of improved seed varieties were used 
in the important dry bean producing regions of the central and southern parts of the 
country. This seems to indicate that most farmers prefer to produce their own seed 
because it is less expensive. It is important to demonstrate to them that in the lcng 
run cheap things are dear. Seed produced without the watchful eye of the agricultural 
expert may produce infected seed that will reduce production up to 50 percent. 

Protection of the Seed 

Prevailing environmental conditions in tho tropics during germination in the 
field make the period critical. Seedlings may be destroyed by root diseases or 
insects. If during this period a minimum plant population of 90 percent is not 
assured, there is an initial disadvantage for obtaining good yields. It is advisable to 
disinfect the seed with fungicides and to incorporate insecticides in the soil before 
sowing. 

Population Density 

This without doubt is an Important factor in yield which should always be 
considered in sowing, regardless of the sowing system, For each particular place there 
will always be a maximum number of plants per hectare that will produce maximum 
yields. 
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Plant Protection 

Under prevailing conditions in the lowland tropits. plant diseases, pests
dirictly damaging the plant, and insects that are vectors of viruses, toxins and other 
phytotoxic particles, are main factors threatening success of dry bean production.
The only solution to guarantee areasonable plant health is to use disease resistant
varieties or seeds having genetic tolerance to the organisms mentioned. Unfortunately. 
we do not yet have commercial dry bean varieties with these genetic characteristics. 

Plant Nutrition 

Continuous land exploitation results in continuing soil nutrient deficiencies. 
Dry bean producers who have economic resources can foresee fertilization needs 
precisely through chemical analysis of the soil. But the low income farmers cannot 
pay for services such as soil analysis, and if they wish to use fertilizers (N-P-K) they
do so at the risk of making an unnecessary investment; or, if the soil is rich in
nitrogen, for instance, an excess of it would produce heavy foliage with a minimum 
of pods. 

EXPERIMENTS, RESEARCH AND ECONOMIC STUDIES 

Information is lacking in the production areas regarding experiments to try
the "technology package" to significantly increase production. The experiments must
be done in the same production areas or in selected areas representative of the 
climate and soils of the producing regions. 

Research must be promoted and intensified on specific technical aspects of 
dry bean production which are of economic importance. This is urgent. To be able 
to conduct experiments and research on the most important economic aspects of this
legume, and to establish priorities, economic studies t,-stablish the real importance
of the problem are first necessary. 

DRY BEAN PRODUCTION SYSTEMS SPECIALISTS 

National dry bean programs are subject to a serious problem of discontinuity
of projects due mainly to changes or rotation of trained staff. The immediate 
solution to this problem would be to continue training new people with the 
collaboration of the universities and institutions that have facilities. 

In agreement with the interested parties, staff should be trained in the various
disciplines of dry bean production in Ecuador, Cuatcmala, Ilonduras, Nicaragua, 
Panama, El Salvador, and perhaps other countries. 

DRY BEAN POTENTIAL IN TIlE TROPICS 

As has been pointed out, for various reasons dry bean production Is not now an
economically attractive agricultural enterprise. flowever, the fact remains that there
Isopportunity for improvement to make this crop a thoroughly profitable Investment. 
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MAKE TIlE DRY BEAN CROP ATTRACTIVE TO THE FARMER 

In principle, to make dry beans an attractive crop to the farmer, It Is necessary
for it to attain a high yield potential, to produce good harvests under tropical 
conditions. 

To analyze the bean plant potential in the tropics, detailed investigation will 
be necessary, of the factors of genetic and physiological processes that determine 
yield. These include the main components of yield as well as factors connected with 
plant efficiency. The plant structure -aerial as well as root- will occupy a 
preponderant role in the search for genotypes with high yield potential. Before any
breeding program is started, it is important to be sure that the selected genotypes 
are desirable as parents. 

MAKE DRY BEAN CULTIVATION A PROFITABLE INVESTMENT 

If the improved varieties intrinsically have a high yield potential, dry beans 
might become profitable if the "technology package" is adequately applied. This has
been demonstrated in El Salvador by increases in yield up to 100 percent. 

Inoculation of seeds with nitrogen-producing bacteria specifically for 
commercial varieties of dry beans, is regarded as having potential to decrease fertilizer 
costs and also to improve the plants' ability to use nitrogen. 

Establishing a national seed inspection and certification service is a necessity

for healthy seeds. Aside from adequate inspection servi,-es, it is necessary to have
 
proper areas for seed production. This means low rainfadl, freedom from contagious

diseases trarsmissible through seed, and proper irrigation facilities. In the Republic

of Guatemala a promising cultivation area in the San jeronimo Valley is being used
 
for seed production.
 

PRODUCTION SYSTEMS 

In Latin American -nd in general, in developing countries, it is necessary to 
change the traditional subsistence farming systems into efficient dry bean production 
systems. The present production systems by which dry beans are grown in association 
with maize can be made more profitable If improved varieties are used, if the sowing
systems are improved, if the type of maite used is really a good support for the 
bedn plAnt. 

RURAL COOPERATIVES OR PRODUCTION UNITS 

In Latin America a common problem in agriculture is the lack df, or limited 
promotion and publicizing of new production techniques. Regarding dry beans, 
promotion programs are needed, such as that being carried out in Hfonduras 
Francisco MoraZAn Project) and perhaps In other countries, directly with farmers. 
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I myself believe that the "technology package" can be applied in an overall 
manner, and that farmers will accept and assimilate it, if and only if, the operation 
is performed through "production units" or rural cooperatives. The main point of 
these units is the integration of small farms into a more profitable joint production. 
This type of rural cooperative is being tried successfully in Colombia, Mexico, 
Panama, El Salvador, and other countries. 

The proper way to smoothly run the production units is to have the farmers 
of an area join their efforts, taking active part in the operation. It is advisable that 
in this type of unit crops other than dry beans also should be planted. 

The greatest advantage of the "production unit" is that it has the support of a 
staff and a group of agronomists interested in the organization and technical 
development of the unit. The management of each crop turns out to be more 
economical through increased capacity for obtaitfing loans, better utilization of 
agricultural machinery, greater facility for the purchase of inputs at better prices, 
and better marketing prospects. 

INTEGRATION OF RESEARCH EFFORTS 

There is strength in union. t.Lxtenaive advances will be made in dry bean 
production in the tropics if an effective coordination of efforts is obtained between 
the various governmental and private institutions that carry on research on this field. 

Creation of model "production units" at the national level, well organized, in 
well selected production areas, in which this legume will be playing a major role, 
represents an immediate move toward solution of the problems of dry bean 
production in the tropics. 

A short term solution is to obtain dry bean varieties with high yield potential, 
with characteristics able to stand prevailing tropical conditions. 
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!. Commentary upon: 

POTENTIALS AND PROBLEMS OF PRODUCTION OF DRY BEANS 

IN THE LOWLAND TROPICS 

Luls H, Camscho 

Field beans (Phascolus vulgaris) are native to the Western Hemisphere and 
important in the diet of Latin American peoj'e. The seed is nutritionally important 
and the plant useful in the improvement and conservation of soil fertility. But beans 
have low levels of productivity and production increases have not kept pace with 
population growth. 

Table I shows the bean production and productivity figures for 1968, 1969 and 
1970 for both the temperate and tropical zones of America (7). The temperate zone 
includes Argentina, Chile, Uruguay, the United States and Canada. Tile rest of the 
countries, including the Caribbean, are included in the tropics. 

According to these data, the cultivated area of the temperate zone is 12 
percent of the cultivated area of the tropical zone. Yields in the temperate zone, 
however, exceed those of the tropical zone by 100 percent. In 1969 and 1970, there 
were production increases in the tropical zone as a result of an increase in the 
cultivated areas in Brazil and Mexico. 

The data show that bean production has been more successful in areas 
outside the original habitat of the species. The many reasons for low bean 
productivity in the tropical area include 1) the temperature, the humidity and the 
typical characteristics of tropical soils; 2) the natural enemies of the species in its 
original area, such as diseases, insects and niematodes; 3) the lack of advanced 
technology and of means to develop the present technology for better-yielding crops. 
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Table'l. Bean production and productivity in the temperate and tropical 
areas of America 

1968 1969 
 1970
 

Temperate zone .
 

Surface x 106 ha. 0.77 0.77 0.77 

Production x 106 m.t. 0.97 1.06 1.02' 

Yield x 103 kg/ha. 1.25 1.37 1.32 

Tropcal zone 

Surface x 106 ha. 5.95 6.63 6.82 
Production x 106 m.t. 3.70 3.97 4.57 
Yield x 10s kg/ha. 0.62 0.60 0.67 

Effect of temperature, humidity and soil conditions on bean production 

In areas close to the Equator, temperature is a function of altitude above sea 
level. In the low areas, the temperature may fluctuate between 26 and 360C. Even 
though this temperature may favor vegetative growth, reproduction is severely 
affected because of the high percentage of flower and fruit losses. This phenomenon 
is associated with the low germinating power of pollen and the low level of formation 
of the substances that retain the fruits in the plant when the ambient tempirature 
exceeds 250C (10, 18). 

Controlled studies have shown that beans develop normally with a relative 
humidity of 35 to 100 percent when the temperature fluctuates between 18 and 
240C (13). If these laboratory results are extrapolated, with other variables 
remaining at an optimal level, it could be affirmed that beans are easily adapted to 
the humid conditions of the tropics. Unfortunately, the high relative humidity 
stimulates the opening of the stomas (11), allowing the penetration of pathogens 
which constitute one of the main problems of bean production. ICA has conducted 
experiments in areas with a relative humidity of 70 to 80 percent, an average 
temperature of 280C and at altitudes of less than 400 meters above sea level that 
show a satisfactory vegetative growth of the plant but a poor reproductive growth 
and a high incidence of leaf and root diseases starting at flowering. 

Changes in humidity and soil fertility affect the normal growth of the bean 
plant. The root system of the plant is superficial and requires, therefore, an 
adequate supply of water during the reproductive cycle. T[he needed amount of 
water is not always available at the proper time because the irrigated areas in tropical
America are riot extensive and rainfall is erratic and poorly distributed. In addition, 
the acidity, the toxicity of aluminum or manganese, the calcium and phosphorus 
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deficiencies and the possible interaction of these factors with the effectiveness of 
nodulation are also limiting factors. 

Diseases, insects and nematodes 

Diseases are a major limiting factor in bean production in the tropics. 
Among the bacterial diseases, common bacteriosis (Xanthomonas phaseoli) and halo 
blight (Pseudomonas phaseolicola) are the most frequent. The two develop under 
conditions of high relative humidity and fresh temperature, and both are 
transmitted through the seed. Common bacteriosis is especially favored in 
temperatures above 20 0 C and it is the most common bacterial disease in the Latin 
American bean producing area. The lack of resistant varieties and the use of 
uncontrolled seeds contribute to the dissemination of the disease. 

Among the fungus diseases, the most important are anthracnose (Collectotrichum 
lindemuthianum), rust (Uromyces phaseoli, var. typica), stem rot (Sclerotium spp.) 
and root rot (Fusarium selani f. phaseoli). Anthracnose is more severe at low and 
medium temperatures and high relative humidity. Rust develops in dry temperatures 
and root rot develops in light soils and dry temperatures. The anthracnose-common 
bacteriosis-rust complex constitutes a great problem for bean production in the low 

and high Andean regions of Colombia. 

The common and yellow mosaic viral diseases prevail in all the bean producing 
areas. The common mosaic virus is transmitted through the seed and also by insects, 
especially aphids. Wild malvaceous plants host the yellow mosaic virus which is 
transmitted by the white fly (Ilemisia tabaci) (19). 

Several insects attack beans in different ways and at different stages of 

development. Some, such a%the Mexican bean beetle (Epilachna varivastis) and the 

podworm (Apion godami), are common in Mexico and in Central America while 

others, such as the green leaf hopper (Empoasca kraemeri) tnd the white fly 
(Bemisia tabaci), are widely disseminated throughout tropical America (19). 

Light soils, under high humidity and temperature, favor attacks by nematodes 
(Meloidogyne spp.). Three methods are used to control the problem: chemicals, crop 

rotation, and resistant varieties. The first method is extremely expensive and small 

farmers cannot afford it. The second is easily applicable and the third is the most 

economic and efficient. 

Technological aspects of bean production in the Latin American tropics 

For many years, several national and international institutions in Latin 

America have studied bean production problems. Research has given good results In 

relation to improved varieties, insect and disease identification and control, 

fertilization and soil management, population densities and planting periods. The 

aspects related to the physiology and arnhitecture of the plant and to quality 

improvement haic not been studied. 

Lach research program has de.eloped improved varieties adapted to local or
 

regional conditions. 'Ihe Northern Zone of IICA has coordinated studies for the
 

adaptation of several varieties in the Central American countries. Some varieties have
 

been successfully adapted in L.i Salvador, Honduras, Costa Rica, Nicaragua, Colombia
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and Venezuela. 'lhe llCA Research Center at Turrialba has developed improved 
varieties for Costa Rica and other Central American (ountries. ICA has developed 
improved varieties for cold, temperate and moderately hot climates (4). The 
Agricultural Research Center at Maracay has developcd improved varieties of black 
beans and hopes to find new varieties adaptable to altitudes of less than .400meters 
above sea level. The "L.a Molina" L.xperiment Station has de~clopcd earl,' varieties of 
the "Canary" type (3). Several resear h and tea(himg institutions in Brazil. siu( h ., 
the Rural University of the State of Minas Gerais, the Instituto \gronorni(o de 
Campinas and the Secretariat of .\gri(uhure of the State of Rio (rande do Sul. have 
successfully condu( ted research on impro\ ed varictie% (0 5, 17). 

Basic studies on the identification of pathogen strains has c been ondut ted 
at several institutions. In Costa Ri( a, strains of viruses transmitted b) the sshitc fly 
(Bemisia tabaci) (9) have been identified a-; well as, at least, sccn strains of the rust 
fungi (Uronyces phaseoli, var. typit a). (6) 1hirt'-onc stram of the same organism 
have been identified in Mexico and 26 in Brazil (17). 

The potential yields of improved varieties obtained in different Latin Amerkan 
countries are promising. Research results indkate a production ranging from 1,'300 
to 3,000 kg/ha. 

Fertilization studies in several countries show that beans grown on the Latin 
American soils respond to nitrogen, phosphorus and potassium. Recommendations 
on nitrogen application vary from 30 to 60 kg/ha. even though from 100 to 400 kg/ 
ha. of N are recommended in some areas of Brazil and Costa Rica (15). '[he response 
to potassium is not frequent but the required (loses range from 0 to 100 kg of K20 
per hectare (8). In some experiments conducted in Venezuela, there was a negative 
response to the application of phosphorus and potassium (1) but in the bean areas 
of Central America and Brazil, the application of phosphorus is essential to obtain 
matisfac.tory levels of production (12, 15). 

Studies on nitrogen fixation in the root nodes indi, ate the effectiseness of 

inoculation wit'i Rhizobium. Ilhe degree of fertility and a( idit of the soils maj 
require conditioning for effective nitrogen fixation (8). 

Experiments in temperate and tropic al zones indicate that bean yields 
Increase when the plant population density m( reases. In Colombia and Venezuela 
(12, 14) significantly high viels have been obtained using the double row "stem 
(30 cm between the rows and 60 cm I)etw een pairs of rows) (ompared to the single 
row'system. In Brazil and Guatemala, planting in close rows gives higher yields than 
planting in distant rows (17). '1his aspe( t should he thoroughly investigated because 
of the different degree of growth in cultivate(d varieties. Shrubv or dwarf varieties 
may respond better to large populations than voluble or {limbing varieties. hle 
unlimited growth of the latter requires harvest by stages and the planting rate may 
affect production at different times of harvest. Other aspects that should be kept 
In mind in relation to the plantirng rates are disease and pest control, mechanization, 
fertilization and irrigation pral ti es. 

SUGGES'I El) RISEARCHI AC IIVITILS 

Gaetic improvement: Collection and evaluation of germpIasm; establishment 

154 



of new populations and utilization of selections. The collection must Include the 
widest possible genetic variety including wild species of the Phaseolus genus. 

Selection within these and newly generated collections thr'ough intra or 
interspecific crossing may give origin to new types of plants with high yielding 
potential that will respond to fertilization and high planting rates. 

Selec tion for discac rcistan(c based on polygenctit or horizontal resistance 
cspet Lally in those eases known to have p)thogcn strains. Sele tion by monogcnetic 
or vertic al rcsistan, e in the ase of diseases is #ontrolled by simple Mendelian inheritance. 

Selection by quality in order to improve cooking, to eliminate gas-producing 
substances and to increase the protein contcnt. 

Agronomy: Study of optimal distances between rows and between plants in 
monocultures and in associated crops in shrubby and climbing varieties. Development 
of effective weed and pest control methods in several types of crops. 

Soils: Recommendation of optimal doses and time of application of macro 
and microelements. Performance of different varieties in at idsoils and the effect of 
nitrogen in nodulation and in protein content. Isolation of elfi( ient Rhizobium 
strains and their eventual utiliration as a means of dec reasing nitrogen fertilization 
costs. 

Physiology: Identification of the physiological parameters determining yields. 
Ideal structure of the bean plant in monocultures and in associated crops. Iffect of 
the photoperiod and its interaction with temperature in the development of the 
plant. Water requirements in tropical soils. 
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II. Commentary upon: 

POTENTIALS ANb PROBLEMS OF PRODUCTION OF
 
DRY BEANS IN THE LOWLAND TROPICS
 

Colin Leakey 

There is quite inadequate definition of "the tropics" and "lowland tropics."
One must consider the distribution of rainfall and of temperatures in relation to 
possible planting dates and for cultivars of Darticular maturity characteristics. The 
concept of rainfall reliaoility based on calculated confidence limits for running 
means (Manning 1956) has made discussion of mean annual or even mean monthly
rainfall obsolescent. I or drought sensitive rainfed crops it is the reliability of rainfall 
expectation over the crop period that is impo:tait, 

There is a large literature on the effects of moisture stress at different growth
periods (reviewed in Leaker 1973, in press). In Colombia, at ICA, Cardona et al
(1959), (lid useful work with Diacol Nima that could probably with advantage be
 
copied throughout the region and be related to statistical studics of the genotype

environment interactions using contrasting varieties and plant types.
 

To.ERANCE '10 IIIGII TEMPERA! URE 

The only detailed studies of the adverse effects of high temperatures on seed 
set have been made in Canada (Ormrod et al 1967) and we lack information on the 
differences in tolerance to high temperatures that may be expected to exist
between genotypes. Ihe pea (Pisum sativum) (L.) bean (Phascolus vulgaris) (L.) Savi 
and cowpea (Vigna unguiculata) (I.) Walp, form an interesting series of increasing
tolerance to high temlp.rattire%%4,ithrespect to flower and fruit set, about which too
little is understc.(od. Work in beans for selection for tolerance to low lemperaturts in 
early growth in north tempcrate environments suggest that there might be useful 
genetiC %aiationalso for high temperature tolerance. 

l)r. ihIrnade/ lBras o has rcfrrrcd to the tendenty in tropi(al soil%for 
asailajle moisture t the root zone to thange %eryrapndly. I he ability of sonic bean 
genot)c t desclop mii, h more extensik e root systems than others provides a clueto the relats e sU( ess ald stabihty of the indeterminate types oser the determinate. 
'Ihere needs to) be far mo.re attention t) breeding and seie4tion for good root
i) stems and (are iliust ht gis en to the danger of deeloping drought sensitivity as a 
Correlated c}aru ter by sele ting or detcrmina( y of the shoot system and early
maluritI, I fie problem is well known in (cereals su(h as barley. It may be appropriate 
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to point out here that in the United States the pinto and great northern beans, whose 
performance overall is regarded as superior to that of beans in the tropics, are 
indeterminate, and are often sown after pre-irrigation of the seedbed. 

RAPID, UNIFORM GERMINA'I [ON CRICIAL 

The qucstion of rapid and uniform germination is in our opinion crucial to 
successful bean production on the broad acres. If the moisture is right the texture 
and tilth of the seedbed is not critic al but if the soils are nearly dry in the upper few 
inches an unes en seedbed accentuates the problem of producing a decent stand. In 
experiments at Kabanyolo ssith young agronomists in training as specialists for bean 
production, we hae had 1,e greatest difficlt%in making an) hand-operated 
machinery work satisfactoiily in tropi al red latosols such as exist for example in 
Brazil also. We think that hand sowing into a mat hinc-made furrow may has e to be 
the intermediate step between full hand planting and full mec hanization in 
modernizing bean produ tion on intermediate sized plots. 

As has been pointed out, a large proportion of bean production in South 
America is in mixed populations with maize. I have in a recent paper (Leakey 1972) 
discussed broadly the potential adxantages of rop mixtures in relation to our 
trying to understand why farmers persist in this practice even when the) are happy 
to adopt other (and more wise) innovations. 

In recent work at Makcrere just published in the journal of Agricultural 
Science, my colleague Willey and our research student Osiru ha% e investigated 
intercropping in some depth and confirmed the synergism which undoubtedly 
exists between maize and hush beans in \arious patterns of intercropping beans 
between rows of rlaLze Iheir study did not include detailed analysis of the effect of 
the maize on bean d'sease epildemiology (particularly bacterial blight) but in the 
field effects were app trent of the maize rows acting at least as a tempbrary break to 
the spread of blight in 'lie beans. In further studies now being undertaken the root 
and soil water aspects ot the synergism between maize and beans in mixtures are 
being studied. 

At 11l \ ropping systems for maximum produn tivity are a focal study. We 
have been much interested in competition in mixtures between bean genotypes 
(unpublished to (late) but are also interested in the ompetitiveness of beans against 
weeds. Ont e again the \ igorotis indeterminate and indeterminate bush types are 
much more competitive than early bush determinates and have the ability to build 
up leaf area index faster and to uompensate luetsseen plants for an une\en seedling 
stand. Weed supression is also interrelated with the importance of rapid early 
germination and vigor of the ( lop. 

Sll) PROI)U( IION I I.HiNIQUIS ARE CRIIICAL 

One cannot sol\ e problems of mak ing good quality seed available to farmers, 
even in principle by legislition dout ertfi ation standards. Ihe production 
techniques for getting the quality seed must be developed first or the new laws will 
be worth no more than the paper they are written upon and will be brought into 
disrespect. "1he United states has led the world in the p, -,tuotion of disease-free bean 
seed and this has been possibly the predominant fac tor in the ex ellence of their 
bean produt tion. 
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I cannot too strongly stress the importance of producing beans for seed under 
conditions of minimum precipitation. In Tanzania this has been achieved without 
irrigation to supply the Dutch seed industry, using stored water in deep volcanic ash 
soils around Mount Kilimanjaro by planting "at the back end of the rains" and 
growing through a reliable dry season. Perhaps this possibility is unique to Tanzania 
but it is possible that parallel situations cxit in the .\ndes. 

Our \frican experience, especially in Kenya, indicates that farmers do in fact 
respond to the availability of truly good seed but are not hoodwinked by infcrior seed 
grown under government control. The so called "watchful'eye of the agricultural 
expert" is no substitute for the vroper environment in producing disease-free seed. 

One cannot - in the short or medium term - hope to produce enough 
improved and disease-free seed for allproduction. Many or most farmers will 
continue to keep their own seed. Farmer education in the selection of the best 
parts of his production for seed under the common knowledge Biblical doctrine of 
"whatsoever a man soweth, that shall he also reap" must be encouraged. The most 
effective way to increase production of improved beans may be by the participation 
of those farmers who have already themselves accepted the reality of their 
improvement. 

FOOD SUPPLIES AT REASONABLE PRICES IS A GOAL 

I am not confident that beans can ever be made a crop for "profitable 
investment" nor perhaps should we expect this of a staple food crop, What I consider 
most valuable is to try and develop the production technology to a point where 
food supplies at reasonable prices can still be assured to the market economy of the 
towns and cities while leaving the farmers who produce them sufficient land and 
time to grow more profitable crops as well. 

I would foresee the possibility of regular and widespread production to about 
the 1,000 or even 1,200 kg/ha level with relatively simple inno~ation. This would 
make an enormous contribution to food supplies. The jump to much higher 
production levels, while technically prcssible, is perhaps not likely to become 
widespread, for the same investment in cash and effort required would probably be 
better spent in alternative crops. 

For arable farmers with large apreages to put to a leguminous crop I would 
tend to favour the soybean to the ?haseolus bean. 'I he only beans likely to prove a 
profitable commercial development with an all-plus package technology are the 
specialized types for particular market requirements such as navy beans for canning. 
For these, however, the relative inelasticity of the market does not offer.much hope 
for this becoming a new wonder crop of the Green Revolution either in Africa or 
South America. 

My final comments concern information already existing vis-a-vis the 
planning of new research. 

The IICA in Costa Rica has for some years published very comprehensive 
bibliographies and supplements on beans. The Bean Improvement Cooperative -to 
which I imagine most of us belong- is a superb liaison organization under the 
guiding hand of Professor Dermot Coyne as secretary. Perhaps a Spanish edition of 
the Annual Report might be considered. Finally, I owe many of you here personal 
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thanks for your assistance with reprints and other d'&ta for a ralther large review thai 
is in press in Field Crop Abstracts and is expected to be publishcd in May and June 
in two parts6 Too few scientists in the present age take time to icad as%well as to 
write and carry out experiments. I would commend a thorough survey of what is 
already known about beans to those in this Institute and cke~herc as a starting 
point for further planning. 
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BEAN PRODUCTION 'SYSTEMS 

Juan Antonio Aguirre 

Heleodoro Miranda M. 

Dlscussants: Fernando Fernandez and David L. Franklin 

Bean production systems 4re many and quite varied; although their perslitence 
seems to be undeniable, the factors causing such persistence seem to be barely 
understood. 

The objective of this -paper is to describe the various bean production systems, 

stressing the interrelations between these systems and the socio-economic 
environment in which production evolves, in function of the variables which 
characterize said systems and which contribute to their permanence; stressing the 
deficiencies as well, in function of a high productive physical and economic level. 

Before broaching the subject it is important to define what is an agricultural 
production system. The following statements can help us to grasp the subject. 

'Ihe concept of agricultural production systems must be ample enough to 
include the technical, economic, social, political and cultural aspects of the 
members of asociety that define and shape the basic relationships between man 
and his environment, channeled into agricultural production. 

It is important to keep in mind that the production techniques and systems 

are locally standardized following patterns which tend to cooperate with nature. 

That means that cultural inheritance and socio-cconomic orraniiations strongly 
influence the agricultural production systems (6). 

So far, an agricultural production systeni has been outlined as a unit framed 

by three kinds of components . a) biophysical, b) technologic, and c) socio-economic, 

giving to the latter the broadest socio-cultural-economic-organizational sense. 

SOCIO.ECONOMIC ENVIRONMENT OF TIlE 

BEAN PRODUCTION SYSTEMS 

The main factor characterizing bean production environment is the disper~lon 

of the production units. Contrary to other traditional crops which are the bse of 

our economy, bean Is not easily located in space. For instance, out of 1,642 cotton 
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farma reported In El Salvador, 670 are located in the l)cpartment of 'sulatan, 642 
In San Miguel, and 179 In La Uni6n, which mean% that 92 percent of the units Are 
concentrated in three of the 14 departments of the country (4). 

On the other hand, checking ' able 1, whit Ii shot s the geogrphic distribution, 
number of farms, net area and produc tion of beans (solely or as an intercroppiiig, 
mainly with maize) in I I Salvador, it is evident that without adetailed analysis it is 
not possible to determine the main production areas, as is the case with cotton. 

As adirect effect of said dispersion, the farmers must adapt their at tis ities to 
multiple ecological donditions by introducing variations on the produt tion systems.
Even if with those variations farmers are not trying to improve their low yielding 
production systems, results are often disheartening. 

Side effects of unit dispersion having a basic influence on the produc tion
 
systems are listed below:
 

It impedes the development of a technology within areasonable ecological
 
frame.
 

It impedes the development of high potential genetic material when, for 
Instance, plant breeders try to achieve broad range of adaptability which might not 
be either practical or necessary. 

It impedes the development of a system tor the supply of agricultural inputs. 

There Is not ground for an integrated marketing system. 

Costs of individual technical assistance go up. 

It dilutes the limited technical resources. 

Generally speaking, it impedes the development of an integrated system for a 
rcady supply of materials and services basic for production. 

Ihe second limiting factor is the size of tl.e fields. Working with beans, we face 
not only scattered but small units, e.g., in El Salvador, the size of farms planting
solely beans is between 0.15 and 0.73 hectares, and the size of those having beans 
associated with other crops fluctuates between 0.51 and 0.95 hectares. See Tables 
2,3 and 4. 

The size of the farms has a definite influence on the final results. 1he first 
and most important one is the impossibility of absorbing fixed and variable 
investments which would make the exploitation economic and technologically 
feasible. 

Introducing and continuing the use of abetter technology in such an 
environment is rather difficult, because it means expenditures and economic 
obligations wlih an implicit risk; clue to the low Ic el of producers, said risk-is 
hardly accept. d by the investing agent ies. 

If the low technological levels of prodction are to be improved, due 
consideration should be given to those problems originated in the size and scattered 
location of plots. 

162 



Tabel 1. Spamt distribution of bean production in El Salvador 

Number of NrnbnN of Ban/Mai ' 
production 
units 

Piet 
area 
(ha) 

Production 
(kg) 

production 
units 

Net 
ar 
(ha) 

Bean 
production 

(kg) 

Maize 
production 

(kg) 

Ahumpan 1,456 324 406.963 1.877 1.283 1.036.)47 1,819,794 
Santa Ana 5,106 1,625 2,564.693 3.241 2.558 1.968,249 2,813,395 
Sonvatc 1290 547 531.689 307 292 186,752 382.522 
Chaatenango 5,857 2,088 1.254.611 920 858 457.013 818.378 
L&Libertad 5,228 826 2,648,121 1.4&6 1,441 1.411.351 2.118,989 
San Salvador 1,725 646 454,583 1.384 718 389.473 825,096 
Cuscatlan 3,463 1,137 705.803 2.756 1.445 568391 1.390,497 
Ls Paz 2.395 982 564.318 756 449 234.130 445.134 
Cablas 4.617 3.393 1.450.403 1.219 946 3.54,862 807.674 
San Vicentc 2,818 1,642 1.153,139 2"6 148 78.(X3 128.533 
Usulutan 1.879 841 828,267 270 151 123.931 194.781" 
San Miguel 1.542 882 681,251 T131 562 334,109 504,780 
Morazan 660 201 102.454 1.398 1.001 423,947 832.158 
La Union 487 212 137.837 304 234 135.173 228524 

Sorc- sgundo Cewnso Agopccuario. 1971 



Table 2.Average farm diroc and yield of bean InFI SalvaJor 

Siu of YIld kg/hal

p Solely A ociated ouicly A.uwitcd
 

(ha) (ha) (ha) (ha) 

Ahuachapan o.22 0.68 1.256 807 

Santo Ann 0.31 0.78 1,578 769 

Sonsonate 0.42 0.95 972 639 
Chalatenango 0.35 0.93 600 532 

La I.bertad 0.15 0.96 3,205 979 

San Salvador .37 (Y.51 703 $42 

Cuscatlan 0.32 0.52 620 393 

La Paz 0.41 0.59 574 $21 

CabaAas 0.73 0.77 427 375 

San Victnte 0.58 0.55 702 527 

Usulatn 0.44 0.55 984 820 

San Miguel 0.57 0.60 772 594 

Morazan 0.30 0.71 509 423 

La Union 0.43 0.76 650 577 

Sourcei Segundo Cenac AlPropecuario, 1961 

SPECIFIC CIIARACTERISTICSI A CASE STUI)Y 

The communities chosen for the analysis are located in the Valley of Sirla, 
Republic of Honduras, and the riaterial can be found in the 1971 Annual Report of 
the Programa de Desarrollo de Cranos B.sicos . Provecto Francisco Morazan, 
sponsored by the Banco Central and Banto National de Fomento in liondurAs (5). 

The valley is located betwccn 16031 'and 16 0 13North latitude and 4077' 
and 4o98 ' West longitude. The lnd is 500 m above sea level with a minimum 
absolute temperature of 8.80 C aid a medium annual rainfall of 1,100 mm falling
mainly between May and October; soils are alluvial deposits with mica schists, and 
volcanic alluvial soils. 
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Table 3. Number and size of farms producing bean (seeded alone) in different saom. ant prouction 

She d No. of 

Grow 

71Wd area (ha) 

May Sept. Ohe 
sason 

Total 

ht_ (kg) -.. 

May Sept. Othmr 

" 

LmtM, 

From 1 

From 2 

From 3 

From 4 

From 5 

From I0 

From 20 

From 50 

From 100 

From 200 

From 500 

From 1,000 

From 2.500 

1 

to 1.99 

to 2.99 

to 39 

to 4.99 

to 9.99 

to 19.99 

to 49.99 

to 99.99 

to 199.99 

to 499.99 

to 999.99 

to .2,499.99 

up 

12.127 

10,505 

4.906 

2,194 

1,714 

3,225 

1.321 

1,220 

395 

200 

133 

so 

24 

9 

2,771.0 

3,800.9 

2,723.2 

1.393.0 

1,227.8 

2,528.8 

1,721.3 

1,370.5 

806.5 

4369 

602.9 

337.1 

484.0 

269.4 

1,595.7 

2.847.4 

2,069.7 

1,166.1 

1,010.3 

2,064.4 

1,373.3 

1.132.4 

572.5 

328.4 

4086 

260.4 

271.2 

251.9 

964.7 

1.6488 

1,285.2 

726.3 

623.7 

1,320.2 

8786 

725,8 

403,4 

184.7 

160.0 

170.9 

230.3 

164.4 

1,74.5 

2,107.2 

1.3780 

649.6 

589.9 

1.169.5 

817.9 

624.6 

350.5 

238.9 

441.6 

138.3 

238.4 

105.0 

57.8 

44.9 

60.0 

22.1 

14.2 

39.1 

24.8 

20.1 

52.6 

13.3 

1.3 

27.9 

15.3 

-

2,015.439 

2,442,529 

1.685.166 

822,242 

712,568 

1.507.050 

1,084,948 

902.127 

615,436 

313,815 

452,695 

239.240 

390.016 

260,867 

691,853 

1.071,373 

766,182 

409,024 

351,650 

767,857 

561,656 

468.075 

274,245 

133,653 

133.319 

112,571 

1!€5,094 

203,367 

1,268,639 

1.384.550 

885.110 

389.150 

348,733 

705,074 

510,112 

412,941 

270,967 

170,355 

318,324 

117,285 

217.442 

57,500 

54,947 

26.605 

33.874 

24,068 

12,185 

34,119 

13,180 

21,111 

70,224 

9,807 

552 

9,384 

17,480 

-

Total 38.523 20,478.3 15,352.3 9.487.0 10,597.9 393.4 13,484.137 6,099,919 7,056,682 327.536 



Table 4.Synthesis of the sizecatelories ofbean producing farms in I Saivador 

Size P roduction units c;rou ares Production
 
categories C
Number 11 Number Number 

Less than 
P.99 ha. 34,671 90.00 10,751 70.01 9,224.993 6H,41 

More than 
10.00 a. 3,852 10.00 4,601 30.01 4,259,144 31,59 

Total 38,523 100.00 15,352 100.00 13.,484.137 II41N9 

The valley presents a varied topography. Next to flat areas exist others rather 
iteep. Within short distances altitude changes from 544 m above sea lecel at the 
)ottom of the valley, to 600 in above at the mountain slopes; howeer, the valley 
ias always been considered as a bean producing region. 

Land tenure and size of plots. Sixty-eight percent of the farmers are small 
andowners, the rest are "ocupantes." Of all the farms sur eyed, 43 percent have a 
ize of less than five manzanas, 32 percent are between 5 and 10 manzanas, and 24 
iercent are more than 10 manzanas. Sixty-six percent of the farmers ha%e just one 
ilot and 34 percent have two or more plots cultivated with beans. I he aerage size 
of the farms is eight manzanas, out of which four are cultivated with corn, two %ith 
icans and the remaining two are kept for other uses. 

Sowing season. Twenty-five percent of the farmers use the oarly varieties of 
)ean while 51 percent use the !.te varieties. The latter ones are more popular because 
hey are harvested during the dry season. 

Production, use and costs. Two manzanas yield 20 quintals, out of which 67 
iercerit is sold, leaving the remaining 33 f,zrcent for use at home. l'he total costs per 
nanzana is 168.00 lempiras. 

- Income of a bean producer. The valley farmer's income could be itemized as 
ollows: 380 lempiras from corn sales, 249 lempiras from bean sales, 568 lempiras 
rom other agricultural items, 954 lempiras from non agricultural activities, and 424 
empiras from the consumption of agricultural products. Usually the farm they work 
snot enough to provide the farmers and their families with sufficient incume and 
ustenance, therefore, they must get a good portion of their income from non 
igricultural sources. 

Technology and credit. Among bean produLCIs, the technological level is rather 
ineven. Sixty per tent of the seeds used ar%of domestic sirains; 90 percent of the 
armers do not fertilize their crops but 70 per(ent employ some Icind of pest control. 
)nly 20 percent of the farmers benefit from agricultural credit. Fhis service is not 
eadily available since the requisites to grant it are rather strict at this low level, 
vhich renders credit almost unattainable for those badly needing economic 
asistance. 
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Marketing of products. Marketing isin the hands of intermediaries. The farmers 
get news concerning the marketing of their products through traders, truck drivers 
or buyers in 55 percent of the cases, and through friends and neighbors In 31 
percent of the cases. I'or lack of resources, storage facilities are scarce at farm level, 
and when they do exist, are rather coarse. Nevertheless, whenever the situation 
permits, farmers sell just a little at a time; in other words, beans are savings in kind. 

Entranceway for technological knowledge. The group as a whole is not easily
 
re.tched. lialf of the people do not know how to read or write. In 73 percent of the
 
cae friends and neighbors are the main source of information. Only 1.5 percent of
 
the people, or less, have access to booklets, radio and newspaper. In 18 percent of
 
the cases fertilizers were introduced by employees of banks and commercial houses.
 

General living conditions. School attendance in youngsters less than 15 years 
of age is 20 percent. 'Ihe average number of members in a'family is seven, five of 
whom do not attend school. Eighty percent of the houses lack electricity, 70 percent 
lack potable water, and 73 percent have earthen floors. Generally, farmers are aware 
of their problems; their opinions range as follows: 32 percent think of their low 
income as responsible for their problems, 41 percent lack of technical assistance, 
11 percent drouth, 12 percent lack of land, 2 percent unavailability of medical 
assistance, and the remaining 2 percent mentioned other factors. Concerning the 
needs of their community, they give top priority to electricity, potable water and 
roads, and second priority to schools, more land and a sewage System. 

The common people, whose environment was fairly if briefly presented, will 
be the ones benefited by the investigation, education and extension efforts made in 
-a program trying to improve bean production. 

SYNTHESIS OF CHARACTERISTICS OF BEAN PRODUCTION DUE TO
 
THE SOCIO-ECONOMIC ENVIRONMENT
 

The characteristics of the bean production units could be summed up as 

follows: 

Abundant and usually not close together. 

Prevailing small holdings (minifunds) or the like. 

Not definitely oriented towards a marketing economy. 

Lack of funds, either own or from easily available public or private sources. 

Crude technological levels. 

Lack of information and/or of real knowledge of products or input market. 

Clientele usually not accustomed to having contact with technical assistance. 

Trading systems used are simple, fitted to the exchange of small parcels of 
products. 

A defective network of community services. 
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Barely subsistence levels, where a miscalculation mcans hunger for all the 
members of the family. 

Without administrative knowledge. 

Marginal or submarginal natural resources, not quite apt for agri( ultural 
activities 

Without politi, al influence to put pressure on the derision taking groups. 

'Ihcsc conditions define a sot to conomit( en irononent where, cen if through
Agreat technologic al effort we c ould real 11 ubstantial,inre'dtes in produ lion. the 
e(onomic strut ture and the condtons pre%ailing itthe itrodut lion areas would not 
guarantee a fast (rystalli/ation of the (tnlitiont n'ded l, the new te( hnologi( Al 
package whith could be de loped 

hc sot io-nc0oin1 en, ironiocot it bean protiuc tg areaJS rlAk e important a 
combined effort on two fronts' the ttehnologl(al, where the obje( tve would be the 
developing of a "te( hnologt( al pat kage" o I high ph iSilal e(onotilicd produt tivit,

and the socio-economic, trying to a(hieve a parallel transformation of the socio
economic environment and of the social and tultural olgan/iation patterns, said
 
transformation accelerating the adoption of that pat kage.
 

BEAN PROI)U( 1ION SYS I iLIS 

There are four ,am bean produ(ing systems: (I) covered bean, (2) beans 
solely, (3) beans associated to some other crop, and (4) beans intercalated with 
some other crop. Other systems are just variants of these four. Iopresent eac h 
system, descriptive information will first be given; second, information concerning
physical and economial yields, and lastly, several reasons why ch one of those 
systems persists. 

Covered bean 

Description 

he system Cailed "Loverd bean" is, doubtless, the most primitive of all bean 
production systems. Seed is broadcast over a plot covered by small weeds; these 
weeds are then cut down with the machete and thrown over the seeds so as to 
cover them. 

The system has two basic components: seed and hand labor employed all 
through the proc esi. In this system the (leaning adri preparation of the land and 
tending of the rop do riot exist as such, the only two identifiable operations being
seeding and harvesting. )uring seeding some preparation o( tors-(utting and 
broadcasting the weeds. Ilarvesting is the operation requiring the greatest eflort 
and hand labor. 

The use of (aPlta and supples is linited to the ia(hiete operation, the use of 
bags to store the grain, atd soinetinrs the rent of the land, whirh Is usually paid 
in kind. At this low te( hnolog (al level, the seed eiployei is usually part of the beans 
saved from the previous (rop. 
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Hand labor could be recorded as the equivalent day wages pv, Into seeding, 
cutting the weeds and turning them over, and into pulling, pole-threshing. and cetaning 
by blowing. This system of bran production employs a minimum of inputs and the 
greatest amount of hand labor goes into the last stages of production. 

Physical and economical productivity 

I nc l'hyS4 41 .il e ,.oco-u Al,i rodut tivity of this system are not well known. 
Ilowever, Studies so far Made show that it gives very low economic as well as 
physi(Al yilhd. 

lDuplan anti Aguirre (?) StitrCid the p)h)'11i al and CCuuomi Al yield (if this 

system In Costa Rica. the results are presented in 'Iable 5. Although at first the 
toveretl system was the one employed. it showed At interesting phrnomenon. As 

the crop progressed unsatisfat torily the farmers fertilized the land, spread 
ins,:titides and tried to ( ontrol slugs 

Several timesb It was pofintedi Out to larlICIS that tihlls lte effort to introtluce 

technology was useles, btr AMCe 11t only was it t110 latr a stage I" start, but the 
fertilizer emplo e ex( reded that used fho (i (ft, the uiuanilis t,I pestiid es werC 

Table S. Physual and ¢cuinumi.l pruduttivity of cuvered bean in Coas Rica 

itemized expenditures Colones 

Hand labor S$7.69 

eed 71.44 

Manure 21.21 

SltOIcide 4.72
 

Pesttld |,1
 

i ap 4.10 

Other 1 69.70 

3I.26Tota 

Physical yield (quintals/mansana) 5.22
 

Gross income 112.20
 

Gros margin $4.94
 

Cost per quintal 62.11
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too low to elmlnate the lmcb, and SheIehnicals ued for dl control did aol 
Indlude the poison, Jus. the bal ad the psralyal agent, .%ddn all this totlr waq
*theseedig was done at the beglnning, hemult was pracihlly dootmed to a low 
leI of productivity. 

D1e situation desaibed above Iseasily found in the tratitllonul titan 
production systems. When pow farmers e their crops heading directly towards
disaster, they try to curb faIlure with actions whkh will never awid it, but whk h 
show that d h m meIdes of what to do when aproblem ai. 

Implication of Oh Slyma 

Th system desftbd Isframed within one ofthe lowest eronomik and sx-o.
cultural levls In lai America. When the produrers own the land they work. 
usually the plot IssO small that they do not ae capital, the only Inv stment being
the lW and the hut where thy Ihv and keep their working utensis..si the lands 
usually employed by bean producers are steep and rather troded, growing annual 
crp only iMas the eosion ms. 

In the frequent an of the producer, not being owner., they act a workers at 
a farm and awe partly paid by being permittd to use some land for the time needed 
to harvest one crop. In this case the plot used vain each year, because the owner 
wants his plot dean to sow rses, usually the yer after. 

The pwpose of the production Isself.ielstence. and It don not master If the 
producer Islandowner, hand worker or a combination of both. If there is any
suplus. ft I "ken to the marw t ImallplS which are sold to truck drivers or 
In the loa markets, the quantities never renough to Iluence the marketing.
channels or he prices. 

Techical fadsssce at ths lvel Ispractically unknown a sbch. Such 
tchnology s thee produces kaqw reacho them through their vtinity to larie 
arms where tehloWy appeJd; they often work on ouch farms and have the 

opportunity to apply sald Ithnological practides. 

Agriculturel elt as such Isalso unknown to t poup. w remurces 
epoyd being hand lab a ssd. efirt usually does not requre expenditurm
ndthe second generally Iskept from the previous havest. In the case mentioned In

Table 5, the expenditure are actually 15.45 colon spent on tertlilleer pestiides.chmicalf, l conol, and iap, Thi, other cosu at this low technologislleM
do not actually occur. The e.perence smhw tat a long the efforts they make 
coe neccWael of ai consumption for the famly, Iving asurplus to pay for 
cau expenses, hrme consider the crop a aphysically and economkally
productiv actlvty. 

The MAn ron foe the pulsen of system Isthat the farmer doA not
incur dbM In Case of a falure, th fm himself "pays off his debt" throv1h his 
hunwr ad his family . 

T productmion /sstmof beans "sown alone" is,a is name implies, a 
prvdfuct Wfoft with aPa, ad not an almost acidetal means of obtaining 
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beans as in the case of covered beans. In this system of beans sown alone, the four'lIasi phases of1 cultiv..ti..n can fie distinguished: clearing and preparation, seedingand fertillitation, tending, harvesting. 

The basic identifiable variations are: (I) beans solely. manual, (2) beans solelyanimal traction. 1-t) beans salely with a certain amount of mechanixation, and (4)beans solely' with some uerchanisation and irrigation • the latter Just aspecial
%-ariationof the others. 

t he systiem is always alike In the beginning and the differences appearia.tording to the way in which the activities occur, and according to the number dfsucth activities within each one of the four basic phases of cultivation. 

lease Solely • MOnual 

Description. In this variation the first step is clearing the plot with the
machete. 
 IMe weeds can be heaped or nut, after they are thoroughly dry they areburned. then the plot Is levelled and thoroughly cleaned, completely by hand, andthere Isno soil preparation as such. 

Seeding is usually by hand, with the aid of a spike to open holes for the seed.Lven if there Isactually no formal preVaration, a certain order is kept in the seeding
prix ell, 

Ihe maintenance Is simple and consists only of cleaning with the machete.
4he harvest exhibits the known stages: pulling, pol;.-threshing, and 4leaning by

llwing. I he only inputs are seeds and bags to st~re the beans. 

Seventy percent of the seed used is of native strains, bought in the localmarkets, or kept from the previous harvest, In which case a more or less good
opparaante is the triterion of selection. 

Phytical and economic peduecttly. tudles of physical and economic

productivity of this system are somewhat less zvze, perhaps due to the fist I thai
this isthe first regiular effort to produce beans 1.4 a technologicai way. 

Iable t,shows the results obtained In Copan, Honduras, during I196-67.NInety41 pounds pe manaana of native seed were usid and no terhnological
inputs were employed. From a physical point of view the results were notdikouraging. 1he economik analysis is not comparable due to the difference of time
and of economic conditions among dift'ferent countries, nevertheless, It affords 
Interesting points of reference. 

lean. Solely •Animal Tracton 
Deac*pdon. This variation differs from the preceding mainly In thepreparation stage, After the weeds are burnt, and the plot Iscompletely clean, thelaid Isplowed, harrowed and furrowed. -he rest of the operation Isexactly a. inthe variation explained aboe, and there Is no Input except the farmer's hand labor untilthe crop is ready to be harvested. 

Physical and economic productiiy. Duplan and Aguirre (1) showed that by 
employing a certain amount of technology this ysltm gives an averag yield of 
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Table 6. Physical and economical productivity of hnn sown alune.manusl 
Copan. IIondurax 1966- 1967 

Itenizdl ependitures iay ws..S Lempiras 

Land preparation 21.96 41.11 
Seed/ng 1.71 14.15
 
Tending 22.5 
 24.3n
 
Harvest 34.85 23JO
 
Supplies (9S lb. seeds) 
 11.53 
Nent t3j,14) 

ToWa 124.45 

Yield (qq,/manna) 9,8 
Grossincome 111.36 
Gross mar 5.89 
Cost per quintal 12.59 

sources Hondura, Sovretara do Recurso lNatarals SeMCIO Coopcradvo do 
DsuUIOio Rural Costos do Produeci6n. Secd6n de Economfa AV(.
colas Tuelalslpp. 1961.p.1 I 

11.41 quintal per manauna a proua margin per it.anzana of 150.47 colones with a 
cost per quintal of 60.9S colones (See Table 7), 

A preliminary study of this system was made in El Salvador for severaltechnological levels by Oviedo and Agiuirre (1,3), The results presented in Table 8
show a higher physical ad economic yield when technology is used.
 

Sca1ns Solely . Small Amount of Mechiatlst~on 
Description. This vasitIon is like the two described above, the only differencebeing the use of a tractor during preparation of the land, especially when plowing.The t of the operation h with the help of oxen, complemented with the

activities already described. 

Pbyscal and economic productivity. Studies in Copan, Honduras, in 1966show the physical and economic productivity of this systeml results are presented inTable 9. Fe the plowing of the land a tractor was employed, the cleaning of theland and seeding were done by hand, and oxen were used to make the furrows. Inthis study no technological Inputs were employed, and all seed used was of native
strains, 100 pounds er manana. 

Other Vasanr .1 the Sfme $yTem 
Within this "solely beans" system there we vasis. Important asputts of those re not included in this paper due to lack of Informaton. 1Uivariants re animaltraction with krigatntn and with a smal amount of mechanlation ad Irripton, 
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Table 7. P Iyqiyal t d4cunomlicp productiyity of bean Powl alone-animal tra;tion, 

in Cox ica, 

Itemized exptn4s Coloncs 

I land lahbor 366.61 

secd 90.12 

Minure 109.28 

Slugtlide 12.61 

Insecticide 10.04 

Fpiwngdde 1.96 

lIerbIcide 21.14 

Hass 7.20 

Other Items 76.53 

Total 695.49 

Yield (quintals/manzana) 11.41 

Gross Income 845.96 

Gross margin 150.47 

Cost per quintal 60.95 

Basically, the system is the same, with the one exception of irrigation. 
Personal observations made of cultivations in Honduras and 1:1 Salvador where no 
technological inputs were used (save irrigation) showed that physical yield has not 
surpassed 15 quintals per manzana. 

Implications of the System 

'Ihis group of systems exhibits a partial use of technology, cha-acteri/ed by
 
improvements in certain activities, usu.lly those related to inputs easily available,
 
i.e. oxen and hand labor. Usually no one invests in machinery to cultivate beans, 
therefore, only where machinery is easily rented does one see it ir, bean fields. 
Although this system described above follows the pattern of traditionalism and lack 
of economic resources Lharacterizing bean production, beans produced within this 
system are not only for family use but for rjmmercial purposes as well. In case 
the proper technologial and socio-economic environment could be developed, the 
producers could become open to a reasonable improvement effort. 

Beans associated with maize 

Description 

As the name implies, this system consists of a simultaneous cultivation on the 
same plot of beans and maize. This system requires good preparation and cleaning 
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Table 8. Physical and economical productivity of beans sown alone -animal traction, 

In E Salvador, 1971 

Stages of Technifled Traditional 
cultivation Colones/mz % Colones/mz 

Cleenlng and 18.71 9.55 23.20 17.52 
preparation 

Seeding and 16.41 8.39 6.22 4.69 
fertlization 

Tending 19.13 9.77 9.64, 7.28. 

Itarveting 29.68 15.16 21.92 16.56 
Inpu t 66.94 34.19 33.73 25.48 

Transport 6.01 , 3.07 6.50 4.92 

Rent 38.90 19,87 31.16 23.55 

Operational costs 
per manzana 195.78 100.00 1132.37 100.00 

Yield 14.69 8.83 -

Income per 
nrsnzans 365.58 - 242.26 -

Gross margin 
per manzana 169.80 - 109.89 -

Costs per
quintal 13.32 14.99 

of the land, which are done when seeding the maize, usually by means of animal 
traction. 

Due to thia oveylapping of crops there is a series of activities benefiting both 
crops, and thus it is hard to itemize expenditures, especially where'hand labor is 
concerned. Only the expenses of inputs directly attributable to each crop can be 
calculated without m-,uch difficulty. 

Biean varieties employed in this system depend upon the distance between 
maize and basn. Common distances are two, four, or six r6ws of beans to one of 
mhaize. According to the distance, vine or bush varieties of bean are employed. 

Physical aad Economic Productivity 

In this system both crops are so interrelated that it is next to impossible to 
itemize expenses. In several .:ase studies made in El Salvador by Oviedo and 
Aguirre (analysis of several special cases exhibiting desirable characteristics) an attempt 
was made to estimate the economic productivity, based on the farmers' opinions 
concerning expense distribution. The results of such analysis are prcsented in Table 10. 
In this group the average size of plots was 1.5 manzanas and the highest production 
obtained was two quintals. 
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Table 9. Physical and economical productivity of beans seeded alone asmall amount of 
mechaniation. 1966. Copan, Honduras. 

Itemized expevics 	 Day wagcs lempiras 

(:leaning and preparation 35 	 74.00 
of land 

Seeding 	 6 900 

Tending 	 20 30.00 

liarvesdng 	 21 24.50 
Unputs (100 pounds) 	 15.00 

Rent 
 10.00 

Total 	 162.50 

Yield (quintals/ha) 	 20 

Gross income 220.00
 

Gross margin 57.50
 
Cost per quintal 	 8.12 

Source, 	 Honduras. Secretarfa de Recursos Naturales. Servicio Cooperativo de Desa
rrollo Rural. Costos de Produccl6n. Secci6n de Economfa Agrfcola. Tegu
cigalpa. 1968. p.11 

Implications of the System 

Knowing as we do the limitation of land and cash resources handicapping
bean producers, the fact that in this system both are employed intensively is a great 
advantage. On long range, farmers are benefited by this intensive use of resources. 

Bean varieties employed depend upon how many rows of beans are between 
each row of maize. '1he system most often used is 2 and 1, and then 4 and 1. 
Since both crops grow simultaneously, it is important to investigate the whole cycle,
not only from the socio-economic viewpoint but from the agricultural as well. 
Methods to evaluate bean - maize relations integrally should be developed. 

Intercalated beans 

Description 

Perhaps this system of bean production is one of the most widespread. This 
system differs from the associat.d system in that beans are sown at the end of the 
maize production cycle. 
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Table 10. Physical and economical productivity of heans asociated to maize,in I1 Salvador., 

Itemized expenditures Day wages Colonc% 

Cleaning and preparation 

Cleaning 
Plowing 
Harrowing 
Furrowing 

* 

5 
5 
2 
1 

t9.25 
19.25 
7,50 
4.50 

Seeding and fertilization 

Seeding 
Fertilization 

3 
1 

7.75 
3.00 

Crop tending 

Cleaning 9 19.50 

Harvest 

Pulling 

Pole - threshing and blowing 
6 
5 

12.75 
11.25 

Inputs 

Seed 

Fertilizers -

11.00 

22.00 

Transport 3.00 

Rent 27.00 

Total 148.50 

Yield (qulntals/manzana) 12 
Gross income 270.00 
Gross margin 121.50 
Cost per qulntal 12.37 

After the m.::Lc finishes its productive cycle, as many ICaVcS as possible are 
removed, and the upper part of the plant is bent downwards, taking care that all 
the cars remain in the upper part. 

The purpose is to make the plant dry as fast as possible, leaving the cars 
in an inverted position so as not to let water penetrate and to permit moisture to 
drain faster. In this way the crop is protected and stored in the plant at the same 
time. 
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The plot Isthen cleaned, farmers taking the opportunity to check the rows 
and fix those which are badly off. From now on the process for beans is just as 
in the other systems: seeding and sometimes fertilization, tending, and harvesting. 

Physical and Economic Productivity 

This system of bean production is one of the most commonly practiced. 
However, in calculating the economic productivity a difficulty lies in the fact that 
bending and removing the maize leaves are accounted for as bean costs. 

It has been decided to include the costs of these operations in this paper,
because cots as well as results are considcred an integral part of a production 
process no matter whether they are necessary for maize production. Costs of the 
operations are included as components of total hand labor costs in Table 11. 

This system has been compared to several of the most common bean 
producing systems, and the results obtained in Costa Rica (2), which are presented 
in 'Table 12, show that it is the one with the largest physical and economical 
productivity of all the systems studied. 

Implications of the System 

Experience in the field has given a background to this system which is 
important to consider. Man)' of the farmers interviewed think that vine varieties, 
being held upright and not close to the earth, are less susceptible to pests and 
diseases. 

Table 11. Physical and economical productivity of intercalated beans 

Itemized expenditures Colones 

Hand labor 325.28 

Seed 

Manure 
70.85 

102.36 
Slugicide 

Pesticide 

8.40 

8.54 

Fungicide 3.54' 

Herbicide 

Bags 

Other items 

13.71' 

&94' 

60.34' 

Total 661.96 

Yield (quintals/manzana) 
Gross income 
Gross margin 
Cost per quintal 

" 13.13' 
971.94' 
309.98 
50.41 
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Table 12. Physical and economical productivity of four bean production %)'4tem%fn (:ina Hka 

Characteristics Production system-, 

Intercalated Sole SOl-animal Covered 
traction 

Total variable 
expenses (permzl 661.96 696.95 695.49 32H.26 

Total expenses
(per manzana) 843.47 892.43 848.63 

. 
439,72 

' 

Average yield 
(quintals/manzana) 13.13 12.31 11.41 3,22 

Quintals to cover 
variable expenses 9.01 9.48 9.47 4.47 

Profit margin
(quintals/manzana) 4.12 2.83 1,94 6.75 

Quintals to cover 
total expenses (mz) 11.48 12.14 11.43 5.98 

Profit margin 
(quintals/manzana) 1.65 0.17 -0.02 - 0.76 

Also, it seems that since they remain longer in the field, these species hale 
undergone a natural selection; the farmers think that if they sur%ie it must be 
because they are really good. On the other hand, it ispossil')I that in intercalated 
planting overlapping of benefits results from the care given to maize. 1I%en if the 
above is only aproduct of field observations, results seem to (onfirm it. 

It is important to have a better understanding of the technical agronomical, 
and socio-economic cycle in the relation beans-maize, from a technological 
viewpoint. 

RELATIVE IMPORTANCE OF DIFFERENT 

BEAN PRODUCTION SYSTEMS 

The diversity among the various bean production systems leads one to try to 
group and classify them. They are separated into two large groups: beans solely, and 
associated and intercalated beans. Establishing hierarchies among these systems is not 
so easily done. 

The basic criterion to make such groupings is the differcnce between %arieties 

employed in each system: to grow bcans solely, farmers employ erect, shrubby or 
brushy types. In case beans are grown intercalated or associated to maize. %aricties 
employed are vine or semi-vine, with their own technical and socio-economt 
characteristics and problems. 
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Eable 13. Relative Importance of botb groups of bean production systems In two Central
 
American countries
 

Percentajes of relative importance 

Countriei 

Area 

Solely 

Production Area 

Associated 

Pro uction 

El Salvador 

Guatemala 

" 

" 

61 

72 

5o 

49 

39 

28 

50 

51 

Source,t Cents) Agropccuaro 1961 - " Censo Agropecuario 1964 

Analyzing the data corresponding to the indicators of relative importance,
such as production and area, in two neighboring Central American countries, El Salvador 
and Gfiatemala, it is evident that both groups of systems are of equal importance. Thus, 
it seems logical to try to improve both. (See Table 13). 

Frying to decide on the relative importance, it is evident that there is not a 
definite tendcncy and that both systems must be considered together with the 
implications of the different approaches in extension, investigation, technical 
assistance, and development, all considered on short, medium, and long term. 

Accepting the fact that working with both groups is essential, one wonder, if 
any improvement is possible when trying to introduce technological changes, under 
such incipient and rather problematic conditions. In the next pages we will examine 
the possibilities of improvement. 

IMPACT OF NEW TECHNOLOGY ON A BEAN PRODUCTION SYSTEM 

During the 1950's, the Central American countries and Panama started a 
Central American Cooperative Program for the Improvement of Food Crops 
(Programa Cooperativo Centroamericano para el Mejoramiento de los Cultivos 
Alimnentiios - PCCNICA). One of the first crops considered was beans. 'Ihe effort 
was intended as a device through which the physical-biological problems of the 
crop could be solved in a systematic way, in common for all the countries of the 
Isthmus. 

I he program faced early difficulties, but can now exhibit encouraging results, 
especially in phytopathology, entomology and plant breeding. 'I his initial effort, 
which is paying off now, served to create a far-reaching technical base. Assistance 
was received from the Inter-American Institute of Agricultural Sciences of the OEA 
(IICA), which coordinated the work. 

In 1969, the Government of I1'Salvador decided to create a National 
Program of Protection and Promotion of Bean Cultivation (Programa Nacional de 
I)efensa y Promoci6n del Cultivo del Frijol). This program was based on the 
technical efforts of PCCMA, and its goal was to help bean producers to produce 
more beans. 

This program was to turn El Salvador from a bean importing country into a 
self-supplying one. To reach this, ever since thebeginning the program had on 
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Table 14. Economic results of bean production for two levels of Itchnology 

Basic expenditures 

Cleaning and preparation 

Leafe removial and bending 
of stalk (maize) 

First cleaning 

Other Items 

Total 

Seeding and fertilization 

Seeding 

Fertilization 

Total 

Tending 

First cleaning 

Second cleaning 

Pesticides, Ist. application 

Pesticides, 2nd. application 

Pesticides, 3rd. application 

Slugiclde 

Fungicide 

Total 

Harvesting 

Pulling 

Pole-threshing and blowing 

Transport 

Storage 

Total 

Other expenses 

Rent 

Transport of inputs 

Total 

Hand labor and other items 
(Total expenditures/ha) 

Production syitem _ 

Technified Traditional 

Day wages Colones Day wagc Colonc% 

23.08 14.40 20.64 12.94 

22.71 28.72 .18.30 22.51 

3.19 3.76 6.19 12.62 

48.98 46.88 45.13 48.07 

21.37 31.03, 19.35 37.03 

8.20 13.27 - 

29.57 44.30 19.35 37.03 

20.51 32.95 18.46 34.95 

12.15 12.87 - 

1.22 2.50 

1.46 2.62 

1.29 2.22 

0.03 0.36 

0.67 0.70 - 

37.33 54.22 18.46 34.95 

21.00 33.93 21.77' 42.87 

15.38 26.17 15.11 20.86 

7.31 - 8.68 

- 3.27 - 

36.38 70.68' 36.88 72.41 

- 68.01 - 73.87 
- 4.96 -

7: )7 - 73.87 

152.26 289.05 119.82 266.33 
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- -

Production systems 

Basic expenditures Technificd Traditional 

Pounds Colones Pounds Colones 

Input expenses Seed 13659 36.71 135.78 40.30 

Fertilizers 

Nitrogen 63.12 - - -

Phosphorus 129.61 - - -

Potassium 34.28 - - -

Total - 37.81' - -

Pesticides 87.66" 15.20 

Fungicides 17,00 4.33 - -

Slugicides 

Bait 23.80 1.42 - -

Poison 0.71' 0.89 - 

96.36' -Total 

lland labor, Inputs and 
other Items (cost/ha.) - 385.41 - 306.63 

Quintals/ha. 37.60' 18.09 

Cost/quintal 11.82' 16.95 

Total input/ha 507.66 350.60' 

Cost/ha 385.41 306.63 

Gross margin/ha 122.25 43.97 

its side the basic ingredienti.of every improvement program: decision and political 
assistance, reflected in physical, human, and financial resources to see the program 
through. The problem was to make field technology available to people who so far 
had known little if any. 

A group of two investigators, two supervisors, and nine promoters was first 
created. Also, assistance of personnel from the National Center of Farming 
Technology (Centro Nacional de Tecnologla Agropecuaria - CENTA) of El Salvador 
was available in specific areas. 

The idea was to make available to farmers certain practices useful in the field 
and to bring into the office field problems needing action. 

The promoters were trained in special courses in the technical and economic 

aspects of the crop. They were to assist.farmers to keep arecord of incomes and 
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expenditures. Promoters were to visit farmers once a week, checking the progress ofthe crop, giving advice and also helping with the records kept by the farmers. 

After harvesting the crop the records Are picked up to tabulate the data. Lach
farmer gets a copy of preliminary group results, as well as those of his own 
farm.The idea, though not new, has turned out well, since it allows galing advice in
technical as well as in rural adminlstration aspects, showing the result%to the fdrrpcrs
and letting the promoters know the economic effects of the practices they recommend.This enables them to emphasiie those practices more for( efully in the future. 
Promoters only work in one crop, covering the areas that exhibit both present
production and production potential. 

Results are presented in Table 14. "Ihe figures correspond to the hariest from

August to December, 1971. The system employed 
was that of beans intercalated
with corn, in the Departments of Santa Ana, Ahuachapan, and northern Sonsonate, 
In El Salhador. 

Also in 'Fable 14 appear in detail the results of both technological levels. I he

basic differences lie in seeding, fertilizing, and tending the crop, in the use of
 
technological inputs, and in hard labor needed to apply thtse inputs.
 

Physical productivity was 32.60 quintals and economic producti%ity was
507.66 colones in the technified system, while in the traditional system there were
18.09 quintals per ha and 350.60 colones, respectively. Considering expenses

together with productivity, we get more significant figures: 
 cost per quintal 11.82
colones and gross margin per ha 122.25 colones in the technified system, while in
the traditional system the cost per quintal is 16.95 colones and the gross margin
is 43.97 colones. Evidently the effort made to technify bean production rendered 
good results. 

We must add a brief profit-cost analysis to theseresults. The procedure is
simple: between both systems there is a difference of 32.44 day wages at 2.04 colones
each, for a total or 66.17 colones; 59.65 colones spent in simple technological inputs
as fertilizers, slugicides, pesticides, and fungicides, plus 3.27 colones for storageexpenses and 4.96 colones for transport of supplies. Adding these figures we obtain an increment of 134.05 colones on the total cost. Now, the increment in unit yield
attributable to that increased cost is 14.51 quintals, which sold at an average price of
17.47 coloiIs to give a total increased profit of 253.48 colones and a relation 
profit-to.ccst of 1.89 colones. 

An interesting phenomenon is the type of technology and the way tointroduce it. Table 15 shows the number of extra days wages needed when a better
technology - no matter how simple it is - was introduced. A total of 32.44 extradays wages were paid at 2.04 coiones each for a total of 66.17 colones. Seen from
this point of view, day wages are a kind of technological investment. land labor is an abundant form of capital, and there is little or no rroblem to obtain it. 

As evident in this case, a better technology does not necessarily mean a high
mechanization or substantital investment or capital, which would be very hard to
get due to the low socio-economic level of bean producers. 

The results presented were obtained through a technification process within easy
reach of the common bean producer; it was based on the following: 

A better and more frequent use of the practices already carried out by the 
farmers; 
 ,
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Table 15. Use of hand labor Inbean production systems 

Itemized usc of Production systems Difference"
 
hand labor . . . . . . .


"echnitfid* Traditional'
 

Cleaning and preparation 

of land 	 48.98 45.13 +3.85 

Seeding and fertilization 29.57 19.35 +10.22 

'Iending of crop 	 37.33 18.46 +18.87 

1larvesting expenses 	 36.38 36.88 -0.50 

Total 	 152.26 119.82 32.44 

* 	 Day wages 

The systematization of said practices and the use of technological supplies 
within access of the farmcrs; 

A maximum use of hand labor, the most abundant resource; fixing variable 
capital inputs to be used up to the best possible technical limit and up to the 
actual economic possibilities of the farmers. 

It should he pointed out that the results mentioned were obtained solely by 
beans of natie str.'ins, not one of the farmers having employed improved seeds. If 
the improvement of (ultural practices along with the use of inputs are capable of 
raising production levels as shown, it is possible to spe ulate on the possibility that, 
while plant breeders obtain better genetic material, ruth could be gained from a 
short-term program to augment production based on better agri(ultural practices. 

' he most interesting point about this program is that is shows how a wJl 
oriented effort, not requiring any change from the farmers in their sodio-cultural 
patterns, can get encouraging results on a short-term basis. On the other hand, this 
process, even though not too ambitious or significant, prepares the way to introduce 
higher levels of technification in a systematic way and on solid anti realistic bases. 

PROBLEMS AND PERSPECTIVES 

The comments and results presented up to this point make necessary an 
analysis of the problems, perspectives and implications of the various bean production 
systems. 

Doubtless, bean is what could be called a socio-economic crop, in other words, 
it is a crop where the family's consumption of beans weighs as much in the production 
decision as the prevailing conditions weigh in the factors affecting yield levels. This 
is the first element to be considered when trying to understand the persistence of 
such production systems with their low technological and economic efficiency. 

While other crops have undergone a concentration into productive localities, 

beans have not. The above described socio-economic characteristic of bean serves 
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partly to explain the diversity of conditions under shih beans Art grown, and it is 
possible that because of this Property people hve lost sight of the main decision to 

be made: the need of /oning the (rop to delimit the areas where It has an initial 

physlcal-blologikal advantage. I he small hite of the produ tie units should be added 

to the complex problem of dispersion. 

Besides the diversity Of Ct ological conditions under whit h beans are produ cd. 

due to the socio-e onomi( charat teritics of the trop, bean produt Lion ha% been 

mainly in the hands of small landowners and farm workes without land. 

This means that the wain producing group has an undesirable economic 

situation concerning capital, lmnd, and enterprising i apacity. 'I r) ing to pro%ide those 
individual basiq solves nothing, because the human, organiZational.resources on an 

and economic resources to absorb them are seldom available. Brsidcs. experience 
shows how hard it is to get productive and economic ffi irew y on a long term basis, 
without applying the concept of scale economy in produc tion. t rcdit and marketing. 

as well as providing supporting services. 

The foregoing leads to the idea that the best way to take new tet hnology 

to this clientele would ibe to select the potential areas and then group the farmers 

in order to provide them iith capital, get farms large enough to be economically 
productive, provide technical assistance as well as marketing and support facilities. 
All this should be done in such a way that the limited economi, and human reqourccs 
that countries and farmers have will be employed in the )etwa'. 

Another factor which helps to maintain the present systems is the almost 
marginal standards of living of bean producers. Socio-culturally this is a group where 

any change offered must be foolproof, otherwise they will not accept it. [Fear of 
crop failure is their greatest misgiving since it means hunger. 

Also, considering the standard of living in these farming communities, it %%ould 

not be strange that even if, through anew technology, an increase of physical 
productivity were possible, the economic benefits were channelled toard other 
sectors out of the farmers' control. It is common that due to the inflexibility of the 

marketing and credit nystems, benefits resulting from production increases go to a few 
who control the necessities. Consequently, there could be the proper technological 
Incentives for improvement of the bean producers' lot, but nullified by these other 
aspects. 

Another aspect related to the adoption of new technology at the community 
level lies in the infrastructure of agricultural services, such as the provision of 
agricultural supplies of a technological type; i.e. improved seeds, fertilizers, pesticides, 
fungicides, herbicides, machinery, etc. 

It is common that farmers, even knowing the advantages of the use of such
 
inputs, do not use them, either because they do not have the money, or they are
 

not given credit. Sometimes, even if they have the money, the supplies are not
 
within easy reach, eliminating the incentives.
 

These problems have created the environmental conditions allowing such 
production systems to persist, however archaic. Considering the limiting factors, 
people do not have many alternatives. 

All these facts have created asocio-economic marginal mentality toward beans. 

Producers do not think of beans as either a cash crop or a crop adapted for cultivation 
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in large scale, and If anyone hopes to get out of his marginal situation It Is not by' 
growing beans. 

Everyone con( erned shares bline for this soclo.cconomic marginal mentality.
 
People in 4harge of tet hnital assitani c see bean producer as a diffh ult group either
 
from the economic, social or cultural viewpoint. Researchers see bean as a difficult
 
trop. easil%affec ted by diseases and pests, and as hean pro('a cr are neither
 
politically nor et onomic ally strong, researc hers arc under no pressure, so they give
 
their time to other activities, generally easier to manage and more profitable. Besides,
 
offit id anl pri%. te redit agent ies are not interested in finant ing bean production
 
bet ause they conider it arisk enterprise. I raders in beans do not bother trying
 
to impro c the %'sttm, pi ilahly feeling that they tan easily deal with produt ers of
 
small part el%,
 

I ood consumption patterns ji the people help to (rcate confusion. Normally,
 
in L.atin \merit a co(untries favorinv,red beans tan he easily differentiated from
 
those favoring bIla( k beans. I.vcn though much hai been said about well oriented
 
campaigns bringing about mass (hanges in people's tastes, so far nothing has been
 
act oniplished.
 

Those different tastes mean a price diffcrential large enough to orient 
produtzion toward a given color, and to make researchers keep it in mind when 
choosing varieties for agiven country. l'refercn es in siuc and brilliance of the 
grain must also be kept in mind. 

Another asi)ect on bean produ(tion whit h hould be (onsidered is the 
relation maize-bean. Although they are so often grown together, and any action 
taken concerning one crop influen,es the other, little is known about their 
interrelations. 'I he socio-economic effect of those interrelations is not well known, 
notwithstanding that between 30 and 50 percent of all beans produced are grown 
together with maize. I.xploring these interrelations is a challenge for all who are 
trying to improve bean production. 

'Ihe problem is rather Eomplex, and too much optimism could arise from 
successes obtained in rice. It is true that certain characteristics of bean producers 
are similar to those of rice producers, but there is agreat difference between 
the crops. In Asia exists a rice culture, while in Latin America bean is only a part 
of a competitie crop complex. 

The concept "rice t ulture" should be amplified. In Asia all the social, economic, 
political, and t ultural mechanisms are organi/ed around and in benefit of production, 
marketing and consumption of rice. Any change rapidly penetrates this mechanism. 

In Latin America there is no such organization built around beans; therefore, 
the system's reaction to introduced changes is not as swift (if any at all occurs) as in 
the case of rice. It is obvious that any action taken concerning maize-bean intercropping 
must be an integrated one. 'I his is only possible with assistance and political decision 
coming from high levels of government, influencing all parts of the mechanism 
wherever and whenever necessary. 

Even though the problems affet ting bean production are many and complex, 
results so far obtained in 1I Salvador make us feel optimistic, provided that the need 
of inc easing bean production is regarded as an interdip ciplinary problem, needing 
an integral approach from the physical-biological as well as from the socio-cconomic 
viewpoint. 
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We firmly believe that a shArp def; iilion of problems as well a their
 
permanent solutions will only result from a, oinhinrd effort iade Id
h) %11Tilit
 
front v.ariois lis iilirirs. I)nl) then it will be p() 
 Islr to ilipro ,e those l)rolu( lion 
sysleins And tile ph'Ai( Al h1)ili)gl(l . %MII E 0)n0),1l( A emioro s hi hC1 dent 

have 4mused thern to persist for ( eriizrcs
 

(;NI.RAI. RI ( ()%INII- NI)A I IONS 

It is hard to giv e( OIiiini Iaitiin on hii()\ to orient training, re.,r h aind
technical assistdn c to jmpro e l.in produi tion in I ,ati \incri( ., %%lien ihere i%,ill 
so much to learn. I he following reCoin .tiiCdt)i arc produ t both of experiem V 
as well as of rrsea r h so far in(l represent rith'r personal %icspoint%. I he% ar 
divided into groups,. 

General 

'Ihe approach in produ.';on development must be from an integral s icvspoint,
including physkial-biologiCal, and socio-economic aspects, the efforts on trAining.
research, and extension keeping the same emphasis. 

investigation 

(1) Iligh potential production areas should be defined by means of regional and

zonal stratification to make use of their ecological advantages.
 

(2) Consumption characteristics such as color, size, and brilliance of the grainshould be studied in order to achieve acceptable varieties through regional plant
breeding trials. 

(3) The maize-bean intercropping cycle should Ie studied from the physic
biologic and socio-economic viewpoints, (onsi(Iering intercropping as a real
phenomenon and as important as those systems seeding solely beans. 

(4) The physical-biological research should stress "technological packets" and 
not just certain practices, seeds, or groups of practices. 

(5) Due importance should be given to the selection of high yielding natihe
varieties, checking their reaction to a complete set of agronomic practices. I his
could attain substantial production increases on a short term basis, giving time 
for research work to follow up. 

(6) The socio-econornic characteristics of production, such as: profitability.
credit, marketing, and attitudes towards ciange should be investigated in order 
to design hettcr strategies for improvement programs, and to find the most
effec tive ways to transmit new findings. 

Training 

(I) Courses for the formation of specialists in production stimulation should 
be prepared. 

(2) The type of training given at these courses would both have agronomic andsocio-economic emphasis; agronomic, with an introduction to bean technology.
socio-economic, toward the preparation of integral projects for promotion of 
the crop. 
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(3) Personnel for these courses would be selected preferably among executives
 
and %upervisorsof hean promotion programs in each country.
 

(4) Massive dissemination of the results gathered in all the fields concerning

the crop should be made, not only of rcults from international research centcrq

but from locai centers as well. I nundat ions t ould sponsor publication of selected
 
technical papers produced in local centers, avoiding loss of high quality papers

through lack of fVnds.
 

(5) Once the critical issues are identified, the technical level of local professionals

should be raised through intensive courses in selected priority fields.
 

Techniral Assistance 

(1) Assist the countries to perform diagnostic studies to identify pro.-1Ams

blocking production.
 

(2) Ilelp the countries identify problems blocking production and astjv them 
in programming and conducting action to eliminate problems. 

(3) Ilelp the countries in the formation of teams of specialists able to work as 
a group to achieve spetific goals. 

(4) Concentrate efforts and help those farmers with policy decisions to act, 
as a strategy to convince more farmers of the advantages of such decisions. 
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Commentary' upon: 

BEAN PRODUCTION SYSTEMS 

Fernandp Fernandez 

David L. Franklin 

Messrs. Aguirre and Miranda have presented the agronomic systems of bean
production within the socio-oconomic framework in which these operate. We would 
like to concentrate on two points: (a) the "systems" approach applied to 
production of field beans; and (b) an examination of the components of the 
agricultural "supra-system," where the main obstacles may occur that prevent
production increases and improvement of the producer's living conditions. 

THE AGRICULTURAL SYSTEM 

The concept of systems conceives the unit of production of a given species as 
a dynamic assembly with several components and having "inputs" and "outputs."
This system is not isolated; on the contrary, it is part of a major assembly or a
$supra-system" which has other components, each one of these being a system in 
itself. These compor:nts could be called "exogenous systems", considering that 
the i(sub) system of production is the "nucleo-system" of the center of the entire 
agricultural complex. (Figure 1). 

Although every component of the agricultural supra-system (and of its sub
systems) cn be identified, studied or influenced separately, all of them interact 
with the "l. )(luction system". They provide inputs and determine or influence the 
characteritics n4. operation of the nucleu. (Figure 2). 

Sevetal components such as transportation, marketing and community 
infrastructure; credit and inputs, etc., are interrelated. 

The authors emphasize the importance of what they call the "socio-economic 
environment" which we recognize within the agricultural supra-system, declaring: 

"Tth concept of agricultural production systems must be ample enough to Include the 
technical, economic, social, political and cultural aspects of the members of a society that 
define and chape the basic relationships between man and his environment, channeled Into 
agrlcultural production". 
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Fig. 2, The gricultural system of thc field bean 
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The authors identify two basic characteristics of the components of the
agricultural system of which bean production is a part: geographical dispersion of
the production units: small size of the farm and/or lot. 

Other characteristics could be rientioned (and the authors state these) such as: 
difficulty to obtain credit; low level of education; insufficient market information;
low capacity of the marketing system: inadequate infrastructure of community
services; little or no political power of the producing community; lack of 
managerial criteria; rudimentary lev,!ls of technology; tendency to minimize risk. 

These characteristics are true, but not peculiar to the bean production
 
system. They belong to the agricultural system of the small farmer and of
 
subsistence agriculture.
 

Under the most primitive conditions, production of field beans is a
 
mechanism for obtaining "sivings in kind," 
a source of food for the family and an assurance )f employment for family labor, rather than a commercial activity

oriented towarl the market. An increase in the size of the lot and/or the
 
technification of the unit of production generates an expected surplus of the
product which the farmer seeks to market. In this case, bean production becomes 
mainly a commercial activity. 

A situation exactly opposite to that of the subsistance bean producer isfound in medium-sized and big operators, whose product is :ntended mainly for the
domestic market and for export, as found in the State of Sinaloa, Mexico; in several
Central American countries and in extensive areas of the Departments of Valle,

Tolima, Huila and others in Colombia.
 

In this country, the technified farmer represents only three percent of the 
producers, he cultivates eight percent of the area planted to beans (78,000 hectares
in 1972) and contributes 15 percent to national produc tlion (total nationalproduction 46,000 tons in 1972). Most of the Colombian bean production is handled
by small farmers and, according to the authors, this is likewise the case in Central 
America. 

THE PRODUCTION SUBSYSTEM 

Every system has at least the f'ollowing set of characteristics: 

(a) It Is dynamic, which means that time is an intrinsic part of the sysfem. 

(b) A set of conditions contained in the system. 

(c) Channeling of inputs into the system. 

(d) Creation of new conditions resultirg from a process in which initial conditions
interact with the inputs. 

(e) Generation of outputs (or products) which depend on the conditions and the 
Inputs. 

The process in the system leads to new conditions as a result of the
interaction of original conditions and inputs. In other words, the product orproducts of a system are a function of the inputs and the process. 
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The above characteristics may l)e represented for the generalized bean 
production system in a relatively simple graphic form (Figure 3). 

Based on the information supplied by the author%, it is possible to graphically 
ilustrate the system of the maie and bean production farm as shown in Figure 4, 

The model of the gcncralized bean production system may be modified by 
the producer, depending on the existing conditions in a certain area. This 
modification results in anumber of alternatives which are grouped into sub-systems 
, cording to a gi%en characteristic or a limited number of specific characteristics. 
I roin ; phvsical or technological standpoint, these sub-systems could be rather 
called "methods." 

[he authors have identified four of these methods that they present as bean 
production systems for the small farmer, with utilization of a very low level of 
technology at all. 

Using patterns similar to that used to illustrate the generalized bean production 
system, the four sub-systems can be illustrated as in Figures 5,6,7 and 8. 

The system illustrated in Figure 5 is similar to the subsistence agriculture system 
which is the simplest of all, as shown here. 

ED- Product 

Naturalrces 

This is a closed system which does not depend on external factors or on 
exogenous systems. 

THE CRITICAL COMPONENTS OF THE AGRICULTURAL SYSTE.M 

The landscape of agricultural system in which beans are produced in Central 
America, according to the authors, is largely covered by small farms operated by
"campesinos" of limited resources who have a piece of land often on the hillsides. 

For these farmers the authors recommend acombined effort in the 
technological and socio-economic fronts. The goal of the technological effort would 
be to develop a "package of technology" with a high level of physical and economic 
productivity. The goal of the socio-economic effort would be the simultaneous 
transformation of the socio-economic environment and of the social and culiural 
patterns, in order to accelerate the adoption of the entire package. 

The authors rationale is that even though we may increase production 
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substantially by means of a great technological effort, the economic structure and i 
existing conditions In the production areas do not guarantee arapicl crystalization . 
of the conditions required for adoption of the new technological package. 

The problcm has considerable proportions duc to the subsistence situation.
 
to the low levels of technology, and to the socio-economic conditions of most
 
producers.
 

Based on the information presented by the authors and on data from other 
sources, it is apparent that the most common case is one of subsistence or 
semi-subsistence where the unit of produ tion is less than one hectare and where 
yield is less than one ton per hectare. 'I he land tends to be marginal for crops and 
the resources provided by the communities in terms of education, marketing, 
communication, transportation and credit are minimum or non-existent. 

Furthermore, two basic considerations are outstanding. I irst, the contribution 
of the bean crop to the activities of the typical farm in the Siria Valle\ in lfonduras 
represents, according to the authors, approximately 20 percent of the agricultural
income, and one third of the total income comes from. non-agrkultural sources. 
Second, there is a space dispersion of production and places of sale where beans 
are sold mainly in small quantities. '[le authors suggest that beans are aproduct 
that can represent savings in kind. 

This last point indicates that, under the present means of distribution, the 
most common marketing system is rudimentary or operates at the %illage leel and 
that there may be an equilibrium between supply and demand. 'I he above 
considerations suggest that a development program to increase production 
significantly could affect this equilibrium and could cause a malfunction in what is 
probably one of the few ways of promoting security, protection against risks 
through savings in kind. 

The firrt basic -onsideration suggests that if we want to simultaneously 
promote family well-being in these circumstances and increase yields and productivity,
the problem must be solved with something more than just the "package of 
technology" for abean production program. 

The results obtained from research and production development programs, 
reported by the authors, show that the new technology provides an opportunity to 
increase and even to double the traditional yields. Also, there are indications that 
productivity has increased without replacing labor by mechanization, but increasing 
employment instead. Similar evidence has been obtained in Mexico, Colombia, Brazil 
and other countries. 

It is inttresting to ncte, however, that the case of the Bean Promotion 
Program in El Salvador, presented by the authors, illustrates the importance of 
giving attention to the different components of the agricultural systems and of 
having: (a) a previous or projected real demand for the product, and (b a marketing 
system that can handle ,.nd distribute the increases in production. 

In other words, in the case of 1.1Salvador, the existing conditions permitted
the introduction of a package of technology and its successful adoption by the 
farmers which led to increased bean yields and production and contributed to 
raising the farmers' income. Those conditions were as fo!lows 
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(1). During the 1967.1969 period, the amount of beans demanded was double
 
the amount produced. The deficit had to be imported.
 

(2). ehmarketing and transportation systems that In 1967.69 had handled
 
Imported beans, had the capacity to handle the distribution resulting from
 
produciton inc'cases that substituted imports since 1969.
 

(3). High prices provided an incentive for producers and the traditional cultural 
habits were inclined towards bean production: 

(4). The biophysical environment of the producing communities was relatively 
lavorable. 

(5). The government policy on bean production provided: (a)rescarch, personnel 
training and technical assistance to develop and prqmote adoption (f the package of 
technology; (b)an ample supply of inputs and channels for input commercialization,
especially for fertilizers and agricultural chemicals; (c) credit readily available for 
those farmers who wanted to produce field beans. 

If the market demand for beans had not been high at the beginning, a
 
development program would not have been necessary. If a program had been carried
 
out, It would have caused more problems than those it was intended to solve.
 

The authois point out that the basic differences between the traditional and the 
technified system are in planting, fertilization and maintenance of the crop, in the 
utilization of technologial inputs and in the amount of labor used for the 
application of the new systems. 

These differences resulted in doubling production in three years. But the
 
technological package would not ha e been eflective it the sub-systems of the bean
 
agricultural syste, had not been in favorable conditions or had not been 
manipulated in the right way to create those conditions. 

SPREAD OR CONCENTRATION 

The success in ELSalvador also indicates that it is not necessary to manipulate 
all the sub-systems affecting bean production. F'requently, several sub-systems, even 
though not optimal, may still provide condition%favorable enough to attain the 
projected goals. Other sub-systems, in turn, may need a well planned and executed 
effort to enable them to make a significant contribution. 

It issuggested that, before starting development programs, a study should be 
made of the situation of the farm family in the small agrkultural production unit 
as a system in the agric ultural supra-system. I'he various components of the production
unit could be analyzed, to determine their critical ntu tions in reaching the 
objectives and meeting the family needs within the system. ihe influence of the 
dynamics of the supra-systems on decision-making within the system should be 
determined. 

We conclude that a scientist or administrator alone cannot study an entire 
agricultural system in complete detail with all its sub-systems and components. The 
degree of dilution implied would give only vague results. In practice, the sub
systems should be isolated for purposes of diagnosis and planning, and the efforts 
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of specialists or teams of specialists should be dedicatcd to identifying the llut', 
relevant elements effecting production, concentrating all efforts in the solution of 
these problems. 

The starting point must be the unit (tile system) of prodsu tion. since bean 
production is the object of our interest, the te hnology of bean produt tion might 
have chronological prlorit) when it is not possible to make I simultaneous stuly (I 
the whole agricultural system related to beans, but not before it has been 
established that poor technology is a primary obstacle in a given ae. 

Which are the components of the system that constitute the main obhtat le% 
to production and to the improvement of living (onditions for the farmer? 

If it is determined througl an integrated systems analysis that te hnology at 
the farm level is a limiting fa,:tor, development programs oiientcd in that direction 
can be established, provided that they opicrate in function of the conditions of other 
sub-systems that affect the svstcms of production. 

The fundamental contribution of the modern tool of systems analysis to the 
solution of agricultural production problems is the identiffiation of the coupling 
of the produLtion system with other systems affecting it, which allows the isolation 
of the production system for study in relation to the inputs and conditions. without 
being concerned about the conditions of other system s. 

Our intent here is not to present a methodology of analysis and modeling of 
systems but rather to formulate, through the elementary concepts of this sdcinte. 
some questions that need to be answered and to suggest that this methodology Ian 
be useful in the solution of agricultural and livestock development problens. iSee 
the works of Wymore A. Wayne, CspeCLially, A Notebook of Systems Engineering 
Methodology. University of Arizona, Tucson. 1971). 

The exogenous sub-systems critical to bean proauction are those pro%idng 
Inputs and those that accept outputs from the production sub-system. Ihere are 
also endogenous sub-systems critical to the unit of production. Ihey are those that 
transfoim essential resources to meet the needs of the farm family and of the 
consumer. 

We often find that in a biophysical environment, where conditions are 
favorable for growing beans, the most critical exogenous sub-systems are marketing, 
credit, land tenure, technical assitance supported by research, and economic regional 

and community infrastructure. Ihese sub-systems need to be t arefull% studied in 
nearly every region. 

In the last part of their presentation the authors make a series of pertinent 
recommendations that show the complexity of the system and suggest several 
solutions. We believe that it is very important to follow those recommendations 
within the framework of the respective sub-systcis, rccogniting that the 
recommendations should be adapted to the conditions or the respe tive sub-system 
In every individual case. 
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AGRONOMIC PRACTICES
 
FOR FOOD LEGUME PRODUCTION IN LATIN AMERICA'
 

Goorge F.Freytag 

INTRODlUCTION 

lefore thinking of the particular agronomic practices to be considered, a 
farmer or researcher must decide on how the crop is to be handled, lie must clar;fy 
his thinking as to the overall philosophy that will be utilized in handling the crop. 
This he may do by considering how it will be utilized; production system, mechanizer1 
or not, that will be used, and whether there is a profit motive or not. Though this is 
not the principal topic before us at this time I do think it is particularly important 
that we have some clear idea. of what our governing philosophy is and how it 
compares with others wh-n we discuss particular agronomic practices and their 
relative values. 

CROP UTILIZATION 

The major methods of utilization and some examples of each are: 

* Soil Improvement (Soiling). Incorporation of root systems and other crop 
residues, such as with high foliage producing crops (alfalfa, clovers, cowpea, etc.) 
for organic matter and for nutrients, especially nitrogen and phosphorous returned 
to soil. 

Forage. Again for high foliage types, such as soybean and cowpea, etc. used 
for direct feeding, hay or silage. 

Vegetable. Most frequently as tender green pods or seed, as with the Lima bean 
and the green bean, but also cowpea, soybean and others. 

Ornamental. Often in combination with use as a vegetable around rural homes, 
as with Dolichos, Cajanus and the scarlet runner bean. 

Dry Grain. 'Ihe most frequent commercial use since it probably offers the best 
1ay to preser e food value, particularly with soybean, field bean and cowpea. 

Seed. All are produced for seed, either commercially or traditirnally in order 

to plant a new crop. 
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PRODUCTION SYSTEMS 

Here it seems to me that the governing criterion is that of how much capital Is 
available, with adequate know-how to permit use of equipment or machinery. 'I he 
simplest breakdown is: 

Manual. All, or practically all of the agronomic practices will be done by the 
farmer or his family with a minimum of tools, perhaps only hand tools. 

Mechanical. Here there is a wide choice, from animal traction equipment 
(plow, disc, planter) to motorized (including threshers) and of all types and sizes, 

Combination. Extremely variable combinations; perhaps a valid example 
would be land preparation and planting by machine, cultivatiun and care and 
harvesting by hand, threshing by machine. 

PROFIT MOTIVE 

Here isa truly philosophical question - that is,whether or not there exists a 
conscious realization of ,xpected gain. To simplify this let us express it as: 

Traditional cropping. This attitude is tied up in systems handed down from 
father to son, often with religious concepts, so that apparently little conscious 
thought is involved and failures are generally attributed to "hard-luck, bad weather, 
the moon, and God." 

Marginal cropping. Here the farmer recognizes arisk involved and is not 
willing to make any cash investment, lie uses his poorest land and hopes for a good 
year. 

Commercial cropping. Generally this practice isfound on the larger. more 
mechanized farms which invest capital and require a return to pay off investment. 

In addition to these philosophical aspects we should have a good understanding 
of the general biological situation of the legumes themselves. Generally the food 
legumes are crops of the tropical and subtropical zones. I hey have extended to 
temperate climates where they may be found in two principal habitats: cool and 
humid climates, adequate for the production of the vegetable, snap beans, or the dry 
or desert-like climates where the majority of the dry field bean production islocated. 

CHARACTERISTICS 

Their two centers of origin are in the Americas (purple, white or red flowers), 
and in the Old World, especially Asia (generally yellow flowered, but also white and 
purple). Taken together as food legumes we may ser the following principal 
characteristics: 

(1). All are legumes with nitrogen-fixing bacteria in nodules on the roots. "ihis 
predisposes the crop to better results in well drained soils, preferably sandy, and 
with relatively high pIl. High organic matter content also results in better production.' 
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(2). The plant type tends towards the vine so that some type of support (stake or
 
stalk) to twine around permits grcal,.r development. The bush types have lost this
 
twining characteristic but generally require strong stalks or neighboring plants to
 
help support the plant or branches.
 

(3). Their foliage is trifoliate, very delicate, and can generally change position to
 
adapt for low light intensity or loss of moisture. They are very susceptible to
 
damage hv wind, t3i1case, nutrient deficiency or seniiity.
 

(4). Protein isone of the principal storage products, particularly in the seed. 
In the green stage all parts of the plant are quite attractive to insects and animals as 
food. though in the latter stages of maturity the seeds are often protected by
unpalatahle or toxic substances. 

In the centers of origin we find that the beans are generally grown by indigenous 
people or by the small agriculturalist of limited resources. In both of these cases the 
food legumes form avery important part oi the basic nutritional pattern, supplying 
a large part of the protein. It isoften in these circumstances that the agriculturalist 
requires that the legume crop provide at least a minimum yield in spite of the most 
adverse conditions, for it has more value in times of scarcity of food than it does as 
a crop of great yield potential during favorable times. Perhaps because of this 
conservative nature of the food legumes we seldom find tyI es capable of high yield
potential. 

SELECTION OF SPECIES AND VARIETY 

We will be speaking mostly of the common field bean as we discuss the various 
agronomic practices, but we must remembcz that there are many other food legumes
which will require modifications to a greater or lesser degree of many of these 
practices. Let us just enumerate the major ones of these: 

American origin 

Species Type Use 	 Comments 

Phaseolus vulgaris 	 white dry grain Dry temperate climate 
(pea, navy) or irrigated. Semibush. 

bayo dry grain Dry temperate climate. 
Semibush. 

pinto or dry grain Dry temperate climate 
color * green pod or irrigated. Semibush 
(kidney) or bush. 

black or dry grain Semitropics, medium 
red rainfall. Sem ibush or 

vine. 

Phaseolus'coccineus 	 ayocote ornamental Iligh altitude and dry 
(scarlet dry and climate. 
runner) green grain Indigenous. 
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Species 

Phaseolus luiatus 	,. 

Phaseolus 
acutifolius 

-Species 

Glycin max 

Vigna sinensis 

Phaseolus aureus 

Phaseolus calcaratus 

Cicer arietinum, 

Lentilla lens ,. 

Canavalia gladiata 

Dolichos lablab 

Vicla faba 

Cajanus cajan 

Type Use" 

",acalete, 
pioy". 
cubaes 

. 
.,, ,, dry and 

.green 
grain 

Lima dry and 
green 

grain 

tepary dry grain 

. Asiatic origin 

U 

soybean' 	 dry grain 

forage 

cowpea 	 dry and 
green grain 
and pod 
forage 

mungbean 	 germinated 
seed 

rice bean 	 dry grain 
forage 

,garbanzo dry grain 

,enticel dry grain 

sword bean 	 dry grain 

dolikhos 	 ornamental 
green grain 
forage
 

broad bean 	 dry srain 

.pigeon pea 	 dry and 
green grain 
forage 
ornamental 
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Comments 

Iligh altitude and 
humid climate. 
Indigenous. 

I lot dry climate, or 
irrigated. 

Tropical, hot climate. 
Restricted range. 

Comments 

Temperate climate. 

Hlot, humid or dry 
climate. 

Hot, humid, climate., 

Hot, humid climate. 

Semitropic, dry 
climate. Restricted 
range. 

Semitropic, dry 
climate. Restricted 
range. 

Tropical, hot, dry.
Scattered. 

Tropics, humid 
climate. 

Cool, humid tropics. 

Tropics, humid and/or, 
dry climate. 



DATE OF PLANTING 

Generally the date of planting is :alculated to permit the harvest to take place
in the season of least precipitation so that there will be a greater probability of 
accomplishing the threshing easily and with low loss from water damage. Dates of 
planting are also calculated to permit good moisture at planting time and at least 
some moisture during the main growth and flowering times. 

There are usually three well defined periods: (I) first season (primera or
 
humid season); (2) second season (postrera or dry season); and (3) irrigation.
 

FIRST SEASON 

In areas where the "cut-burn" land preparation is practiced this must be 
accomplished before the rains begin in order to take advantage of the first few
 
rains for planting. If planting is delayed it may mean problems with harvesting

during the dryer summer period if the beans are not mature on time. In areas

with a cold, rainy winter, delays may be caused by excessive moisture and resulting
problems with opportune land preparation,,again causing problems, either not 
enough moisture during the growing season or too much during the harvesting 
season. At all events it is important to have the beans mature or maturing when 
appropriate warm and dry days come along to permit a harvest. Usually this planting
date has low disease and insect incidence since both of these will be reduced either 
by a prolonged dry or cold season immediately preceeding planting. 

SECOND SEASON 

In general this is the season selected for the majority of the traditional
 
planting of legumes. It provides a somewhat lesser amount of precipitation, but
 
at the same time more or less safety in that the rains will be reduced at the time of
 
harvest either by the beginning of a prolonged dry season or by the advent of a
 
cold period. Because there may be a fair amount of moisture in the soil, land 
preparation can be a problem. Traditionally the crop is planted during a cultivation 
of an established crop. Often times the planting is delayed excessively to avoid 
moisture, disease or other problems and the result is that the crop may suffer from 
insufficient moisture for adequate yields during flowering or shortly thereafter. 

IRRIGATION 

This permits selection of the exact date of planting with complete control 
of moisture at seeding and harvest. Unfortunately it is limited to areas with water 
resources, and with land level enough and with proper structure to permit application.
We must remember that water can be applied with overhead sprinklers, by surface 
methods, and by subsurface systems either laterally from deep furrows or vertically
from underground reservoirs. Generally speaking this season is the easiest to handle 
And gives the best yields. 
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LAND SELECTION 

Land selection will depend principally on availability, characteristics, and 
economic considerations. Climate will not generally be a factor but will be more 
determinate in selecting species or varieties and date of planting. 

AVAILABILITY 

Small farmers are often not presented with the problem of land selection 
since they ipay be limited to only a few hectares and therefore must rather decide 
which crop to plant. As size increases however, or if they are sharecroppers and 
have the opportunity to pick from several fields they would need to know about 
the suitability of the land for a legume crop. 

CHARACTERISTICS 

Topography obviously is of great importance since with increasing slope and 
irregularities all labor becomes more difficult. Erosion also may become an important 
criterion if land is exposed to high rainfall. Nevertheless the small farmer often finds 
himself on sloping land, planting legumes on rocky irregular fields with no alternative. 
A uniform slope is of great importance if the land is to be irrigated by surface 
methods. Rocks, stumps, and sharp irregularities such as holes and ditches must be 
eliminated if large machinery is to be practicable. 

Soil type and structure are very important considerations. [he ideal soil 
should be on the sandy side, deep and loose, and with underlying drainage. Mane 
other soil types can give good results including even heavy clays if structure is 
good, though these will be much more difficult to manage, especially as concerns 
water application and drainage. Germination is an especially sensitive period in this 
regard. High sodium (gypsum) or aluminum contents are especially undesirable. 

Good legume growing soils should have pH around 6.5 to 7. Good 
phosphorous levels are preferred as are good levels of calcium. Unfortunately in the 
majority of the bean growing areas of the tropics, p1l, phosphorous and calcium 
levels are inadequate. High levels of potassium are also required and this seems to be 
obtained in most of the American tropics. Though nitrogen is not required in large 
amounts the better yields are obtained in the more fertile soils. Good legume soils 
will also have a high content of organic matter not only as humus but apparently 
also as partially decomposed plant material. Minor elements must be present, 
especially sulphur, iron, magnesium, and zinc. 

ECONOMIC CONSIDERATIONS 

At the present time we find most of the food legumes being grown on 
definitely marginal lands from the point-of view of the soils best suited tc their 
production. The best lands are occupied with crops producing a higher profit, 
including: cotton, tobacco, coffee, sugar cane and others, even pastures. With the 
possible exception of soybean pzrhaps, the food legumes tend to be difficull 
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sensitive and low Income crops and are continually displaced from the more productive 
lands, A few places have maintained legumes as the principal crop, possibly because 
no other crop can be grown there in competition. Some of these areas are noted for 
very short rainfall, very shallow or rocky soils, small fields, and zones particularly 
adapted to bean culture. 

In the traditional small farm, hillside culture food legumes are probably still 

being grown in the same way and with the same results as in years past. Nevertheless, 
the increase in population and utilization ol iati6nal lands is reducing the natural 
areais in so-called "conservation". Lventually there will be no lands left to recuperate 
during the rotation cycle and yields will probably continue to decline 

LAND PREPARATION 

There must be almost as many ways of preparing land as there are different 
food legume zones. Nevertheless, all provide the following basic conditions. They 
incorporate plant residues (or eliminate them); remove stones, trunks, roots, and 
level land; reduce weed seed, disease spores and insects; pulverize soil; conserve 
moisture. 

Precisely how this is accomplished will depend on the land and the facilities 
at the disposal of the farmer. Some of the more common systems In use are: 

TRADITIONAL SYSTEMS 

Tapado. This is certainly the simplest of all and is often practiced in the 
humid-tropics, usually in isolated, mountainous areas where there may be almost no 
soil. It consists in cutting all vegetation (usually forest) with ax or machete at 
ground level and repeatedly, to form a uniform mulch over the land surface. Seeds 
are then distributed broadcast and the vegetation mulch shaken to allow the seed to 
reach the ground. No other steps are taken as seed will germinate and seedlings reach 
up through the mulch producing a stand. No soil movement or fire is involved so that 
it would seem to be well adapted to conservation. I have heard reports of good 
yields being obtained but have seen no. figures of actual results. 

Cut and burn. This system is very similar to the preceeding and requires either 
forest or heavy, broad-leaf second giowth to supply enough fuel to burn. This 
system is very common in all mountainous areas where rocks make up a large part 
of the soil. Burning is done in the dry season just previous to the expected rains. If 
the area is not separated by an adequate fire lane it is often possible to burn up 
the countryside, a fairly common result. Nevertheless, it is probably the only 
system possible in these rocky, mountainous areas if crops are to be grown there. 
It is not effective against grasses and generally the invasion of these tend to make 
an area unusable by this system until a normal succession replaces them with woody 
growth. This may take from 3 to 5 years to more than a dozen. I have seen many 
fields of this type which should have yielded well over the national averages. 
Again good data on yield results under this system are few indeed. 

Plowing. In some areas with pronounced slope and friable soils the hoc or 

machete is used to turn the soil. This system tends to be ineffective in incorporating 
the organic matter, and quite slow. Generally the operation utilizes the slope and 
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gravity to move soil so that movement is in the same direction and tendls to 'ontribute" 
to erosion. 

The ox-drawn wooden plow (chuzo) is often utili/ed in the plowing of 
Where there is considerablerelatively flat land, often in fairly arid and/or rocky areas. 

slope, the plowing tends to be in the diretion of slope and so contributes to erosion. 

If plowing is done across the slope, the deep ridges left by the plowing help 

considerably to control erosion. This type of plow also tends to leae the organic 

material on the surface of the soil which also helps to control erosion. Usually two 

passes at angles over the field are required for proper preparation, with the use of 

a board or bunch of branches at times being used for land smoothing. 

MODERN OR MECHANIZEI) SYSTEMS 

Plowing. Some areas have utilized the rototiller type with the small two
 

wheeled machines being preferred where there is a great deal of slope. 'Ihere once

machines tend to be quite expensive both for capital investment and for
over 
operation costs, and prepare a very loose seedbedi which sometimes needq firming for 

planting. Organic matter is also distributed throughout the seedbed so that if it is 

excessive, a competition develops for available nitrogen and increase of root-rot 

fungi may result. The machines do not operate well where rocks and roots are 

present. 

Generally the use of disc plows or moldboard plows is the preferred method 

for primary land breaking. The disc plow is generally preferred in land preparation 

where there are low moistures or heavy soils. It generally penetrates well in hard, dry 

soils and wears well (uniformly) and maintains a cutting edge in the highl%" ablasivc 

sandy soils. It is also not particularly affected by rocks and stumps. It is (heaper to 

purchase and operate than the moldboard if the soils are not appropriate for the 

latter. It is slower and does not do as good a job of plowing as the moldboard. 

The moldboard with replaceable parts (point, share, shin and guide plate) 

are high quality tools capable of doing a fast, neat job, especially in grassland or with 

chopped crop residue. They are best for soils which are deep and friable and not 

particularly abrasive. They can only work well with a certain amount of moisture in 

the soil. Roots and stumps arc no particular problem but large stones can octasionally 

break points if working at high speed; moldboards tend to throw these obstacles to 

the surface where they can be removed. If the'plowing is done with care the 

moldboard will leave the land level except for the back-furrows. 

Discing. The offset with large, notched discs (commonly called "Bush and 

Bog") can be used for once-over land preparation in areas with sandy, friable soils 

and where there is a minimum of crop residue. Usually it is preferable to make one 

pass several weeks before the second which may be just prior to planting, the second 

pass being in the same direction as planting. 

The two split-gang disc harrow is generally preferred for secondary preparation
 

or pulverization of the soil. At least two passes are required to reduce the clods on
 
the heavier soils or if the soil moisture is too low. Disc-plowed soils may also 

require more than two passes in different directions, and if organic material is 

present it is desirable to allow a week or two between passes for more efficient 

decomposition. 
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Leveling. This may be accomplished by the use of a spike'tooth harrow which
 
will also continue to break up clods, or, more commonly, by the use of a heavy
 
board or railroad rail connected to the tractor by each end with a cable. The best
 
job of smoothing or leveling can be accomplished by a land-levelcr with a movable
 
blade which can cut high areas and dump soil to fill in lower ones. These are
 
especially valuable where the crop is to be irrigated.
 

Special. If the pli is to be corrected by the addition of limestone or hydrated 
lime, this should be accomplished during the last discing or after the leveling, with 
incorporation being done by the disc. A fertflizer or lime spreader especially designed 
"torthe job should l)e used for this purpose so thit appropriate uniformity and 
dosage can be obtained. l'inely ground material should be used, applied when wind 
is at a minimum and immediately incorporated to prevent wind and erosion loss. 
The application should be done at least a month before planting and it is possible that 
it may take considerably more time before the soil microflora adjusts to the changed
p1l. Applications may be from 2 or 3 to more than 6 or 7 tons/ha, to obtain a pH of 
6.5 or greater. 

Some special precautions should be observed to obtain good results in food
 
legume production. Work soil at proper moisture content in order to reduce soil
 
compaction and obtain good granulation. Try to leave the surface uniform - that is,
 
level and evenly prepared, with no ridges or furrows. The last pass over the field
 
should be within 24 hours of planting, preferably just before planting.
 

SEED PREPARATION 

Success in food legume production often depends to a large degree on the 
quality of the seed used. The traditional small farmer usually recognizes the 
importance of quality seed and genierally meets the exacting conditions for its 
production. lie will select individual Wlants carefully, harvest them separately and 
handle them personally, often giving them a place in the home for drying, threshing 
and cleaning, lie may have limitations on his knowledge and understanding of 
underlying causes of certain problems. Some of these limitations are: recognition 
of casual agents of disease and knowledge of their life cycles; chemical fumigation or 
seed protection: control of storage conditions such as humidity and temperature. 
Ilis materials or equipment available for these jobs are often limited. 

VARIETAL PURITY 

Varietal purity and uniformity of type are required to permit the maximum 
efficiency of ultural practices which require a certain stage of development to get 
the best results. Rapidity and uniformity of germination, branch development, 
blooming onset and maturity are examples of characteristics which should be 
uniform in amount of development and times of initiation and termination. 
Varietal purity can be best insured by the plant breeder who establishes criteria for 
variety type and uses a system which will insure relative conformity through several 
generations of increase. 

The traditional farmer soinetimes seems to utilize systems of increase which 
insure a purposeful mixture. These systems seem to be confined to the indigenous 
and small-plot farmer who must realize some advantage from the practice. Possibly 
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these farmers are utilizing a certain amount of heterosis or are maintaining a high 
degree of adaptability for changing circumstances of the area. 

PHYSICAL COMPOSITION 

Genetic variability as well as cultural conditions can create a good deal of 
difference in size and shape of the grain. Adequate selection and cleaning can help 
control the accumulation of these "off-size or off-shape" seed. Generally the best 
viability and germination are obtained from plump mature seed. 'Ihese arc also 
the easiest to utilize in machinery for obtaining uniform stands. Seed cleaning 
equipment for sizing (round holed screens) and grading (elongate holed or wire 
screens) is commonly utilized thnugh the precision grader for length and width 
separations is generally superiur. 

Threshing and handling the seed at very low moisture contents (7 to 12 
percent) will cause excessive breakage or splitting of the seed coat, which are difficult_ 
to remove later and will cause reduced stand and defective seedlings. Off color types 
can be removed best by hand or by the use of an electronic sorter. 

DISEASE AND INSECT CONTROL 

There Is no substitute for an area which is free from disease and insects for 
the production of quality seed. For this to be effective one must start with seed 

which Is free from the seed transmitted diseases, particularly virus and bacteria. 
"Fungiand yeast have also been reported as being problems with certain crops. 'Ihe 
same is true with nematodes, though these are less frequent. Insects are also a 
problem but are not so serious as the diseases and are also easier to control, both by 
field preventive measures with proper insecticides and by the use of appropriate 
fumigants after harvest (cyanide, methyl bromide or phosamine) or by prolonged 
humidity and temperature control in storage (usually 35 percent RII and 400 F for 
several months). Secondary attack can be prevented by seed treatment with 
chlorinated insecticides (DDT, lindane). 

Internal seed-borne diseases are difficult to eliminate though some are 
susceptible to prolonged storage periods at either high or low temperature. which 
will reduce but may not completely eliminate the pathogens. For this reason it is 
very important for seed to be carefully and adequately tested to detect the presence 
of even low numbers of infected seed. Additional help may be obtained by the use 
of chemicals which may be active during storage period or as the seed germinates 
(in part to protect the plantlet). The systemic type of chemical seems to offer special 
promise for this type of control or prevention. Benomyl and carboxin are particularly 
promising through use by themselves or in combination with thiram. 

Chemical pesticides, some of which may be harmful or deadly to 
humans and animals, or by accumulation pollute soil and %ater, 
must always be used strictly according to directions and regulations 
in effect for the area. 

A special note of caution should be given: if seed has been treated 
with chemicals of any kind this'should be stated on accompanying 
labels. Use of bright color treatment also is advisable to prevent 
such seed being used on purpose, or by error, for food or feed. 
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INOCULATION 

Normal legume growth and production is dependent on-nodule formation, and 
though apparently equivalent results can be obtained by fertilization this is a more 
costly and difficult procedure. Food legumes being grown In their area of origin, or 
frequently in one area, do not seem to require inoculation with nodule forming 
bacteria since these will be established in the soil. There is usually need for 
inoculation in areas where a crop has not been grown and in areas with a cold 
temperate climate. 

Selection of highly efficient strains of bacteria may sometimes be of value In
 
increasing yields. It is important to select for a particular combination of variety,
 
bacterial strain and soil type; that is,a gene to gene action is certainly involved.
 

Adequate pit, calcium, phosphate and organic matter seem to stimulate or
 
prese-ve bacteria in the soil. High aluminum and manganese contents in the soil
 
greatly inhibit bacterial growth and nodule formation. Apparently nitrate nitrogen
 
also acts as a deterrent to nodule formation. In lands previously planted to the
 
common bean, flooding for rice paddy does not seem to eliminate the bacteria.
 

Planter box inoculation in the field is generally successful but often inconvenient 
so that internal inoculation of the seed by vacuum may be a better alternative. 

PLANTING 

In my estimation, planting is the most important of all the operations which 
must be carried out for the production of food legumes. It is, of course, important 
for the successful production of any crop, but food legumes are generally large
seeded and have more difficulty at emergence. Conditions must be especially 
appropriate (proper temperature, soil moisture, structure and compaction, etc.) 
in order to obtain rapid and uniform emergence. It does not matter particularly 
how the seed is placed in the soil during the planting operation (whether by hand, 
machine or other) but it must be carefully done with attention to all the jictails. 
The most common failings are improper conditions, wrong timing, careless placement, 
and lack of attention to details. 

SPACING 

Asystem of broadcast planting has been mentioned already, and though this 
is generally used for grain production only for the common bean, broadcast plantings 
are more frequently used for distributing seed for stands to be incorporated later for 
soil improvement. The quantity of seed should be adequate and well distributed 
to obtain a population heavy enough and uniform enough to compete successfully 
with weed growth. 

Plantings in furrows are generally made when the crop is planted between 
existing crops or when the legume is to be cultivated or irrigated. The distance 
between rows will depend on the spacing required to permit the equipment that will 
be used in these operations to enter when necessary. If tractors are used, it will 
usually depend on the width of the tire on the vehicle plus the width of the plant 
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across the furrow at approximately the time of flowering, plus a few incles of 

freedom. Sometimes compromises will be made depending on tile planting equipment 

to be used. If a drill, common spacings will be in inirements of 7 in( hes (the dis( 

spacing), corn planters' minimum :p:cing is usually about 28 inches, while the bean 

and beet planter may be increased in 2-inch increments Irom about 12 inc hes. 

Iland and animal tra( tion plantings may b more flexible though the yoke 

for oxen for an area may fix plow clistan es sint e the oxen are gencialls' trained to 

walk in the furrow, therefort the planting distance is often in in rements of one
\t other times it mayhalf or one-fourth of the distan(e between the two animal%. 


depend on the width of the furrow, whic h depends on the siue of the plos. 
 or 

plow point. 

Ill planting is usuall) used with aisociated or interplanted clopping, and is 

almost always (lone by hand. Ma( hinery has been des ised for this but is not %%lelv 

used. Any distance can be utilized but the most frequent are those s hich ai e 
convenient to the farmer and to the main crop within which the legume is 
Interplanted. If the legume is vining thee is a tendency to place the hills at the 
base or near the base of the main crop, while if the legume is semibush or bush it is 
usually planted between the rows of the main crop with little relation to the distance 
at which the main crop has been planted. Usually these interplantings will use a 
reduced spacing from that which might be used in aplanting of the food legume by 
itself. 

POPULATIONS 

Total population is usually adjusted by the distance between seeds in the 
row or by the number of seeds per hill. It is often a %ery difficult matter to judge 
whether the population was appropriate or excessive, while deficient plant 
populations are generally quite obvious and results are verv inferior. Population 
should be at least enough to utilize total fertilit) of the land and the s ater as ailable. 
With higher fertilities and more, or better distribution of mcsailable moisture, higher 
populations can be used. If either may be deficient at any of the earl) stages of 
growth (before pod set) the population must be redu( ed. Varieties charat terized 
by large plant size or vining growth habit will require lower populations. 

I he effect of over-population is apparent by the production, 7thin, weak 
stems which tend to lodge early, excessive foliage, and high inc idence of floss er and 
pod drop. If water or nutrients are limiting the plant ma) be smali and stunted in 
growth. In associated plantings where the vining plant type is used the problem of 

over-population generally does not occur since sonre plants become dominant and 
crowd out the others. Under-population will be most eiident by seed ins asion and 

low yields, 'rhe most frequent type of under-population is that of "skipi" caused 
by lack of gernmination or other population loss from insects, disease or cultivation. 

PLACEMENT 

Hill placement facilitates germination in heavy soils, but it has the disadvantage 

that one or two plants become dominated by others and do not develop to their 
complete potential. A diseased seed among those in a hill will likely transmit this 
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problem to the healthy seed with which It isassociated. Uniformly drilled seed does 
not have these problems but will have to emerge under their own power so that a 
very 3hal:o" rtuil covering is preferred. Under practical conditions of machine planting 
th!s may be from one-half inch to one inch of soil above the seed. If chemical 
herbicides are to be used ot 'f erosion is a problem, deeper planting may be necessary. 

Seed should be placed in moist soil and no further moistening of the surface 
should take place for best results especially if there isany appreciable clay 
componsent in the soil. Ihe worst disaster is that when a fairly light rain occurs 
immediately after planting with the following (lays bright and sunny. 'I his will 
usually produce avery durable surface caking which can substantially reduce 
emergence. At placement, seed should be lightly firmed into the moist surrounding 
soil and loose soil should cover the row. 

Phosphate fertilizers may be plAced with the seed in the furrow while those 
that have high levels of a soluble portion should be placed to one side and somewhat 
below seed level. 

EQL, ;.NT
 

Hand planting is often done with any sharp pointed instrument (stick, macana, 
machete) and though theoretically it should be possible to place each seed at the 
precise depth and spacing desired, it is impossible in practice to obtain any amount 
of uniformity with this system. Nevertheless, good results at emergence can be 
obtained. Plantings made with the animal drawn plow have the same problems with 
uniformity but again good results are often obtained. Both of these methods are 
extremely slow and only small areas can be planted in areasonable length of time. 

The small mechanical planters can be utilized and will do a much better job 
at distributing and placing the seed precisely. Some of these are used for horticultural 
crops.but have not caught on commercially in the majority of the bean growing areas. 
rhe belt planter and the cone planter are used for the more precise experimental 
work, as is the Planet ,Junior for the more simple plot work. I hese may be operated 
by hand or " ith small tA o-or four-wheeled garden tractors. 

The larger drill-planters, either those manufactured specifically for beans and 
beets or those generally intended for maize and cotton, have found great acceptance 
for larger, commercial farms. 'I hese machines can plant both drilled and hill-dropped 
and with greater or lesser precision depending on the exact design features. Some 
can apply herbicides, mix them with the soil before the planter or apply them on 
the soil surface immediately after placement of the seed and are for either liquids or 
granulated chemicals. 'I hey can also be obtained to place fertilizer at various rates 
and positions beside the seed. Some machines can accomplish all of these operations 
at one pass and at fairly high speed. Usually two or four rows are planted at a time 
but equipment is available to plant several times this width. 

The grain drill has been utilized with fair success to plant food legumes. 
Though it can apply fertilizer beside the seed there is usually no regulation of 
placement. Depth is usually controlled by a pressure regulation. Exact quantities 
and precise placement are not obtained and problems are often encountered with 
adequate coverage of the seed by the soil. 
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Practically all of the larger planters can plant extremely fast and do a Very 
recise Job of plicement of seed and chemicals. It is the only way large areas can 
e planted In areasonable length of time and at d minimum ott. On the larger, 

speed becomes Aproblem with nylon plates bring tued on some mat hines. Inbricants 
such as diesel fuel and tat(urn for seed and parts ie being icied with some success. 

I-I+R I IL.IZA I ION 

Perhaps this should he dist uecd ,t the same time as planting tint e most 
fertilizers are applied at this time. I ning and organi( olatter are also parts of the 
problem of soil fertility andl halhwc an pr'ions to planting.,od Miay need to hie adddli 

Soil type will laic a gucat inluic e onl let tthcic rlqtrecnt nts aS " III tile total 
amount and distribution of rainfall. Soils wll( I supply adequate nutrients under 
conditions of low rainfall will probably not need addities " 111ile those which do not 
supply nutrients or are under (onditcons of high rainfall will need fcrtilization, 
anti possibly in a orun i.hic I will not he lost through teat hing. In areas of very 

constant rainfall a good deal oftIce sollcle nutrient %sillIe leacIced from the soil 
as well as from the plant and nia inc hlde a good portion of tle nitrogen, 
phosphorous anti ( alc noti necth (Ifor gra.ci ' rhl. 

Nitrogen needed hc5food lcgniics is mostl) proitu etd I)y tie nodule bacteria, 
but eidente exists that small quantities are extra( ted from the soil, especially for 
the first 't0 days. \pparently there is not much differec e in the nitrogen source 
applied to supply the small arl nitrogen reqorcotnVnts. I hough this may be In the 
form of nitrate, large quantities seem to Ie ccth(r to xic cor ihilibitiie to nodule 
function. In some cases partially dec( ,mlousc( Icop r(%i(lts(( rotalaria) are a 
satisfat tory sour( e. 

Phosphorous is cxtrai ted froim the soil thrroughout the growing season by the 
legume and is ,.'l important in the nitrogen fixing pro( css. Low evtraction 
efficiencies are en( ounter(d so that the larger portion of fertilizer applied is lost to 
the plant. 'soils with high aioimutlm content not only tie lip tile phosphorous but 
also are toxic to the ba teri cod ti nodule for m.tion. (rop residues and follar 
applications are also satisfac tory socr( c. 

Minor elements are found to Ile hniting factors in certain areas. Zinc and 
Iron are sometimes defic ient where high Ill I is found. Sulphur may he deficient 
where continued Iurning isprac tic cd. I hese elements may be easily applied by 
foliai applications or by adding them to the fertilizer applied to the soil. 

Availability, pri(Ce and facility of handling are important considerations. 
lygroscopic fertilizers are very troublesome as are those whi( hiare powdered as 
they tend to stir k to equipment, cause huil-ups and gecerally gum up the 
machinery. Generally very small amounts of fertilizer may be recommended, often 
only superphosphate. 

WEI) CONI ROI 

Weeds of all types are one of the most serious problems of bean production 
In the tropics. Among the most difficult to control we may find nut-grass (Cyperus 
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opp.)t annual grass (Eleusine, (enchrus); perennial grass (Cynodon, Paspalum), 
malvas (Sida, Waltheria); bind-weeds (ipomea, Merremia); plantain (Plantago); 
composites (laltimora, Iidens, Synedrella), and others (Acanthosperma, Richardla). 

L.,ery area %ill hae its part itiar prohlem probably brought on by the weed 
control practices used. Ihere i%no doubt that the bean is a weak competitor and 
particularly susceptible to oss of itli by sced imaiion during the first month. 

Control methods to he utilized sho'tlhl be selected from an appropriate 
combination of rotation system, mechankal control, and chemical control. 

ROTATION SYSTEM 

One of the best rotations for weed control Includes the use of pastures for at 
least 3 to 5 years. Pasturing greatly reduces the amount and type of weeds and 
legumes Immediately follosing can be nearly weed free. Natise segetation which 
appears by ai:owing the land to revert to the natural su (cession for the area Also 
will eliminate troublesome eceds, though in this tase replac ing the grass pasture 
with hroad-lea~ed perennials. 

Idle fallos ing with repeated discing (an redt esome stoloniferous weeds in the 
hot dry tropics, though it does not seem to be sei) prat ticable for reducing annual 
weeds. Flooding as prac tic cl in rice paddy areas (an be %ery useful for eliminating 

both weeds and disease. Ihis land, if it has been planted to legumes, can be reused 
for legume produttion esen when quite heavy clay with no apparent redut tion in 
nodule formation. 

More common rotations, %hich certainly are of some benefit in weed control, 
though probably used for other more important i onsiderations, may inlude the 
following crops: maize, manioc, bananas, sugarcane, cocorut palm, citrus, tobacco, 
sunflower, coffee, peanut, and tree cotton. 

Of these, by far the most common is the maize-bean rotation or association. 
Ihis may be practit ed in many %%ays;using one season for one (rop and another 
during the same year for the other. I hese crops may overlap, in the same or 
adjoining land, or in time, etc. I hey are cften consumed together in the diet and 
it would be interesting to know if proportional yield balance under these conditions 
is the same as that wbich offers the greatest efficiency As regards nutritional balance, 
Certainly there are many aspects of this particular rotation whkh are not well 
understood. 

MECIIANICAL WEEJ) CONTROL 

Cultivation generally as of itself does not seem to stimulate production. The 
bean root consists of a very shallow fibrous system, easily damaged by even light 
cultivation, and very susceptible to disease. lowever it does recuperate and very 
deep cultivation is used in the humid tropics as a routine practice. 

Cultivation may be of great benefit in the following cases: (1) use of rotary 
hoe to break crust during germination; (2) opening furrows to irrigate (or provide 
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surface drainage; (3) breaking surface capillarity early In the season during periods 
of prolonged drought. 

There seems to be no equipment for mechanical cultivation which will do a
 
good job between tile
plants or hills. 'I he work of a hand hoe certainly leaves agreat
deal to be desired even in the hands of a careful farmer. Between row weeds can be 
controlled in plantings very satisfactorily by use of bean knih es and stecrable 
cultivators. Ihe bean plant is likely to be damaged directly or through subsequent
disease or insect attA( k by any amount of soil build-up against the item after hilling. 
up or use of mnt tractor mounted shovels or sweeps. 

In my opinion the traditional farmer does not hase any great problem with
 
weed control, unless he is ovei-extended. Weeds are mwstly a prohl.m In marginal

lands or in commercial planting where there is no interest in, or capabilities for
 
giving careful, patient attention to the crop.
 

CIIEMICAI.WEED CONTROL 

Generally this type of weed control is not applicable to the small farmer. It 
requires know-how, equipment, and an investment in chemicala and equipment.
Nevertheless, used properly it (an give amazing control of weeds. Whether or not 
this cost is adequately recuperated by increased yield is often debatable. Some 
chemicals can be mixed with the soii previous to planting (Il' IC and trifluialin),
others should be applied on the soil surface and may give relatively sholt term 
effects (dinitros) or long term effects (chloracetamides, amiben, linuron). 

Most of these can be quite toxic to the legume plant and so (are should be 
taken in their use or serious damage can result. Placement of seed .hould be deeper
than normal and in most cases chemicals should be applied immediately after
planting. I.lght precipitation right after application can make the herbicide more 
effective, thus permitting reduced dosage. I irming or smoothing the soil surface is 
also advantageous. 

Legumes are very susceptible to damage by certain herbicides used for other 
crops, and soil rTsidues, as may occur in rotations, may cause damage. Among these
herbicides are 2,4- D, diuron and others of this $roup, and the triazines. 

The applications may be made as granulateds, wettable powders or liquids.
Equipment for application of granulateds is easily adjustable and cheap but results 
are often spotty or poor and costs for the chemicals are much nigher. Sprayers
should have large, easily serviced filtering systems, and large nozzle orifices if a lot 
of down-time is to be avoided. More accuracy in application rates can be obtained if 
sprayers have good pressure indicators and regulators, tanks have good agitators,
and nozzle parts are of hardened stainless steel. 

PEST CONTROL 

Insects, diseases and other pests can best be controlled by preventive rather 
than curative measures. Genetic factors surely offer the best system for all around 
control, Diseases can be controlled by single factor resistance in many cases, several 
or more factors in other cases; but there are so many diseases it seems impossible to 
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get them all into a single given variety. Generally speaking the traditional farmer is 
using varieties which not only contain some of these factors but also a great many
ftctort for general resistance which often make his varieties able to produce a yield 
even though many diseases may be present. Varying degrees of resistance seem to be 
available for insect pests (such as pod worms, weevils and leafhoppers) but not a 
great deal of work has gone into -he search for this. 

A great deal can be said for the production of clean seed to be distributed and
planted as a preventive measure for the spread of pests. A great deal more attention 
should be placed on utilization of quarantine methods. Movement of ma-chinery and 
crop materials from farm to farm or field to field can diseminate weeds, diseases and 
insects. 

Rotations have already been mentioned as valuaLle systems in the control of 
weeds, and may be most useful for control or reduction of insects and diseases p-esent
in , field. Associated plantings may have some value in slowing up the rate of splead
of a disease within a field and may function as "traps" for reducing damage by some 
insects. 

riming for some operations can be of enormous benefit to escape insect or 
disease attack. Elimination of grassy weeds in legumes prior to ovoposition by some
Insects (notably Spodoptora) can be very important in reducing insect numbers. 
l.arly and timely harvest and prompt removal of crop from the field can greatly
reduce weevil (Acanthoscelides) attack. Roguing virus diseased plants and elimination 
of leafhoppers can reduce the spread of virus disease in a field. 

CHEMICAL CONTROL 

Sooner or later the farmer is faced with the possibility of losing a crop from
 
disease or insect attack and will then consider the possibility of using chemicals to
 
reduce losses. 'Ihe use of seed treatments has already been mentioned. The use of

insecticides at time of planting, either mixed with the fertilizer or apart, can be
 
considered. If soil insects arc present (such as wireworm, white grub, cutworms)
 
use of chlorinated insecticides (aldren, chlordane or dieldrin) may be of great value.

Systemics (phorate, disyston) usually applied in granular form inihe furrow with the
seed may lbe scry "orthwhile to control leafhoppers and other virus vectors. 

Chlorinated insecticides (DDT.1) are cheap, easy to apply and for general
 
purpose use. Many phosphate insecticides are available to control sucking insects
 
(leafhoppers, etc.) and chewing insects (caterpillars and beetles) and though many
 
are extremely dangerous to humans, others have a low order of mammalian toxicity

(Malathion, Dipterex). Other types. such as the carbamates (Sevin), are finding
broad usage in spite of their relatively high cost. 

I.arly applications on the germinating piantlet or shortly thereafter are 
preferably made by sprayer with water as the carrier. Granulateds are usually the
preferred form to apply during or just before planting. Dusts can best be utilized 
when there is considerable foliage and moisture on the plant to get the best
adherance. Good equipment is available in all sizes, from the small hand duster to
the large tractor type, and good applications are easily obtained with all. On the
other hand, the spray equipment should have a relatively high pressure and utilize 
a cone spray to obtain uniformly small droplet size and adequate penetration of 
foliage. 
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Other pests may include rabbits and grazing animals for which there are no 
better controls than good fences and hunting or trapping. A special problem is 
presented by the slugs and snails which seem to be on the increase in cool humid 
climates. Though bait with metaldehyde can be very effective it must be applied 
repeatedly and in large quantities if rains are frequent. 

IRRIGATION AND DRAINAGE 

Both of these are common problems in areas with little slope and with heavy 
soils. Though lack of moisture rin be a problem, causing bloss'm drop or poor 
growth with resulting low yields, it is not as serious or positive in its effects as can 
be the lack of drainage and excess moisture. Most legumes have a relatively shallow 
(threc foot) root system and require good aeration. Excess surface or subsurface 
moisture will very quickly cau e -oot death; 68 percent to 70 percent of total 
field capacity is generally regarded as adequate for most food legume production. 

Sprinkler application can be used for most conditions including sandy soils 
and irregular slopes which would be difficult to irrigate by surface methods. 
Applications will need to be fairly fre-quent, as often as once eveiy week or two 
during high stress periods, and may require from one to three inches of applied 
water per set. Costs will be high since minimum pressures wili be around 30 pounds 
psi and losses may be over 50 percent of applied water. I sinTe:ely doubt that 
there is much probability of commercial use of sprinkler irrigation for bean culture 
except for the production of seed. 

Surface irrigation by the furrow method can be used in soils with a relatively 
high clay content if they do not shrink and fissure easily on drying. Better control 
and uniformity can be obtained by use of level head ditches, and siphons or 
portable no-pressure gated aluminum pipe. Alternate row application is preferred 
with high initial rates and relatively short runs. Care should be taken to see that 
there is no secondar seep and irrigation should proceed from high to low ground. 

HARVEST 

There is nothing like good hot dry weather, or a light frost, to hasten 
maturity in preparation for harvest. Lacking these it has been common practice 
to utilize herbicides (arsenites, dinitro) to defoliate and kill weeds, but this practice 
has its dangerous aspects and probably should not be recommended. Use of 2,4-D 
for spot control of bindweeds may also be very practical and effective for control 
of these weeds prior tv use of machinery, but may also be undesirable. 

Hand pulling of food legumes gets around the maturity problem but at 
considerable cost. I he customary method is to pull several rows and place the 
plants, roots up, in small groups along the Lentral row. '1he pulling can be more 
easily accomplished during the morning hours when pods are somewhat moist and 
less susceptible to shelling. Machine pulling can be accomplished in very level fields 
by large knives that should be adjusted to run just under =he surface of the soil. 
Plants which are somewhat united by the vining tips of the plants will cut and 
windrow much more uniformly than either very vining types or bush types. 
Nevertheless, most machine pulling will cause considerablv more field shelling than 
hand pulling. 
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Some erect food legumes can be harvested directly by the combine using
special lift guards on the cutter blade and cutting practically at ground level. Fields 
must be practically weed tree and with no rocks or sticks if sto'ppage and breakage 
are to be prevented. Draper pickups give the best results for windrowed pulled
plants. Combines must be fitted with special peg-tooth cylinders to avoid problems
with vining types (or weeds) and adapted for low cylinder rpm. Iland threshing can
be done on raised slatted platforms or on tarpaulins or cleaned ground. Piles of 
plants are beaten rhythmically with fairly short wooden sticks until shelling is 
complete. A winnowing and final hand cleaning is then given the product before 
sacking for transport. 

Very large kidney type beans and many cowpeas are impossible to combine
without excessive breakage. Special shellers or dehullers which utilize fairly smooth 
rolls for a combination pressure-friction action must then be used, or else the crop
must be handled manually. Hare metal parts (instead of rubber covered or wood) 
and high speeds will cause more than the normal amount of peeling, splitting and
hidden damage. Fairly high seed moisture contents (14 to 18 percent) will also help 
prevent these damages. 

CLEANING AND DRYING 

Unless harvest has been delayed excessively, the grain will contain too much
moisture for safe transportation and storage. To effectively and economically dry the 
grain it should first be cleaned and possibly graded. The job can be accomplished
manually, though this will be very slow, and then spread out in the sun to dry. Large
quantities, however, cannot be managed in this fashion and will need to be cleaned 
in proper mechanical equipment. Usually a scalper with one or two screens .nd a
blower will be utilized, but a much faster and better job can be done on a four-screen 
grain grader with a separate aspiration given both before and after the grader. This can 
be followed by a gravity table to remove stones and weevily grain, with a sizing 
operation to follow if the product is for seed. 

Grain can be dried to 1I to 12 percent moisture content in either batch 
dryers or one-pass tower systems with both loading and unloading by gravity feed on 
endless belt conveyors. 
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GOALS AND MEANS FOR PROTECTING PHASEOLUS 

'ULGARIS IN THE TROPICS 

W. J.Zaumeyer 

Dlscunusnts: Leonce Bonnefli; Rodrigo'Gamez. 

Beans in the tropics often suffer heavy losses from diseases and insect pests. 
I have made a number of bean disease inspection trips to Latin America while 
employed by the U. S. Department of Agriculture but naturally I am not nearly as 
.wel versed on the diseases of this crop in these countries as some of you are who 
have worked full time in this field. Although I have visited Brazil, Chile and Colombia 
several times and Costa Rica and Guatemala only once. most of my work on bean 
diseases and their control in Latin America has been in ll Salvador which I visited 
about file times from 1964 to 1969. Dr. Floyd Smith, an entomologist formerly 
with the U. S. Department of Agriculture, and I worked cooperatively with a 
number of scientists at the Santa Tecla Station in 1.1 Salvador. Ihis work was also in 
cooperation with AID. I worked very closely with Bernardo Patifio testing many 
lines of beans for resistance to certain of the diseases, such as angular leaf spot, round 
spot, common bean mosaic, golden mosaic, web blight and rust. We also initiated 
a breeding program to develop new varieties resistant to some of the more important 
diseases. Dr. Smith and Dr. Roger Lawson ot USDA are still cooperating on a 
part-time basis with Dr. GameL of Costa Rica and the El Salvador group on certain 
insect and virus studies. 

Beans are grown under many different environmental conditions throughout 
the tropics of Latin America. In Brazil, the largest bean producing country of the 
world, they are grown in the Amazon basin where it is warm and wet, hot in the 
north. They are also grown in the highlands in southern Brazil which is subtropical. 

In Chile they are produced in the central part of the country where it is 
moist and in the dry lowlands which are irrigated. In Colombia, the second largest 
producing country in Latin America, they are mostly grown in the cool valleys 
having two rainy and two dry seasons annually. In Venezuela they are grown on the 
north coast at sea level where it is hot and humid and in the mountain valleys and 
tablelands which are subtropical. In Costa Rica they are produced on the dry warm 
Pacific slopes. 
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In El Salvador beans are also produced on these slopes, on mountain sides
 
.and in the cooler high valleys, while in Guatemala production is on the Pacific side
 
of the volcanoes which are relatively dry and in the mountains which are cool. In
 
llonduras they are grown in the warm moderately dry interior lowlands as well as 
in the cooler highlands. In Mexico they are produced in the north which has a 
continental climate, in the warm central tablelands without excessive rain and some 
in moist areas at sea level. 

Beans are not widely grown on the Atlantic side of Central America and in
 
the Caribbean area where rainfall is heavy and high humidities prevail. Neither are
 
they grown at high altitudes such as in parts of Peru, Ecuador and Bolivia, but 
sizeable amounts are produced in the first two mentioned countries at lower 
elevations. Thus dry beans ;re grown under many different environmental conditions, 
s6me of which are very conducive to the development and spread of many diseases. 
Some are more serious than others in certain countries or in parts of some countries. 
1he severity or absence of some diseases vary between the wet and dry seasons. 

In Guatemala and 1.1 Salvador it was reported that in some of the best bean
 
regions, fields had a Pacific slope exposure where there is a short wet season during

which the crop grows to near maturity. In some years there might be a slightly

lengthened period of rain when anthracnose and common bacterial blight would
 
develop. During one season in El Salvador a hillside planted to beans, facing toward
 
the northeast so the moist trade winds came directly to it, was especially suitable
 
for bean rust. On the same mountain at the same elevation but on the other side
 
where the air was dryer and the trade winds were not felt, rust was not a factor.
 

Angular leaf spot is much more serious in the tropics than it is in the 
temperate zone. In the tropics the presence or absence of shade appears to have a
 
distinct effect on it. Beans planted between maize stalks with old dried leaves may

be shaded to a 40 percent condition. Under these conditions there is about half
 
the number of infection points of the angular leaf spot organism as on those
 
growing in full sunlight. Where edges of bean fields are planted so they come under
 
the influence of shade from trees or buildings, it has been reported that the diseases
 
severity is much reduced.
 

*In Costa Rica, Dr. Echandi found that Ascochyta leaf spot and round spot were 
fairly well restricted to cool conditions such as are found in the highlands. In 
contrast, angular leaf spot and powdery mildew are most severe in the tropical 
warm dry ecological zones. From this it is clear that the presence, absence or severity 
of a disease depends upon the environment of the area where the beans are grown. 

IMPORTANT DISEASES IN THE TROPICS 

Space will not permit me to discuss in detail the important bean diseases found 
in the tropics. I will only cover the pertinent points of each. 

Virus diseases 

Common Bean Mosaic 

Common bean mosaic is found wherever beans are grown. It is seCdborne and. , 
often causes a severe mottling ano 'nalforrntlon of the leaves, a stunting of the plant, 

219 



and a serious reduction in yield. It is transmitted by many species of aphids. As in 
the United States, there are strains of the virus in the Latin American countries 
which produce almost identical symptoms to those of the type strain. They can be 
Identified by the reaction of certain differential bean varieties. 

The most satisfactory control of the disease is the use of resistant varieties. 
Practically all varieties grown in the United States resist the type and the important 
widespread strain of the virus known as the New York 15 virus. 

When I made my first visit to El Salvador in 1964, it appeared that the most 
Important bean disease noted was common bean mosaic. Since then Bernardo 
Patiflo haLs developed a new variety known as No. 184 which resists this disease, as 
well as some strains of bean rust. 

Golden Mosaic 

Another important and possibly the most important virus disease now in 
many of the Latin American countries is golden mosaic, which is transmitted by 
the sweet potatoe white fly, Bemesia tabasci. It is most commonly found near 
plantings of cotton or other malvaceous hosts. 

Mottle Dwarf 

The third most important virus disease is mottle dwarf, producing symptoms 
similar to those of the curly top disease of beans found in the United States, which 
is transmitted by a leaf hopper. Mottle dwarf is sometimes called pseudo cruly top. 
It Is also transmitted by the white fly. It causes a scvere curling of the leaves, a 
stunting of the plant, and a severe reduction in crop yield. 

Bacterial diseases 

Common Blight 

The only bacterial disease of importance-which I have observed in my surveys 
in the countries mentioned has been common blight caused by Xanthomonas 
phaseoli. It is a warm weather disease requiring relatively high moisture conditions, 
especially rain. Although it is commonly found in many fields, I have only observed 
it on one occasion where it caused extensive damage in a commercial field. 

Some years ago it was a very serious disease in many eastern, midwestern and 
southern states of the United States. This was prior to the widespreaduse by farmers 
of disease-free seed produced in the arid western regions of the United States, such 
as in southern Idaho, eastern Washington and California where the disease is not 
present because of environmental conditions unsuitable for its development and 
spread. 

The first symptoms noted are small water-soaked spots on the leaves which 
later become large brown necrotic lesions. On the pods water-soaked spots are first 
noted which gradually enlarge and may spread over much of the pod. These lesions 
later take on a brick-red coloration. The disease is seed borne and can be spread in 
this manner. It is also spread by driving rains, by field equipment such as cultivators 
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and by workers walking through or working in infected fields, especially when the
 
plants are wet from rain or dew.. , , ,
 

Halo Blight 

The other bacterial disease which is not noted frequently in the l.atin American 
countries, is halo blight, caused by Pseudomonas phaseolicola. It requi,'s cool 
weather for development arid hence is not very widespread. I have noted it on one 
occasion in Guatemala and in experimental bean plantings of the Rockefeller 
Foundation near Bogota in 1955. It has also been reported from Venezuela. 

Halo blight produces lesions similar to those produced by common blight 
except in the very early stages of infection when yellow chlorotic spots are noted 
on the leaves, resembling "halo-like" are.as. Later these become necroti and 
cannot be distinguished from the lesions of common blight. Ihe pod symptoms of 
both diseases are likewise similar. It is also seed-borne and spread in this manner. 

The only satisfactory control measure for both bacterial disc.,sc% is the use 
of disease-free see-I. Concerning common blight there are several reist.nt varieties; 
Lmerson, Tara and Jules developed by Dr. Coyne at the University of Nebraska. 
There are no satisfactory chemical control measures. Drs. Shuster and Coyne of 
Nebraska have isolated a new, highly virulent strain of the organism from seed 
originating in Colombia. All of the new varieties'are susceptible to the new race of 
common blight. 

As mentioned earlier, the principal control measure used in the United St.ates 
is the uqe of healthy seed and as a result the disease is rarely observed, except in 
certain years in Michigan when locally grown seed is used and where weather 
conditiohs in some years favor the development of the organism. Certified seed is, 
however, disease free. 

Concerning halo blight, most U. S. dry bean varieties are resistant to the
 
disease although all garden bean varieties are susceptible. Because of the use of
 
disease-free seed, the disease is seldom noted throughout the country.
 

Fungus diseases 

Anthracnose 

Bean anthracnose, caused by Colletotrichum lindemuthianum, has been reported 
from Mexico and every Central and South American country growing beans. The 
disease is most easily recognized by the symptoms on the pods where large dark, 
iunken, circular cankers are produced. The centers of t!'e spots are light buff in 
color, later turning dark. Within the cankers are flesh colored spore masses whicb 
are scattered Ly various agencies and cause infection to other plants. 

On the leaves, the anthracnose fungus generally follows the veins on the 
undersides of the leaves, causing them to turn dark red. In a severe attack dead and 
angular spots appear on the upper surface. The disease is seed borne and the 
symptoms are noted as dark brown, sunken cankers. On dark seeded varieties 
these symptoms are difficult to observe. 
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Control of the disease is by the use of disease-free seed and resistant varieties. 
In the United States only the varieties grown in Michigan are resiitant. 

About 50 years ago anthracnose was the most important bean disease in the 
United States. At that time most of the beans were grown in the cast, south and 
midwest where the environment was ideal for the development of the organism. At 
present the disease is seldom found. '[he reason for this is tile use ofdisease-free 
seed produced in the western United States where arid conditions prevail which 
are not conducive for the development of the organism -also the use of disease-
resistant varieties of several dry beans of the pea bean and Red Kidney types. They 
are grown principally in Michigan, the largest bean growing state in the United 
States, where the disease can occur on susceptible varieties. In tests at Beltsville, 
Maryland, it was found that among 15 El Salvador lines tested, one, lHondurefto 
Blanco (P. 1.304110) was resistant to all four races of the organism. 

Rust 

Bean rust, caused by Uromyces phaseoli typica, like anthracnose, is found in 
all of the Latin American countries and is considered to be of major importance in 
many of them. In Brazil and Peru it is possibly the most important bean disease 
where it causes considerable crop loss. It is mostly found in dry seasons. 

[he organism attacks principally the leaves. The first symptoms aippear on the 
lower surface as small white spots. Within a few days these develop into rust-colored 
lesions or pustules. As many as 2,000 have been counted on a single leaf: A week or 
so after these appear, the entire leaf turns yellow. Later it turns brown, dries up and 
falls from the plant. 

ihe rust fungus has several stages. The uredo spore stage shows up as reddish
brown pustules containing thousands of reddish-brown spores which are blown by
the wind and spread the disease from plant to plant and from field to field. Toward 
fall, if the temperatures drop, the rust may produce another kind of spore known 
as teliospores which are black and are very hardy. I do not know if any of these 
spores are produced in the tropics. 

When finely ground sulfur is applied to beans as a dust fairly early in the 
season before the rust spots appear, the disease can be controlled. Sulfur destroys 
the comparatively few rust pustules present at that time. Spread of spores from 
these spots is stopped and other rust pustules are prevented. If dusting is done after 
the rust is widespread, the control is not nearly so complete. Manzate, used either as 
a dust or spray, is also effective but more expensive than sulfur. 

Breeding rust-resistant varieties is difficult because of the many strains or 
races of the organism. More than 34 races have been identified in the United States 
and others have been described in the Latin American countries. Two varieties that 
resist many of the races in the United States are Pinto U. S. 5 and 14. These were 
released by the USDA many years ago but are no longer grown commercially. 

A plant pathologist from Brazil, Mrs. Elaine Agustin Oliveira, who studied at 
the University of Nebraska under Dr. Coyne, found that Great Northern 1140, 
another USDA introduction, resisted the most important race in southern Brazil. 
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Angular Leaf Spot 

Angular leaf spot, caused by Isariopsis griseola, is another of the importantbean diseases of the tropics. I found it very serious in Brazil, Colombia and ElSalvador. It is most important during the wet seasons. I can recall visiting with one
of the Rockefeller Foundation plant pathologists in Medellin in 1955 and observinghis experimental bean plots. At the time there was a trace of the disease present in
his plots. We returned to them less than two weeks later and the disease had become 
so widespread that most of the plants were defoliated. 

One of the outstanding symptoms of angular leaf spot is described by its common name. Spots which originate on the underside of the leaves are delimited
by the veins and veinlets. The lesions, %%hichare gray at first, later become brown.The striking angularity of the spots distinguishes this disease from other leaf
spotting diseases. .\ngular leaf spot can cause almost complete defoliation beginning
with the lower leaves. Leaves are infected more frequently than pods. 

Control measures for the disease have not been perfected. Tests conducted inEl Salvador have shown high tolerance among certain plant introduction material
and crosses with these lines. Trests at Beltsville, Nlarvland, with one isolate of the
organism from the United States indicated a few resistant varieties. Although racesof the organism have not been identified, I am convinced that some exist. Resistancestudies should be conducted in a number of locations with as large a collection ofbean varieties as possible and if any resistance or high tolerance is found a breeding
program should be initiated in order to develop varieties adapted to the various 
areas where the disease is important. 

Web Blight 

Web blight, caused by Pellicularia filamentosa or Rhizoctonia microsclerotia,
(whichever you prefer) is a common and important disease in the tropics during the
wet seasons. It has been reported in most Central American countries as well as in

Brazil and Peru. It most likely occurs in several other South American countries.
 

The web blight fungus produces small circular, water-soaked spots on theleaves and spiderweb-like mycelial growth on the stems, pods and foliage in which many small brown sclerotia are imbedded. As the infected area enlarges, light tan
hyphae develop on both surfaces of the leaf and spread rapidly over the non-infected 
areas. With favorable weather conditions the mycelium spreads to all parts of the
plant, binding the leaveq, petioles, flowers and pods together with a web or mat of
 
hyphal strands. 

In the tropics, beans should be planted so that they may Lomplete their
growth before the beginning of the rainy season. 7/he plantings should be in well

aerated sittations in rows and not broadcast. In tests conducted in El Salvador in
1965 bush varieties were noted to be very susceptible but pole and intermediate 
types somewhat tolerant. 

Root Rots 

There are a number of important root-rotting diseases of beans which are
caused by several different organisms. Dry root-rot caused by Fusarium solani f. 
phaseoll, rhiz6ctonia root-rot caused by Rhizoctonia sojani, and pythium root-rot 
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caused by Pythlum aphanidermatum and P. phaseolorum, are common in the 
tropical countries. 

The symptom of dry root-rot is characterized by a reddish discoloration of 
the tap root. Sometimes the main root and lower part of the stem become dry and 
pithy. The small rootlets are frequently killed, the plants stunted and readily pulled 
up from the soil. 

Rhizoctonia root-rot is more serious on young bean seedlings than on older 
plants. On seedlings the disease in known as damping off. The cankers that are 
formed on the roots are reddish brown and cause sunken lesions on the part of 
the hypocotyl below the ground level. 

The symptoms of pyth;mm root-rot are sometimes confused with rhizoctonia 
root-rot. If the plants are attacked when very young Pythium causes a wet rot and 
soon leills the plants. rhe disease is then known as damping off. When half grown 
plants become infected, they later wilt and finally die. 

When the weather is hot and moist, a rot of the stem and lateral branches may 
occur. These symptoms have been referred to as pythium wilt. Large plants 8 to 12 
or more inches high are as susceptible as small ones. 

No satisfactory control measures have been developed except crop rotation. 
Except for Fusarium root-rot no tolerant or resistant varieties have been developed. 
In the United States good progress is being made in the development through
breeding dry bean varieties highly tolerant to Fusarium root-rot. Dr. D. IV.Burke of 
the USDA at Prusser, Washington, is releasing a red Mexican variety which is 
Fusarium resistant, lie is also making progress in the development of several pea
beans (white-seeded), a California pink type and a pinto which are highly tolerant to 
this disease. Ihe root-rot tolerant parent was found in Mexico and is designated as 
P. I. 203598. 

Deep plowing or chiseling, up to 51 cm in depth, of land heavily infested with 
the Fusarium root-rot organism has increased bean yields by allowing the roots of 
the plants to penetrate the soil more readily and breaking of root barriers permits 
a larger root system to develop and thus producing larger plants and greater yields. 

Southern Blight 

Southern blight, caused by Sclerotium rolfsii, is an important disease in many
of the Latin American countries. Its symptuins are sufficiently clear-cut to 
distinguish it from root diseases caused by other fungi. The earliest symptoms are 
a slight yellowing of the lower leaves and a water-soaking of the stem just below the 
soil line. The intection of the uncerground part of the stem and tap root extends 
downward and destroys the cortex and is readily scparated from the stele. At the 
base of the stem and on the ground about the plant a moldy growth of white 
niycelium intermixed with a large number of sclcrotial bodies is produced. If the 
plant is pulled up, a collar of soil and mycelium adheres to it. 

No very effective measures can be recommended for the control of this 
disease. Rotation with cereals and other crops resistant to the disease may assist to 
some extent. 
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Sclerotinla Wilt 

Sclerotinia wilt, or white mold as it is sometimes called, caused by Sclerotinla 
sclerotiorum, Is also an important disease of the tropics. The first symptoms of the
disease ap~pear as irregularly-shaped water-soaked spots on the stems followed by
similar spots on the branches and leaves. The organism grows rapidly, causing a soft 
watery rot of the affected parts including the pods. If several days of warm weather 
follow the infection, a cottony growth spreads over the branches, leaves and pods.
A few days later, irregularly shaped, small, hard; black charcoal-like bodies known 
as sclerotia occur in large numbers. These are the resting bodies of the fungus. The 
plant usually dies in a few days. 

No adequate control measures are known. There are no tolerant or resistant 
varieties. A rotation of two or three years or longer with such crops as maize or other 
cereals that are not aftected should be used if possible. Planting beans in rows far 
enough apart to allow good air circtllation in a field may prevent a high field 
humidity and often reduces infection. 

Other Diseases 

There are several other diseases which I have not mentioned such as powdery
mildew caused by Erysiphe polygoni, round spot caused by Chactoseptoria 
wellmanii, Asochyta and Cercospora leaf spots caused by Asochyta boltshauseri 
and Cercospora cruenta respectively. When I was in Brazil in 1964, gray spot,

caused by Cercospora vanderysti, first reported the previous year, was the second
 
most important disease in the Vit;osa'area.
 

Space does not permit me to discuss the above mentioned leaf spots. Some
 
are important and cause considerable damage when weather conditions favor their
 
development and spread.
 

BEAN INSECTS 

Although I am not an entomologist, having been associated with Dr. Smith
 
while working In El Salvador I managed to learn something from him about the

bean Insects there. I also majored in entomology as an undergraduate student at
 
the University of Wisconsin. 

I will only dwell briefly on this subject since Dr. Bonnefil, who has been
 
working in this field in the tropics for many years, is to iontribute his Gomments.
 

An insect of great importance, particularly because it is a vector of golden

yellow mosaic and mottle dwarf, is the white fly Bemesia tabaci mentioned earlier.
 
Found in large populations in Central America and possibly the South American 
countries as well, they are responsible for the widespread transmission of these two 
viruses throughout Latin America. 

Another very important group of insects which frequently cause severe bean 
losses by destroying the seeds belong to the genus Apion. These are known a; pod
weevils and attack the seeds when they are developing in the pods. They may
destroy as many as 60 percent of them. The most common species causing damage is 
Apion godmani. Three bean'varieties have been reported by Mexican entomologsts 
to resist this species. 
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A third Important pest, especially in low hot areas, are bean leaf hoppers 
Empoasca sp. Ihave noted bean fields in El Salvador which were almost a total loss 
due to stunting injury caused by Empoasca krameri. Workers in Mexico have found 
five varieties which are tolerant to this leaf hopoer 

Other insects of importar ce to beans are the banded cucumber beetle, leaf 
web caterpillar, leaf miner, leaf beetle, lesser corn stalk borer and army worm. 

It has been estimated that the field loss in beans due to insects in Central 
America is about 25 percent and the sto:age loss about 35 percent. Losses due to 
Apion godmani have been n6ted to be as much as 60 percent in some fields in El 
Salvador. 

The bean weevil is the most important storage pest in Brazil and eats mature 
beans in the field and in storage. Trhe lesser corn stalk borer attacks the plant 
stems at the ground level and is the most important field insect. Often 10 percent 
of the plants in a field may be killed by it. Leaf hoppers during the dry seasons 
are often responsible for heavy losses. 

In Colombia the most important bean insects are spider mite, leaf hopper, 
leaf beetles, weevils, bean pod weevil and the stem borer. 

GENERAL RECOMMENDATIONS 

There are a number of recommendations that can be utilized to protect beans 
from pests. 

Use of Resistant Varieties 

The most satisfactory way of controlling certain bean diseases is to grow 
varieties that are resistant to them. A grower should never plant a bean variety 
known to be susceptible to a disease when he can plant a resistant one. 

Using Disease Free Seed 

Because some of the principal diseases are sced-borne, such as the bacterial 
blights and anthracnose, growers should make every effort to use seed produced 
from disease free crops. Some of the seed-borne diseases cannot develop in localities 
that have low rainfall and high temperatures during the growing season. I feel 
convinced that areas such as these can be found in soine Latin American countries, 
especially during the dry seasons, where such seed could be produced. In addition 
a seed certification program could be established whereby such seed fields are 
examined for the presence or absence of thcse diseases and a tolerance established 
regarding the amount of such diseases allowed for certification. 

In the United States this tolerance is very low for the balcterial blights and 
anthracnose and in some cases it is zero tolerance. If any is found, the field 
examined cannot be certified. 

Crop Rotation 

The organisms causing most of the bean diseases can live in the soil for 
several years on dead plant material, ready to infect a new bean crop. If beans are 
grown year after year where such organisms are present in the soil, the organisis 
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often multiply. flow long a crop rotation should be in effect to control some bean 
diseases or how much time is needed to starve out some of the disease organisms 
in different climates and different soil types is not known. In some of the diseases 
discussed previously, recommendations were made as to what crops shquld be 
rotated with beans where these diseases are present. 

Field Sanitation 

The longevty of some disease-producing organisms in the soil is shortened 
if the dead plant material decays rapidly. For this reason, refuse remaining in a field 
after threshing and bean straw returned to a field should be plowed under as soon 
after harvest as possible. 

Some of the fungi Atnd viruses causing bean diseases attack weeds growing in 
the bean fields or nearby. The fungus causing sclerotinia wilt, for example, attacks 
a number of weeds. Whenr a bean crop has been seriously affected by disease and the 
field is abandoned, any weeds in or near the field should be plowed under as soon as 
possible to prevent infection of future crops. 

Seed Treatment 

Disinfecting bean seed with chemicals, with the possible exception of strepto
mycin for the control of halo blight, has failed as a method of controlling seed borne 
diseases. Chemicals destroy the organisms on the surface but cannot reach those 
within the seed without causing injury to the seed itself. Where beans are to be 
planted in cool, wet soils good results in preventing seed decay and for the control 
of the seed corn maggot are usually obtained by a slurry treatment of the seed with 
Afungicide And an insecticide at the rate of 1.5 to 2 ounces per bushel. l)ckan was
 
such a product.
 

RESEARCH OBJECTIVES 

Continued search should be made for resistance to angular leaf spot, round
 
spot anthracnose and rust. Also for powdery mildew, common blight, common
 
bean mosaic virus and the white fly-transmitted viruses. A world bean collection
 
should be tested for these and other serious diseases.
 

*lMe races of rust, anthracnose and possibly angular leaf spot present in the
 
various countries should be determined. Differential bean varieties for the first two
 
diseases are available. his would aid in any bean breeding program.
 

Chemical control for web blight should be investigated. Web blight also is 
very dependent on the culture. in 11 Salvador, if beans are planted so the rains can 
splash soil on the leacs, one notes web blight. Minimum cultivation to reduce such 
splashing aids infection control. 

Continued search should be made for varieties tolerant or resistant to the bean 
pod weevil and bean leaf hopper using the above mentioned world bean collection. 
If and when resisten'ce or high tolerance is found to any of these diseases or insect 
pests, a breeding program should be initiated for the development of new varieties 
resistant to one or more of these pests. Multiple resistance is superior to resistance 
to a single pest. 
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I. Commenitary upon: 

GOALS AND MEANS FOR PROTECTING PHASEOLUS VULGARIS -

IN THE TROPICS ...

"Leonce'Bonefll 

At about the same time, but within different institutions, )r. Zaumeyer, Ur. 
Gamez and I worked in Central America on the identification and control of 
agricultural pests. 

As Dr. Zaumeyer mentioned, I have indeed worked for some time on the control 
of bean pests. I was then under an assignment to the Turrialba Center from the 
Food and Agriculture Organization of the United Nations (1, \n). I presented a 
paper in March, 1965, on the subject, at a meeting of the PCC%'CA held in Panama 
City. Reviewing this work recently, I noticed that the part describing the insect 
pests was fairly accurate but that dealing with their control had become somewhat 
obsolete in the areas dealing with the use of chemicals. 

TAXONOMIC CLASSIFICATION OF BEAN PESTS 

As it appears from my reconnaissance trip of 1965 in Central America and the 
limited knowledge I have of other countries of Latin America, the taxonomic 
classificatiP'l of bean pests is far from being accurately defined. There probably are 
many reasons for that unfortunate situation, including insufficient effort dedicated 
to collection, preservation, a,4thoritative identification, exchange of prototypes 
with regional and foreign institutions, research of ecotypes, and phylogenetic 
studies. All this effort may seem of academic interest and far-fetched, but although 
it may not be of first priority it may help avoid confusion in dealing with a 
particular pest. 

Our studies of Central American leafhoppers revealed an extraordinary 
variation of forms with different distribution and environmental requirements, 
chiefly humidity. Irom a practical standpoint, these specific differences can be 
ignored without great consequence. It may not be futile however to know that not 
all leafhoppers are alike as to their prolificacy, for example, or the severity of their' 
damage. 
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THE ECOLOGY OF BEAN INSECT PESTS 

While the biology of the insects is known, mostly by extrapolation of study 
data of related forms in countries of Latin America or outside that region, the 
ecology of the pests and mostly their interrelationships with their host plants, is not 
known at all. It is of course obvious that such information is of very great importance. 
Without elaborating on that subject, certain plant ategories rnay very well encourage 
the multiplication of a pest and favor an infestation. This holds true whether the 
plant species is a cultivated crop or only an occasional wild hot. 

The effect of the physical components of the environment is also of great 
importance, since it may be profitably used in anticipating the rise or the fall of 
pest populations. 

The influence of predators and parasites should not be minimized although it 
is generally slow at manifesting itself unless definite action is taken in favor of the 
biological control of a particular pest. 

Reverting to the pest-host plant interrelationship, it is not very well known 
within the context of the cultural practices for beans in Latin America. Some 
obvious features can be listed, which have a definite bearing on pest abundance 
and feasibility of control. 

Bean cultivation being generally a small domestic enterprise, it is not 
anticipated to give much financial return. Consequently, it is carried out: 

(a) 	cn marginal land; 

(b) 	 without great care as to soil preparation, application of fertilizer, etc.,which would assure optimum growth and good recuperating power to 

eventual pest damages; 

(c) 	 without substantial effort to prevent or discourage the growth of weeds or 
to control the abundance of insects and other pests; 

(d) 	without taking enough advantage of the repressive effect of physical factors, 
natural or induced. 

I.-xcept for commercial plantings, the tendency is virtually to ignore insects 
and nematodes and be content with whatever is left by the voracious enemies of the 
crop. 

From rather extenive observations made in Central America, some if not all 
the main pests of bean can be encountered in the neighborhood of bean fields the 
year routid. They are in the soil or on alternate hosts in variable numbers and will 
transfer to Phaseolus as loon as the seedlings have emerged. Exact greenhouse tests 
in Turrialba have shown that the bean is largely preferred to a great variety of plants, 
for feeding or egg deposition. '[his plant, in turn, enhances the fertility and the 
longevity of the insects. 

It is postulated that as soon as the first planting is established, the insects move 
in from second-choice hosts and strrt breeding at a faster rate, building large 
populations if no action intervenes to stop theii multiplication, e.g., late rains or 
application of insecticides. Whatever the damage to the bean stand, an increased 
number of insects will be at hand at harvest time, say July to August. They will linger
in the old bean field, move to surrounding vegetation, and attack in force the 
second planting in September. 
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This situation is probably the one of most common occurrence, justifying the 
statement that the second crop is more heavily attacked. If any adverse influence 
reduces the build-up on the first crop, the second can be little damaged, hence the 
divergence of views as to which of the two crops is more heavily infested. 

As a rule, it is highly justified that a close watch be maintained on all pests.

This is.particularly beneficial in the case of sucking insects such as aphids or
 
leafhoppers (Empoasca) which can produce grave injury even if only a small
 
number attack the plants early in their vegetative growth.
 

Equally misleading is the action of such insects as armyworms, rootworms, leaf 
beetles, thrips, which can be extremely numerous and even cause spectacular damage
to the foliage or to the root system without appreciable effect on the grain production.
If action is deemed necessary, it should be prompt and thorough. 

CONTROL BV INSECTICIDES 

Insecticides afford the fastet action, although they may be dangerous if not
 
used properly.
 

I have compared the recommendations which were in force in 1965 with the 
1972 recommendations extracted from the Pest Control Guide of the state of Florida,
U.S.A. Organophosphate insecticides such as Diazion, Phosdrin, Systox, Parathion,

Guthion are still being advocated. So are the carbamate Sevin and a few fast
degrading chlorinated camphanes like Toxaphene and Thiodan. Long-residual

organochlorines like DDT, Dieldrin, Methoxychlor are already phased out or are
 
being phased out.
 

The new trend is in favor of nonpersistent, fast-acting, narrow-spectrum
 
compounds. They may display high mammalian toxicity, e.g., Parathion, Guthion,
 
but no dangerous residues accumulate in plant and animal tissues.
 

Such features are of primary importance in the control of an insect like the
 
bean pod weevil (Aphion) and thrips in the control of which a fast knockdown is
 
in order while residues slow to break down are undesirable.
 

The Mexican bean weevil (Epilachna), the lesser corn stalk borer (Laspeyresia),
the salt-marsh caterpillar (Estigmene), are still controlled by more persistent pesticides. 

Systemic insectides are successfully used against sucking insects such as 
aphids (Aphis) and leafhoppers (Empoasca). It seems, however, that certain of these 
compounds because they are.hazardous for humans or are likely to incite 
phototoxicity are not recommended. Demeton (Systeox), Phosdrin and Thiodan 
(Endosulfan) are on the safe list. 

Whiteflies (Bimesia), vectors of the golden yellow mosaic, are known to 
develop resistance to insecticides, but only when application are exceedingly 
frequent. 

Diazinon has remained a satisfactory control for leafminers (Chapelus, 
Liriomyza). Demeton is also claimed to be a good control. In either case,
applications must be done early when adults are moving in. In case of very heavy 
infestations Parathion is used. 
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The lesser cornstalk borer is controlled by Parathion in wet application prior 
to and at emergence of the seedlings. The banded cucumber beetle (Diabrotica) 
and leaf beetles (Ceratoma, Andrector) are controllcd by the same insecticides as 
leafminers. They should not then require a separate treatment, unless no treatment 
is made for leafminers and the beetles are very abundant. The damage by the adults 
may look more serious than it is; the damage by the larvae (rootworms) can be 
very important. 

CONCLUSIONS 

Satisfactory control of bean pests can and must be achieved. 

The bean field, if it is kept free of obnoxious weeds, and if properly fertllized, 
will resist better the attack of pests. It should not be located on marginal land.' 

Although bean culture does not leave much profit, chemical control is feasible. 
Full advantage should be taken of biotic agents so as to limit the use of Insecticides 
and make it less costly. 

If the ecology of the pests is well known, a spray schedule can be worked out 
which would be most efficient, putting the number of applications at a minimum. 

Biological control has not so far proved to be of significant value. 

Varieties of beans tolerant or resistant to sonie insects, Empoasca, Apion,
have been developed. This must be considered a great achievement which should 
in'cite more work in that direction, as there are no better substitutes for chemicals. 
In addition, the bean plant would appear to offer unrestricted potential for genetic
manipulation. Its short growing period is a great advantage. 

RECOMMENDATIONS 

If the control of bean pests is to be economically feasible and highly effective 
under Latin American conditions, research should be actively pursued along the 
following lines: 

The correct taxonomic determination should be made of all the main pests. 

Collection should be made at frequent intervals, conveniently put away with 
all possible information regarding location, time of collection, host plant. 

Observations should be made and records kept of numbers, movements of the 
pests themselves, their predators and parasites. 

An inventory should be made of the alternate host plants of all the insects., 

The effect of the planting date on the severity of the infestation should be 
investigated. 

The effect of mixed cropping maize-bean on relative numbers of pests would 
make a very interesting and important study project. 

The economic injury level, that is the numbers of a pest which justify pesticide 
treatment, should be determined for each pest in particular. 
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II. Commentary upon: 

GOALS AND MEANS FOR PROTECTING PHASEOLUS VULGARIS 

INTHE TROPICS 

Rodrigo Oampz 

Dr. W.J. Zaumeyer has clearly presented the nature and importance of the
 
problems caused by bean pests ind diseases in the tropics.
 

My knowledge, limited as it might be, regarding the diseases that affect this 
plant is the fruit of work I have carried out during the last five years, which I have 
spent working with viruses and viral diseases of beans in the Central American area. 
My experience has been exclusively in this area, with the exception of one visit to 
Peru to evaluate the sane problems. Pathogens and insects constitute one of the 
most important limiting factors in bean production in Central America. The genetic 
diversity of the materials used, and the ecological conditions under which beans 
are grown in this region, result, among other things, in the occurrence of a wide 
range of pests and diseases, which may differ in identity or severity from one 
locality to another and from one season to another. In his talk Doctor Zaumeyer 
has made an in-depth discussion of the problems caused by bacterial and fungal 
diseases which are common in Central America, and Doctor Bonnefil has mentioned 
the problems caused hy insects. My comments will try to broaden the obserations 
regarding viruses and viral diseases and the vector insects. The role played by insects 
in the dissemination of viruses that affect beans in the tropics is outstanding; 
therefore, I consider they should be involved in every analysis of viral problems. For 
a general synthesis of the problems, it seems convenient to group the problems in 
relation to the type of vectors, which in this case facilitates the identification of 
common characteristics of different diseases. 

APHID TRANSMITTED VIRUSES 

Among the aphid-transmitted viruses, the common bean mosaic is the most 
significant in the tropics. The aphid most commonly associated with the 
dissemination of this disease is Myzus persicae. This virus is also transmitted through 
seeds from infected plants. Although it has a broad geographic distribution, its 
importance changes from one region to another. In the Peruvian coast it is frequent to 
find plantings with close to 100 percent incidence of the disease. The Peruvian 
varieties, mainly those with white or yellow seed, are very susceptible to this virus; 
the virus is seed-borne in a very high percentage of cases. 
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Incidence might be very high in Central America when susceptible varieties 
are grown in regions with mean temperatures ranging between 20-25 0 C. and in 
altitudes abovc 600 m. A large amount of the Central American material, red or 
black seeded, selected by local breeding programs, presents resistance to the different 
races of the virus. Common bean mosaic is almost non-existent in the Guatemala 
highlands. 

Different races of the virus have been identified in Central America and Peru, 
mainly on the basis of the reactions presented by different bean varieties. Striking 
differences may occur in the behavior of commercial varieties toward different 
races of the virus. 

Wild species do not seem to have striking importance as natural hosts for 
common bean mosaic. This disease is introduced in the plantings by the use of 
dontaminated secd and then it is disseminated by aphids in their erratic migratory 
movements in search of a host plant. Consequently, when we deal with susceptible 
materials, the use of disease-free seed is of primary importance in the control of 
the disease. Healthy seed production programs should logically use the basic control 
principles such as eradication of contaminated plants and avoidance of presence of 
vector aphids that will introduLe-or disseminate the virus, selecting for seed production
purposei isolated geographic areas and seasons when the'occurrence of winged aphid 
populations is low. The mentioned aspects have been thoroughly considered in the 
seed production programs in Peru. 

WHITE FLY TRANSMITTED VIRUSES 

Two types of virus are transmitted by the white fly Bemisia tabaci. These are 
of common occurrence in Central American and Caribbean bean plantings. These 
viruses were described by Dr. A. S. Costa, in Brazil, and were called "golden bean 
mosaic" and "mottle dwarf." In Brazil they seem to have little importance and a 
rather reduced distribution, which is not the case in Central America. 

In the Central American area golden bean mosaic is widely distributed in the 
Pacific coastal plains where it produces severe losses. It is the most important viral 
disease in these regions. Its incidence seems to be directly related to the occurrence 
and mobility of the vector. In the Pacific Central American area cotton and kenaf 
are grown, and these plants are insect hosts in which large populations develop, later 
migrating to neighboring crops. 'Ihere are other wild malvaceous hosts such as Sida, 
and numerous other species of different wild plant families, which constitute 
natural hosts for the insect. The ecological conditions of the region seem best 
for development of these insects, as can be deduced from their usual abundant 
populations. 

Stt.dies in III Salvador by I-ngineer Antonio liaz have made it possible to 
single out some legume species which are natural hosts of the golden bean mosaic 
virus; in these legumes the insects acquire the virus and then transmit it to the bean 
plants. Infected plants exhibit severe bright yellow mosaic and show a pronounced 
decrease in production. These reactions of course, may vary among varieties, and 
also according to the time of infection and climatic conditions. 

Both in El 6alvador and in Puerto Rico, strains have been isolated that seem 
to be variants or races of the golden mosaic virus, but which differ from the latter 
in the symptomatology of the infected plants; however, additional research must 
be done to adequately characterize them. 
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In trials performed in El Salvador and in Costa Rica with over 5,000 bean 
cultivars, no resistance has been found to the mosaic virus, neither in greenhouse 
nor in field conditions. Similar results have been obtained in Puerto Rico. Studies 
in El Salvador indicate that long vegetative cycle cultivars with indeterminate growth 
habits present a marked tolerance to the disease in the field. An exhaustive 
assessment of germplasm is imperative for the localization of tolerant materials in 
order to obtain adequate disease control measures. 

An adequate knowledge of the vector's biology could supply information to
 
improve the control possibilities. Eradication of natural host plants could also
 
contribute to reduction of the incidence of this disease.
 

Bean dwarfing is caused by the Albution, or infectious chlorosis virus of the 
Malvaceae. Though the disease produced by this virus in beans is more severe than 
that produced by the golden mosaic, its occurrence in beans is usually rather low,
despite the fact that the incidence of the virus in cotton, kenaf and wild Malvaceae 
is generally very high, and white flies migrate easily in large numbers from the latter 
species to the bean plants. Apparently, this plant is highly tolerant to the Albutilon 
virus. For this reason, no emphasis has been placed upon s'-rch for control measures 
for this virus. 

BEETLE TRANSMITTED VIRUSES 

Insects of the genera Diabrotica and Ceratoma cause considerable damage in 
bean plantings in Central America. Some species belonging to these genera have been 
identified as important vectors of certain viruses belonging to a group with rather 
particular biologic and biophysic characteristics. Viruses belonging to this group 
identified so far include southern mosaic, chlorotic mottle and three different races 
of rugose mosaic. Both the southern mosaic and the rugose mosaic present out
standing symptoms, characterized by corrugated malformation and mosaic of the 
trifoliated leaves, and also a stunt; ig of the plant and a decrease in production.
Typical of the chlorotic mottle virus is a slight yellow mottling that produces only 
a slight reduction in yields. As in the southern bean mosaic, its geographic distribution 
is rather limited and its incidence is usually low. 

Though the rugose mosaic has a wider distribution in Central America, its 
incidence is also generally low. Apparently, wild legume species are hosts to this 
virus. A large number of Central American cultivars are resistant to this virus and it 
is also feasible to control vector insects by the use of insecticides. 

GENERAL COMMENTS AND RECOMMENDATIONS 

I wish to stress some of the recommendations made by Dr. Zaumeyer, which 
are also involved in my brief comments on viral diseases. 

The use of disease-free seed would contribute to reduce the incidence of viral 
diseases such as common bean mosaic as well as other bacterial and fungal diseases. 
It is of first importance to strengthen or to develop high quality seed production 
programs. 

The use of resistant varieties is, without doubt, the least expensive and most 

efficient control measure. There are resistant varieties, or sources of resistance to the 
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common bean mosaic and other viral diseases that could be used in breeding programs. 
Research for materials toleratL to golden mosaic must be stressed, since this is the 
most important viral disease in the warm dry regions of Central America and the 
Caribbean. Parallel to the above said research, characterization of the races or 
variants of the golden mosaic virus, or of other related viruses transmitted by the 
white fly, should be carried out. 

An adequate knowledge of the biology of the insect vectors will contribute to 
the design of measures leading to the reduction or eradication of the insect 
transmitted viruses. As specific examples we can mention the aphids, white flies 
and chrysomelidae. 

The identification of wild hosts supports the need of eradicating weeds as a 
possible measure to reduce the incidence of viral diseases. 

236 



Section 3.' 

PLANT TYPE AND BEAN BREEDING 

Plant introduction and germplasm of Phaseolus vulgarisand other food legumes 
Clibas Vielra 

Discussants: 1)Efralm Hernandez X.; 2)Harold F.Winters; 3)Colin Leakey. 

Plant architecture and physiological efficiency in the field bean 

M.W.Adams
 

Discussants: 1)A. M.Evans; 2)D, H.Wallace; 3)H.C.Wien.
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PLANTINTRODUCTION AND GERMPLASMOF PHASEOLUS 
VULGARIS AND OTHER FOOD LEGUMES 

Cllbjs Vilira 

Discussants: Efralm Hernandez X.; Harold F. Winters; Colin Leakey 

ORIGIN 

After the discovery of the New World in the 15th century, the common bean
(Phaseolus vulgaris L.) was taken to the Old World. The bean adapted so well and
became so familiar to the farmers that its American origin was fbrgotten. The old
botanists considered the common bean to be of Asian origin. Yet, in the past
century, De Candolle (1883), in his work about the origin of cultivated plants,
included Ph. vulgaris with those species of unknown or uncertain origin. 

Based on his phytogeographic method, Vavilov (1949/50) showed that the

center of diversity of Ph. vulgaris, Ph. coccineus, Ph. lunatus and Ph. acutifolius is
located in Mexico and Central America, because of the great variety of forms found
there. Although the center of diversity and the center of origin may not be exactly
the same thing, the discovery by Vavilov provides strong evidence in favor of an 
American origin of the common bean. 

Today, after the discovery of wild forms in Argentina, Mexico and Central
 
America and archaelogical finds in the U. S. A., Mexico and Peru, the American

origin of Ph. vulgaris is accepted without controversy.
 

Burkart (1941) collected wild races of Ph. lunatus and Ph. vulgaris in theTucuman and Jujuy mountains of Northern Argentina. They grew spontaneously in

the humid valleys of these mountains at 1,500 to 1,800 meters above sea level. The

wild forms of latter species were described as Phaseolus aborigineus by Burkart

(1952) and were considered to be the ancestor of the cultivate forms. Later, it was
 
reduced to a subspecies of Ph. vulgaris (Burkart & Briicher, 1953). Wild plants of

the common bean were also found in Mexico and Central America by 0. W.

Norvell and G. F. Freytag, as mentioned by Kaplan & MacNeish (1960), and by
Gentry (1969). 

The various collections identified as wild Ph. vulgaris have all been vining
types with seeds smaller than those encountered in most cultivafed varieties. The
small pods are twisting dehiscent, ejecting the seeds violently when they reach a
certain point of dryness. Apparently, the determinate growth habit, the increase in
seed size, and the reduction of pod-shattering have been established under 
domestication. The wild Ph. vulgaris cross easily with the modern cultivated 
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varieties producing fertile offspring and F2 generation. This i, -iicates close 
compatibility in the respective germplasms. Gentry (1969) considers the wild 
Mexican beans as the progenitors of the present cultivated varieties. 

Archaeological investigations have permitted the discovery of prehistoric bean 
remains, whose agc was determinatcd by carbon 14 dating. According to these 
studies, the common bean was domesticated in Mexico about 7,000 years ago; 
Ph. coccineus 2,200 years ago; Ph. acutifolius var. latifolius 5,000 years ago; the 
small Lima bean (Ph. lunatus) 1,400-1,800 years ago and the big Lima bean about 
5,300 years ago in Peru (Kaplan, 1965). 

CENTERS OF DIVERSITY 

N. I. Vavilov was the first to establish the phytogeographic basis for plant 
exploration. Hie showed to the plant breeders that variation in cultivated plants is 
geographically unevenly distributed and that a large concentration of genetic 
diversity in our crops is geographically confined to relatively small areas - the 
"centers of origin" according to Vavilov's concept, now preferably called "centers of 
diversity." 

He found the widest variation in Ph. vulgaris, Ph. coccineus and Ph. lunatus 
in Southern Mexico and Central America. Thus, this area constituted the 
"primary center" of diversity. There are other areas of diversity, less richly 
endowed, and for this reason called "secondary centers": (1) South American 
Center, including mountainous areas of Peru, Boli%ia and part of Ecuador 
(secondary for common bean and Lima bean); (2) Chinese Center, where recessive 
forms of the common bean were found. Admitting that this species was only 
spread throughout the world after the Columbian era, we have to assume that the 
secondary Chinese Center of diversity is relatively new. It is interesting to note that 
apparently the bean breeders and the plant explorers did not pay much atention to 
China as an area in which to collect bean germplasm. 

GENETIC VARIABILITY 

The common bean exhibits a wide range of variation in growth habit, yield, 
pod size, color and texture, seed size, brilliance and color, resistance to diseases, 
chemical composition, adaptation to different growing conditions, etc. Publications 
which describe the variation in Ph. vulgaris, such as those of Mufioz & Cardenas 
(1950) and 1'reytag (1955), and those which describe characteristics of varieties 
(Iledrick, 1931; Steinmetz & Arny, 1932; Puerta Romero, 1949; Barrios, 1969; and 
others), although co~cring hundreds and hundreds of varieties, only give a partial 
vision of the genetic variability which this species carries. 

As happens with other cultivated species, only a fraction of the genetic 
variability of the common bean has been used. The collection of varieties has been 
made more or less haphazardly and not systematically as would be desirable. It 
must cover not only the centers of diersity, but the whole geographical range of the 
species, including even those countries where beans were introduced after the 
discovery of the New World. 

The breeders will need to exploit better the available germplasm, to search for 
traits which permit them to make the bean plant more efficient, productive, 
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nutritive and utilizable by a rapidly growing population. Up to tne present, the main 
concern of bean breeders has been the introduction of disease resistance Into 
varieties now in use. 

With relative success in this activity, their attention is now turning principally 
to improvement of protein quantity and quality with better amino acid balance. 
Yield has been elevated to 2,000, 3,000, rarely to 4,000 kg/ha, mainly by control of 
the environment by the application of fertilizers, controlled irrigation, plant protection 
against pests, diseases and weeds, and other practices. I believe that we will soon 
begin to see a major emphasis on studies aimed at developing bean varieties capable 
of surpassing 4,000 kg/ha, in order to place this crop at the level df other important 
crops, such as wheat, soybean, maizt, rice and others. 

For this, better use of the germplasm will be necessary. The discovery of a 
few truly revolutionary traits may bring about such an impact. The Japanese
"Norin" wheat is a good example. It is a dwarf, high tillering variety which was 
utilized in crosses that permitted the creation, by CIMMYT in Mexico, of the high 
yielding, fertilizer responsive varieties. Yields of more than 14 tons per hectare are 
already mentioned. In addi-ion to Mexico, these varieties are causing a "green 
revolution" in agriculture L. Pakistan, India and other countries (Krull & 11orlaug, 
1970). 

VARIABILITY UNDERUTILIZED 

The existance of so much genetic variability, which has been poorly explored
and poorly understood, permits one to raise doubts about the present use of 
mutation breeding. Despite the advances in this field of research, such as the various 
known mutagenic agents, the truth is that induced variability has made little 
impact in agricultural production. 

This is not to say that this type of research should stop or that useful mutants 
cannot be created. The truth, however, is that the natural variability of the bean, or 
even the presently available world collections of this crop, are being underutilized. 
Developing countries frequently divert their scarce funds and research personnel 
from the task of immediate improvement of existing varieties to the more academic 
and uncertain work in mutations. 

In many parts of Latin America the farmers grow several bean varieties that 
are frequently mixtures rather thantuniform populations. This material developed 
locally, principally through a system of natural selection, and was little, or not at 
all, "improved" by breeders. Normally, it exhibits a good deal of horizontal 
resistance. This resistance plus the genetical diversity that is maintained by the 
multiplicity of varieties and the lack of uniformity, or mixtures within varieties, may 
exert a dampening or stabilizing effect on some pathogens, particularly rust. 

In developed countries the situation is quite different. The transformation 
from primitive to "advanced" varieties has had the effect of narrowing the genetic 
base. Uniformity is demanded by the consumer as well as the grower, forcing the 
breeder to create pure lines for their use. Besides, the selections have been made 
with closely defined objectives. The crosses and backcrosses, diluted the horizontal 
resistance when the vertical resistance was introduced. Specifically desired 
improvements are introduced through the backcrossing technique with a minimum 
of disturbance to the genotypic structure of the "advanced" bean varieties. 
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NECESSITY FOR IMPROVED VARIETIES 

The agriculturl situation in Latin American countries is beginning to change, 
accompanying their economic and social development and the increase of their 
populations. As a con3equence of the modernization of agriculture, it is necessary 
to develop improved varieties, which are capable of higher yields than the primitive 
or local varieties, which lend themselves to mechanical harvesting and which are 
uniform. This last reuinirement will be unavoidable, as a consequent e of the increase 
in the purchasing power of the urb, masses, who will demand higher quality in the 
products they buy. The success with hybrid maize, and now with the improved 
varieties of several crops, shows that the farmers in many parts of Latin America 
will accept the new varieties of edible beans readily, once it 1h-s been demonstrated 
that they are superior to the old varieties. And what is going to happen with these? 

The primitive varieties or land races are threatened with extinction. Therefore, 
it is urgent that these bean varieties be collected to preserve this rich genetic 
resource for our use and for future generations. No one can predict with much 
certainty what genes will be necessary for the agriculture of the 21st century. We 
must remember that until only a few decades ago, characteristics such as male 
sterility were considered as mere abnormalities having no agricultural value. 

Evidently, this threat to the common bean germplasm is still a long way from 
what is happening with other crops such as African rice, Oryza glaberrima, and the 
wheats from the Near Last, whose extinction is now taking place rapidly. Successes 
in the development of new varieties, such as those obtained by CIMMYT with wheat 
and by IRRI with rice, constitute a real and immediate threat to our genetic 
resources. The same will happen, in the future, with common beans. We must 
prepare for this, now. 

GERMPLASM BANK 

It can be seen that the vast genetic variability exhibited in Phaseolus vulgaris 
has as yet been little used. It can also be seen that the population explosion and the 
economic and social progress in the developing countries are requiring a modernization 
of agriculture in these countries. One of the consequences of this moderniaation 
will be the substitution of the indigenous populations of beans by the improved 
varieties that are more productive, nutritious, disease resistant, uniform and adapted 
to machine harvesting. These indigenous populations, as well as the wild types, 
constitute a magnificent and valuable gene pool which should be preserved for this 
and the future generations. 

By means of well organiied plant explorations, bean gnotvpes must be 
collected and prrserved in germplasm banks. It must be remembered, though, that 
there already exist, on the American Continent and outside it, many valuable 
collections maintained by experiment stations and other research institutions 
(examples in Table 1). In many cases, however, these collcftions arc threatened 
with loss through discontinuity of maintenance or genetic erosion. Many of these 
collections resulted from the enthusiasm and dedication of some researcher or 
collector, whose replacement may have different interests. Besides, many experiment 
stations struggle with a lack of adequate resources, both human and material, for 
this job. Consequently, the collections are maintained imperfectly and with difficulty. 
Sometimes, when the collection reaches a large number of introductions and there 
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is not adequate room for storage, their maintainers must decrease its size. This 
results in the elimination of all the items in the collection which seem worthless. 
However, not all the introductions that seem worthless arc really useless. No one 
knows when an apparently worthless introduction may turn out to be extremely 
useful. 

EXISTING COLLECTIONS 

Table 1 shows that there are excellent collections of beans and other food legumes 
in America and elsewhere. With the exception of India, where apparently the 
common bean is not of major interest, in other countries this species predominates 
in the collections. It should be noted also that in general the genetic stock from the 
primary center of diversity (Mexico and Central America) is well represented in 
these collections. 

This representation must be larger than the table shows, since probably 
many ertries from the U. S. A., Europe and other countries are really material 
collection of common beans, not mentioned in Table 1, is that of the Plant 
Introduction Station at Pullman, Washington, U. ' A., which up to 1969 had 4,500 
lines (Hudson, 1969). Roberts (1970) mentioned that the U. S. Department of 
Agriculture, with the collaboration of the Department's AID = supported programs 
to improve several of the food legumes in India and Iran, assembled germplasm 
collections of approximately 26,000 entries representing ten species. The Department 
continued Roberts - is now increasing the seed of these collections, some in 
collaboration with CIAT, IITA, and the r(,lombian Institute of Agriculture (ICA) 
so that these can be made readily available :he breeders around the world who 
may be interested iii evaluating them. 

Preserving ge:,etic resources is a task that interests the whole humanity. For 
this reason, it should not be the responsibility of one nation or a few nations. The 
conservation should be accompanied by adequate classification and evaluation, a 
task which requires the participation of diverse specialists in a national and even 
international effort. The ideal would be the existence of an international effort. 
The ideal would be the existence of an international gene bank available to all 
nations, with excellent seed storage facilities and maintained, for the purpose of a 
long-term conseriation, by a group of specialists. Due to its own nature, a bank of 
this type would be better conducted or coordinated by an international organization 
or agency. 

GENE RESOURCE PRESERVATION 

The easiest and least expensive way of preserving a plant gene resource is seed 
storage in chambers with low temperature and low reladve humidity. Good storage 
conditions prolong the life of the seeds and decrease the number of introductions that 
need to be multiplied annually for rejuvenation. In addition to the storage chambers, 
the germplasm bank needs facilities for evaluation and distribution. These facilities 
correspond to those of a well-equipped plant breeding station: greenhouses, 
isolation houses, laboratories, etc. 

Obviously, the bank should count upon adequate scientific personnel. It is 
evident that if one considers that the task of evaluation of the material should ba 
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Table 1. A few collections of beans and other food legumes manined by research inastitutions and experiment stations 

Institution and No. of intro- Species Origin ofthe Informe and/or 
location duciones enies refanc-

IPEAS. Pelouts. Rio Ph. vulgaris Costa, Rica, Peru, Co- J. F. Antos 
Grande do Sul, Brazil 400 .... Ph. ansubai lombia, Brazil. Ja-

Vigna sinensis pan. U.S.A., U.S.S.R. -

Direccisn General de 825 .... Ph. vWulgas . Voysest V.
 
Investigacioncs Agro- 782... Vic a fabs
 
pecuas Lima. Pen. 541 .... Pistm sativuim U.S.A. (the majority)
 

93 .... V. sinensis 
23.... L-ns esculenta 

IPEANE. Recife. Per- 73 ... Ph. vulgari Brazil S. Kutman (Kustnan 
nambuco, Brazil 79.... V. sinensis U.S. A. Brazil et al, 1968) 

Staton Ccntralc de Gin- 790... Ph. vulgaris France and Europe G. Fouloux 
tique cc dAminlioration Several species of Phascolus also Cajao (the majority) 
des Plances, Versailles, us, Canavalia, Dolychos, Vigna. Guadeloupe (cowpea) -
France Rhynchosia. 

Univesidade Federal de 1200... Ph. vulpris Bra. Mexico. Cen- C. Vicer 
V'qoca, Minas Gcrais, tral America, Vcnczue-
Brazil ta. Peru, U.S.A. and 

other countries 
120... Ph. lunatua Brazil A. Mizubuti 

Seqao de Genitica, Ins- 600... Ph. vulpris America, Europe A. S. Pompeu 
ttiiuto Agron6mio, Cam
pinas. Sao Paulo, Brazil 

U. S. D. A., Federal Expe- 2766.... Ph. vulgria Honduras. PI acccs N. G. Valli 
riment Station, Mayaguez. sion (USDA). Misc. 
Puerto Rica locations, hybrids 

and selections -. 
V.0.... - PI acession. Univ.V u 

of Florida. misc. 
location%hybrids 
and selections 



Table I (continued). 

Institution and 
location 

lnstitito Interamerica-
no de Ciencias Agrico-
las. Turrialba, Costa 
Rka 

Centro de lnvticio-
nes Agron6miess. Maracay, 
Venezuela 

Instituto Colombiamo 
Agropecuarno. Medellin 
Colombia 

Estacao Experimental de 
UKeraba. Minas. Gerais, 
Brazil 

Indian Agrieultural 

Research Institute 

No. of intro-
ductons 

163&... 
605 .... 

657.... 

220... 


2100.... 

604.... 

6620.... 

5135.... 
1491 .... 

1422.... 
943.... 


839.... 

310.... 

41.... 


Speces 

Ph. vulgaris 
other species 

. vwlgs 

V. SnekiS 

Ph. vulgaris. 
Ph. coecineus, 
Ph. lunatus. 

Ph. angulahis, 
Ph. mungo, etc. 

Principally Ph. 
vulgaris. but 
also other 
species of 
Phaseolus 

Cer arietinum 

Cajanus cajan 
Ph. aureus 

V. sinensis 
Len esculents 

Lathyrus sativus 
Ph. mungo 
Pisum satuvum 

Origin of the 
entries 

Mostly from Central 
America. also U.SA., 
Peru, other Latin Amc-
rica countries and 
countries outside the 
American Continent 

Venezuela. Mexico. 

Central America. Bta
zil, U.S.A.. and other 
countries 

Mostly from Mexico 
Colombia. Guatemala 
and Equador 

Brazil, Mexico, Pot-
tugal. Venezuela. Cen
tral America 

I rom 21 countries 

I tom 16 countries 
I-rom 18 countrc-

I-rom 49 countries 
I-rom 14 countries 
Irom 7 Lountrie 
I tom I country 
I torn I country 

Informer and/or 
reference 

A.M. Pinchinat 
(Pinchtina & Ma 
tarrita, 1970) 

S. Ortega Y. 

. Ivan Alvarez G. 

R. J. Guazzelli 

Indian Agricultural 

Research Institute 
(1971) 



left to each bean breeding program, then the task of the germplasm bank would be 
facilitated. Anyway, whoever manages the introductions of the bank for the 
purpose of registration, rejuvenation and multiplication, will always have an 
opportunity to select something of interest and to make some evaluations of the 
material he manages. 

The maintenance of a germplasm bank prescnts many problems and difficulties 
(Frankel, 1970). No one knows a practical way that really assures that the plant 
material in storage maintains the same variability that it had at the time the 
collection was made. Actually, hybridization, mutation and natural selection (plus 
human errors) contribute to genetic erosion. The inevitable rejuvenation cycles 
always expose the material to selection action and to outcrossing, when there are 
many entries in the field. Even the seeds are subject to genetic change, in view of 
the fact that the different genotypes show substantial differences in their ability to 
survive in storage. 

When the collection is formed, genotypes or populations are brought from an 
environment in which they are adapted into one in which they are not. Here they 
consequently suffer the action of natural selection when the seeds are rejuvenated or 
multiplied on a large scale foi distribution. 

To reduce these effects, or even to permit the preservation of certain 
introductions that require a specific environment, the field planting may have to be 
spread over a number of environments. rhis will require the cooperation of many 
nations. °Ihe storage facilities, however, can be more efficiently and economically
maintained if centralicd under the supli vision of a specialcl staff. Stith a 
system of bean gcrmplasin storage will function only if it has the support of the 
interested nations and if it stays under international supervision or under the 
orientation of an international agency. 

Should the other cultivated and weedy species of Phaseolus be collected as 
well? According to Burkart (1952), the genus Phaseolus includes approxi,.iately 
180 species distributed in the hot zones of both hemispheres, but which are 
predominantly tound in ,\icri a. W'th ,tbe Cxttpt1on of Phaseolus coccineus, the 
other species have not been important in the common bean breeding programs. 
This is not to say that tomorrow, with the development of new scientific techniques 
or interests, these will not be important. 'Ihe Asiatic cultivated species should be 
collected as well as any other crop. Ihe American wild species should someday be 
protected also; however, at the moment it is more important to preserve the genetic 
stock of the cultivated species. 

BEAN INTRODUCTION 

Plant introduction has the following goals: 

(1), The immediate use of introduced material as new varieties. In Brazil, 
for example, some of the best dry bean varieties presently recommended by the 
Ministry of Agriculture were introduced from other countries: "Rico 23" (Costa 
Rica), "Venezuela 350," "S-89-N" (Central America) and "Costa Rica," all black 
beans. Yield trials carried out by Guarzelli (1969) at two experiment stations In 
Minas Gerais, Brazil, showed the excellent behavior of the Mexican and Central 
American varieties when compared to the Brazilian. 
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(2). Selection of desirable lines from the introduced material. Oue of thebest black bean in Brazil, "Cuva 168-N," was selected from an introduction from
Costa Rica. In many Latin American countries the edible beans planted by the
farmers are actually a mixture of genotypes. In material so constituted, a simple
selection can give good results. Mufioz & C.rdenas (1950) mentioned that it was
possible to isolate, from Mexican varieties of edible beans, lines that yielded up to
64 percent more than the varieties from which they were selected. 

(3). The utilization of the introduced material for crossing with localgenotypes, in order to try to obtain new and interesting recombinations. "Vavilov 
was among the first to advocate combining genotypes frcm widely differing
environments, and many of the varieties produced by his Institute are the result ofsuch combinations, as are, notably, the successful Mexican and Philippine wheat and
rice varieties" from CIMMYT and IRRI, respectively (Frankel & BennLtt, 1970). 

(4). The utilization of one or a few genes of these introductions through the 
use of backcross breeding. In this way, ncw characteristics are incorporated in the
improved varieties with a minimum of disturbance of their genetic composition.This method has been used primarily in countries with a developed agriculture
already having a large number of superior varieties which have been well accepted byboth the farmers and the consumers. Backcross breeding has been criticized in one 
respect; it permits genes with additional fringe benefits to be eliminated, thereforenot giving them the opportunity to express themselves. "If doublecross or only 
one or two backcosses are used, most of the parental type can be recovered butthere is still some opportunity for other new, desirable genes to be introduced
assuming very large 1'2populations are grown." This phrase from Kull & Borlaug(1970) is specifically applicable to the incorporation of new ra3t resistance genes in
wheat, but may also be applicable to edible beans and other crops. 

To avoid the introduction of seed-borne fungi and viruses, it is necessary that
the institution responsible for the germplasm bank have all the facilities for 
quarantine services. 

GERMPLASM EVALUATION 

Once the germplasm is assembled, then comes the more difficult work of
 
exhaustive and careful evaluation of the materil. If the germplasm bank activities
 were centralized, with cooperation from regional, national and international
 
groups, then the evaluation job must follow a certain system. All data must be

catalogued and published. Seed supplies must be maintained in sufficient

quantities for distribution to anyone who may wish to use them. Then, the

Institution or breeder which receives material from the bank must later'send
information about the perfomance of the entries tested to complete the notes of
 
the bank's catalog. 

The initial tests of evaluations must be done in a favorable environment.
However, abnormal conditions may later reveal useful characteristics. For this reason, it is also recommended that tests be conducted under a wide range of
environmental conditions. Some characteristics are easily identified under certain
environments but not under others. Climatic factors, such as temperature, daylength, rain, relative humidity and light intensity, may alter the perfomance of the
material under screening. These environmental factors should include soil 
characteristics suLh as, fertility, water or aeration. 
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Until now, the great concern of the bean breeders has been the procurement 
of sources of resistance or tolerance to the many diseases that attack the crop. The 
search for resistance genes may necessitate the screening of hundreds and hundreds 
of entries in the germplasm collection, but once it is found, the incorporation into 
a suitable background is generally simple. 

However, when the pathogen must be separated into races and the screening 
done on an individual race basis, then the procedure can be long and difficult. First, 
it is necessary to identify the races. Then, the source of resistance to each race must 
be found. Finally, the resistance genes must be incorporated into commercial 
varieties. Uromyces phaseoli var. typica, the rust causal agent, has a large number of 
races, complicating attempts to create resistant varieties. Maybe, in this case, the 
breeder has to turn his attention to the horizontal resistance, common in the 
nonimproved varieties of Latin America (Vicira, 1972). In certain areas of the Latin 
American countries, this type of resistance, and the large number of varieties that 
the farmers grow, explain why the rust does not cause heavier losses. 

The anthracnose organism, Colletotrichum lindemuthianum, has a smaller 
number of races. 'Ihe discovery by Mastenbroek (1960) of the dominant gene Are, 
in the "Cornell 49-242" line, simplified the incorporation of anthracnosc resistance 
into common bean varieties. This gene gives resistance to the races alpha, beta, 
gamma and delta, and constitutes an excellent example of the impact that the 
discovery of "exceptional" genes may cause. Recently, it was found that the 
"Cornell 49-242" line is resitant to the seven anthracnose races identified in the 
state of Minas Gerais, Brazil, two of which belong to the alpha group (Oliari, 1972). 
In France, Blnnerot (1965) screened 430 bean varieties, finding five (including 
"Cornell 49-242") that were resistant to all six races used in the study. In Uganda, 
however, the gene Are did not give complete protection against some races (Leakey 
& Simbwa-llunnya, 1972). 

'I he screening of collections in order to find genes for insect resistance has 
not received as much attention as for disease resistance. However, limited work has 
been done in relation to Empoasca sp., Mexican bean beetle, bean weevil and other 
pests. Wolfenbarger & Sleesman (196 1), for example, screened a large collection of 
beans for resistance to Mexican bean beetle and potato leafhopper. They found two 
Ph. vulgaris P. 1. lines resistant to the former and two Ph. vulgaris P. 1. lines 
resistant to the latter pest. 

CONCERN WITH PROTEIN 

At the moment, there iF a great concern on the part of the breeders to 
improve the protein content and quality in dry beans. Ph. vulgaris seeds contain 
about 22 percent protein, but with a low content of the sulphurcontaining amino 
acids, methionine and cystine, and also tryptophan. Preliminary screening of 
germplasm collections at various institutions has shown appreciable variation in 
total protein as well as in sulphur amino acids. 

Freytag et al. (1956) analyzed a total of 110 collections of common beans, 
mainly of Mexican origin, and found a variation of 14.6 to 26.7 percent in the 
total protein content. 'Ihey also found that high protein content tends to be 
associated with small, spheri-al seed, either black or white, having a vining habit and 
a tropical provenance. Low protein content tends to be associated with large, 
elongate seed, having a brown color, a bu-i habit and a temperate provenance. 
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From 3,600 common bean varieties, lines and single plant selections screened 
by Kelly (1971), 63 were selected as having greater than higher microbiologically 
available methlonine in the mature seed than the "Sanilac" standard. This author 
concluded that there is sufficient variation in the level of methionine within the 
species to permit improvement through hybridization and selection. 

The search for other traits has achieved results, for instance, plants adaptable 
to mechanical harvest, i. e., erect, with pods high off the ground, or plants adaptable 
to a given environment, such as tropical lowland or soil with low zinc content. 

SEARCH FOR HIGHER YIELD 

As previously mentioned, it appears that the maximum yield potential 
of the present common bean varieties is about 4,000 kg/ha, which places this crop 
among those of low efficiency, if compared, for example, with soybeans, rice or 
wheat. In my opinion, the next big task of the bean breeders is to try to exceed 
that yield ceiling by in-depth research on all aspects of the plant and its culture. 

It will be necessary to manipulate the germplasm collections in such a manner 
as to search for production characters, although such characters are the result of 
rney physiological processes which are only beginning to be understood. In the 
agriculturally advanced countries, varieties have been developed whith are highly 
adapted but that have already reached a plateau of productivity. "1he yielding 
ability of these varieties has not been increased intentionally, unless indirectly, i. e., 
by the incorporation of "resistance genes" confering resistance principally to 
diseases. 

Apparently, the breeders are satisfied with the "improved" varieties that have 
been developed; therefore, they have paid little ittention to the plant haraLteristic s 
relating to productivity, such as yield components, leaf area, plant "architecture" or 
photosynthetic efficiency. Such characteristics, as a rule, have not been drastically 
and deliberately changed. 

Recently, this tendenty has changed, perhaps because the disease problen is 
not now so serious in the agriculturally advanced countries and the breeders can 
devote their time to other aspects of bean improvement; or perhaps, because of the 
successes attained in the field of "production breeding" with other crops, 
principally wheat, maize and rice. 

As pr viously stated, in many countries modern varieties have a relatively 
narrow genetic base. To increase their yield potential, it will be necessary to 
incorporate new genes to improve their production characters, using a number of 
widely different stocks in multiple crosses. Another solution would be to start all 
over, exploring more deeply the enormous gene resources of Phaseolus vulgaris to 
develop completely new varieties. Which ever course is chosen, the breeder will have 
to reckon with collections of germplasm, which are as yet poorly researched. 
Therefore, it is almost certain that these collections have genes that alone, or more 
likely in association, will permit the common bean to produce more than 4,000 
kg/ha. 

OTHER FOOD LEGUMES 

Other food legumes are cultivated in Latin America Lima bean, cowpea, 
pigeon pea, chickpea, lentil and others, but they do not have the importance of the 
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common bean. Most of what was said aboplt this species also applies to the other 
species. In the following paragraphs, I will present some information specific to 
these other food legumes. 

Lima bean (Phaseolus lunatus L.) 

Vavilov found that the primary center of diversity of this species is in
 
Southern Mexico and Central America and that a secondary one exists in Peru, with
 
an abundance of largeseeded forms. According to Mackie (1943), the species

originated in Guatemala, a country where wild forms are found. From this center of
 
origin It dispersed in three directions, namely: (1) the Ilopi branch, extending

northward into areas of the U. S. A.; (2) the Caribe branch, carried to islands in the

West Indies and to the Amazon basin; and (3) the Inca branch which traveled south
 
from the point of origin to Peru. 

The seeds of the last branch are large, weighing up to 200 grams per 100 seeds, 
while in the other branches the weight generally is 40 to 70 grams per 100 seeds. 
Recently, in a plant exploration carried out in Brazil, it was found that in the north 
and northeast, where the Lima bean is a common crop, the seeds are principally
small and roundish. In the Amazon valley, however, they are verY large, reaching 
up to 32 mm in length. These findings do not support entirely Mackie's hypothesis
(Erickson et al., 1967). 

The wild forms are perennial, producing very small seeds (5 to 14 grams per

100 seeds). The cultivated forms are annual, or perennial planted as annual, dwarf
 
or vining.
 

The nutritive value of Lima beans is similar to that of the common bean. All 
Lima beans contain cyanide, due to the glycoside linamarin, which imparts the 
characteristic flavor of this bean. The cyanide is not injurious when the amount is 
not in excess. A survey in California demonstrated that the local varieties contain 
from 25 to 55 p.p.m. as IICN, which is far below the limit of human tolerance. One 
lot of wild Lima beahs from Puerto Rico contained 970 p.p.m. of cyanide as HCN, 
a quantity that impedes their use for human consumption. 

'Ihe yielding ability of Lima beans is similar to that of the common field bean. It 
is a crop that has been studied very little in Latin America. In Brazil, late varieties 
are planted, which have a vining habit, and nonuniform maturity that has not 
permitted large scale commercial production. 

Cowpeas (Vigna sinensis (L.) Savi). 

Vavilov found two primary centers of diversity of this crop, in India and 
Ethiopia, and a secondary center in China. Cowpeas have spread throughout the world, 
but they are planted princip. Ily in Africa. It is a tropical crop, resistant to high 
temperatures and drought: In Brazil, for example, cowpeas substitute common 
beans in areas unfavorable to the latter, as the Northeast (warm and dry) and the 
Amazon valley (hot and humid). Cowpeas yield approximately the same as the 
common bean. They have an average total protein content of 23 percent and 
somewhat higher content of sulphur-containing amino acids than the common 
bean. The great variability occuring in characteristics such as plant habit, pod and 
seed characteristics, disease resistance and other traits opens many possibilities for 
work by the plant breeders. 
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Pigeon peas (Cajanus cajan (L.) Millsp.) 

This is probably a native plant of tropical Asia. From there, it was introduced 
into Africa, tropical America and Australia. Pigeon peas are the second most 
important food legume crop in India. In the New World they are grown to bome 
extent in Central and South America. The average total protein of pigeon peas is 
slightly lower than the common bean, but they are higher in sulphur amino acids.
Pigeon peas yield n9rmaly 800 to 1,500 kg/ha, but yields in excess of 5,000 kg/ha 
are reported in India (Roberts, 1970). This legume is particularly drought resistant.
Only very recently have breeding programs been started with this crop. The Indian 
Agricultural Research Institute (1971) has an impressive collection of pigeon peas;
5,135 entries, 5,028 from India and the remainder from 15 countries. 
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I. Commentary upon: 

PLANT INTRODUCTION AND GERMPLASM OF PHASEOLUS VULGARIS
 
AND OTHER FOOD LEGUMES
 

Efralm Hernandez X. 

INTRODUCTION 

The quality of a germplasm bank depends basically on a well meditated and
 
executed ethnobotanical exploration conducted during successive periods In
 
accordance with concomitant phytogeographical and genetic studies of the materials
 
collected. With regard to this point, Ilernindez X. (1970) has suggested the following
 
guidelines:
 

(I). There are antecedents which should be reviewed (botanical, phytogeographical,
ethnic, etc.) as a basis for the planning of the exploration. 

(2). The environment, both physical and biotic, determines the geographic
distribution of the crops and the genetic diversity. 

(3). 	Man is and has been the most important factor in determining the genetic 
diversity of the cultigens. 

(4). Each species or variety has distinctive morphological and adaptive
 
characteristics.
 

(5). 	 The knowledge accumulated throughout the millenia by the agricultural 
cultures takes time to register and understand. 

(6). 	 The ethnobotanical exploration is a dialectic process. 

Keeping these points in mind, it should be noted that the greater part of the 
bean collections to date have been made by explorers interested in other crops, 
devoted to other scientific interests and in rare instances have they had a specific 
knowledge of beans. There are several studies of Phaseolus vulgaris (Miranda C., 
1966), of P. lunatus (Mackie, 1943) and of P. acutifolius (freeman, 1918) which 
are helpful in obtaining initial information on the morphological variation of the 
seed. Burkart (1952) shows that this structure is of great use to differentiate the 
existing variation through its morphological characteristics. 
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We insi3t on the seed, since this is easy to collect, it is the part that is usually 
available and it can be handled with facility for the desired purpose. The procedure 
followed to date for collecting results inpartial data and ignorance of the phenomena
because the materials collec.ted arc of the commercial types available in the markets 
This situation can be impio~cd only through a special effort to visit the regional 
markets and insisting upon collecting material directly from the farmers. 

Obtaining knowledge of the multiple ecological and social niches of a given
 
area and collections in those that might be of interest require time that is not often
 
available to the plant explorer. Ior this reason some (f the most interesting series
 
of collections have been made by ethnobotanists or anthropologists who have lived
 
for some time in ethnic areas under study.
 

If plant exploration is coordinated with an active center of genetic research, a 
feedback system may be established to keep the explorer informed as to when he 
might be in an area especially interesting due to the genetic variation found and the 
morphological characteristics which might serve as indicators. '1his type of 
arrangement enabled Dr. Howard S. Gentry quickly to locate the center of diversity 
of the type of phytopathological resistance desired during his.bean collecting trips 
to Mexico. 

TiE PIIASF.OLUS VULGARIS GERMPLASM BANKS IN MEXICO 

Table I summarizes the available information on the germplasm banks in 
Mexico, complementing the information presented by l)r. Clibas Vieira. Due to my 
p-rsonal participation in establishing these banks, I am in a position to make the 
following observations: 

(1). The greater part of the collections represent contributions by persons 
indirectly concerned with beans and these collections have not been increased in 
number, as a result of the study of the material, with the exception of the wild 
species which are of specific interest to Ing. Salvador Miranda Col'n. 

(2). These banks have never been under the care of personnel trained 
specifically for this purpose. 

(3). Ihe presence of these banks has not given origin to specific research 
programs dealing with the biology and phytogeography of the materials, to the 
increase in the number of accessions, etc. 

(4). Although the collections have been reproduced several times, no uniform 
system of registering the data has been established, nor a system of rapid retrieval 
of information. 

(5). Several studies halie been made indicating various degrees of outcrosslng 
in beans, but this knowledge has not been taken into account during the process of 
Increasing the material to regain 'iability and maintain the genetic variability. 

Ethnobotanic exploration of beans has riot been dynamic because the 
blosystematic studies which might put order in the existing genetic variation, 
indicate the morphological expression of this variation and show the geographic 
distribution of said variation, have just been initiated. This genetic, morphological 
and phytogeographical information is essential in planning future explorations. 

254 



Table 1, 	Pluseolus collections, classified by place of origin, and kept at the Instituto Nacional 
de lnvestigacionrq Agrfcolas, Secretarfa de Agricultura y Ganaderla (INIA), y del Co
legio de Postgraduados, Escuela Nacional de Agricultura (CP), in Chapingo, Mexico, up 
to 1972. 

Mexico INIA C. P. 

Aguascallentes 180 26 
Baja California 12 3 
Campeche 	 24,, 2 
Coahuila 17 42 
Colima 13 8 
Chiapas 643 177 
Chihuahua 29 35 
Durango 33 53 
Guanajuato 127 i 15 
Guerrero 166 120 
Hidalgo 74 60 
Jalisco 159 160 
Mexico 220 176 
Michoacan 197 125 
Morelos 65 150 
Nayarit 41 25 
Nuevo Leon 1
 
Oaxaca 265 115
 
Puebla 765 414 
Queretaro 50 46 
Quintana Roo 
San Luis Potosa 25 26 
Sinaloa 46 29 
Sonora 77' 1o 
Tabasco 4 
Tamaulipas 1 10 
Tlaxcala 140 112 
Veracruz 230 112 
Yucatan 45 2 
Zacatecas 108 80 

Subtotales 3.765 2,274 

Other countries C. P. 

Africa 24 
Argentina 9 
Brazil 14 

Canada 2 
Colombia 53 
Costa Rica 12 
Cuba 17 
Chile 3 
Ecuador 42 
U. S. A. 48 
Guatemala 126 
Honduras 16 
Japan 3 
Peru 80 

Subtotal 449 

INIA 3,765 
C.P, Mexico 2,274 
C. P. other 

countries 449 

Total 6,488 

The Phaseolus germplasm bank of INIA has received important contributions fromi Efraim 
Hemindez X.; Salvador Miranda C.; Howard S. Gentry; George Freytagi Lawrence Kaplan and 
Alfonso Crispin. 

The Phaseolus germplasm bank of C.P., ENA, has received important contributions froms Sal
vador Miranda and Efraim lHernndez X. This bank has a large collection of wild species. 

(Source: Register of Germplasm Banks). 
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For this reason, there is no basis for future explorations except for collecting In
 
areas not represented in the material in the banks.
 

BIOSYSTEMATIC CONTRIBUTIONS ON BEANS 

One of the most interesting biosystematic studies made to date (Hernandez
X., Miranda C. and Prywer, 1959) indicates constant introgression between Phascolus 
vulgaris and P. coccineus in transition areas between the hot humid and the 
temperate humid zones of Mexico and Guatemala. The importance of this 
information might Ie appreciated from the futile attempts made by researchers in 
Europe and the U. S. A. to incorporate resistance to insects and diseases from P. 
coccineus (perh ps the least domesticated of the bean species) to the common bean. 
We have evidence also that a natural cross between P. vulgaris and P. lunatus has 
occurred in the Jalisco-Michoaran regions of Mexico. 

In our initial studies tending to define the morphological characters of the
plant suitable for the differentiation of the varieties, we have found evidence of
 
frequent introgression of a wild bean complex and the "upland black" bean
 
complex, a phenomenon which does not appear in the collections of the "lowland
 
black" bean complex.
 

EROSION OF GENETIC RESOURCES OF BEANS IN MESOAMERICA 

The erosion of the genetic resources of primitive cu-', rs in Mesoamerica has 
caused concern especially on the part of international organi;ations which have before 
them the experience from areas where modern agricultural technology has eliminated 
the primitive vai 'eties. The conclusions presented in a recent report to FAO
(Hernndez X., 1972, unpublished) based primarily on maize in Latin America, 
probably will give trse to certain doubts on the matter. Taking as a base the recent 
collections of maize in certain critical areas, it is concluded that after a period of 
25 years, the same varieties persist and that new recombinations have appeared.
These are being conserved in accordance with the new necessities of the ethnic 
groups arising from an increase in their agricultural areas and to changes in the 
edaphic conditions of their lands. 

EROSION OF GENETIC RESOURCES 

It seems that erosion of the genetic resources is a function of: 

1. Cultural erosion. With greater degree of disorganization of the agricultural
cultures, there is a greater degree of erosion of the genetic resotrces of the primitive 
cultivars. This means that the indigenous cultures are the ones that have conserved 
and given rise to the basic genetic diversity through their prolonged periods of 
existence. Ihese cultures have conserxed the greater part of the variants, 
eliminating only those that have been replaced with advantage by new types in the 
multiple ecological, economic and cultural iches of 'he ethnic group in question.
These cultures, one should remember, are at the center of many of th? attempts of 
change by the diverse Indian programs in Latin America. 
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2. Introduction and acceptance of improved varieties. This occurs especiallyin commercial agricultural sybtems. For the subsistence farmer, this process has a 
very reduced effect. This process might affect the selection under domestication or 
the quality of seed sown in accordance with the degree of commercialization of the
regional agriculture. In Mexico, the establishment of the CONASUPO, an official
institution involved in the maintenance of a minimum price for certain crops, 
among them beans, and in regulating prices of certain basic food products, has
favored a preferential price for a uniform product and the bean types known as 
"canario," "bayo grande," "garrapata," "cacahuete," "flor de mayo" and"mantequilla or garbancillo." 'his commercial preference probably has displaced
the multiple varieties produced previously in certain areas. 

4. Degree of natural crosses. Beans had been considered an autogamous plant. 
Recent studies have demonstrated that natural outcrossing varies in accordance withecological conditions and that a high enough percentage might occur to consider the
species, through time, as an allogamous plant in the regions of its cultivation in 
Mesoamerica. Under subsistence agriculture, one finds the general practice of
associating beans and maize and the use of a mixture ("revoltura") of seed as a
possible answer to extremely fluctuating ecological conditions. Table 2 shows the 
components of a "revoltura" collected in the bean growing region of northeastern 
Puebla, Mex-co. 

Table 2.Composition of a mixture (composite sample) of bean seeds planted In the northeast 
region of the State of Puebla, Mexico, under uncertain climatic conditions, low soil
fertility and in association with maize. Notice that two species of Phaseolus are involved. 

• .$$ 
.6 to .65 

21 
24 

8 
18 

3 
6 

89 26 
22 

1 
38 

2 
2/7 

19 
53 

3 
33 

3 4 
31 3 

179 Phus. vulgarls 
237 of" 

.7 4 5 3 8 9 3/7 49 15 103 it" 
75 4 5 3 513 46 5 71 " of 

.8

.85 
1 
2 

1 
3 

2 
1 

39 
8 

1 44 
14 

" " 
to 

9.95 1 1 !2 72/2 97 " "P. coccneus (3,4) 
1.0 1 6 1 31 8 "i 
11 1 2 2 3. 

1.2 3 3 

Totals 58 36 12 92 65 54 12/22 225 3 36 3 56 3 678 
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5. Opening of new agricultural areas. The increase of the human populations 
in almost all of the Latin American countries aud the various attempts at agrarian 
reform have stimulated the opening for agricultural purposes of new areas, especially 
in the hot humid regions. This process has created a demand for new varieties, a 
demand which in the case of maize has been met by existing indigenous varieties 
and by the formation of new varieties by the indigenous cultures. As a result, this 
process has tended to increase the genetic variability. 

6. Changes in the long-established agricultural areas. In spite of the programs 
of agricultural extension and the increase in agricultural inputs, large areas still face 
the problem of agricultural production under limiting ecological conditions and a low 
level of use of agricultural inputs. I his has resulted in land erosion and a reduction 
of soil fertility after prolonged periods of agricultural utilization. As a conequence, 
one might forecast the selection by the farmers of varieties with capacity to insure 
the production of a minimum crop. This phenomenon will tend to increase the 
genetic variability. 

STIMULUS FOR THE ETHNOBOTANICAL EXPLORER 

One of the most important stimuli in science is the recognition of the 
researcher for his work. In the case of the botanical collectors, their names remain 
as essential information of the collection and in certain cases the gen.-ric and 
specific scientific names of the plants have had their origin on the collector's name. 
In contrast, we have noticed that the name of the ethnobotanist rapidly falls by the 
wayside in all of the schemes of management of the material of useful plants. For 
instance the collections of the U. S. Department of Agriculture are handled by 
means of the initial P. I.; the CIMMYT bank handles its material through 
abbreviation which indicate the political state of origin, for example, Ags. 7, Mich. 
21, Tamps. 38; a similar proc, dure is followed by the banks of the National 
Institute of Agricultural Research (INIA) and of the Graduate College, I.NA, both 
at Chapingo, Mexico. May I suggest a modification in the present systems by the 
addition, after the established abbreviations, of the collector's or collectors' 
surname in parentheses, for example, Mor. 592 (Miranda C.); P. 1. 28970 (Gentry). 
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II. Comnmentary upon: 

PLANT INTRODUCTION AND GERMPLASM OF PHASEOLUS VULGARIS
 
AND OTHER FOOD LEGUMES
 

Harold F. Winters 

In the U. S. Department of Agriculture plant introduction is basic research. The 
main object of the Department's activities in this area is to assemble genetic pools 
for every crop now important in our agriculture and for crops which might become 
important at some future time. These genetic pools supply the plant breeder with 
new parent materials. I-ood legumes (pulse crops) are important components of these 
collections. 

Historically, plant introduction began in the area, now the United States of 
America, with the foundation of the first Luropean colonies. Ihe colonists bropight
seeds and plants with them. They also sent to the mother country for additional 
materials as the settlements became more permanent. Even those crops which 
originated in Central and South America for the most part came to us via Lurope.
Later our embassies and consulates in foreign countries were directed to send home 
plants and seeds. After its establishment in 1862, the Department of Agriculture 
was charged with plant introduction and the development of new crop varieties. 

It was not until 1898, however, that a definite agency within the Department 
was charged with the work. It was designated Section of Seed and Plant Introduction. 
Dr. David Fairch'1d, well known for his World wide plant collecting, was its head 
from the beginning until his retirement in 1929. 1hrough the years, this agency has 
undergone several name changes. By whatever name, responsibilities of the 
organization remain the same as those stated previously. Over 377,000 plant 
introductions have been processed to date. 

FOUR REGIONAL STATIONS 

Prior to 1946, the great bulk of plant introductions received as seed were 
distributed to federal, state and private agencies conce-ned with breeding and 
development of these crops. Generally, these agencies lacked facilities for the 
permanent maintenanceof germplasm collections. When a given breeding program 
was terminated or interrupted by the death or transfer of the scientist in charge. 
much valuable germplasm would be lost. 
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Under the Research and Marketing Act of 1946, funds became available for the 
first time to establish a truly national cooperative progran for the introduction and 
testing of plant material for crop and indiustrial uses and for the preservation of 
valuable genetic stocks as seeds. I his program is divided into four regional state 
experiment station organizations with headquarters at Geneva, New York, for the 
North'east; L.xperiment, (;corgia, for the South, Ames, Iowa, for the North Central;
and Pullman, Washington, for the Iacst.h fa( ilit.I is htied it one of the state
 
agricultural expel ment stations of tI:c Region. [he Regions pro%ide the land,

greenhousis, laboratories, oft i( es, ( oh storage I,milities and pirt ol the itaft needed
 
to grow and evaluate plant iitrodu t(ions re(cisci as scid I he federal go%ernment
 
provides plant introdli tions and Icderstip for cc h i)rojec t.
 

'Ihe (;riliplasrn Resour( es I ailorator) is responsilhle to \ l'S for all foreign

exploration, ilil oductioi- and ex hange of plant materials. New introduc tions are
 
catalogued at its Beltsildle, Maryland, headquarters. Plant intihodu tion numbers are

assigned and the natcrial orlered to one of the four regional stat ions for increase, 
evaluation, fisiribution and maintenance. 

Ilecau;e of geographic lotation ( ertain regions are better suited than others to 
undertake the evaluation and inc rease of the different stot ks. I or this reason, common 
beans and lentils go to the Western Region, peas (Pisuni ) to the Northeastern 
Region and cowpea and mungbean to the ,outhcrn Region. Since this (onference is 
particularly (om erned %sithfood legumes, I hase listed in I able I the approximate 
tUsl).\ inventories (if these crops. 

You will note that the largest insentories correspond to the food legumes of 
greatest econoini( iiportanc e in the Unted States su h as Phaseolus vulgaris and 
Pisum sativum. I he common bean, 1'. vulgaris, is represented b) 5,193 .iccessions. 
'Ihe (ollections in( lude an almost infinitt degree of sariability lilac k to white, tall 
climbing to dwarf, etc. While seed is being inreased, ssc record as many charaLteristics 
as possible. I lie collection of nmon beans as greatly expanded (luring the period
1964 - 1968. During these years l)r. Iloward Scott Gentry spent many months 
(ollc( ting beans in lexni o and Central Anicri a. A\priulmary obje( ti e was the 
primitive perennial P. vulgaris of Mexit o thought to he r(sistant to I usar Lm root rot. 

l)uring this period, also, donations ot sescral si/eahle, ollec tions by
collaborators in Ccntral and South Aoerni a sers ed to swell our insentores. Complete
evaluation of this siieable olllc tion will reqlim - many years I irst, the supply of seed 
must be increased. I his task is oinpli ,ited by many oh the introdu tions 
requiring short (lays for flowering. Many su Ii introduc tions are killed by frost at the 
full bloom stage. When this happens, A5%r(oncd planting must lie made either in the 
greenhouse or in a tropical area. Iventually, thi introduc tions are available to plant
breeders and other investigators, however 

In addition to our domestic (istrilhut)os, the 1'. S. I)epartment of Agri.
culture follows a lihber,il poh(\ in supplying uin reased seed of plant introductions to 
collaborators in other (ountries Sometimes the are sent in exchange for materials 
we need but more often they arc donated outriglt for whatever scientific or 
humanitarian value they miay lae 

"Tue IS1),A also lakes .ivaill,e its gernrplasin (ollec( tions to the multi
sponsored international institutions for agricultural research such as CIAI, CIMMYT, 
IRRI, IITA and the new Asian Vegetable Rt %car If mil l)evelop cnt Center in 
Taiwan. Beginning in 1970, seseral food I(guic, gerinplasr ( ollections were sent to 
CIAT and to cooperator I)r. I uis II. (ama ho, Instituto ColOmlrbiano Agropecuario,
Palmira. These collections are as follows
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Table 1. Inventory of pulse crops 

(February 1973) 

Species 	 Working collection % New ccessionsL ' 

N. V. G. Wash. India Iran 

Arachls hypogaea - 1,816 - - -

Cajanus cajan - 282 - 4,000 3,280 

acer aretinum - 259 - 1,730 2,116 
Dolichos hiflorus - 25 - - -
D. labtab - 59 - - -
Lathyrus sativu- - - - 840 
lan cculenta - 600 1,065 2,475 
Pharolus acunitifolius - - 21 - -
P.acutifolhus - - 17 - -
P.acutifolhus latifolius - - 4 - -

P.adcnanthus -.. 2 - -

P.angularis - 26VI 24 - -
P. anisuetrihus - 2 - -

P. atroptirpurcus - - 5 - _ 
P. aureus - 1,40 12 41 681 1,056 
P. bracteatus - - 6 - -
P. calcaratus - - 26 - -
P. caracalla - - 7 - -
P. coccincus - - 195 - -
P. rythrolom - - 2 - -
P.grandifl o rus - - I - -

P. lathyrolde - - - -
P. lunatus - - 423 - -
P. metcalfCi - 2 -

P. munso 67 3 10 
P. panduratus - - $ - -
P. phyllanthus - I -
P. pillosus I - -

P.polyataios - - $ - -
P. radiatus - -

P. stenolobus - - I - -

P. strobilophorus - - 2 -
P.trilobatus - - 2 - -

P.vulpris 2,880 - 5,19 2]1 644 2,647 
Phaseolus spp. - - 6 - -
PIsum mtilvum 1,I 0 - - 356 407 
Viclatabf - - 150 - sit 
Vilna sinensis - 1,235 - -- 1,430 
Voandreha subterranes 60 -

U 	Acaessions received from tloseout of Regional Puke Improvement Projects in Indis and Iran. 
This material is held in cold storage until It Lan bc absorbed by USI)A plant introduction 
programs. For some trops considerable duplkatlon is suspected between the Indian and 
Iranian colle.tions. 

_ 	 Introductions listed by more than one Regional Station are duplicates. 1he larger number 
should be con, Idered as the total available. 
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Cicer arletinum (Chickpea) - 133 accessions 
- 409 " Lens esculenta (Lentil) 


Phaseolus angularis (Adsuki bean) 20 o
 
160 " P.aureus (Mungbean) 
123 " P.coccineus (Starlet runner bean) 

P.vulgaris (Common bean) 3780 d 

Vigna sinensis (Cowpea) -- 454 " 

COLLECTIONS ARE AVAILABLE 

Originally our agreement with CIAT stipulated that a portion of the seed 
Increasewas to be returned to the USDA. At this time, I am not sure this would be 
desirable. It may be more important to retain all of the seed in Colombia as a 
repository of germplasm. From Colombia it is more readily available to much of 
Central and South America than from the United States. I suggest retaining the U. S. 
Plant Introduction numbers at all time%sln(v: they refcr to documentary information 
about the origin and individual characteristics of the collections. 

Large collections of Phaseolus vulgaris also have been sent to Mayaguez, 
Puerto Rico and 1'1Salvador. These collections should be increased for redistribution 
within the areas in which they are located. Before movement of seed stocks from 
one area to another, I suggest that consideration be given to the possible iread of 
discaies and insects. Self imposed quarantines may be desirable in some instancer. 

I inally, I should hke to state that US)A polity is to make !ts germplasm 

collections available to all who need them. Ilowever, the quantity of seed we can 
send of each introduction is limited. We have been unable in many cases to increase 
our stocks rapidly enough to replace those distributed. To conserve materials we 
urge researchers to define their objectives as completely as possibli before 
requesting seed collections. Considerable data is accumulated Zbout the individual 
Introductions when they were increased here. 

Inquiries should be addressed either to the author or to Mr. Howard L. 
lyland, Roqm '124, South Building, GCermplasm Resources Laboratory, Agricultural 
Research Center-West, Beltsville, Maryland 20705, U. S. A. 
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IlL Commentary Upon: 

PLANT INTRODUCTION AND GERMPLASM OF PHASEOLUS VULGARIS
 

AND OTHER FOOD LEGUMES
 

Colin Leakey 

NOTE, Dr. Leakey hu provided this thoughtful contribution as on addendum 
to the seminar discussion. it is inserted as a commentary at this point, since It 
beers upon plant breeding Issues. 

CIAT RESEARCH PRIORITIES 

CIAT should be seeking ways to overcome the major restraints to high yield 
apparent from the difference between existing low yields and presently known yield 
possibilities. 

CIAT should also be working on breaking through the present yield ceiling to 
aim for the productive limit of the crop species. 

Farmers' field production levels will always be well below yield ceilings but this 
does not make it irrelevant to push those ceilings up. 

The first major constraint to present production levels is the supply of disease
free seed of productive varieties (or even varietal mixtures). My own contribution 
and Zaumayer's have highlighted the importance of having seed production a 
separate and specialized production activity. Beans are food. Seed beans are a high
value commercial crop. Ihe initial drive in high-level agronomy could well be aimed 
at economically attractive production of seed beans in Latin America. 

I suggest that CIAT investigate dry season production, either on the flat with 
furrow irrigation, and/or on deep volcanic ash soils on the piedmont slopes of Andean 
volcanoes following the Kilimanjaro model. This sort of production for disease-free 
seed justifies the input of such things as insecticides and acaricides for the control 
of seed-borne virus vectors while the zero precipitation will take care of fungi and 
bacteria. 

In contrast, it can be seriously argued - and has been in the seminar - that 
there are strong social, cultural and technical reasons for research to maximize 
stability and safety of yield, rather than yield itself, in the farmers' food crop. 

The question of the importance of effective Rhizobia is a vexed one. Many of 

us with much bean experience would doubt whether Rhizobla rather than mineral 
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nitrogen is relevnt. to the maximim productivity concept. Rhizobia ( as also 
Mycorhiza in other crops) may be most important, however, at the farmer levels of 
yield and production sophistication where expensive mineral fertilizers are hot 
appropriate. 

Therefore, research and development should aim to produce not only healthy
seed of good varieties but healthy and inoculated seed (or inoculum separately). The 
Swedes and the Danes are probably the most advanced in this technology at present. 

Our great interest in yield physiology must not be allowed to overdominate our 
approach to practical breeding for yield. There is obviously from the seminar a great
danger of this. Lysenko in Russia held back Russian plant breeding for 15 years
through similar thinking. Dr. Grant asked the pertinent question: "What makes the 
bean plant tick? " The answer, quite simply, is the genes in its genome brought into 
orde;ly use during programmed development. 

Plant breeding operates on genes and their frequencies and not on parameters 
of yield. This must not be lost sight of. There have been practically no attempts
whatever in the world so far to breed intelligently for yield on sound genetic 
principles, since practically none of the genetic diversity of the species has been 
called upon. 

Diverse genotypes may be expected to contain different balanced polygene 
complexes for yield whereas closely related lines, even if within their own group 
they are superior, probably contain similar complexes. It is the bringing together
of the plus genes from diverse sources that can be expected to give the jump we hope
for. (One can justify the same sort of crosses perhaps on architectural/physiological 
terms but the genome is still fundamental.) 

We should go all out to breed for yield per se through sound genetic principles 
even if we play with biological algebra at the same time. We must not postpone a 
start to serious breeding while we wait to be advised on non-genetic grounds of 
suitable parents. 

If we wish to start at once, one might suggest a diallel among the following 
parents which have been so far seen or discussed in this seminar: 

NEP 2-habit and yield (the top at present). 
ICA Guali-hypocotyl and root vigor and leaf presentation. 
R. 184-virus resistance; El Salvador
 
Goiano Precoce-Vieira's program Vicosa.
 
New Red Kidney-ex Wallace, Cornell.
 
LV 1210 - ex Uganda, ex Puerto Rico; excentional vigor.
 
Cofinel-Group 5, stringless determinate with "are" genes.
 
R 25-general disease resistance.
 

The diallel could be backed by recurrent intercrossing among selections from 
its progenies to develop composites for widespread testing and selection in contrasting 
environments on a cooperative basis. 

The only advantage of breeding via yield components rather than by yield 
per se is if the heritabilities of the parameters are so much higher that it makes the 
operation of the process of selection more efficient. Since pods per plant is the 
overriding yield component and is equally as unreliable as yield itself as a single plant
criterion, this offers little advantage. The combination of a good eye -feeding the 
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brain, which is still a fairly well functioning computer in an intelligent head- with
filed note taking, and yield data may still be the most practical tools of the breeder. 
Since Crop Index does not vary very widely between varieties, there is in beans a 
very high correlation indeed (in the absence of any genetic infertility, etc.) between
biological yield (observable as vigor) and seed yield. This is in contrast to the cereals. 

Physiological studies should be side by side with ongoing breeding. 

Crop protection studies must be carefully controlled so as to make sure that the 
outcome of research is not material that cannot grow without massive chemical
assistance. Of course protection studies are important. I suggest firstly in relation to 
seed production, howe~er. 

In Phase II of the CIAT program one may expect a spin - off - in to production of 
the crop as food from what has been learned from studies in the production of the 
crop as seed. 

265
 



PLANT ARCHITECTURE AND PHYSIOLOGICAL
 
EFFICIENCY IN THE FIELD BEAN
 

M.W. Adams 

Discussants: 4. MXEvans; 0. H. Wallace: H. C. Wien 

Bean plant breeders acknowledge that there has been no decisive breakthrough 
in yield of dry beans achieved by genetic means in Mendelian times, except those 
increases derived from disease resistance or favorable maturity adjustments. While 
dry bean yields have remained on a nearly stationary level, we have seen dramatic 
increases in yields of maize, wheat and rice from genetic causes, and gradual but 
continual increases in soybeans. 

In wheat and rice the yield increases are attributable to thanges in plant type, 
the main features of which are reduced culm length, ulhn strength, high tillering 
capacity, short erect leaves, nonsensitivity to day length, and responsiveness to 
nitrogen with no reduction of grain to straw ratio. In maize, the genetic replacement 
of the single-cared plant hy the multiple-eared type has given a new dimension to 
yield breeding. Similarly, the most promising advance in soybean yields currefitly is 
found in types that are narrow-leaved with 3 to 4 seeded pods in contrast to the wide 
leaved types with 2 to 3 seeded pods. 

Although these are obviously morphological changes, they are not unrelate'd to 
physiological function. For example, the shorter culm of the cereals makes it. feasible 
to fertilize more heavily with nitrogen without rendering the plant susceptible to 
lodging. 

THE PROBLEM OF THE IDENTIFICATION OF AN IDEAL PLANT TYPE 

There are three possible approaches to this problem that I should like to 

discuss, two rather briefly, and one more extensively. 

The statistical approach of factor analysis 

Factor analysis consists in the reductioi of a large number of correlated 
variables to a smaller number of hypothetical and uncorrelated variables called 
factors. These factors in a biological experiment comprise the basic patterns of 
Influence in the data set, they can be given biological meaning, and they replace the 
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more numerous original variables since they explain most of the variation in the 
original data. 

In practice a random sample of F3 or F4 lines is taken from a population in 
which numerous plant type recombinations occur. Prom field experiments metric 
data are recorded on an array of what are judged a priori to be important 
morphological and physiological contributors to yield. 'Ihere will be patterns of 
characteristics that tend to bc more highly correlated inter se arid with yield. The 
analysis will group the variables into sets or fat tors, and from inspection the 
investigator will intcrpret the factors in a biologicao context. 

Some recent applications may help to clarifv the method: 

(1). Morishina and co-workers (1967) identified two principal factors related 
to yield in rice, one expressed as "a pankle-length-panicle number" axis, in which leaf 
length and width were also prominently involved, and a second factor characterized as 
"mean internode length elongated internode number," involving also leaf angle. These 
are the .norphologic patterns which chArac tCrlZe the new high yielding rice %arieties 
of south-east Asia. 

(2). Walton has just reported (1973) the results of a factor analysis performed 
on 14 characteristics measured in a 5 x 5 diallel of spring wheat. Ihe 14 variables 
were red-jced to four main factors. I lag leaf area and duration of its activit were the 
principal variables in I actor I. 'the second factor was a stage of development factor, 
with a long filling period having a negative loading, and a long period from 
emergence to anthesis having positive loading. I aLtors '3ant 4 included the number 
of heads per plant, kernels per head, anti kernel weight. 

(3). In a recently completed thesis, Denis (1971), working with bean varieties 
representing both North and Central Ancri an sources, performed a factor anail sis 
on data collected on 22 morphological (harcteristics of 16 varieties grown at two 
locations. 'Ihe 22 traits were relucible to two main factors, and a third slightly less 
Important factor. 

Variables with highest pqsitive loadings on the first axis included seed weight, 
pod fresh weight, pod dirn ons, basal internode length, and diameters of hypocotyl, 
basal and upper internodes. Iactor I is therefore essentially a weight hattor, 
equating size and diaweter measurements with weight. 

'Ihe variables with strong negative loadings on this axis included mostly those 
with strong positive loadings on the seconl axis, namely a group of interrelated 
variables expressing a number on ept - number of nodes bearing pods, total 
number of branches, number of ra emes, number of pods, etc. 

factor I in( hided .ignifin ant positive loadings only from three variables, 
total number of n.,)lei per plant, number of long internodes and average length of 
long internodes. Ihis fc tor is a 9tructural fa tor, meaning many nodes, many leaves, 

and upper leaves in parti ular spjc ed far apart by long internodes. 

The use of isogennc lines or popuilations 

Varieties with contrasting plant type -vcnnponents are crossed, and repeated 
bkcacrosses arc made to both parents, with selection for th ,,plant type component
of the non-recurrent parent in each generation. After several generdtions of 
backcrossing and selection, lines should be obtained which are essentially idantial 
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to the parental lines In all genes except those for the component under selection 
and closely linked genes. 

The parental lines and their "isogenic" counterparts may then be validly 
compared. Differences in performance may be attributed with some (onfidence to 
the particular €omponents for whi(h selection had been pra(tied. I his procedure 
is straightforward when Only a single gene cffctt is nvol.Cd. I 01 multi genic 
components the procedure is the same, but the process of recovering fully 
contrasting ien.types over all the loti inti,'ed in the sclct(d component is 
considerably more (fiflfi lt, .ininiereni(s from a ( inparisoii AfYt o,,ered type 

with parental must he ioore triltativc. 

ihe hrreder MA.N .ilso Nll ( t I r I o in ipptopriatr (toSS forin the , Of 

contrasting phenotypes of A glnCn (onlmponnt A toi).prinoi is then possile 
between lines of the "toy," leIel of rxprrssiot, of it t omponent v ith lines 
.harac teriird h the "high" level oif epiersion It is --- illmc that, on the average, 
the background genot) pea of both set of lires are sI 0lar, and a1ali I( omparlson 
Is therefore possible 

I here are numerous exanipli-s of the use of isogeni( lines in genetic and 
breeding studies. 

Model building or construction of ideotypcs 

' lls in ohes tile filo"ing Step 

(1). Identifio ation of morphologi al and physiological components related to 
yield for which genetic %ariationexists 

(2). 1 roi an understaldhg of the plant ill%( tions that n1ust be 4arried out in 
one or more selected ens ironmoents, gaincd froin rxt)erien( e and/or experiments, 
one or more plausible plaint type models Are fornulated. I)onald (l9t14) suggests the 
ideotype be designed for the rost fas orahIr or idleah.rd environment I lie basic 
ideotype isould be su(cessively modified aS net rstary to fut lion effi lently under 
lUceCI#ve curtailment of the idlahi1Cd rns iynment. 

(3).Construt t plausIle idfeC4t) pea h, suitable birr,ing pro( rites 

(4). rest the coistru( ts Varlete. In the appropriate ,rytronmsent, (omparing 
them 'Ailhi standard sarrbCets. 

(5). ftver testing, re Assehs tile iodels to dlernone whether adjustments in 

particular (oniponerts tiouh lead to better 1pefloroant r 

I his was tile Ai)troM h fOllos ed by Vogel (I 96 1) in wheat, suggested b", 

Jennings (1 96 1) for ti e, and It i4 silliiar ti ptIM( iIlt t, the tuggestion by Fjonald 
(19b$f) to sele, t for the "ideotype" in ( fiels. i)iOihul I',11,) hal stated dcharly and 
persu4sit ely the t &sr for inodel licilhiing in ll oit frt ,tog 

APPrItA IIMN IM)RI AN. 

I think that breeders of dry beans should give serious monlderation to a 
slrdlar approach In Phaseolu. let ne now ilustrate with two examples. 
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The first example represents a rather tentative and empirical approach In 
model building. It derives from the pattern of navy bean development followed in 
Michigan the last several years. ()ne the Sanilat variety, with Its early maturity, 
determinate growth habit, small leaves, and non-sensilivity to day length, was shown 
to be the most SuE tisful ti pe for %lithigAn (onithn%, %e h.Ae presened these 
characteristit sin Ca( I sulc lsful tAriety releaed IloE SAIn:Iac (%a .y,( rAtot, 
iknd Seafarer). Before Ae understood this )ril ple, hovverer, we rclea.cl 
Mkhelite-b2, re-trietted from the old starddarMiihelitc, and the %i-rarct Saginaw,
like Slichehtr, Along rason indcterminate growth type. Ioth '.ArJetc h were failures, 
even though Ca(h one possessed advantages not found in the SAIcilac t) pC 

Can we extapolate from thil eX|)erlenC( C to cit(c er a mocre utehtil ean plant 
type for the tropks? A small beginning has been made to provide a pAltial answer 
to this question. L.eti me des rie an experimetnt being condu tedlhc (;,-pAr ilvera 
of PAnama whith is hbasd on this hypothesli, that tlhe plant t )prreprestrited by the 
Sanilac family of varieties gould he a su cessiffl model for the temperate tropics. 

Pre OUl) %e hal re4cord reports fo in ip)1wrritort, Ili mti othier t cuntrieb 
where Sanijac and Seaway had been tested that thes; varieties shiovetd a surprisingly 
high level of adaptatJon I l 1E4EAE Wi h1El1t aft 1 !.a( a SOulhi'i ot lilt lulled 


\frics, I thiopia. RuTnArn, \utraha, ( ce, arid Peru
 

l tahilht, oll e ErC%e IUessed that Su' It %% ada ccighItClecl I UltEc OFmore 
rl IUPthCC %l( tie%, MAdil147c1of four thara( teritti, %( cimir , & iccllInai (I'uth) plAnt

habit, non sefiitli it) tI |A lengthc, e.Arl) drcatccrlt\ arild cctcilic too leaf Slit.VIIali 

I he plan alltdtpte , a to, ris%ScN.!.Arr, A ,'cArlatI\ pc, lit ra4 It of right seiet ted 
Central and Souith \tceCt ar. tars'fic, rA.l I' lit 11 ftechi'lg werll Adapted (ic Iocal 
conditions lf lit ct and c lture Ilie little %Arletc arerciti ried t lable I. 

Ihe I 's were flat kc r rd t) ilc tirspcc It) AI)I areIts. setleclrprl , .11trcccc 

three generaincrs, and selc Mlnt ircade IICrA t Imi|cpclAtc, ll Icir Ilist, forl, rarli
 
maturity, anti sma leases E irni e grrtcratI)dIc
nottc .lA 'ACIC 1r()i ri ( 0sta AIc A 
in EEioperation waith Dr I'rcc irIat. .AnI! :'.rC 111A4h,r Ce ft WsICi rirA16tcllalcle
 
natural selet tin for iimciurilt ic %cigr ;,c iibr imrccrrccc 'cci, ra's go'l Inc crle tnon
 
was to ret ccer seed t) peI anl Uniclectilflld fA( tcrs rClatclrg Iu 11 4AAtc c)tanc Cor
 

4srtires, together 

%eafarer. i hese sier lions ha'.e niw hemrr 1,011r ilrc Atr ril)f~lIeing tred 

fitness of the ltopi al itl the 11a11|r i~pcccrccpccrcrms from 

T increared 
to prosidle seed for teting the ret (netrd li ri ailng %litllthecr l'lnlti tIIcthe ( entral 
alnt %outh klrmeaE An Ilo ahitic', in wli Ih lhe Ilarrols cclrIcmc-t| 

We hope in lr~fn, for rzAicple, v hrther a Ilant with tile ccuta ril fis, and 
maturity of ' ¢4farer, but whi, h resermbles SanKgtrter Irn trm 1r,!tI e anil In cmany 
other unidenctifecd %als (7 peri ent of the gerric plAsi of the her, ltors is espe ted 
to be of %angretoro genctyie) wIll pesiforn as well as dr supe)io to 'Sangretoro, not 
only in Colombia, but in Central Amerh a, ant in North Amerh a. similary for the 
other selections. 

AN 111)1 01 VP)? KIR I1111 fIIt ANS 

The Ideotype to lie presented Is intended to be monol ullured under favoirable 
conditions of moisture, liglht. nutrients and temperature, In a time period of about 
100 days, with Individual plants spai ed aout? ( cm apart in the rows 15 cm ipart. 
This If approximately 500.,0() plunts per he( tare. 
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The Ideotype will be described on the basis of morphological characteristics, 

but moot of these are related to physiological functions. 

Central axis -single stem, or with 2 to 4 basal upright branches 
These axes should be sturdy, of thick diameter, with internodes that are

slightly elongated, both basally and at upper positions. Denis (1971), in hisprincipal factor analysis of characteristics related to yield in beans, showed these 
stem traits to be important. At present, we cart only speculate as to why this should 
be so, 

First, th: stem should be sturdy to provide support for the leaf display and
the load of pods. Thikk diameters of the stems may also promote freer transport ofwater and nutrients. A compromise is necessary for internode lengths. Long intcrnodesaJ!ov, fox a mor open display of leaves, with better light penetration into the canopy.
But loire internodes tend to be weak and more subject to lodging. Also, in the
vascular strands of long internodes, there is greater opportunity for binding of 
positively charged nutrient ions (Polson, 1967). 

Asturdy hypocotyl and stem, thickened at the base, almost always indicates 
a stronr thick tap root, which contributes to lodging resistance and possibly wouldbe advantageous in some soils for protection against water stress, and for uptake of 
.nutrients. 

Number of internodes and length of the stems 

The number of leaves has a direct influence on number of pods per plant which is
the single most important yield component in l5eans (Duarte and Adams, 1972). The
relationship holds because leaf number is determincd by number of nodes on stems,and number of nodes determines the number of racemes since racemes are axillary.
The stem of the ideotype then should have as many nodes as possible, consistent
with the height requirements associated with lodging resistance, and a non-bunch
habit of growth (slightly elongated hypocotyl and internodes). 

Leaf size and leaf orientation 

In the same paper, Duarte and Adams (loc.cit.) obtained data showing a
strong relationship between leaf size and seed size. It may be difficult, therefore, toobtain small-leafed types in a large bean size variety. Nevertheless, the correlation
is not complete and some latitude exists for leaf size selection. The smaller leaf 
appea.,s desirable, however, because of less shading of lower leaves. The smaller
leafed types also appear more able to orient the leaves toward the vertical position
during daylight hours. As a result, light penetration into the canopy is enhanced,
and the more basal nutritional units function more efficiently. 

LAI (Leaf Area Index) need not oe sacrificed, however, since the ideotype
calls for an increased number of nodes which is reflected in an increased number of 
leaves. 

It is well to recognize the interdependency that exists between the reproductive
meristems or organs in the leaf axil and the leaf itself. Elsewhere (Adams, 1967) I
have referred to this assemblage in beans as a "nutritional unit." Photosynthate in 
a stem leaf is to a large extent directed to and/or stored in the developing seeds ofpods borne on the raceme in the ,il of the leaf. This is the "source-sink" mechanism 
in simplest form. 

271 



We shall see that we want in our ideotype a large sink size-numerous long pods 
on each raceme. According to Stoy (1969) a large sink size promotes greater activity
of the photosynthetic enzyme, ribulose diphosphate carboxylase, functioning in the 
leaf. But, at some point, one could not expect to further reduce leaf size, however 
desirable it might be from the standpoint of reducing mutual shading, without reducing
the total photosynthate produced. Stoy points out in this connection that when a 
portion of the leaf area in beans is removed, the RUDP-carboxylase activity increasej
 
in the remaining leaves.
 

One may conceive of the bean ideotype as composed of a sequential stacking
 
of nutritional units, one upon the other, progressively up the main stein, indeed in
 
part comprising 'he main slem.
 

Determinate growth 

Were it not for considerations of lodging and of time -length of growing
 
season-
 the stacking process might continue quite beyond reason - a veritable

"Jack's beanstalk." Determinate growth therefore seems desirable. Photoregulation
 
ofonset of reproductive meristems is very important in such an ideotype. It should
 
also be noted that successive formation of terminal vegetative meristems, leading to
 
indeterminate plant form, produces sinks that continually divert photosynthate from
 
reproductive to vegetative tissues, resulting in lower harvest indices.
 

REPRODUCTIVE STRUCTURES 

No component of yield is more important quantitatively than number of pods
 
per plant or per unit area of land (Duarte and Adams 1972, Denis 1971). This
 
component is dependent upon number of nodal positions where axillary 
racemes
 
might be formed, upon the number of flc;ets per raceme, and upon the percentage

of fertility. But normal pods in certain genotypes may contain as few as three seeds
 
each, ranging up to pods with 12 to 14 seeds per pod in other strains. Seed size is
 
constrained by market or consumer preference.
 

Under competitive condition: negative correlations occur among these 
components - large numbers of seed are associated with small sizes, and large sized 
beans with lower numbers of beans, on a per plant oi unit area basis. These 
correlations appear to be developmental since they can be made to approach zero 
by removing all competitive stress. I,or ideotype design the genetic ceiling on pod
number should be raised toward a limit that is set by number of nodal positions
for the insertion of axillary racemes,and by the number of florets that can be borne 
on a raceme whose length doei not exceed the half-diameter of the plant profile. 

The genetic ceiling for number of seeds per pod Taust be high enough so that 
this component does not constitute a restrain to sink size, and high enough to 
compensate for a lou pod number if it should happen that an unfavorable environment 
suppressed pod formation. 

Seed size is a trait for which we would desire great uniformity. In the bean this 
is A highly heritable trait and particular size levels can readily be fixed genetically. 

Under ideal environmental conditions all components should have sufficient 
resources to reach their genetic potential. If the environment is less [avorable then 
the components, through developmental plasticity, adjust themselves in sequential 
fashion to utilize the available resources. 
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With these suggested genetic potentials, pod number, pod size and seed size, 
representing the sink, would not be expected to dampen photosynthetic activity in 
the leaves (source). It is quite probable that the distribution of limited resources 
among these components of yield ias some optimum form. That is, greater volume 
(yield) will result from a given limited amount of resources (edge material) if the 
allocation of the edge material among the three Components is made optimum. A 
simple example will illustrate the poirt: 

Let the total resources (or edge material as used by Grafius (personal 
communication) equal some value, say 12 units. I his is to be divided by Allocation, 
according tq the genet:Laily regulated plan of development of the basic reproductive 
units, into a portion for pod number (X), a portion for number of seeds per pod
(Y), and a seed size portion (Z). The product X. Y. Z = W. the volume (yield). The 
12 units of edge material can then be divided in various ways; for example: 

(a) 4 4. 4 = 64 
(b) 6 3 54.3 3= 

(c) 6 4 2 = 48 
(d) 8 * 2 * 2 - 32 

(e) 12 . 1 . 1= 12 

The cubic form, as in (a), Is the optimum in this instance because it gives the 
greatest volume, but in the actual biological situation of a crop growing in the 
field, the flow of mjetabolic input to the X. Y. Z system may not be regular, or the. 
biological efficier.c9 of the components may'be different, so that more resources 
have to go into one component than another, and the final shape of the yield 
construct may not look like a cube. 

The dynamics of these processes are so complex and little understood that 
detailed modelling of the reproductive structur-s is not feasible at this time. 

Physiological components 

Although the foregoing discussion has dealt lrimarly with structural features 
of the bean plant, it should be understood that these features are important 
essentially because they are related to or have an influence on physiologic function. 

Perhaps the most important of such relationships is that of leaf size, leaf 
number and leaf orientation to light interception. 

Smaller leaves and more vertical leaf orientation permit more uniform 
distribution of light throughout the leaf Lanopy. This has at least two important 
consequences of a physiologic nature. The incident light energy is sufficient to (I)
maintain a positive net CO2 exchange for all leaves including the basal leaves, and 
(2), to induce, in the presence of nitrate, the formation of the enzyme nitrate 
reductase which is necessaty for the conversion of nitrate to the reduced state 
(NIl 2 ) and its incorporation into amino acids and protein. It remains to be shown 
that response to nitrate fertilization of beans is limited in field situations by lack 
of uniform light distribution in the canopy. The properties of absorbance and 
reflectance of light by the leaf surface also play roles in the efficiency of light 
utilization. 
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Particular attention in design of a bean ideotype should be paid to the net 
carbon dioxide exchange rate, which Wallace and co-workers (1972) have shown to 
vary significantly among varieties and to be under genetic control, and to rate of 
translocation of photosynthate out of the leaf to a meristem or storage site. The 
measurements on which these conclusions have been based are short-term 
measurements made at one or only a few times during the life of the plant, and 
may not reflect a seasonal-long rate. Nevertheless, the ideal bean type should carry 
genes which favor the higher rates of net CO 2 fixation, and of photosynthate 
translocation. 

SUMMARY OF THE COMPONENTS OF A BEAN IDEOTYPE 

FOR CONDITIONS OF MONOCULTURE 

(1). 	 Central axis - single stem or with minimal nnmber of erect branches; sturdy
 
large diameter; numerous nodes and medium long upper internodes.
 

(2). 	 Racemes - axillary at each node; many-flowered; short pedicle; over-all
 
length not long.
 

(3). 	 Leaves - numerous; small; capable of vertical orientation; numerous
 
small mesophyl cells and high stomatal index.
 

(4). 	 Pods - long, many-seeded; thin-walled at maturity. 

(5). 	 Seeds - as large as possible within the acceptable limits of the commercial 
class to which the variety belongs. 

(6). 	 Growth form - determinate, narrow, erect profile. 

(7). 	 Growth rate - rapid accumulation of optimum leaf area. 

(8). 	 Growth duration - early and sequential establishment of nutritional 
units, and long period from flowering to maturity. 

(9). 	 Mineral uptake and transport - z.Atficient for all requirements, generally 
high. 

(10). 	 Photosynthesis rate (net CO2 exchange) - high and durable for all leaves. 

(11). 	 Translocation rate - movement of photosynthate from leaf to sink, high. 

ASSOCIATED CULTURE 

, Mixed planting of maize and beans, already extensive in Latin America, will, 
I believe, continue to be widely practiced. The special requirements of plants to be 
grown in association adds new dimensions to the task of model building. In the case 
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of a maize-beans association it would seem appropriate to specify sets of characteris
tics for both crops. Before attempting this task for the bean component, however, 1 
would like to discuss a hypothesis, partly based on speculation, concerning the inter
dependency of mai'e and beans in association. 

First, these species have been grown in association in parts of Meso America 
for hundreds, perhaps thousands, of years. 'Ihere surely has occurred during this
time both natural and intentional selection in both species for traits tending toward 
greater compatibility. I ropical soil scientists have stated that the nitrogen pool in
the tropical soil is found largely in organic matter, both the living and the decaying
forms; which may prevent its loss by leaching. There is a continuous cycling of 
nitrogen in the succession of growing plants on a given site. Dr. R. II. Ilageman of
Illinois has found that certain inbred lines of maize take up more nitrate than is 
reduced by nitrate reductase. The excess nitrate is stored in the lowe stalk, at least 
until physiological maturity is reached. 

In the usual mixed cultural system beans are planted in the maize at about the 
time maize has reached physiological maturity. Urder field conditions beans depend
heavily upon mineral nitrate for the first several weeks of growth, until natural 
nodulation supplies an increasing amount of the reduced nitrogen needed for 
fruiting and seed filling. 

These seem to be the essential facts - now for the speculation. Is it possible
that the most successful compatible types of maize and beans represent co-adapted
systems for generating, using and storing nitrogen more efficiently than in 
monocultural systems? 

The system is envisioned to work as follows: maize draws mineral nitrate 
from decaying organic matter in the surface litter and upper few centimeters of
 
the soil, the nitrate having been produced from organic matter by bacterial
 
nitrification. The maize, via the nitrate reduction pathway, converts only a portion

of the mineral nitrate taken up to the amino or amide form; the residual nitrate
 
remains in the lower vascular regions or stem pith. As the end of the rainy season
 
approaches, the stored nitrate, not to be used by the maturing maize plant, is
 
released back to the soil or rhizosphere of the maize oots. Meanwhile, beans have
 
been planted at the base of the maize plant. 

Effective nodules not having yet formed, the bean plants draw upon the
 
nitrate being gradually released by the maize. For the period from early seedling to
 
commencement of the flowering stage beans contain a very active nitrate reducing

system. After this time the level bf nitrate reductase drops off rapidly, and then 
more slowly until maturity. Beans therefore are able to utilize nitrate for vegetative
development and building a reduced nitrogen pool. Beans complete their seed 
production in the early weeks of the dry season, the harvest is made, and the 
organic matter remains of both maize and beans are returned to the soil. 

If the system works approximately as hypothesized, it presupposes that over 
time mutual genetic adjustments of a morphological and physiological nature have 
occurred, a co-adaptation, in both species. The maize must have been able to take 
up, store and release nitrate efficiently. Maturity would have been adjusted to fit 
the wet season. But our first concern is with the bean. What did it become as a 
result of co-adaptation with maize and can this be improved upon? 

The bean plants are very successful competitors, being indeterminate types, 
with long internodes, many branches, medium sized to large leaves, and generally'. 
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requiring ir long period for maturing. They respond to nitrogen in terms of total
vegetative Rrowth, and in yield primarily because of response of one yield component,
number of pods per plant or per unit area, 

When grown alone, varieties of this general type are vegetatively aggressive, form 
a dense canopy that limits light penetration, and are slow to mature. 

No major changes need be made in the morphological plant type, except to 
keep the leaf size medium to small, and increase the sink capacity by raising the 
number of flowers per raceme, and number of seeds per pod. On the physiological
side it would be desirable to raise the net rate of CO2 exchange, increase the rate of
translocation of photosynthate to sink, and'select for a high.harvest index. 

Slash and plant culture 

Beans are frequently planted on top of burned or decaying vegetation on 
steep hillsides In the upland tropics. If planted with maize the type can be the 
same as for the regularly tilled fields where mixed cropping is practiced. If planted
alone, the bean will encounter a relatively high fertility level, and probably,
competition from wild plants. Conditions may not exist for creating a pure dense 
stand of beans. 

In this situation perhaps an ideotype with the following characteristics would 
be appropriate: 

(1) medium to large seed to give a larger sturdier seedling, larger seedling 
root system, and large primary leaves. 

, (2) early establishment of a high leaf area index. 

(3) tall determinate plant, with many side branches and stiff stems resistant 
to lodging (long thick internodes). 

(4) pod number high because of numerous nodes on branches, 

(5) long pods. 

(6) plant capable of responding to nitrogen and phosphorous which will be 
plentiful on a site like this. 

(7) photosynthetic and translocation efficiency as suggested in all ideotypes. 

(8) hIgh harvest index 

Multi-cropping culture 

For the multicropping culture an ideotype similar to the monoculture type
would probably be appropriate, with one major qualification, namely, duration of
growth. If necessary, the total life span of the bean can probably be compressed into 
a 65-70 day period by selection. 
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CONCLUSIONS 

A physical environment favorable (non-limiting) In all production aspects has 
been assumed. Of course, this seldom prevails, environments vary widely, and for 
many different reasons. It is unlikely that a given ideotype will be ideal for many 
environments. The two environments of coastal Peru are an example. The short-season, 
higher temperature, high light intensity "summer," and the long-season, lower 
temperature, lower light intensity "winter" periods surely require different ideotypes. 
The type suitable for highly mechanizedand technologically advanced monoculture 
will equally surely require significant component changes to render it suitable for 
the association culture with maize on the small hill far's of parts of Brazil. 

Within the species, Phaseolus vulgaris, genetic variation exists for each
 
component or component-complex named here, with the possible exception of the
 
single main stem characteristic. However, the genes responsible for the particular
 
expressions of these components desired in the ideotype are dispersed in many

different varieties or individual strains, none of which contain more than a few of
 
the favorable genes.
 

It is the urgent task of the bean physiologist to confirm these components as
 
essential to yield, or to identify new or different ones if these are insufficient. He
 
should also devise means of screening genetically segregating populations for
 
recovering the aesired characteristics.
 

It is the paramount task of the bean breeder, in accepting an ideotype as a
 
desirable goal, to assemble from the diverse sources the array of genes that in
 
concert will give a close approach to the ideotype.
 

There may be great barriers to such a task that occur because of genetic 
.linkages, multiple effects of alleles (plciotropism), or from developmental associations. 
It is plant breeding dogma that a stable well-adapted genotype represents an array of 
genes that are functionally balanced in their effects on the phenotype. The balance 
has been achieved through selection, and is maintained, in the bean, through self
fertilization and linkage. 

In the construction of an ideotype that departs drastically from any previously 
existent balanced state, a new state of harmonious adjustment will have to be achieved 
through breeder selection. Some compromises may be necessary. But if experience
from the cereal grains is reliable on this point, it should be possible with the bean to 
achieve a new level of yield by "designing, breeding, testing, and exploiting plant 
ideotypes" (Donald 1968). 
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I. Commentary upon: 

PLANT ARCHITECTURE AND PHYSIOLOGICAL 

EFFICIENCY IN THE FIELD BEAN 

A. M. Evans 

Dr. Adams has made a case for constructing a particular plant ideotype in 
breeding for higher yields in Phaseolus beans. Plant breeders are agreed that breeding 
for increased yield is of prime importance. There is, however, a divergence of 
opinion on how to achieve this objective. Breeders divide over.the issue of whether 
to breed for the strict ideotype as designed by the physiologist where there is 
generally specific adaptation to a given environment or whether to breed for 
adaptability to a range of environments and hence to select for low genotype by 
environment interaction. I would like to consider these two approaches. 

Before doing this, I propose to examine the broader aspects of variability in 
plant architecture in the bean and to discuss how this can be exploited to meet 
breeding needs. A germ plasm collection of some 4,000 accessions of P. vulgaris has 
been assembled in Cambridge and the genetic variability available in the species has 
been investigated over a number of years (McWalter 1964, Rathgen 1965, Smartt 
1969, Froussios 1970, Evans 1972). The collection includes varieties from the 
center of diversity of the species in Central and South America, wild populations 
from Mexico, land races from Uganda as well as varieties from temperate North 
America and Europe. 

Under field conditions at Carnbridge, five races haye been recognized which 
vary in growth habit, leaf size, iniernode length and internode number. (Table L). 

The pattern of evolution appears to be as follows: 

Centud America South America 

Race 1(a) small seeded 
Indeterminate climbers 

Race 1(b) Large seeded 
Indeterminate 
climbers 

small seeded 
Indeterminate 
semi-dimbers 

small seeded smll seeded 
indeterminate determinate 
bush types multi-noded types 

large seeded 
determinate 
bush types 

Fusee 2 Race 3 Rae e4 Race5 
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Table 1. Variatiqn In veget4tive characters in V.iullaris varieties. 

Race Habit of plant Internode length No. of internodes Leaf size 

I Indeterminate long 17-35 1(a) small 
climber I(b) large 

2 	 Indeterminate
 
semi-climber 
 long 14-30 small 

3 Indeterminate 

bush short 13-25 small 

4 	 Determinate
 
multi-noded short 
 12- 15 small 

5 Determinite 
bush long- 3-5 large 

The survey of the fruiting characters of these races shows variation in pod
length and texture, in seed numberr per pod and in seed size (Table 2). 

It is clear that considerable variation exists in P. vulgaris cultivars and this can 
be exploited by breeding. 

Exploitation of variability to meet breeding needs 

The plant breeder has already exploited some of the variability available in ths 
species to meet the variety of uses to which the crop is put and the range of 
environments in which the crop is grown. In tropical countries, beans are a valuable 

Table 2. Variation in fruiting characters in P. vulgaris varieties. 

Race Pod length (mm) Seed no. per pod Seed size (mg.) Pod texture 

1 75 to > 150 3 - 7 1(a) small 200-400 parchmcnted 
leathery and 

1(b) large 400-800 fleshy 
2 < 75 to 112 5 7 small 200-400 	 parchmented 

and leathery 

3 	 < 75 to . 112 5-7 	 small 150-300 parchmented 

4 	 < 75 to 112 6-9 small 150-250 	 leathery 

5 75 to > 150 3-4 large 400-1000 leathery and 

fleshy 
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pulse crop and are consumed as cooked dry beans, while in temperate regions where
dry beans are grown, they are also used for canning. In addition, varieties have been 
developed in temperate regions for fresh pod consumption and for processing as 
frozen vegetables. 

A few examples will illustrate how the plant breeder has modified the types
available to meet breeding needs. Most work has been devoted to race 5 and to a
lesser extent to races 3 and 4, but varieties of large seeded climbing beans from races
1 and 2 have also been developed where the support is e.g., a maize plant in the 
tropics or a pole in temperate regions. Types from race 3 have found aplace in 
tropical regions e.g., Uganda (Leakey 197 l),where the indeterminate bush is an 
asturance of continued growth after some temporary environmental stress. 

rom race 4, (the determinate multinoded types of Central America) the 
successful Michigan Navy beans have been developed. These are small, white-seeded,
determinate varieties with about 7-10 nodes and were produced to meet the needs
of the canning industry. To meet the needs of production of haricot vert, varieties
which are stringless and with fleshy pods have been developed from race 5. More
 
recently, Dutch plant breeders have developed small seeded'types with fw (3-5)

elongated nodes; an example of the breaking of the associations found in races 4
 
and 5.
 

For ease of mechanical harvesting, there have been considerable attempts, in 
the bush varieties, to ensure that the pods are held high on the plant and above the
leaves, to prevent damage at harvest. The most striking examples are presented by
the European varieties where the leaves have reflexed or declined petioles and the

pods form a cone above the rosette of leaves. Although large leaf size is generally

associated with large seed size and vice versa in the original fine races, iL has been
 
possible to break this association and varieties are now found of a small leaved,
 
large seeded, bush bean.
 

Of necessity, the aims of the breeder of culinary (snap) bean varieties and the
breeder of dry bean varieties have been different, and the exploitation and 
generating of variability has been in different directions. A study of the evolution of
varieties within the species enables one to see the overall picture, and much 
advantage could now be gained by including the culinary, temperate region varieties
in breeding programs for the dry beans of the tropics. The European culinary

varieties present a distinct gene pool of variation which could be usefully used in
 
extending the variation in plant architecture.
 

Evaluation of the genetic diversity for plant characters and correlating these with 
seed yield 

An understanding of the genetic control of plant characters aids in exploiting
the variability for these characters in plant breeding programs. In an investigation to 
assess the characters, node number and time of flowering in varieties derived from 
races 3, 4 and 5, the genetic basis of these characters was studied in adiallel cross of 
eight varieties (Cheah and Evans 1973). The choice of mating design which allows
the maximum amount of information on specified components of variation with 
the minimum cost in time and labor isimportant in this type of work. In this
connection the diallel cross has been of central importance but it has the disadvantage
in practice that only a limited number of parents can be handled. We have more 
recently used the triple cross mating design of Kearsey and jinks (1968) which 
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Table LCompatison of prowth .sabit class with mean node number 
and days to flowering. 

Growth habit clm Variety Origin Mean Days to 
node flowering 
no. 

Indeterminate bush Mexico C. America 15,0 74.3 

120 (MX) 

Determinate-many noded Chimbolo (CH) C. America 11.4 75,4 

Determinate-intermediate Gratlot (GR) U. S. A. 7.3 66.8 

Determinate-few noded Iliguerillo S.America 4.4 59.0 
(HG) 

Canadian U. S.A. 4.0 -'61.0 
Wonder (CW) 

Harvester (HV) U. S. A. 4.8 62.0 

Prelude (PR , Eirope 4.7 60.0 

Gleqcarse (C) U. K. 4.0 61.0 

involves the use of two inbred lines and their F1 as testers against which crosses can
be made with a number of varieties. This method reduces the numbers of crosses 
required while still providing considerable information on the underlying genetic
architecture in the varieties under investigation. 

'he varieties included in this study, their growth habit class, the mean node 
number and number of days to flowering under field conditions are given in Table 3. 

The models which explain the inheritance of node number and flowering time 
are shown in Tables 4 and 5. The results suggest the involvement of two genes
controlling node number. These genes D1 and D2 are additive and dominant for 
suppression of node number to the extent of 2.5 leaf-bearing nodes per gene under 
field conditions. Plants having the determinate habit of growth can have the 
number of nodes controlled by polygenes only or by a combination of polygenes 
and D genes. 

The D genes also reduce the number of days from sowing to flowering and 
the model suggests a reduction of four days per gene. There is a high and positive
correlation of node number with flowering time Tr = 0.93 +++). 

The significance of studies of the genetic control of these characters is evident.The knowledge, for example, of the presence oh D genes means that genetic progress
in reducing or increasing node number and number of days to flowering is more'
rapid when dealing with major genes rather than the slow process of accumulating
minor genes for these characters. 

It is of interest to determine the correlations between these and other plant
characters. 
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Table 4. Expected and observed values of the trait node number 
on the mainstem in the four growth habit classes. 

Growth habit 	 Determinate types Indeterminate 
dlames 	 Few-noded Intermediate Many-tiodd Many-noded 

Variety 	 (Example) Gratiot Chimbolo Mexico 120 
iliguerillo 

Genotype 	 DID II 2 D2 DIDI/d 2d2 dld,/d2d2 d d/d2d2 

Node 
Suppression 5.0 2,5 0 0
 
Node No.
 
Observed 4.3 7.3 11.4 15,0
 

Node No.
 
Calculated 9.3 9.8 11,4 15.0
 

Node no, Days to flowering 

Pod number per plant 0.43"* 0.49**+ 

Seed number 0.59++ 0.69' + + 

Seeds per pod 	 0.18 
+ +  	 * +100 seed weight -0.56	 -0.6f 

Of still greater significance is whether these characters are correlated with Seed 
yield so that they may be used as an indirect method of screening for yield. A series 
of experiments at Cambridge were designed to test this postulate (Cheah and Evans 
1973, Hamblin 1973) and the results are shown in Table 6. 

Table S.Expected and observed values in the number of days from 
sowing" to flowering in the four growth habit classes. 

Growth habit Determinate Indeterminate 
clsses Few-noded Intermediate Many-noded Many-noded 

Variety Higuerillo Gratiot Chimbolo Mexico 120 

(Example) 

Genotyte DID 1 /D2 D2 DIDj/d2d2 did1 /d2 d2 d dd 2d2 

Flowering Time 
Reduction 8 4 0 0 

Flowering Time 59.1 66.8 75.4 74.3 
Observed 

Flowering Time 
Calculated 67.1 70,8, 75.4 74.3 
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Tale 6. CO~r@stin plant chuictm wih seed yild. 

trial of 64 P2 of large a Dialul cat 
deierminatc Unall Seeded O I coosngmirs 
varie1tie vurlsices vajegs 

Numbes emerged 0.63, 

Emerence date -0.4) 

Ilowering date -0.31 0.11 # 

Maturity late -0.423*6 

Ieaf sise -0.12 0.30 

tlelght 0.15 0.49 

Internode length 0.35 * 

Node no. O.24 O.J33 

Pods per node 0.81 ++ 

Pods per plant 0.8 0.15+ 

Seeds per plant 0.92 0.79 + * ' 

Seeds per pod 0.26 0.32 * 

100 seed weight 0.21 -0.17 

In the trial of 64 determinate bush yarieties which originated from 21 countries, 
the hest positive correlation was between numjbers which emerged and seed yield. The 
high yielding varieties emerged, flowered And mattaed earliest although the correlations 
were low in All cases. There was no association between leaf size or height with yield 
in'this experiment, hut in another experiment when an 12 generation of a large seeded 
aid a small seeded variety was studied, there were positive, though low correlations 
S)etween seed yield And leaf size, height, internode length and node number. Ihe 
correlations of seed yield with the reproductive characters are in general positive and
high. Of particular interest are the characters, pods per node, seeds per plant and 
seeds per pod; the latter with a low correlation with seed yield. 

An understanding of the components of yield and their relationship with seed 
yield is thus a necessary first step, and our work so far has suggested that a determinate, 
many noded plant with long internodes, long pods per node with a high seed number 
per pod would be a desirable combination. However, unless genotypes with these 
characters also show adaptability to a range of eqvironments, they are unlikely to be 
succelsful as varieties. This brings me to a consideration of breeding for adaptability. 

Breeding for Adaptability 

I believe that during the breeding program, parental varieties and their 
progenies should be tested over a range of environments and that selection for low" 
genotype-environment interaction (G.E.) should be practiced. 
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Sprague (1966) pointed out that . E. interactions tonstitute an Important

Ulmiting factor In the efficiency of selection program. llowever recently, we have
 
acquired agreater understanding of G. L. effet ts largely through the work carried out 
at Birmingham tnisersity in I ngland (lu io ,\lanis I )w', But io Alanis and i Hll 
1966. Perkins ard i link%I 468(a), Perkins and link%1971 ). 1he basis of their work 
has been that the G.I , inters, titun is linearlV related to tile cnironniental effects
 
and the analyses hate tn.ol'.ed a linear regTession
 

i rom the breeder's point of %ic , the t otsideration of tlie Inear relatlonshir
 
between the performance of the gcnotvpe and the enviroimeit as also described by
 
linlay arnd Wilkinson (I 'M t), and I berhart ,and Russell (1'66) is important because
 
of the possibility of obtaining a ineasure of the general adaptability of a number of 
genotypes. Finlay (196') pro\ ided es iden c from a tombining ability study to %how 
that the two components of adaptation, naniely, mean yield over all environments nd 
yield stability were largely independen:t of each other, and he maintained that it 
should be possible to tombine high yield with wide adaptations. 

Some work has also been done with segregating generations by Perkins and
 
Jinks (1968(a)) and by St. Pierre et al (1907). 1lie latter, vorking with generations
 
of barley from I , to I , vivided the progenies and tarried out ,election in two
 
locations; the yearly ex'change of material provided various sejectior. pathways. The
 
adhptability depended upon the selection pathway, and they maintained that
 
selection of barley varieties of wide adaptation (ould be enhanced by selecting
 
over a range of environments. 'Ihis is the philosophy of ltorlaug (196).and Finlay (1968) 
with the Mexican wheet program. 'Ihev selected o-er a range of enviror.rlnets,
 
irrigated and non-irrigated, fertilized and unfertilized, at sea level and 10,000 feet.
 
altitude and from 00 to 500 of latitude. By this method, different gtnotypes
 
emerged having high yield and adaptability and thete va',ed gveatly In their plant
 
type.
 

Tresting material over arange of sites is time-consuming ard t ostly, and often
 
there is insufficient seed available in the early generations of the ieeding program.

Ilence at Cambridge we are examining the possibilities of selecting genotypes in a
 
number of simulated environments which will hopefully act as a means of screening 
narrow-range adaptable genotypes. Such iicro-environments include difflet,.nt ,vels
 
of fertilizer, different densities, different tiunes of planting anti behaviour in
 
mixtures and pure stands (Sotiriadis and Evans 1973).
 

So far I have discussed the importance of understanding tile genetic control of
 
plant cha'acters and their relationship with seed yield and also the importance of
 
selecting for adaptability in the breeding program.
 

Now I would like to return to the strict ideotype as first described by Donald 
(1968) in wheat breeding and by Dr. Adams ;r this seminar. Although at its best this 
is an attractive, logical approach, at its worst it is unfortunately dogmatic and 
unrealistic. It seeks to rationalize the plant breedrr's program, to create the ideal 
plant and to suggest an ideal environment for it. Unfortunately, no environment is 
ideal (except pernap- that of a glasshouse) and the environment is continually 
fluctuating. A model, of necessity, narrows the stiectrum of a breeding program, and 
we know that several models can lead to high yield. Plant design may bt both difficult 
and profitless because the application of the principle of design may lead to a range 
of theoretical models. The question arises whether any of the principles of design can 
have substantial constancy of expression over a wide range of environments. 1ln'il 
such a situation isachieved, I think the breeder would be well advised to give greater 
priority to the adaptability concept rather than the ideotype concept. 
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II. Commentary upon: 

PLANT ARCHITECTURE AND PHYSIOLOGICAL 
EFFICIENCY IN THE FIELD BEAN 

D. H. Wallace 

Dr. Adams has excellently described bean plant ideotypes that should be
selected in breeding for higher yield. I agree with him and will only expand on the
concepts. He emphasized plant and canopy architecture, and indicated that the
ideotypes described endow the plant with superior physiological capabilities. I will
discuss these capabilities using the modeling approach that he identified as one way
to identify ideal plant types. 

Efficient breeding of higher yielding varieties requires extensive understanding
of the system (the summation of all processes and component processes) leadirg tophenotypic expression of yield, the latter being the output of the system. It requiresknowledge of the contributions made by individual component physiologicalprocesses. fable 1 shows that virtually all nuclear and also cytoplasmic genes affectyield. The informational content of each ot the several thousand genes is implemented(put into action) by the protein, i.e. enzyme whose synthesis is controlled by thatgene. Each enzyme catalyzes the synthesis of specific molecules from other, either
smaller or larger, substrate molecules. 

A specific group of enzyme-activated molecular syntheses are integratedthrough sequential or parallel pathways into the physiological process of photosynthesis. Other gene groupings are integrated to give dark respiration, translocation,partitioning of photosynthate, protein synthesis, and the other processes listed inFable 1 as being physiological components of yield. 

Finally, parallel and sequential actions of these physiological processes lead tophenotypic expression of yield. From this, it is obvious that ield is a complexcharacter. It results from control by almost all genes, and from actions andinteractions of fewer but numerous physiological processes. Systems analysis Isessential to efficient breeding of higher yielding varieties. 

A first step of systems analysis is measurement of the output of the system.The output (economic yield) is measured in kilograms of bean seed per hectare. Wehave all measured this output with yield trials and statistical genetics procedures. Thenext step is to methodically sub-divide the system into component processes, so thatthe effect upon seed yield of varied performance by the different compopents can 
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Table 1. The physiological-genetic system for phenotypic expression-of crop yield 

Informational Information
 
components implementation


components Physiological-process components System output 

GeneA 4 Enzyme A +
 
B3 4 B +
 

" C 4 C +
 
S+ + Photoperiod response + 

* 
 Days to maturity +
 
4- i + Mineral uptake +
 
+ - +4 Water uptake +
 

Protein synthesis + 
4 if-Photosynthesis + 

Leaf area + Photosynthate. Phenotypic 
" - " " + Leaf angle + accumulaton 4 expression of 

: 4 " Lcaf thickness + Photosynthate + economic 
+- + Leaf CeU Size + partitioning yield 
+ " Stomate resistance
 
+ + Dark respiration +
 

f, m ' + Photo respiration +
 

SCytoplasmic 
Cy'toplasm. A + Product A. + Translocation 4 

i B 4 B Disease resistance 

f.C 4- C + 

'" N + N 



be determined. As each component is varied, we must analyze for both the influence 

upon output (leed yield), and for feedback signals to other componnt processes, I. e. 
interactions among components. 

It should be noted that the researcher can vary few if any of these component 

physiological processes at will. As a consequence, he is forced to analyze their effects 

via observational trials, where basically he can only study correlations and he cannot 

be sure that some unmeasured process is not the causally important correlated factor. 

He is very much limited in determining the role and relative importance of these 

physiolojical components, as compared with fertilizer or irrigation trials where the 

treatiments are supplied according to the will of the investigator. 

if the component analysis begins with the gene, at the informational and 

end of the system, then there are thousands of gene-enzymesubstrate-inpu 
components to analyze. There are fewer components to consider if the analyss 

begins with the physiological-process components. It is most easy and effective, 

moreover, if the suu-division into components begins near the output end of the 

system. 

BIOLOGICAL AND ECONOMIC YIELD 

Such a component analysis can begin by subdividing phenotypic expression 

of yield Into only two major physiological components, namely accumulation of 

photosynthate and partitioning ofphotosynthate. For the simplified growth 

analysis that we shall discuss, photasynthate accumulation is most easily measured 

total plant dry weight (biological yield) and partitioning of photosynthate as seedas 
weight (economic yield) divided by biological yield. The latter ratio is commonly 

called the harvest index (Donald, 1962). These two component processes are all 

Inclusive and all physiological components listed to the left of them in Table 1 are 

sub-components of these two processes. It i1recogrized that there is feedback and 

Interaction among all these processes (Wallace and Ozbun, 1973). 

As an adjunct to yield trial3, measurements of total accumulated plant dry 

weight per hectare, and of days im planting to maturity which is the time 

component of photosynthate accumulation, w.ill provide much insight as to whether 

it is overall net accumulation of photosyntlihae (biological yield) or partitioning of 
controlled variation in yield.photosynthate that is conditioning genetically 

This information identifies the lines possessing these complementary 

physiological capabilities which are essential for highest yields. Such lines should be 

used as parents. This adjunct to yield trials is called simplified growth analysis since 

It gives information similar to, but less detailed than, the growth analysis procedures 

of crop physiologists (Watson, 1952; Radford, 1967) for obtaining relative growth 

rates and net assimilation rates. 

USE OF SIMPLIFIED GROWTH ANALYSIS 

Simplified growth analysis should be used by all agronomists interested in 

improving yield by cultural means, and especially by researchers trying to breed 

higher yielding varieties. It requires but two simple additions to the standard effort 

of yield trials. The first is that an accurate measure be obtained of days to maturity, 
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which Isoften done anyway. The second is that total plan't dry'weight, I. e. biological 

yield be measured. Days to maturity measures the duration of active photosynthesis 

and growth. Biological yield (total accumulated plant dry weight per hectare) is the 

most easily obtainable measure of overall photosynthetic efficiency. 

More detailedstudies of the sub.components of these two major components 

be made Ia. -r.They will indicate whether it is leaf area, or leaf angle and light
car 
interception, or rate of photosynthesis per unit leaf area, etc. that endows a genetic 

line with high overall photosynthetic efficiency. llowever, d-tailed data about these 

processes are most informative when interpreted in conjunc' ion with knowledge as 

to whether the overall photosynthetic efficiency per unit land area is high or low 

for a given line. Measurement of biological yield provides the latter information, 

and is thus identified as an essential step in systems analysis of phenotypio 

expression of yield. 

With simplified growth analysis the dry weight of bean leaves is ignored, 
would be very difficult- to collect all thebecause it would not be simple -it 

leaves' falling from maturing bean plants. For standardizat;on, therefore, some effort 

must be put into removing leaves that have not abscissed at harvest, so that all 

biological yield measurements will include an essentially equal number of 

approximately zero leaves. The roots are also ignored. For simplified growth 

analysis the measurement of biological yield is, therefore, the air dry weight of all 

the above-ground stem and fruit tissue produced on each plot'of the yield trial. 

This weight is obtained just prior to putting the plants into the threshing 

machine.for separating the economically important seeds from the economically 

unimportant plant parts. I am impelled to ask how many yield trial researchers have 

bein guilty, as I have, of carefully placing the biological yield of each plot of yield 

trials into a burlap bag, and then pushing it into the threshing machine and judging 

Jt only as waste to be carried from the straw pile accumulating at the end of the 

threshing machine. 

Surely, this measure of overall efficiency of photosynthesis can provide much 

information for analysis of the physiological basis of yield differences among varietiesi 

and also among cultural treatments, and for the selection of parents possessing 

physiological capabilities that are complementary with respect to phenotypic 

expression of yield. 

TIME IS A FACTOR 

It Isseen above that simplified growth analysis requires three items of original 

data, seed we:gitt per plot or hectare, total plant dry weight, and days to maturity. 

Seed weight is the produce of economic interest and its interpretation and importance 

is obvious and has long been recognized and used. Biological yield per hectare was 

above as a measure of overall photosynthetic efficiency, and time wasinterpreted 
identified as a component of overall photosynthate accumulation, as measured with 

biological yield. 

Dividing biological yield and economic yield by the number of days from 

planting to harvest respectively provides a modified measure of overall photosynthetic 

efficiency ('of total plant dry weight accumulated per day), and modified 

measure of efficiency of accumulation of economic yield (gins of seed accumulated 

per ha per day).Gms of economic yield accumulated per ha per day has very 
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applied significance in a tropical environment where every day is agrowing day and 
another crop might be planted as soon as the present one is harvested. It is PIs.
obviously important, as a meaqure of biological efficiency. The breeder shonild 
know how his lines compare with respect to'gins of economic yield accumulated per
ha per day. 

It is possible for the biological yield, and hence photosynthetic efficiency, to 
be very high, but for the attendant economic yield to be low or even zero. The ratio 
of economic yield divided by biological yield, commonly called the harvest index, 
measures the efficiency of partitioning of accumulated photosynthate to the
economically important plant organs. Plants with very high biological yield and very
low attendant economic yield, and plants with low or moderate biological yield
and low or moderate attendant economic yield may both be properly dropped as 
potential varieties. It should be obvious, however, that the high photosynthetic
efficiency of one and the efficient partitioning of photosynthate to the seed (high
harvest index) of the other may be the exact complementation of physiological
capabilities required for a very high yielding variety. 

'1able 2 presents simplified growth analysis data for four dry bean varieties. 
l.xcept for days to maturity and harvest index, the data presented are relative. 
Charlottetown had far lower economic and biological yield per hectare and per
hectare per day than the other varieties, but it had the highest harvest index.
Charlottetown, a yellowe e type variety, was crossed with Red Kidney. However, 
it was impossible to select for yield in the progenies, because all plants were
susceptible to both common bean mosaic and seed-borne halo blight, illustrating
the point that disease resistance is aphysiological-genetic component of yield.
Charlottetown was later crossed to Redkote, a halo bliglht and mosaic resistant 

Table 2. Simplified growth analysis data for four dry bean varieties 

(original data from Wallace and Munger, 1966) 

Relative Relative Actual 
seed biological days to 
yield yield maturity 

Red Kidney 84.5 81.7 100 
Cornell 7-16 100.0 100.0 95 
Charlottetown 66.3 52.2 85 
Michelite 97.0 115.6 90 

Actual Relative Relative 
harvest seed yield biological
index per day yield per day 

Red Kidney 57.2 84.5 69.9 
Cornell 7-16 63.7 100.0 100.0. 

.Charlottetown 0i.2 66.3 $2.6 
Michelite -54.6 97.0 109.9-" 
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version of Red Kidney. The simplified growth analysis data for some mosaic and 
halo blight resistant red-kidney type selections are shown in Table 3. Twenty-nine 
single-plant Fr progenies (bulk increased through l'7) were included in this yield 
trial. Redkote is the check variety. The progenies are listed by rank for seed yield 
per ha, and the data and rank are also given for all the other parameters of 
simplified growth analysis. The 14 progenies listed above Redkote are just those 
required to include the top ranked progenies for each of the parameters kgm of 
seed per ha, kgm of seed per lia per day, kgm of biological yield per ha, kgm of 
biological yield per ha per day, and harvest index. The progenies listed below 
Redkote are the four with lowtst seed yields. 'Ihere were only two classes for days 
from planting to maturity, 93 and 114 days, a difference that our studies suggest is 
controlled by a single gene. 

The 10 top ranking progenies for kgm of seed per ha included the top 5 ranks 
for all other parameters, except that rank 16 was required to include rank 5 for 
kgm/ha/day of biological yield, and ranks 18, 21, and 25 %ere respectively required 
to include harvest index rankings 2, 3, and I. Seed yield per ha was most closely 
correlated with kgm/ha of biological yield, but much less closely with kgm/ha/day. 
Seed yield per ha ranks 'i, 6, 7, 8-9 (two progenies shared this ranking), and 10 
respectively had kgm/ha/day rankings of 1, 2, 3, 4, and 5. All five of these lines had 
early maturity. On the contrary, kgm/ha ranks 1-2, 1-2, 3, 4 and 5 respectively had 
kgm/ha/day rankings of 17-20 (four progenies shared this ranking), 17-20, 21-22, 1, 
and 26. All of these progenies were late except the one ranking 4 for kgm/ha and I 
for kgm/ha/day. This latter progeny also ranked 4 for harvest index, while seed 
yield ranks 1-2, 1-2, 3 and 5 respectively ranked 27, 26, 25 and 28 for harvest index. 

For these progenies, both high kgm/ha/day of seed and high har est index 
appear to be linked with early maturity while late maturity has low seed yield per 
day but high seed yield per ha, and very low harvest index. We do not ha%e sufficient 
data to judge the potential of breaking this linkage for seed yield per day, but the 
fact that Coi nell 7-16 is moderately late but has a high harvest index (['able 2) 
indicates that high harvest index can be combined with later maturity. 

We have made crosses between Cornell 7-16 and Redkote, but these progenies 
have not progressed as rapidly as thi ones from Redko',c x Charlottetown because 
the genetics of the seed pigment differences between yclloweye x red-kidney 
colored beans is much less complicated than that between Cornell 7-16 and Redkote. 

We have evidence, but not from comparable yield trials, that certain 
Michelite x Redkote progenies have biological yields much higher than any 
presented in Table 3. This would indicate that the higher overall photosynthetic 
efficiency of Michelite, as judged from the higher biological yield in Table 2, is 
heritable and therefore exploitable in breeding for higher yields. 

THE PHYSIOLOGICAL PROCESSES 

After presenting the concept of simplified growth analysis and a few relative 
data, I want to discuss briefly some of the physiological processes listed to the left, 
in Table 1. All are components of either photosynthate accumulation or 
photosynthate partitioning. Some will affect both, through feedback mechanisms 
and resulting interactioils (Wallace and Ozbun, 1973). There is ample evidence 
(Athwal, 1971; Zelitch, 1971; Yoshida, 1972: llayashi, 1972; and Wallace, Ozbun 
and Munger, 1972), that there is genetic variability for all physiological and 
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Table 3. Simplified growth analysis data for dlectcd RmIkoic X Charlottetown I5 progenic (tc tcd in F ) (1972 yield triil.l) 

to 
r0 

F3]e 

No. 

5 
52 
65 

1 
104 

4 
52 
62 
65 

115 
104 

115 
52 

105 

F6FlP6 

NO. 

015-016 
025-028 

0044-046 
001-007 
055-056 
008-011 
020-021 
032-034 
047-049 
077-079 
053-054 

066-067 
022-024 
057 

Days to 

maturity 

114 
114 
114 
93 

114 
93 
93 

114 
93 
93 
93 

93 
93 
93 

Economic yeld 

Kgm/ha 

Data Rank 

2700 1-2 
2700 1-2 
2683 3 
2597 4 
2528 5 
2511 6 
2497 7 
2459 8-9 
2459 8-9 
2425 10 
2321 16 
2270 18 
2219 21 
2167 25 

Kgm/haday 

Data Rank 

23.7 17-20 
23.7 17-20 
23.5 21-22 
27.9 '1 
22.2 26 
27.0 2 
26.8 3 
21.6 27-28 
26.4 4 
26.1 5 
25.0 11 
24.4 14 
23.9 16 
23.3 23 

Biological 

Kgrm/ha 

Data Rank 

5658 2 
5572 3 
5435 5 
4488 6 
5469 4 
4334 11 
4541 7 
5847 1 
4455 9-10 
4265 12 
4506 8 
3835 26 
3749 28 
3663 29 

yield 

Data 

49.6 
48.8 
47.7 
48.3 
48.0 
46.6 
48.8 
51.3 
47.9 
45.9 
48.5 

41.2 
40.3 
39.4 

Rank 

2 
3-4 

10 
6 
7 

11 
3-4 
1 
8-9 

12 
5 

26 
28 
29 

Harvest 

index 

Data 

48.3 
48.7 
50.5 
59.4 
47.2 
58.9 
56.6 
43.3 
56.7 
57.9 
50.8 

60.5 
60.3 
61.1 

Rank: 

27 
26 
25 
4 

28. 
5 

17 
29 
15-16 

7 
24-

2 
3 
1 

" 

No. 

16 
31 
24 
47 
16 
32-" 
15 
24 
24 
23 
10 

14 
22 

8 

-

-

Redkote 114 2563 4-5 22.5 26-27 5435 5 47.6 7-8 47.7 27-28 99 -

i11 062-063 
111 064-065 

5 012-014 
104 050-052 

PUMRh(Higbes + Lowear 

93 2115 
93 2098 
93 2012 
93 1961 

128% 138% 

26 
27 
28 
29 

22.7 
22.6 
21.6 
21.1 

138% 

21 
25 
27-28 
29 

4128 
3956 
3990 
3818 

160% 

18 
24 
21-22 
27 

44.4 
42.S 
42.9 
41.1 

130% 

18 
24 
21-22 
27 

53.0 
53.5 
52.8 
53.2 

141% 

19 
21 
23 
22 

16 
14 
24 
24 



biochemical processes, and therefore potential to breed and select desired levels. 
This genetic variability should be used primarily as a means of identifying parents 
for crosses, after which selection procedures will not differ much from those long 
practiced by breeders. 

One physiological component of photosynthesis which is most important 
Is variation in distribution of intercepted radiant energy across all the leaves of the 
canopy. Beans have auniqu6 mechanism of achieving this. Wien and Wallace (l1473) 
have show-n that the pulvinule of bean leaflets is the organ responsible for light
induced ieflet orientation of beans and other legumes. L.eaflet blades do not 
respond when light impinges on the leaf blade. When light impinges upon tile 
pulvinule, however, the pulvinule bends toward the light, moving the leaflet also 
toward the light. The result, for light from above (as for the sun), is that the leaflet 
is oriented more parallel with the source-direction of the light. l.ach responding 
leaflet, therefore, intercpts less light and permits more light to pass by to be 
intercepted by leaflets that are lower in the canopy. 

'here are varietal differences in responsiveness. When the leaf canopies of 
relatively unresponsive varieties are viewed from above, only 2 to 3 layers of upper 
leaflets can be seen. All the lower leaflets are hidden from view and shaded by the 
upper leaflets. With responsive varieties the leaflets are oriented more or less 
vertically in bright light. l'ive or six or more layers of leaflets can easily be seen. 
Trhe light penetrates to the lower leaves in the canopy and the overall rate of 
photosynthesis should be maximized. 'his phenomenon will also reduce the heat 
load and thereby transpiration rate of bean leaves. Inability under a bright sun to 
supply sufficient water to the leaves clearly limits bean yields under lowland 
tropical conditions. 

The hinted data presented for a very few varieties indicate that using 
simplified growth analysis to identify varietal differences in overall photosynthetic 
efficiency and in partitioning of photosynthate can be very helpful in breeding 
for higher yields. I suggest that much extremely useful data could be accumulated 
in 2 to 3 years if simplified growth analyses were routinely used as an adjunct to yield 
trials. This would provide data about overall photosynthetic efficienc\ and 
photosynthate partitioning for a broad germ-plasm base. Such data xould grcatl% 
assist plant breeders in intelligently selecting parents for crosses. 

There have been many studies on all aspects of photosynthesis and 
photosynthetic efficiency. On the other hand, almost nothing is knovsn about 
mechanisms controlling partitioning of photosynthate. Much research is needed to 
understand why photosynthate is partitioned to one plant organ rather than 
another, or to one physiological process in contrast to another. I he phenomenon 
of partitioning of photosynthate is much broader in influence than its effect on 
harvest index as discussed in this paper. Through feedback and interaction 
mechanisms it affects almost all physiological processes (Wallace and Ozbun, 1973). 
In the near future, much effort should be made to improve man's underftanding of 
physiological and genetic control of partitioning of photosynthate. 

MEASURING PROTEIN AS ECON.MIC YIELD 

It may be that yield of protein per ha should be recognized as tile economic 
yield, since the major objective of increasing bean yields in tropical areas Is to 
Improve protein content of human diets. If the total protein ismeasured, the 
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protein accumulation per ha per day is easily calculated. With protein as economic 
yield, the major components would still be photosynthate accumulation and 
photosynthatC partitioning. Now however, it would be important to study the 
pathways by which variation arises with respect to how much of the photosynthate 
partitioned to the sccd is rc.partitioncd to toragc protein as contrasted to 

carbohydr.atc. fat%. ani other compounds. Upon accepting protein yield per ha as 

cconomic yield, the pathways of nitrogcn uptake and protein synthesis would 
merit more immediate and direct consideration. 
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III. Commentary upon: 

PLANT ARCHITECTURE AND PHYSIOLOGICAL
 
EFFICIENCY IN THE FIELD BEAN
 

H. C.Wen 

l)r. Adams mentioned the desirability of having many small, erect leaves in 
the field bean ideotype. Some recent work at Cornell.provides an explanation vhv 
bean leaves assume a more vertical orientation under sunny conditions in the 
field (1). Orientation of bean leaflets depends on the pulvinule, a small, round 
portion of the leaflet petiole, that acts both as the hinge on which the leaflet turns, 
and also as the photoreceptor that undergoes positive curvature when illuminated b) 
light from a unidirectional source, Only illumination of the pulsinule produtes a 
change in the leaflet angle (Figure 1). We also found varietal differences in the 
amount of leaflet angle change with exposure of the pulvinule to a given amount of 
light (I igure 2) with Redkote showing significantly less leaf movement than the 
other three varieties tested. 

Since the orientation of the leaflets depends on whether the pulinules are 
exposed to unidirectional light or not, any morphological factor that would 
maximize pulvinule exposure to the sun increases the leaf turning of a %arietv. 

-Small leaflets, held on an upright petiole, with a minimum of o%erlapping of the 
basal lobes of each leaflet, are highly desirable for optimum light response. rhe 
Michigan pea beans mentioned by Dr. Adams show these characteristics, although 
we have found that the older leaves of Nlichelite-62 tend to be cured so that leaf 
turning results in no reduction of light interception by these leaes. 

Recent findings on translocation patterns of C-14 assimilates in tts o %arieties 
of field beans during the reproductive period (2) generally support the concept of 
a "nutritional unit" comprising one leaf and the pods in its ixil. Ihis is true 
particularly for the terminal main stem and branch leaves of the determinate tultiar 
Redkote. More general distribution of assimilates occurs from lower main stem 
leaves of Redkote, and from upper leaves of the indeterminate Nlichelite-(2. I hus, at 
the close spacing that Dr. Adams proposes, the upper leaf canopy %souldt onsist 
primarily of the terminal leaves of main stem and branches, leases that are most 
dircetly involved in dry matter production for the pods. Ihe canopy striuture. thus, 
resembles that of wheat and rice where flag leaves are primarily responsible for dry 
matter production in reproduction growth. 
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Fig. 1. Change of Icaflet angle with time of cv. Redkotc in response to light directedon blade, pulvinuic, or blade and pulvinulc combined, from vertically above. Vertical 
bars Indicate diffcrences between control and treatments required for significance at the 
5percent level. 
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Fig. 2. Change of leaflet angle with time for attached leaves of cultivars Redkote (RK).
Michellte-62 (Mich.) and Black Turtle Sour (BTS) in response to lighting of the pulvinule
from above. Vertical bars Indicate LSD values required for significance at the 5 percent
level. 

297
 



SECTION 4. 
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Modern apr oaches to training of food legumes scientists in the tropics 

Fernando Fernandez 

The formation of an information network as a support to scientific research 

Fernando Monge 
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ORGANIZATIONAL AND INSTITUTIONAL OPPORTUNITIES; 
,FOR LEGUME PROGRAMS IN LATIN AMERICA 

A. Colin McCluq 

This seminar has been called to consider the current status and future potential
of food legumes in Latin America and to plan a strately for research and development,It has brought together many of the scientists and research organizers who areconcerned with this crop. Before this group there is no need for me to talk about
the crop per se, or the specific research which might be needed to stimulate itsproduction and utilization. We have also heard a comprehensive survey of existingmanpower and institutional resources at work in the field. Instead of going furtherinto these matters, I would like to consider with you ways and means of
organizing our resources and efforts to better achieve our individual and collective 
aims. 

The situation we see in bean research in Latin America is one in which agreat many individuals and centers are carrying out rolatively modest programs.Bean research is not top priority for any agency, yet taken in itu aggregate, manypeople and considerable sums of money are involved. None of us :s satisfied withthe results. There has been no green revolution with beans, and nor- is in the offing.Instead, we find that yields are essentially static and profits to farmt-rs are low.Other crops are proving more profitable in some areas and are tendcng to replacebeans. If this crop were not so deeply imbedded in traditional agriculture, wemight find that it would be dropring even further behind other crops. At thetime, beans same
 are being pricdd out of reach of the poorer segments of society where
 
nutritionally they are most urgently needed.
 

I believe that this situation can be reversed and that we can reorganize
ourselves to carry out a program that will result in increased yields, higher net 
returns to farmers and better supplies to consumers. 

What we want to do here is the kind ofjob that has been accomplished withrice and wheat and that is starting with other basic commodities. But should we doit in the same way? I doubt it. The rapid successes with wheat and rice were based upon a body of information and materials assembled or developed by majorinternational centers organized for this purpose. Success depended, of course, uponclose involvement by numerous national agencies who adapted basic technology tolocal conditions and saw it.into the hands of farmers. 
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sort of international bean research center?Should we think in terms of some 
I think not. There are two basic reasons why this does not seem to me to be the 

indicated approach. First, as important as beans are, they do not hold a place 

equivalent to rice. wheat and some of the other cereals in anyone's priorities. 

Second, there are other ways of getting the job done more efficiently. 

LINKING UP A NETWORK 

What I visualize is a network of national stations throughout Latin America 

which work together as acoordinated team. Each station would have its own local 

objectives and its program would not in any sense be dictated from the outside. 

However, the work would be done with an awareness of activities and results 

throughout the region. Materials and procedures would be tested under : wide 

range of conditions, and we could expect to come up with amore widely applicable 

technology. 

1 his is not a new idea of tourse. In fact, from conversations I have had with 

some of you, I rather expect that it would represent something of a consensus on 

how to get bean research going. I have a general picture in mind of how such a

network might function and I expect that many of you do, too. But one objective 

of this seminar is to consider just t'as point and I don't propose to outline ahead of 

time what looks to me like the best model. Instead, I would like to describe to you 

some of the operating programs which I have had an opportunity to observe in 

recent years. Perhaps we could obtain some ideas and guidance from these. Most 

of my experience in this regard has been in Asia and with rice. I hope that yoi will 

forgive me if I now stop talking about beans and start talking about rice. 

THE EXPERIENCE WITH RICE 

Rice in Asia has seen agreat deal of ,rogess in the past decade and much of
 

t.is was because of various programs of international collaboration. Means have
 

been developed of working together on common problems. Cooperation outside
 

your own cultural o- ethnic group in Asia has not in the past been common. On 

the contrary, the traditional pattern has been to go it alone. 

\bout a year ago, I attended a seminar on the subject of regional cooperation 

within Asia. The seminar was called by the Asia Society, aprivate organization 

interested in Asian affairs, and they had brought together a diverse group to discuss 

matters ranging from food to population and the success, or lack thereof, of various 

regional projects. '1he results in general had been discouraging. Most regional 

projects had started out with high expectation and expressions of interest, but all 

too often they had ended %sithlittle more than words and reports for the files. 

One of the speakers who was from the British Commonwealth recounted 

generally disappointing results even within agroup of nations with certain ties of 

a political or consultative nature. lie pointed out that the same had been true early 

in this century when the same group of nations were part of the British Empire 

with political and administrative ties between units which were a great deal stronger. 

lie mentioned mutual programs initiated under the stress of World War I which 

died out with little accomplished shortly after the emergency had subsided. 
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The group at this Asian conference agreed that rice research and development 
was an exception. It had been successful and gave promise of continuing to be. What 
was the difference? The crisis situation of a war was there. 

THE PRESSURE OF CRISIS 

It was a war against starvation. Suddenly in the middle 60's there was a food 
shortage that was continent wide, that involved people in the billions and that 
wouldn't go away with the next season of good monsoon rains. No place on earth 
was there a source of food to meet these needs. It had to be produced in Asia and 
mostly it had to be produced with one crop, rice. Anyone with something to sa 
about rice was bound to be heard whether he was right or wrong. New ideas and 
materials moved across major political barriers. IR8 rice seed is beliescd to ha%c 
moved into North Vietnam and China almost as soon as it became available. No 
one anywhere tried to interfere with the development or use of new rice tet hnologv. 

Within the countries, agriculture was elevated to top priority, Iop ministers 
were shifted within cabinets so that the strongest and most capable %.erein 
agriculture. In some cases the president or prime minister mo ed diretl. into getting 
agriculture moving and most especially into getting rice mo%ing. Small wonder, then. 
that cooperative activities were possible with rice that were not possible before. 

It is worthy of note that the population problem of Asia is equally pressing. 
yet we have not seen anything like this concentration of effort. Ieeding people is a1 
far more appealing activity than limiting their numbers. Population growth remains 
Asia's dark cloud. No discussion of food for Asia goes long without population 
coming into the equation. Sometimes it seems that agriculturists are more aware 
of the inevitable crisis than anyone else. 

Returning to rice developments, the other factor which was different with rice 
than with other attempted regional projects was the interest and effectiveness of 
international agencies. In spite of common problems of a crisis nature, effectihe 
r.gional cooperation did not develop spontaneously. Most of it involved international 
agencies which fostered such exchange. This was true back in the 50's with the 
International Rice Commission of the FAO. It was particularly true when the 
International Rice Research Institute came on the scene. 

STIMULUS OF INTERNATIONAL EFFORT 

In this case, the international agency was not just a broker or clearing house. 
It had major new inputs of technology to introduce. IRRI and the national agencies 
formed a highly effective partnership which continues to be productive. 'ie 
partnership has stimulated national agencies and has brought focus to their efforts. 
As important as the direct output of IRRI's research has been, it is rapid]) being
approached by results coming from the national programs with i hich it cooperates. 

International conferences or symposia were one of I! RI's first steps towards 
fostering international action programs. These brought together scientists from 
around the world, much as this bean seminar has done. Scientists who knew each 
other only by name were able to meet and discuss problems of mutual concern. 
One feature of the IRRI conferences was that they were m.d'. up of working 
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scientists. This was something of a departure from Asian protocol which calls for 
the oldest and most honored man to represent his group at International conferences. 
\s a result of these symposia, data frequently came into the world literature which 
had prcviously been available only irfJapanese, Chinese or other languages. 
Sometimes spcific research objectives were identified and action planned. More 
often the groundo%rk sas laid for future joint studies. I'm sure the same process
 
is at work here. Iet's make the most of it.
 

During the years 196'1 - 68, some '15 coopcrative projects were undertaken in 
genetics and breeding, soil microbiology, soil chemistry, agronomy,,plant physiology, 
entomology, (ercal (hemistry and communication. These were modest research 
undertakings dire( ted toward specific objectives. They did not require extensive 
negotiations or elaborate accords between agencies. Usually a project was discussed 
and prepared by the two cooperating scienttsts. When their work plan was approved 
by the directors of the respective agcncies, it became operutive. Regardless of what 
means of long term collaboration among Latin American bean scientists may be 
de eloped at this conference, I hope that similar projects will grow out of the 
contacts we are now making. 

TRAINING OF SCIENTIFIC STAFF 

Training of scientific staff provides another basis for international cooperation 
and astrong one. There Is nothing like the "old school tie" to break down barriers. 
It was revealing at some of the Asian conferences to see scientist; from Pakistan 
and India who had been students together before partition resulted in the formation 
of these two countries. 'I hey had no trouble meeting on neutral ground and 
exchanging not only reminisences but also current data on rice technology. 
Scientists " ho had met as students in IRRI's training program and elsewhere were 
also able to cooperate on problems of mutual interest, regardless of political 
barriers. Where such barriers do not exist, of course, exchanges can be even more 
direct, rapid, and effective. Again, I submit that a training program should be an 
integral part of any network of bean research which we may develop. This subject 
is to be discussed later in the conference, and I feel sure some useful avenues of 
cooperation will be identified. 

I he next step in developing Asia's network of rice research involved major 
changes in each of many national centers. Again several agencies were usually 
lniolsed in each such operation. The International Rice Research Institute was 
involved in one way or another in almost all of them. in many IRRI was (and is) 
an active partner with the national agency in developing its program. 

Ihe basic philosophy of IRRI's involvement in these programs was clear on 
one important point: the programs were in no sense intended to be branch operations 
of IRRI. They were national programs designed to foster improvements in the local 
rice ituation. The degree and pace of 1IRRI participation depended upon the 
wishes of the host country. l.mphasis was on improving research capability, but 
each project moved rapidly into action programs to get the new technology into 
use in farmers' fields. New miterials from IRRI or elsewhere were put to use as 
rapidly as test results permit' ed. 
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NEW VARIETIES RAPIDLY ADOPTED 

The speed at which new varieties were adopted under certain situations was 
truly unbelievable. Actually, it was sometimes more rapid than even the most 
enthusiastic researcher could wish, for production programs were established when 
only preliminary test results were available. In 1967, IR8 gaxi outstanding results in 
test plots in West Pakistan. The next year all available seed went into increase fields. 
Additional seed was imported and by 1969 there were 600,000 lict tares of this 
variety in commercial production. Average yields in West Pakistan increased by b0 
percent within a two-year period. 

IR8 did not perform well in Bangladesh because of diseases and climatic factors. 
However, another line which later came to be called IR20 did perform well. When the 
government decided to move with it, the rate of acreage increase was even more 
startling. In the main season of 1969 there were about five hectares of IR20 in test 
plots scattered about the country. All the seed was saved and, planted in increase fields 
during the off-season. An additional 1,800 tons of seed was.purchased abroad. In the 
nmain season of 1970, the total area planted to IR20 in Bingladesh came to about 
125,000 hectares. The risks of such a rapid adoption were of course real, but In 
subsequent seasons results have continued to be favorable. It was a successful 
gamble. 

VARIED INSTITUTIONAL DEVELOPMENTS 

Institutional developments in Asian riie research varied widely from country 
to country. Bangladesh, one of the most hard pressed countries in Asia, took early 
and extensive action to improve its rice research capability just as they did on the 
production side. 

Rice growing conditions in Bangladesh are difficult, particularly during the 
main monsoon season. The rains are heavy, but two large river systems channel an 
enormous amount of additional water to the country. About 20 million acres of 
rice are grown, but some 900 million acre-feet of water falls on or flows through the 
country. As a result, about 60 percent of the rice area is flooded with from 75 cm to 
6 meters of water. Insects and diseases abound during this season. I he soils of the 
region are generally less fertile than many, and appreciable saline areas occur along 
the coast. Deep Water or floating rices are required for this type of culture. 'Ihese 
have been selected over the centuries and some amazingly intricate cultural systems 
have been developed by farmers to permit them to produce rice under rigorous 
conditions. Science has contributed rather little. 

To improve the technology available to Bengali rice farmers, a decision was 
made to develop a full-fledged rice research and training center. I his is a long-term 
project but in spite of wars and typhoons, progress is being made. Experimental 
fields have been laid out, modern laboratories and greenhouses have been constructed 
and equipped, training facilities are being built, and staff at all levels are being 
trained both at home and abroad. IRRI has been involved in this project for eight 
years through Ford Foundation funding and probably will participate for another 
six or seven years. When the Bangladesh Center is fully operational, it should be 
something of aregional leader on some of the problems which face Bengali farmers 
and those of neighboring countries. 
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CEYLON A DIFFERENT PATTERN 

A different sort of cooperative program was undertaken In Ceylon. Ceylon 
already had an active rcsearch program and some varieties rather well adapted to 
local conditions were availaitle. However, the rate of adoption of these varieties was 
slow because the extension workers and farmers were basically unfamiliar with 
modem rice growing methods. The program which was dceveloped by Ceylon and 
which IRRI helped implement was one of massive farmer training. 

About 30 Ceylonese extension officers took six-month rice production 
training courses at II.RI in which they learned the art and science of modem rice 
production. Particular attention was paid to communication and farmer training 
techniques. 

When these trainees returned to Ceylon they staffed two national training 
centers where they gave short courses on modern techniques of rite production. In 
a period of one year they gave such courses to every rice extension worker in the 
country, about 2,000 people. These extension agents, in turn, trained about 
45,000 farmers in village level courses. Thcy further helped farmers by distributing 
rice production kits which contained new seeds, fcrtilizers, insecticides and so on, 
plus instructions on how to use them. In the first season, 100,000 kits were 
distributed in the country which has a total farmer population of about 700,000. 
This extension technique has been used in several Asian countries with much 
success, but nowhere with the massive approach of Ceylon. 

MEETING THE NEED TO MODERNIZE 

Still other types of action may be identified among the IRRI cooperative 
projects. In South Vietnam there is a great need to modernize rice production, The 
country has done well with applying the new technology coming from abroad. 
IR8 and IR20 have been widely used and rural incomes have risen as a result. Still, 
local problems of disease and climate are such that the newv varieties are not fully 
suited. Local studies are needed. 

Bie.use of war, however, it has been diffic ult to mount anything more than 
rather simple adaptive research. Ihe indicated procedurc in Vietnam seems to be to 
make maximum use of I ItRl's breeding program as a source of advanced lines and 
segregating populations. IL"ndreds of lines can be rather quickly s reened in this 
way and with nothing like the effort required to maintain A full breeding program. 
Since It RI has a major trossing and selection program for similar objectives, it 
seems almost certain that some muc h bct, er varieties (an be identified for Vietnam. 
To achieve this, IRRI has channelcd hundreds of lines to experimental sites in the 
Mekong l)elta and elsewhere. Results have been good in spite of what was described 
as some plots ost to tows, rat%and mortar shells. 

In Egypt, IIt RI has stationed a top Japanese breeder to help determine if high 
yielding varieties can be evolved whi(h will have suitable disease resistance for the 
Nile Valley and at the amane time meet market requirements as regards grain type. 
When it is winter in lgypt, breeding nurseries are to be airshipped to the Philippines 

for growing a -second generation cat h year. 

A similar program of cooperation has existed with Korea for about eight 
years. It has resulted in the release of two new varieties or the IR8 plant type. They 
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are distinctly different from anything grown in Korea before, but the grain type is 
what the Koreans want, and the plants are adapted to their cool weather. 

.1l of these projects suggest similar activities that might be established as 
part of a network of bean research in Latin America. However, all of them started 
out with an international center which had developed some quite advanced techniques 
and was staffed to continue research at an intense level. The model is similar to 
the program of CIM.NIYT for corn and wheat, but should it apply to beans? 

A STARTING POINT FOR BEANS 

I started out by saying that I doubted that the situation would justify an 
international bean research center. Neither is it likely that one will be developed 
for cassava or any one of a number of other important crops. Still it is our 
conviction that a relatively small group of scientists can significantly influence 
future production if organized and supported in the right way. In the absence of a 
truly major effort by an international center, I believe the key to success lies in 
bringing the scientists of several uational and international bean research groups 
directly together in a coordinated manner. 

The largest single project with which IRRI cooperates is the All-India 
Coordinated Rice Research Project (AIC RIP). I would now like to describe it in 
some detail and cite it as possible point of departure in designing a Latin American 
bean research program. Those of you who might be interested in some specifics 
about the program will find an article about it by its leaders, Freeman and Shastry 
in the proceedings of a Symposium on Rice Breeding published by IRRI in 1972. 
(Freeman, Wayne I. and S. V. S. Shastry. 1972. Rice Improvement in India - the 
Coordinated Approach: Symposium on Rice Breeding. IRRI). 

India is one of the most populous and most complex countries in the world. 
It incorporates into one nation diverse geographic and climatic areas and units of 
distinctly different ethnic, cultural, religious and historical origin. Although Hindi 
has been designated as the national language, it is by no means universally used or 
understood. In practice, different parts of the country use different languages, 
some of which are of different origin and not at all comprehensible to other 
linguistic groups. English is the common language of agricultural science throughout 
India. 

With more than 600 million inhabitants, India is the second largest nation in 
the world in population. Not only is it large, but it is growing. During the period 
In which serious efforts to improve rice technology have been underway, India has 
added 100 million people to its numbers, a truly frightening statistic when 
extrapolated towards the future. 

Indian agriculture has traditionally been in the hands of small farmcrs who 
have followed the practices developed by their forefathers over thousands of years. 
Fortunately, in spite of their traditional orientation, they have proven to be quick 
to take up new techniques if profitable to them. They are as profit-motivated as 
any other farmers. 

Rice research in India was first started in 1910 with the formation of two 
centers, one in the southern part of the country and one in the northeast. By 
1965 this effort had grown until some 130 sites In the country were devoted to 
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some sort of rice research or development. Some were little more than seed increase 
fields, but others were complex organizations with many scientists. The Central 
Rice Research Institute, staffed with several hundred people was, and probably still 
is, the largest rice center in the world. It has conducted work on many phases of rice 
science, but has tended to leave the more applied aspects to other centers, 

BULK OF WORK IN HANDS OF STATES 

The bulk of the research effort and of agricultural development has, by design, 
been left in the hands of the individual states. When food shortages demanded that 
new action programs be established in rice technology on a national basis, there was 
no clear route to mobilize existing resources. One agency, the Indian Council of 
Agricultural Research,'did have country-wide responsibility and it developed what has 
proven to be a highly effective mechanism for mobilizing resources of most of the 
key centers, including many over which it had no administrative jurisdiction. This 
was done by forming the "All-India Coordinated Rice Improvement Project,"
which I have already mentioned. About 100 of Indian's rice research units are involved 
in this program. 

A National Coordination Center was established at an easily accessible site in 
the middle of the country. This center was staffed by a group which grew to about 
20 well-qualified scientists in the areas of breeding, pathology, agronomy, plant 
physiology, entomology, and engineering. The assignment of these scientists was to 
establish applied research in their fields which would permit rapid testing of new 
ideas and, as soon as possible, to develop new technology based on their own 
research. Where necessary they would move directly to more basic work. An early 
example of this was in plant physiology, an essentially virgin field in India. The 
primary duty of the engineering group was to help all cooperating centers to 
improve their field research facilities. 

ZONAL AND REGIONAL.CENTERS 

The country was divided into seven zones based upon agroclimatic differences. 
The major station in each zone was identified as the Zonal Center, and a senior 
scientist was designated as Zonal Coordinator. lie continued to be administratively 
responsible to his home organization which might be an agricultural university, a 
state experiment station, or a nationally-funded unit. Technically, he was rsponsible 
for the AICRIP program in his zone. Other major stations in each zone were 
designated as Regional Centers, responsible for the AICRIP program at that site and 
at other locations in their region. The number of "regions" within a zone varied 
according to conditions to give a total of 12 in the seven zones. As many as eight or. 
ten other experimental units might cooperate in one way or another with a 
program of a particular Regional Center. 

The National Coordination Center and its parent agency, the ICAR, 
undertook to station at least two scientists at each regional center in each of the 
basic disciplines-breeding, agronomy, pathology, and entomology - and to provide 
additional funds for equipment, transportation and other facilities for each such 
Center. Funds for this supplementary support at present amount to about 
$500,000 per year at current rates of exchange. 
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SPECIALIZED RESEARCH 

At another level the proiram identified certain research units as particularly
 
well suited for more basic research of national Importance. Research on virus and
 
bacterial diseases, previously thought to be of relatively minor importance, was
 
supported at the broadly based Indian Agriculture Research Institute. Another
 
center where certain insect pests are particularly prevalent was supported in more
 
basic phases of this problem, and so on.
 

I International participation has involved stationing up to six foreign scientists
 
(American, Dutch and Japanese) at the National Coordination Center under USAID
 
and Rockefeller Foundation funding. Along with them came considerable help in
 
funds for equipment and supplies not available locally. This part of the program
 
has ben organized and supported technically by IRRI. Through Rockefeller
 
Foundation funding aco-leader of the entire program has led the IRRI group of
 
scientists.
 

In writing about this program Freeman and Shastry have stated: 

"The underlying objective of the All-India Coordinated Rice Improvement 
Project is to promote the spirit of involvement by all rice scientists of the 
country in a common program. 'I he provision of extra personnel and 
facilities is thus merely an augmentation of inputs. This objective has 
been achieved to a considerable extent'through the active cooperation of the 
personnel involved. The testing programs of AICRIP is not just limited to 
24 research centers receiving ICAR assistance, but is conducted at over 
100 research stations all over the country. Two Central Institutes 
(IARI and (RRI), nine \gricultural Universities and several State Departments 
of Agriculture are involved in the program of multi-location testing. Rice 
workers from most of the cooperating centers participatc in two AICRIP 
workshops each year to review the research results of the preceding season 
and to draw up the program for the following season." 

KEY FEATURES 

The same authors cite a number of key features which have led to rapid progress 
in Indian rice research: 

(1). A system of semi-annual workshops was established where representatives 
of all regional and zonal units meet after each cropping season to present their results 
and plan the work of the next season. This requires a high level of discipline in 
reporting each unit's work so that results are promptly brought to bear on plans 
for the next season. The workshop is held at different places every other season so 
that individual scientists get to know something of problems in other parts of the 
network. 

(2). A "memorandum of understanding" was developed between state centers 
and the Coordinating Center. Freeman and Shastry comment that "basic to the 
effectiveness of a written memorandum is the "intent" of the parties involved and 
the spirit of cooperation which exists." 

(3). The research program is designed for prompt pay-off in farmers' yields and 
in national production. The scientist can see the importance of his work and so can 
the government agency which supports It. 
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(4). Flexibilityof action is an important element of this approach. In practice 
this has been one of the principal contributions of the International assistance 
component. 

(5). Team spirit has developed as a result of continued close collaboration and 
Is a key element in the success of the program. 

(6). The rhulti-disciplinary team approach which has proven so effective in 
problem solving arouad the world is cnLouragcd by this kind ol clurt. l'urther, it 
Is encouraged without excessive expense or duplication, for a particular specialist, 
wheriever he may be, can make his contribution. 

(7). The multi-location characteristic inherent in the AICRIP program is of 
great advantage in arriving quickly at a decision on the validity of aparticular 
material or practice. In some phases of rice research, the most reliable data obtained 
anywhere in the world has come from AIRCIIIP where it has been tested rigorously 
at scores of locations. A poor experimental line or practice quickly falls by the 
wayside when it istested this widely. 

COORDINATION IN SOUTH AMERICA 
a 

The coordinated approach has created much interest in other parts of Asia. 
It has been studied by the Indonesian Government and adopted in outline as their 
strategy for rice research. Ilere InSouth America we have heard of Brazil's 
coordinated national programs for several key commodities. Perhaps they, too, have 
studied the Indian experience in planning their programs. If not, I recommend that 
they do so. 

On abroader basis, Lam attractec, by the thought that aCoordinated Latin 
American Bean Research Program could move this c:op forward. Many of the 
essential features are here. We have many scientists woi king on the crop, but 
doing so in relative isolation. We have international and regional agencies interested 
in the problem and capable of making their unique contributions. Communication 
and travel within our area isrelatively easy. Language isno serious problem. While 
there are international boundaries that need to be crossed in our network the 
boundaries are friendly ones. 

Much cooperation already exists. I sec it as a relatively easy matter to 
strengthen these linkages. If we come up with a practical program, not too complex 
but capable of developing as we gain experience, I feel confident that we can find 
ways to obtain the necessary additional financing. 

There are many features of Asian regional cooperation which we can well 
adapt and amplify with beans here in Latin America. I particularly recommend that 
the AICRIP approach be thoroughly examined 
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'REPORT ON SURVEY OF THE FOOD LEGUME SITUATION 
IN LATIN AMERICA 

Antonio M.Pinchinat 

INTRODUCTION 

The organizers of the Seminar on the Potential of Beans and other Food 
Legumes in Latin America considered a prior survey of the legume situation in the 
l.atin American countries (including the Caribbean) necessary to determine the type 
of international cooperation that could be offered to those countries. 

In 1969, the Instituto Interamericano de Ciencias .\gr'colas (IICA) of the 
Organization of American States carried out asurvey in Central .\merica which 
served as a basis to review the plan of technical cooperatioa for the bean program in 
the countries of that area (2). In 1972 (1), ICA carried out the same type of survey 
in a1 Caribbean country, with similar purposes. 

'Ihose sureys served as abackground and model for the organization and 
completion of this survey. \ questionnaire divided into 12 sctions with a total of 
6:3 questions was sent to every country included. The official iCA representative 
in each country %as requested to act as an intermediary between the national 
informant and the person in charge of the survey, to facilitate communication. 

1lhrough the survey, we emphasized that: (I) the most recent and reliable 
information on the biological, economic and social aspects related to bean production 
and utilization in the specific country should be included in one document; (2) 
specialists in different fields within the country should exchange information and 
cooperate in the preparation of the document; (3) national deficiencies should be 
reported for those aspects covered in the questionnaire; (4) the countries should 
indicate or suggest the most relevant type of international cooperation needed 
to solve these deficiencies. 

'1his report summarizes the answers of the different countries emphasizing 
the organizational aspect and the impaot of research. Other aspects of the survey 
will be analyzed in detail at another time. 

RESULTS AND DISCUSSION 

Table I shows that most (14 out of 21) of the countries surveyed, particularly 
those that we had previously considered traditional or important bean producers, 
filled out the questionnaire or sent us informational material for the survey. 
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*frshle 1,Reaction of the different countries (x) to the survey on the hean 

situation In Latin America. 1972 

Country Reaction 

(1) (2) (3 (41 

Argentina X 
Bolivia x 
Brazil x 
Colombia x 
Costa Rica x 
Chile x 

Dominican Republic ' x 

Ecuador 
El Salvador 
Guatemala ,, X 
Itaiti . . 

X 

Jamaica X, 
Mexico x 
Nicaragua IK 
Panama 

Honduras 

Paraguay x 
Peru i 
Trinidad-Tobago x 
Uruguay X
 

Venezuela 

Total (of 21) 7 12 

The numbers in parenthesis correspond to the following: 

(1) The country did not supply any Information 
(2) The country filled out the questionnaire 
(3)The country did not fill out the questionnaire but sent literature 
(4)The answer was sent but delayed in the mall. 

Venezuela's contribution did not arrive on time due to a mail delay: therefore. %%c 
had only 13 reporting countries. The list of technical personnel that contributed 
their efforts to the compilation of data in each country isincluded herewith. 

This indicates that the researchers interested in beans at the national Ie el 
have a spirit of cooperation with their colleagues or with international institutions. 
This is agood omen for the success of the plans under study by international 
organizations to strengthen and increase the present inter-Americah tampaign fur 
the improvement of bean productivity and utilization in L.atin Amerka. 

COMMERCIALLY GROWN BEANS 

Common beans (Phaseolus vulgaris .. ) are grown commercially in allof the 
13 countries (Table 2). They are followed, in order of importance, by cowpeas 
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Table 2. Distibutlon of commercial (x) bean crops In Latin America. 1972 

Type of grain 
Country Common Cowpeas Lima Pigeon Other 

beans(l) (2) beans(3) peas(4) (5) 

Brazil x x x 
Colombia x x x 
Costa Rica x 
Dominican Republic x x x 
Ecuador X 
El Salvador x x 
Guatemala x x 
Haiti x X x 
Honduras x 
Nicaragua X x 
Panama x x x 
Paraguay x x 
Peru x x x x x 
Total 13 8 3 4 4 

* The corresponding scientific names are as follows$ 
(1) Phascolus vulgars 
(2) Vigna sinensis 
(3) Phaseolus lunatus 
(4) Cajanus cajan 
(5) Dollchos lablab, Phaseolus acudfollus, P.angularls, P.aureus and P.coccineus, among others. 

(Vigna sinensis fdnl.) in 8 countries and by pigeon peas (Cajanus cajan Millsp.) in 4 
countries, Lima beans (Phaseolus lunatus L.) and other legumes are produced 
commercially only in a few countries. 

Pigeon peas have acquired an increasing commercial importance and, in some 
countries, they are more important than other beans. 'i'is is due to increased 
demand by the industrial sector (canners and packers) which utilizes the product 
as raw material. Pigeon pea processing plants are located in Panama, the Dominican 
Republic and other parts of the Caribbean. 

[ean production in Latin America has a deficit because of low yields (about 
600 to 700 kg/ha). 

ORIGIN OF THE CROPS 

The information received on the history of bean cultivation in the different 
countries (Table 3) is compatible with the theory that common beans and Lima 
beans originated in Latin America. Cowpeas saving the reports supplied by 
Colombia and Paraguay) as well as pigeon Deas, were initially brought from the 
Old World, appa.-ently when the negroes came from Africa to the American continent 
in the 16th century. 
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'Table I. History (x)of the main bean crops in Latin America 

Type of bean 	 Histor --

Tradition 	 introduction - t 

Common beans (Phucolus vulgaris) x 

Cowpeas (Vigna sinensis) x 

Lima beans (Phaseolus lunatus) x 

Pigeon peas (cajanus cajan) x 

* 	 The crops that date back to pre-Colombian times are considered traditional. Those 
established after the arrival of Columbus In America are considered Introduced (from the 
Ancient World). 

Cowpea cultivation is considered traditional in Colombia and Paraguay, 
perhaps because informants did not give the intended meaning to the expression 
"traditional crop," that is, "crop dating from pre-Columbian times." Collateral 
Information, such as age of the cro'p on the Atjantic coast of Colombia and the 
nearness of Paraguay and Brazil, tends to suipport the argument that cowpeas were 
introduced to Colombia and Paraguay, as well as to the rest of the continent, after 
the arrival of Columbus. The history of other bean crops included the "traditional" 
as well as the "introduction" categories. 

The long-time tradition of bean cultivation in Latin America, mainly in a 
primitive way according to the informants, has been one of the reasons for the 
slowness or resistance of the producer to adopt modern cultural practices. On the 
other hand, this situation plus the fact that some beans (such as common and Lima 
beans, in particular) arc native of this part of the world, provide an opportunity to 
find a wide range of genetic variation for the selection of superior varieties. 

-NATIONAL PROGRAMS 

Beans are grown mainly in subsistence lots by small farmers; therefore, the 
support of national governments is essential to speed up the Initial success of the 
efforts aimed at improving the productivity yield and profitability of these crops. 

Table 4 shows that in 12 of the 13 countries, the state or federal government 
set minimum prices and offered credit and sometimes technical assistance for bean 
production. This reflects the general interest existing in those countries in the 
development of domestic bean production. Only six of them, however, can be called 
adequate domestic bean production programs, officially supported and where 
research and extension are coordinated to increase productivity of the'bean crops. 

With a few exceptions, the magnitude of the efforts that national institutions 
dedicate to bean research and to extension work cannot be expressed in figures 
(Table 5). This is mainly because, in most countries, specific resources (personnel 
and budget) are not allocated to bean production. We all know by experience that 
there is a considerable turnover of scientific personnel in the national institutions 
working on beans and a lack of coordination of activities among these institutions. 
In general, the informants admitted that the resources allocated .tobean activities 
are insufficient. 
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Table.4, Governmental support (x) to bean programs In Latin America. 1972 

Country Type of support 

Minimum prices, 
credit & other 

Ntional program, 
officially formed 
and supported* 

Brazil "' x 
Colombia x x 
Costa Rica** x 
Dominican Rep. x 
Ecuador ** 
hl Salvador x x 
Guatemala x, x 

fialti " x 

I londuras x x 
Nicaragua 

Panama x x 
Paraguay ; x 
Peru s x x 

Total 12 6 

Includes coordinated extension and research. 

In this country, there are several institutions working on beans but they do not have a real 
national program. 

s National program in the re-organizational %ta'e(Nov. 1972). 

Table 6 shows the fields of research, by country, where there has been a 
practical impact in bean cultivation through extension Work during the last three 
years. [he selection of varicties (mainly through introduction and yield tests) and 
the tests of planting systems (commonly very incomplete technological packages) 
have been the most profitable fields. I his is because, in the countries surveyed, the 
scientists dedicated to bean production arc mainly "agronomists-breeders" with 
very few specialists in other fields. 

it is very complicated to explain the difference among countries as far as 
achieved positive impact is toncerned. I here are many, factors to consider, among 
them: (1) the practical (economic) relevance of the research results and the 
effectiveness of the extension methods used; (2) the receptivity and adaptability 
of the producers regarding the proposed technological changes and (3) tie 
organization, intensification and continujity of the efforts at the national level. 

'1his last point, which also covers the number and composition (variety and 
competence) of scientific personnel, has influenced the number and diversity of 
publications ('Iable 7). Publications have been more numerous and diverse in those 
places where the quality and quantity of national efforts in the way of human or 
physical rcsources are better structured. 'I his trend agrees with our own 
expeience in those countries, esen in those whkh did not gise us a complete list 
of publications. 

In regard to priority problems related to bean production, the countries 
gave completely different answers (Table 8). Most of them (9 out of 12), however. 
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TTable 5.' National resourccs (technical personnel and budget)$ dedicatcd to beasn'research 
and extension work in Latin America. 1972 

Country Fields 

Research only Extension bnly Research & l-xt, 
Personnel Budget Personnel Budger Personnel Budget 

Brazil 850 
Colombia $0 24, 872,000 
Costa Rica *6 42 
Dominican Republic 3 
Ecuador 
El Salvador * 
Guatemala 9 45,614 17 
laIti 11 121 132 37,776' 
liondurs 
Nicaragua 2 10,100 
Panama 0* 53 Ioo,o0| 
Paraguay 
Peru 300 6,443,686 

* Personnel Is expressed in terms of man/years and the budget Is expressed In U. S.dollars. 
Blank spaces indicate lack of figures.

** Includes crops other than beans. 
*** Did not provide an answer. 

showed several socio-economic factors as the most serious problems affecting bean 
production development (especially common beans). Such factors are mainly (1) 
the low level of agricultural education of the producer; (2) the small amount of 
capital of the producer and inadequate incenties for credit and tv:rketing; (3) 
the deficient financing of research and extension. Other prioritj p.Ublems mentioned 
refer mainly to the technology (the tieclnological package) of production. 

I lie soclo-economic factors can be pointed out or studied but not easily 
changed. The nature of these factors hinder- the effectiveness of research programs 
in most countries. I herefore, as operating polity, these programs should be adapted 
to the socio-economic reality of the environment they are intended to serve. 

BEANS OF NATIONAL INTEREST 

Most countries (10 out of 12) chose common beans and cowpeas (8 out of 12) 
for production promotion and research (Table 9). i1geon peas were chosen by five 
and Lima beans by two countries. 

With the exception of I.cuador, the type of beans indicated by country 
varied from one (Ilonduras) to six (Guatemala and Peru) but in most cases (8 out of 
12) It was two or three. Lt uador stated that "in 'he rural areas, where meat and 
milk consumption is limited, direct legume consumption constitutes the main 
energy source." I.cuador proposed oilseed cultivation (without specification) 
because "their oil content makes marketing easy." Previous corrcspondenLe received 

316 



Tabli 6. Research fields (x) that, through extension work, have had aconsiderable'
 
practical impact on bean production In Latin America
 

in the last three years (1969-1972)
 

Fields
Country 

(1) (2) (3) (4) (5) (6) (7) Total
 

Brazil x x x x x x 6 
Colombia x x x x x 3 

Costa Rica x I' 
Dominican Republic x , - 1 
Ecuador .0 
El Salvador x x x x x 5 
Guatemala x x 2 

Haiti x 1 
Honduras x *x x 3 
Nicaragua x x x 3 
Panama x x x 3 
Paraguay 
Peru x 

0 
I 

Total 11 4 6 4 2 3 1 31 

The numbers inparenthesis correspond to the following: 

(1) Selection of varieties 
(2) Fertilization and inoculation with Rhizoblum 
(3) Cropping system (includes zoning, planting date, planting rate combined with fertilization) 
(4) Weed control 
(5) Disease control (includes plant pathology) 
(6) Pest control 
(7) Economic studies 

from l'cuador indicates that the country Is greatly interested in increasing bean 
production (mainly common beans). 

From our own experience in 1-l Salvador, we know that the interest is centered 
in common beans and, to alesser extent, in cowpeas. The same can be said of 
Venezuela and other Latin American countries where beans are produced 
commercially. 

This justifies the concern of certain international agricultural institutions to 
Increase common bean productivity in Latin America. The support that these 
institutions are presently giving or want to give cowpea and pigeon pea production, 
especially in areas that are marginal for common bean production from an ecological 
standpoint, isvery significant. 

THE ROLE OF INTERNATIONAL COOPERATION 

'The countries surveyed hope, in the first place to receive technical cooperation 
from international organizations Interested Inbean production ('rable 10), in the way 
of research counseling, Including work visits and temporary exchanges of technical 
personnel and research planning. By work visits is understood the effective partipation 
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Table 7. Number of publications of extensive circulation related to research and 
extension work in Latin America produced in the last three years (1969.1972) 

Type*Country 

(1) 	 (2) (3) 

Brazil''
 
Colombia 
 10 	 428 
Costa Rica**$
 
Dominican Republic 0 1 '0 1,
 
Ecuador 0 
 0 	 0 
El Salvador"
 
Guatemala 00 7 
 0 
Haiti 	 0 0 0
 
tlonduras 0 0 
 0 
Nicaragua 	 0 0 	 1 -

Panama"
 
Paraguay 0 0 
 0 
Peru 	 5 23 	 17
 

Publications are classified as follows: 
(1) technical articles for magazines and books 
(2) extension bulletins 
(3) extension handouts
 
Incomplete information but apparently there are many publications
 

" Incomplete information but apparently there are few publications. 

Table 8. Priority problems x)In bean production in Latin America. 1972 

Plant Ecological Cropping$ Seed Improved Soclo-economic 
Country health zoning practices production varieties factors" 

Brazil x x x x x X 
Colombia x x x x
Costa Rica x xx 

Dominican Rep. x x 
El Salvador "' 

Guatemala X x 
Iaiti x,+ x ,x x 
Ilonduras ,
Nicaragua x I , 
Panama x x 
Paraguay x 

,, 

x 
Peru x x 

Total 6 5 4' 	 4 ' 9 

' 	 Includes fertilization and other specific practices 
Mainly agrcultural education of the producer, marketing and financing of r'eearch 
and extension work , , , 

'" 	 Did not answer the question. 
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'rabic 9. Recommended bean species (x) for production and research in L.atin America. 1972 

Country Species 

Phascolus Vigna Cajanus Phascolus 
vulgari; sinensis cajan lunatus 

Brazil x x x 
Colombia 1/ 
Costa Rica x x 
Dominican Republic x x 
Ecuador 1
 

El Salvador 
Guatemala - x x 
Haiti x x x 
Ilonduras x 
Nicaragua - x x 
Panama x x x 
Parsley X X I 
Peru - x X x x 

Total 10 8 5 2 

Also Glycine max for direct consumption and Phaseolus aureus 

Also Dolichos lablab 

Oilseed legumes recommended (without specification) 

- Question was not answered 

Also Phaseolus aureus, Phascolus coccineus, Vida faba &Cicer arletinum 

Also Phascolus acutifolius 

Also Vicla faba and Cicer ariednum 

of the international specialists in aspecific activity of the country visited. Personnel 
exchange means tie assignment of an international specialist to a country while his 
national counterpart is being trained. The cooperation in research planning at the 
national level can be given by an international specialist or group of specialists 
through a work visit, an international meeting or, better yet, an intra-regional 
meeting. 

Formal or special tr.*ning is the next step, especially in the fields of plant 
Improvement, plant health, seed production, irrigation and communication. 'Ihis 
reflects the lack of competent specialized technical personnel in national 
institutions working on beans. 

There was acertain degree of preoccupation about the analysis and 
preservation of bean girmplasm. This idea was expressed by th;ee countries, two of 
which (Guatemala and Peru) are located in areas considered important centers of 
bean genetic diversity. Peru suggested that the international institutions distribute 
among the countries segregating populations (possibly of the F2 generation) and other 
types of basic genetic material. 
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Table 10. The role of International technical cooperation In bean production 
programs proposed (x) by the countries of Latin America. 1972 

Country Type of cooperation 

Research Formal & Analysis &preservation 
counseling- special 

training 
of germ plum 

Brazil x 
Colombia 3/ x x 
Costa RIca- X 
Dominican Republic x x 
Ecuador x 
El Salador . 
Guatemala x x X 
Haiti x x 
Ilonduras x, x 
Nicaragua x 
Panama x 
Parhgly x 
Peru x
 

Total 9 6 3 

1_Includes work visits and temporary exchanges of technical personnel and research planning. 

2/Especially in plant improvement, plant health, seed production, irrigation and communications. 

3_ Also mentioned research on food utilization of the product. 

4/Also mentlonel compilation and distribution of technical Information. 

Did not answer any questions. 

Also mentioned distribution of segregating populations and other type of genetic material. 

Colombia proposed the promotion of research on the utilization of Ihe product 
as food (grain and other parts) and Costa Rica proposed the compilation and 
distribution of technical information. 

It is important to note that, in answer to ageneral question, the countries 
proposed that emphasis be given to the same type of services that the international 
organizations (especially at the inter-American and regional levels) have rendered In 
bean production since the early 1960's. What these countries want is an extension or 
intensification of those services. 

CONCLUSION 

With a few exceptions, all the countries were willing to participate In the surey 
and most of them sent their answers on time. This shows the spirit of International 
cooperation of the technical personnel working on beans in Latin America. 
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Several of the contributions sent by the different countries and prepared , 
specifically for the survey are valuable documents that synthesize the present overall 
bean situation in the different countries. Some countries are planning to publish.
the document they prepared for the survey. 

In several c9 untries, the preparation of the answers originated cooperation and 
exchange of technical information among professionals in the same or different 
fields. 

From a socio-economic standpoint, common beans, cowpeas and pigeon peas 
are the most important crops in Latin America, according to the information 
supplied by the different countries. The cultivation of these crops dates back to the 
arrival of Columbus in the New World, or even before, and has been kept primitive 
by small farmers. 

The resources (technical personnel and budget) and the organization of 
national efforts to improve bean productivity and utilization are very inadequate.
The research conducted to date shows very few practical achievements. 

The most serious problems that the countries must solve to reach their 
objectives in bean production can be divided into two grojips: those of socio
economic nature and those that form the "technological package." 

Most of the countries want to concentrate their research efforts in common 
beans. There is also interest in cowpeas and in pigeon peas. 

When specifying the type of international cooperation desired, the countries 
mentioned the same kind of services that thave been rendered (particularly in 
Central America and the Caribbean) by organizations at the inter-American or 
regional level for many years. 

When trying to Improve bean production, international cooperation must 
take into account competition among countries to ensure their markets. This 
cooperation must aim at the maximization of the profit obtained by the producer 
without hurting the consumer. 
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MODERN APPROACHES TO TRAINING OF FOOD LEGUMES 
SCIENTISTS IN THE TROPICS 

Fernando Fernandez 

In this day and age the agriculture of the developing countries is going
through a period that some have called "The Green Revolution." It is a period of 
rapid technological advancement, of ever-increasing pressure for economic growth 
and of loud demand for social change. 

The relatively fast pace soight in the development of technology for grain
legume crops and for the production and utilization of this human foodstuff rests 
upon a number of critical activities that generate the inputs and organize and 
energize the processes in what has been described as the "agricultural system." (14) 
The generution of such inputs and processes, related directly to technoiogy and to 
social and economic failors of the production unit, calls for sources of qualified 
manpower to insure a constant or ever-increasing rate of progress. 

Several distinguished scientists have emphasized in this seminar the immediate 
relevance of grain legumes species, particularly field beans, Phaseolus vulgaris, in the 
agricultural panorama of the tropics from the standpoint of their respective
scientific disciplines and human values. Evidently,'a large, urgent, short-and long
term task of reseach and change in the production systems of food legumes lies 
ahead. 

If the above tasks are to succeed, an increasing number of competent
research scientists in specific disciplines will be needed to work with field beans and 
other grain legumes in each one of the countries of the tropics. 

Furthermore it will be essential to ensure that the results of research, the 
'"package of technology" developed for each particular set of conditions, is made 
available to the farmer and that he is taught directly or indirectly to adopt and 
make the most out of that technology for his own benefit and for that of rural 
and urban p,-m latlons. It will be absolutely necessary that a sufficient number of 
competent production specialists be on hand to validate technology, to effect 
change, to transfer that technology and to help cieate the socio-economic 
conditions favorable to adoption. 

Table 1 shows the number of research scientists and production agronomists
in extension work during 1967 and 1972 for two of the best staffed countries in the 
fleld of food legumes in Latin America. These figures show little change in a five. 
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Table 1. Numbers of research scicntis and production agronomists working with food 
legumes in Colombia and Peru during 1967 and 1972 

Country Research Scientists iroduction Agronomis 

&-dlng, Agronomy2 Pathology Entomology 3 Total Full time Part time--

Colombia 

1967 10 2 1 2 15 120 

to 1972 9 9 2 - 180 

Peru. 

1967 9 7 $ 2 21 160 

1972 5 11 1 2 - 19: 280 

Sources: 1967. IICA. Investigdorcs Agr°colas de I& Zona Andina.
 
1972. Direct information obtained from ICA, Colombia and DGIA, Peru.
 

1. Includes seed processing 

2. Includes Soih Science 

3. Includes Nematology. 



year period as tar as research manpower is concerned. b ubstantitai increase nas 
taken place in the number of production agronomists that are only partially 
concerned with field beans in their work. 

WHY IS TRAINING NEEDED? 

At the professional level, training is intended to: 

a) 	complement education; 

b) 	develop skills, in research and in production; 

c) 	lead to specialization, that is, increased depth of knowledge in a given 
subject; 

d) qualify the professional for his Intended work; 

e) 	 energize and motivate. 

Being an instructional function, one might expect that training at the 
graduate level would belong essentially on the campus of the university. When it 
comes to training in sciences or for research, many graduate schools, both local and 
foreign, do a commendable job of forming competent research scientists within the 
realm of a given discipline. [hat seems to be the primary aim and immediate goal 
of the master's and doctoral academic programs. 

As Autrey, Garces and Wough reported in 1971, (3) there are 15 institutions 
In ten countries of Latin America, including Mexico, Costa Rica, Colombia, Puerto 
Rico, Brazil, Chile, Argentina, Venezuela, Cuba and Peru, that have graduate 
academic programs leading to master's degrers, and one school in Mexico offering 
doctoral programs. 'Ihis represents indeed significant progress in graduate educa'cion. 

University education, however, in Latin America :s discipline oriented and has 
been characterized by an emphasis on theoretical instruction often of good quality, 
high intensity and wide scope, at the undergraduate as well as at the graduate 
level. Many problems beset the universities and tend to affect unfavorably the 
quality of education in agriculture, but I do not intend to discuss those here. It is 
not at all uncommon, therefore, to find that to attain a high level of excellence and 
produc.tivity in research, the scientist fresh out of graduate school, who is going to 
work with food legumes, needs additional training to acquire deeper and updated 
knowledge and develop 'eld skills relevant to those crops. 

Furthermore, in many countries, the number of professionals, possessiors of 
M. S. or Ph. D. degrees are very few. 'Ihis circumstance forces the research programs 
to recruit personnel from among agronomists emerging from undergraduate 
colleges and not from graduate schools. 'Ihe need for complementary training of 
these professionals to qualify them to work in food legumes research is even 
greater. 

Rescarch scientists alone, moreover, cannot bring about the full agricultural 
development expected for a country or region. The corps of competent production 
agronomists is absolutely essential to bring to the producer the technology 
generated by research, test it on the farmers' conditions and spread that tecnnology, 
once proven valid. (It is estimated that about 20 production agronomists are needed 
for each research scientist; this relationship may even be greater in the future). It is 
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commonly found that the extension agents, change agents or technical advisers that 
are supposed to transfer technology are young professionals of recent graduatl6n. 
They are placed in the communities they are to help, often after only a crash 

-course on classical extension methods and without the diagnostic skills and 
management competence needed to cope with the practical problems of production 
that the farmer faces in reality. I heir theory-orientea university education falls 
short of qualifying them to fulfill their task (1.5,6,7,8). 

l.ssentially any, agronomist, who because of any circumstance, is not fully
 
competent to accomplish his proposed objectives, must undergo a certain amount
 
of "acquisition of experience," that is: to gain deeper knowledge about the subject
 
matter, develop skills and reach familiarity with his subject. "Nis acquisition of
 
experience is an every-day human function. That experience may be acquired in one
 
of two ways:
 

(I). By "trial and error"; that is, applying whatever knlowledge and ability the
 
professional has plus a good (lose of commonsense logic. .ShLctsses and failures pave
 
a long way to experience that may, or may not, make him 1 1 )mpetent scientist.
 

(2). By training; that is, carrying out a series of tasks, designed to give him an 
opportunity for sequential learning and development of abilities, under the 
guidance of a knowledgeable skilled super,,isor. '"ihe final results will depend 
primarily on the quality of the training, the trainee, and the supervisor. 

Given objectives of rapid development of agriculture with respect to grain
 
legumes, the national institutions of Latin America could hardly afford to follow
 
:he first method, in the hope of eventually having a sufficient number of competent
 
professionals. l'iaining is then the answer, to form teams of research and production
 
personnel in the least possible time.
 

In 1971 and 1972, 24 young agronomists who participated in Crop Production 
Training at CIAT were asked after completion of their 12-month training period: 
"If you is ould have had to realch your present level of experience by means of 
working at the regular job you had before training, how much time do you feel that 
would have required? " I he answers ranged between three and six years, and the mean 
was 4,2 years. 1he question was repeated to 1'3of those 24, taken at random, one 
or two years later. Again the range was from three to six years, with a mean of '1.8 years.
This group included a range from recent graduates to professionals withi up to five 
years of work in extension. 

Nevertheless, the greatest benefit of training is not just in shortening the 
time for acquisition of experience, but in assuring that the knowledge and skills 
developed are the most appropriate for the research or production tasks, and in 
energizing, motivating and mobilizing the professional. 

Oftentimes some educators, who do not recognize the need for practical 
tralnlng, contend: 

"The United States and European countries have been able to develop a 
numerous, strong, competent force of successful research scientists and extension 
agents by means of academic programs alone, that are similar to those in Latin 
America, in tht both are largely theory oriented." 

One might quickly admit validity in this statement, but three considerations must bc 
taken into account. 
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First, in the past, over 75 percent of the professionals anrd students of
 
agriculture inthe United States and E'urope have come from rural areas and have
 
a strong farm insight and backgrouid, based on actual practice. In contrast, the
 
comparable figure for Latin Amcrica is 25 percent rural extraction and 75 percent

urban (1,7,11,12). Furthermore, most of those that had some farm background in 
Latin American countries have come from asocial stratum that provides little 
opportunity for "down to earth" first-hand experience. 

Second, in the advanced countries, large numbers of studentsand scientists 
have been, for a long time, devoted to research in well funded institutions that 
allow for "in-service training" of young scientists .coupled with regular research 
progress. Agricultural research, in particular, is almost entirely in the hands of the 
land grant colleges (in the United States) at ting as training centers for research 
scientists. 

Third, extension agents in the United States have been dealing with a much 
more educated population of relatively sophisticated and well financed farmers 
very receptive to new technology, and operating in a more favorable agricultural 
system. The role of the extension agent in that case has more of an informative 
nature. The socLio-economic ills that plague the agricultural lands of the tropics 
have been almost nonexistent in the United States and Lurope. Thus, the problems 
faced by the production agronomists in the developing countries are far more 
difficult than those in the advanced ones. 

Byrnes (8) hypothesi/es that "the more underdeveloped is a country's 
agriculture, the more competent the extension workers must be - and in more areas 
of competency. '1he illiterate farmer in the developing country depends almost 
solely, on the extension worker, lie does not have the diversity of communication 
media (telephone, television, newspaper, farm maga/ines, etc.) nor ready access to 
other sources of information that are available, for example, to the farmer in Iowa. 
If the extension agent cannot competently respond to fie farmer's questions, or if 
he gives wrong advi e, the farmer and many others suffer." 

The orthodox methods of agricultural education that have characteri/ed the 
education of agronomis. in I.atin \merica have been brought in as adaptations of 
those developed in the more advanc cd countries of western civilization for much 
different physical and so(ialenvironments. 

A survey, through personal visits, to 10 of the most outstanding colleges of 
agriculture of Latin Amerit a in 1969, revealed that, at least in the minds of deans 
and other academic administrators, the value of "field and laboratory practices" 
was rated highly, at the same level as lecture i. flowever, in most cases the laboratories 
were lacking in equipment, the fields lay idle, mat hincry and tools were scarce, there 
was a great shortage of field instructors, student absenteeism was evident and down
to-earth work with one's own hands in the field was considered degrading. Lack of 
financing was the reason given almost unanimously for su(h void of nrac',cal 
training. 

Lvery so often the colleges of agriculture embark upon "curricular reforms" 
prompted by changes in administration, or pressures from the faculty and/or the 
student body. Ilowever, the changes realized are usually in program and course 
content, not in philosophy and muthodology nor in balance between thcory and 
practice. Thus, the product changes little and continues to consist of well educated 
professionals who subsequently need to acquire encperient e by trial and error or 
must be trained if their education is to become viable (8). 
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There is truch to be discussed in regard to agricultural education in developing
 
countries, but I shall not pursue it here. The matter of change in educational
 
systems must be approached constructively in the light of new ideas and in
 
realization of the needs of these countries.
 

IN-SERVICE TRAINING 

The method of "training on the job" ias been-utilized since ancient times to 
qualify a person for a given work. Perhaps ;, is the most commonly used procedure 
to develop skills and provide specialized knowledge, particularly to beginners or 
new personnel unfamiliar with a particular work or environment. This kind of in-service 
training is often done even without an intention to formally train but essentially is 
a way of training. low effective this method will be for a given person will largely
depend on the amount of preplanning done, the degree of responsibility assigned 
to the trainee, and the extent of advice and supervision given. 

This type of training is very often practiced in national research institutes
 
when new young graduates are taken into their ranks. The extent of success in
 
training competent scientists varies from almost none to a high degree, depending on
 
conditions to be discuesed later.
 

Selection plays an extremely important role toward successful in-service 
training, partictilarly when the training is directed to a specific discipline or commodity. 
Personal likes, or vocations, attitudes, habits, background, dedication to work, 
natural abilities, adaptation to the environment, besides intelligence, university
education, and personality, are impoitant characteristics that must be taken into 
account. 

THE POSTGRADUATE INTERNSHIP 

Among a number of adaptations of the in-service training model, there is one 
In particular that has persisted over the years due to its success. 'Mat adaptation Is 
known as the internship in medical education, whereby the student, once he has 
completed most of his courses, enters a hospital in residence for one or two years. 
During that period, he is exposed to a very large number of cases, in various fields of 
specialization, lie participates and takes responsibility in the diagnosis and treatment 
of diseases and disorders, plays a part in surgery teams and may become involved In 
some resea. h project. All of this he does in consultation with colleagues and under 
the supervision of the most experienced doctors. In addition, fie interns attend 
seminars, and become actively involed in discussions and revii, 1. of particular 
cases. At the end of this period of internship training, the student JsrAduates. 

If the now graduated physiian chooses to follow a field of spec.alization, say 
cardiology, he becomes an intern again (this time he is called a resident) for an 
additional two or three years of postgraduate training. 

For the physician these internships are periods of "learning by doing" with a 
great deal of direct involvement in the practice of his theoretical knowledge under 
the supervision, assistance and advice of specialized professionals. There Is a 
minimum of formal classes; instead a number of seminars and discussions are 
scheduled. Total dedication is another key characteristic of this kind of training. 
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In sharp contrast, the faculties of agriculture, that in Latin America origlnated 
along with the faculties of engineering, (thence the title of 1. A.), release their 
graduates without any sibstantial period of practice. It may perhaps be admitted 
that engineering, a professional field that rests on the exact sciences, may have a 
lesser need for practical expericnLe for its students or graduates. The professions 
in agriculture, however, rest more on the biological and social sciences, and those 
aspects of the physical sciences, tLat are more difficult to reasure and con trol. Thus, 
in working with the food legume plants, the professional faces a great deal of 
biological and socio-cconomic variability that makes first-hand experience essential 
for competency. 

In recent years, the international research and training institdtions have 
adopted th. postgraduate internship and its "Icarning by doing" methodology, 
adapting it to fit the training of young agricultural scientists. 

The International Rice Resear:h !nbtitute (IRRI) (17) was first to put the 
concept of postgraduate internship into prictice in its full conception in 1962 with 
a great deal of success. CIAT has also incorporated the postgraduate internship into 
Its training programs, making additional improvements. 

Outlined below are the principal character;stics of the postgraduate internship 
as it applies to training in plant sciences. 

(1). 	 "Troining by doing" for research or production takes place directly in th 
fields znd in laboratories. 

(2). Well defined "behavidral objectives'. are established. 

(3). A "training plan" is followed to reach these objectives. 

(4). Qualified supervision and advice and evaluation are provided by direct 
adviser-trainee channels. 

(5).'Complete dedication is required full time. 

(6). 	The trainee is given responsibility in his activities. 

(7). 	 Opportunity is provided for first hand experience right In the farmers', 
fields. 

(8). 	 Interaction with colleagues is promoted. 

(9). The program offers seminars and conference-discussion sessions and time 

for independent reading and writing. 

(10).The training leads tc specialization in a discipline and/or a crop or small 

group of similar crops. 

(11).The training seeks to develop specialized skills. 

(12). Opportunity is provided to include aspects of social sciences, primarily 
economics and communication. 

Five of the 12 characteristics listed deserve additional comment. These are 

trainingby doing, behavioral objectives, supervision, training plan and responsibility. 
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Training by Doing 

Training by doing is the backbone methodology and a requisite for successful
training. The trainee must personally carry through at leaqt once all tasks related tothe objectives of his training. Full involvement of this kind has often been avoided 
in the pi.st as it has been considered, by some, degrading for a professional. "rhisis
understandable in'the light of the social prejudice that is in these days being erased 
by social change. 

Behavioral Objectives 

The specific goals of training are best expressed in terms of "behavioral
objectives" (18); that is, what change in behavior related to the field of specialization
b nought through training? Or, what do we expect the trainee to be able to do upon

corn,,ietion and as a result of his training? By eliminating vagueness and defining
those expectancies in the most precise terms, it becomes easier to draw a trainingplan to reach those objectives and to c ,aluate, at the end of the period of training,
whether the objectives were accomplished. 

Supervision and Advice 

The main diffcrenct between poor in-service training and a successful
postgraduate internship is supervision and advice. We should not expect a man to be
trained by just giving him a task to carry out. He must be guided and advised, not
to the extent of "leading him by the hand," but to the point where he will be
oriented to apply his present knowledge and ability to acquire additional knowledge
and develop further ability on the subject matter. 

Responsibility 

Supervision and advice must maintain a badance with giving responsibility. At 
no time should the first two substitute the latter as long as the trainee is capable
of accepting that responsibility. One of the most developed instincts in man, oneevident from a very young age, is that of ownership. The sense of ownership leads 
to the pleasurable acceptance of responsibility and also motivates. The postgraduate
intern should be given the opportunity to feel that he owns the project in which he
is being trained, by means of assigning him a research or production project in grain

legumes.
 

Training Plan 

A training plan is another feature of the postgraduate internship that
 
contributes toward effective learning. A plan keyed to the objectives allows for an'
organized series of instructional experiences instead of haphazard work.
 

Candidates for postgraduate internship to train in research directed to food
legumes in CIAT are identified and selected by the senior staff during their visits 
to the institutions involved in bean research in the various countries. CIAT itself 
provides a limited number of fellowships. Others are financed by national or
 
internaticnal institutions.
 

Before the candidate comes to the Center, his prospective adviser together with 
the training coordinator draw up a training plan. This plan is in effect throughout
the trainee's period of residence. Upon arriv,, at the Center, the professional is
assigned a research project along the lines of the plan and is provided advice and 
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supervision as needed. When he is not involved directly in his field research project, 
the trainee participates with other program trainees and personnel in discussions on 
selected subjects, involving various disciplines related to field beans, lie also visits 
the research plots of other trainees andresearch scientists in the Center and 
whenever possible goes to visit farmers and study their problems. Attendance at 
regularly scheduled CIAT wide seminars is also required. At the end of his training 
he presents a report on the results obtained from his research, and both supervisor 
and trainee evaluate the training. 

THE PRODUCTION SPECIALIST INTERNSHIP 

CIAT has developed its own version of the postgraduate internship adapted 
to training in crop production and has called it the "Production Specialist Internship" 
(the term "postgraduate intern" is conventionally used in CIAT for research 
trainees). This kind of training has been practiced previously in IRRI with much 
success to qualify professionals that are going to advise farmers and transfer 
technology, (9, 17, 21) and train other professionals in rice production. CIMMYT 
also utilizes its own version in training maize and wheat specialists. 

Oftentimes one hears criticism of extension services and commodity development 
programs for not being effective enough in bringing about the expected change in the 
production systems of which food legumes are a part (2, 7, 8). Several reasons have 
been given for the very limited success of these programs. Some blame it on the 
alleged traditional resistance of the farmer and others on the defective organizational 
structure of ex ension services or on problems of communication (7). 

In more recent years, the lack of adequately trained, competent production 
agronomists has been given with increasing frequency, as an explanation for the 
failure of extension services, particularly when dealing with small farmers. Byrnes 
hat analyzed the matter of credibility and competence of the development 
communicators or production agronomists, as key characteristics often missing (7). 
His observations in Asia and Latin America have led to the conclusion that many of 
the change agents lack credibility in the eyes of the farmer, mostly because these 
chailge agents are not techni ally competent, lack farming background and experience, 
have little to extend of economic value, and in addition are deficient in the 
communication skills the circumstances require. Credibility may be restored by 
means of increasing the competence of those agronomists through training to make 
them capable production specialists. 

rhe same author (8) has identified five areas in which the oroduction 
specialist must be competent to be effective. To quote Byrnes' five points: 

(1). Technical competency or the level of knowledge and understanding 
relevant to the food legume species the farmer produces, the production practices 
involved and the physical environment in which the production takes place. This 
must include the ability to diagnose correctly typical problems and abnormalities 
of plants growing in the field. 

(2). Economic competency or the ability to weigh alternatives of production 
input and marketing strategies, ard to make his recommendations in the light of 
economic relationships within the reality of the physical and socio-economic 
systems in which the farmer operates. 

(3). Scientific competency or a basic understanding of the philosophy of 
science and the ability to conduct simple replicated field experiments with food 
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legumes which objectively test whether an Innovation is worthy of adoption' under 
the farmers' own conditions. 

(4). Farming competency or the willingness and skills to perform the range

of physical tasks involved in producing food legumes.
 

Once the food legumes production specialist has acquired these four
 
competencies, a fifth competency becomes vital to this role of change agent.
 

(5). Communication competency or the ability to plan, prepare and present
adequate messages for relevant audiences including the farmer, the credit agency,
the input retailer, the market chain, or even the consumer. 

The training program in CIAT for the "production specialist" includes
 
inculcating these five compc, ncies as its principal.inmediate objective.
 

Participants in the 12-month program are selected from among promising 
young professionals in national institutions having e*xtension services, development
projects or production programs. Young professors from faculties of agriculture
in colleges or universities are also selected for the program. Once in CIVI' they

follow a training plan that during the, first six months includes 60 percent of the
 
time devoted to field practice and 40 percent to conference-discussions and
independent library work. The participants, in groups of four, are assigned a nine
hectare farm on which they will grow selected crops, personally performing all tasks 
inolved in the production of the crop or crops, frr rn planning and land preparation
to harvesting and marketing. The field supervisors are on hand all the time but the 
trainees are the decision-makers and the responsibility for the farm in theirs. 

T'e subject zmatter covered in conference-discussions sessions includes Crop

Technology, Field Experimentation, Economics-Farm Management and
 
Communication.
 

At least one experiment is established by the group of four on their assigned

farm to practice ways of validating technology.
 

Detailed accounts are kept of each farm by the participants who then 
analyze the results of their decisions in the light of benefit/cost relationships and 
run a complete economic analysis of their operation. 

After one semester of training as describcd, each trainee is assigned to an area 
away from the clAT center, where he identifies a number of small to medium size 
farmers with waom to continue his training Ihe trainees visit the farmers'daily and 
even live with them for periods of time. They practice what they have learned about 
technology, economics and communication and acquire further farming competency
in the actual environment of a farmer's production system. This second stage lasts 
for six more months to complete one year of training. 

As a result of the success of the production specialist internship program in 
qualifying the professionals, our attention has been drawn to the desirability of 
providing some opportunity to strengthen the farming competency of young
research scien:tists through field practices in production, directly related to growing
food legumes under commercial conditions. Pilot-programs along these lines are 
now being developed for testing of alternatives. 
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The objectives established in production training for research scientists are to 
qualify the scientists to: 

(1). Identify field problems restricting production that deserve resea'rch. 

(2). 	Achieve the maximum of success and reliance on data in their research 
efforts, through effective estal lishment, protection, and management of 
the crop under study. 

(3). Plan their research and evaluate results in the light of economic factors and 
relationships affecting commercial production. 

(4). Develop and make effective use of field problem diagnostic skills in order 
to prevent in field experiments unwanted variability caused by disorders, 
pests or diseases that could be prcvcnted or cured. 

(5).Take into account the technological and socio-economic relationships 
between the food legume species being investigated and other crops and 
components of the production system. 

Contrary to the classical tendency to over-emphasize technology in the 
training of production agronomists, CIAT has recognized the urgent need 
for an integrated social science input (primarily economics and communication) 
into the training program. 'Ihis input is considered an extremely essential part of the 
competency of production agronomists and highly desirable in that of research 
scientists. Besides being competent in science or technology the professionals must 
be sensitized to the fact that agricultural production is only a means to attain 
development, of which the final objectiv.-is man (10). 

THE SUBJECT MATTER SPECIALIST 

Except for certain areas of monoculture, in the Latin American tropics it is 
moro common to find a situation of diversified agriculture involking several crop 
species. This fact plus the limited availability of personnel and financial resources 
of extension, change or development programs has made it necessary that the 
production agronomist be a crops-generalist rather than specialized in one single 
crop. But every so often he runs across problems that require the assistance of a 
commodity or subject-matter specialist. This latter is a professional who has 
deepened his knowledge of field beans or food legumes (in our context here) and 
has developed, through training, specific diagnostic and managerial skills. In this 
sense he is a very specialized production agronomist, lie may also be involved in 
adaptivc research or regional trials, lie is qualified to act, then, as a liaison between 
the field agent and the research team. 

This type of professional, although highly desirablk, is not very commonly 
found in developing countries. A increasing demand for this kind of man should be 
expected in the future. That he be well trained is particularly critical, as he will be 
advising other professionals and will also be a channel of feedback to the research 
center. 

The combination of production training, concentrated on field beans or food 
legumes, plus training in research, will produce this kind of professional. 
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TRAINING OF RESEARCH SCHOLARS 

For some time, professionals from Latin America who went to a foreign country 
to pursue an advanced degree became involved in basic research, rather than applied
research, for their theses or dissertations. This phenomenon has also been happening,
although to a lesser degree, in some of the local graduate schools, when a 
disciplinary rather than a commodity approach predominates. 

In 1963, Bradfield called the attention of the graduate schools to the 
desirability that students from foreign countries be provided opportunities to do 
applied research for their theses on problems closely related to their countries' 
environment and resources (5). Wortman, who has had long experience in agricultural
training and research in the international spheres, indicates that the greatest need in 
research personnel in developing countries is "for people prepared for much 
adaptive rather than fundamental research" (22). 

The Nobel Prize winner Norman Borlaug emphasizes that the research
 
agronomist for the developing countries should have a rather broad training,

should be trained to work with his hands, and must be motivated to serve human
 
needs (4). More recently, Lam and Lamond urged that foreign graduate students.in
 
United States universities do their research back in their countries whenever 
possible (16). 

There is, therefore, an opportunity for an early start in academic training of
 
research scientists in food legumes to orient them along the problem solving routes
 
of country needs. CIAT is doing this, and country programs should also open their
 
doors to this kind of action by providing opportunities in national institutions to
 
graduate degree candidates to do their thesis research in their physical facilities.
 

THE ROLE OF THE INTERNATIONAL CENTERS 

Frequently the administrators, scientists and professionals from the developing
countries rightly look upon the international centers, such as IIC.\, Cl.V', and 
liTA that have programs in food legumes, as sources of training opportunities that 
they are supposed to he. Ihe concentration of brain power, expertise and scientific 
physical resources make these places ideal sites for training personnel. 

Indeed, this role is acknowledged by these international institutions, and 
training professionals is a primary goal along with research objectives. Iurthermore. 
these centers realize the nted to strengthen the national institutions if these are to 
effectively carry the responsibilities for agricultural and economi development of 
their respective nations. It is hoped that the prevailing scientific atmosphere and the 
sense of urgercy that permeate these institutes will have an energizing effect on 
those trained. It is also expected that their graduates, along with other scientists in 
the various national programs, will help to structure a network of competent research 
scientists and production agronomists, with a common interest in food legumes that 
would facilitate the exchange of ideas. informition and materials. 

It is definitely foreseen that CIA I's contribution to the decelopment of 
agriculture in the trqpics will be at least as large through training as through research. 

hlowever, the role of the international centers is visualized as being more of a 
catalytic nature. 'Ihe responsibility and manpower for developing.each country's 
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agriculture irf the tropics rests basically in the hands of the national institutions and 

private enterprise of the various countries. It would be presumptuous for any 

international institution to claim or expect more than a catalytic action that would 

help to facilitate the role of the national agencies. 

It is then evident that CIAT could train no more than a relatively limited 

number of research scientists and production agronomists in its food legumes 

(initially field beans) program. This institution hopes rather to devote its efforts in 

training to qualify a selected group from each country that would in turn train others. 

Examples that show the viability of this approach occur in the Philippines, Ceylon,-

Bangladesh, India, Indonesia and other countries where professionals trained at 

IRRI have organized and condu-ted training programs in association with colleges 

of agriculture or national government agencies. Initial steps to initiate this 

multiplication effect are now being taken at CIAT. 

The international centers, in addition to training trainers, may also develop 

new methodologies and approaches to training, produce training materials to make 

them available for in-country training, and provide technical assistance to national 

training programs when needed. 

THE ROLE OF THE NATIONAL AGENCIES 

The need for multiplication of training is easily recognized by the national 

institutions. What Isnot very clear in the minds of their administrators is: Who has
 
And when the responsibility is accepted, it is not
the responsibility for training? 

yet clear what should be the approach to follow. 

Very often the non-academic institutions feel that training is a responsibility 

exclusively of the local university, although the institutions themselves might do in

service training but without having an organized training program. When either the 

university or a governmental institution accepts the responsibility they find it very
 

difficult to overcome the tendency for crash programs, short courses and classical
 

approaches characterized by theoretical instruction, rather than adopting new
 

pragmatic approaches. 

An effort to identify barriers to modern approaches to agricultural trainink
 

and education in seven Latin American countries led to the conclusion that there
 

are four most frequently encountered obstacles.
 

(1). The value of guided practical training to provide considerable experience
 

in a short time, so as to energize professionals into action, has not yet been fully
 

recognized by national institutions. They are oriented to, and more likely to take
 

advantage of, the frequent opportunities their professionals have to obtain more
 

education in traditional theory courses.
 

(2). Traine~d personnel are scarce and there are constant pressures to launch 

national action programs. Thus the national officials tend to assign newly trained 

personnel to work directly in existing or new field programs rather than in the 

training of others, an activity which they consider belongs in the universities. 

(3). Faculties of agronomy in the national universities cling to their traditional 

forms of education and lack the leadership and financial resources to introduce 
pragmatic training programs (which they often associate with vocational education) 

Into their undergraduate ;nd graduate curricula. 
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4. The limited number of production-oriented professionals capable of training 
others has not yet reached a "critical mass" in any country so as to be able to 
demonstrate to decision-makers the value of in-country production training 
programs. 

It must be recognized that, by principle, the most logical place for training 
to take place is the national or local university, college or school of agriculture. 
Let us hope that in the near future the educational methodologies at the undergraduate
level will be revised, the graduate programs will be strengthened and oriented 
toward problem solving research, and that production and training courses with a 
pragmatic approach will be organized. In the meantime other national institutions 
may have the responsibility for training. However, it is hoped though that these 
barriers will be overcome in the near future if the needs of the individual countries 
for sufficient numbers of well-trained professionals to staff national programs are 
to be satisfied. 

In addition to the universities other places identified as sites for in-service 
training in Latin American countries are research stations, demonstration farms, 
rural development projects, and the farmers' fields. 

It is likely that the growth of grain legumes programs in the various countries 
will bring new personnel to join the programs in research. In addition there will be 
need for numerous production agronomists and subject matter specialists in field 
beans and other grain legumes. With a little insight, vision for the future, and 
determination, the required manpower can be trained to be competent and to 
contribute effectively toward agricultural and economic development as well as to 
the improvement of rural life in the tropics. 
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THE DESIGN OF AN INFORMATION NETWORKAS A
 
SUPPORT TO SCIENTIFIC RESEARCH,
 

Fernando Monge 

I have allowed myself to slightly change the title of this presentation 
(Scientific Communication Resources for Food L.egumes Personnel in the Tropics) 
mainly to emphasize the importance of scientific communication in any research 
and action program, not only in the food legumes area, but also to be able to deal 
with the subject of the creation of communication systems or networks, which 
constitutes one of the most powerful resources in the field of scientific information. 

INFORMATION AND DEVELOPMENT 

Advances in the field of cybernetics during the last two decades have supplied 
the intellectual world with an interesting way of approaching problems of different 
nature. Adopting as , definition the words of Wiener (9) "science of communication 
and control in the animal and machine," cybernetics allows us to form concept of 
the behaviour of any system, not by isolating its components and consequently 
detracting from itsreal functioning, but rather by looking at the system as an 
organic whole, "ihose essential characteristic is the interaction of its components. 

Man, for instance, is the product of his genetic background and of his. 
interaction during his life span %%thhis surrounding environment 'et: oth factors, 
genetic or acquired, are in reality processes of transmission of information and 
control. In the first case, the characteristics inherited by man are the result of a 
natural mechanism by which the information borne by the chromosomes of the 
progenitors is combined and transmitted to the progeny following rules and 
principles that slowly become known to man through genetic research. 

In the second case, which deals with the physical and intellectual 
characteristics acquired by man, we also see the occurrence of a process of 
communication of information, since man is continuously receiving stimuli through 
the senses, and these stimuli allow him to adapt his behaviour (modify the system) 
according to the conditions prevailing in the surrounding environment. In 
conclusion, man as an individual develops himself through informatior plucesses 
that let him survive by a continuous social and biologic adaptation. 
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If we enlarge our approach to the level of human groups, the degree of
 
development of the countries is in direct relationship with the information they
 
have and use. Lorenz (5) points out that:
 

"Information is one of the most important and powerful resources in the 
world today. But there exists an unbalance in regard to the quantity, quality and 
degree of sophistication of the asailable information in the sarious counties of the
world. 'Ihis is one of the basic rcasons for the immense difference in the social. 
economic, educational, scientific and tec hnologic dceelopment between the 
developed nations and those countries in process of dce lopment. If these differences 
are to be substantially reduced, and eventually minimi/ed, the transfer of infoimation 
at the international level will have to be improi ed and developed very strongly." 

It is difficult, or rather, impossible, to envision a S'stem or network without
 
links that relate all of its elements. 'Ihe interaction concept itself is the very basis
 
of a system. As Parker says (8), what is not a system is merely a heap of incoherent
 
things; hence the importance of information in a network.
 

GENERATION AND TRANSMISSION OF INFORMATION 

Two,basic processes are ins olsed in scientific and technological deseloptuent: 
(I) the prbcess of gcneration of information, that in the prese,.t world is performed
through institutions or through research organirations financed by the public and
 
private sectors; and (2), the process of transmitting the information to those
 
sectors which will implement it and produce the "visible" characteristics of
 
development such as greater production, ad\anced technology, increase in the 
standard of living, in educational levels, etc. 

Now then, if we plate ourseles in the hypothetical situation of a country
 
that has decided to become self-sufficient in regard to generating all of the
 
information required for its development, we %%
ould find a sine qua non condition
 
of having a highly developed infrastructure, in order for this country to reach the
 
frontiers of the unknown in every field.
 

Obviously, this does not happen een in the so-called "de%eloped" countries 
where, on the contrary, great emphasis is placed in the exchange of information 
with other countries. 'Ihis is because ideas originating in one mind usuall) be( oiue 
more fruitful when transplanted to minds who may enjoy the benefit of different 
scientific schools of thought. Besides, financial requirements as well as need for 
highly qualified personnel for a self-sufficient situation would surpass the actual 
possibilities. 

This would be even more true in the case of the lesser developd countries %here 
the movement toward institutionalizing s( ientifit research is relativels new. 
Paradoxically, those countries in greater need of information to reach desirable 
levels of development are the least adequate to generate it by themselh es, bet ause 
of their infrastructures. 

I do not intend to give the impression that this reasoning leads to underestimating
the importance, for the countries in process of development, of strengthening their 
own research institutions. On the contrary, it is necessary to place greater emphasis 
on the desirability of a joint strategy that permits the consolidation of efforts and 
to making maximum use of the information generated, in every country of the 
world, if possible, through the transfer of information. 
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Japan presents historical evidence of the efficiency of this process. Japan's 
advances in the field of electronics, in the production of optical devices, and in 
many other fields, underwent processes of imitation and utilization of information 
generated in other countries, which later allowed astonishingly rapid advances. It is 
said, though the statement is exaggerated, that while it took the Germans over 50 
years to produce their famous photographic lenses, it took one year for the Japanese 
to imitate them and six more months to excel them. 

TRANSFER OF AGRICULTURAL INFORMATION IN LATIN AMERICA 

I.atin American socio-economic conditions require urgent solution of basic 
problems such as hunger, either real or masked as deficient diets, afflicting a large 
percentage of the population. In regard to agricultural research, therefore, the most 
desirable strategy would be to emphasize research on adaptation to conditions 
typical of these countries; that is to say, applied research that will permit short-term 
tangible results. 

Ilowever, this type of research requires a great volume of transfer and exchange 
of information, both from the well developed countries and very especially, among 
the l.atin American countries themselves in order to avoid, among othir things, 
unnecessary duplication of efforts, 

Two delicate problems arise as obstacles to the increase in the transfer of 
information in I.atin .\merica. I he first is the general belief that production of 
scientific literaturcin L.atin America is very low, and therefore, there is not a 
sufficient volume to justify establishing a mechanism of exchange, Iloweer, in a 
recent surve. made by I clstehausen (3) in Colombia, it is stated that: 

"l.ach year the l.atin American countries produce hundreds of reports, 
articles and written documents on agriculture and rural development. Yet, many of 
these publications and reports are not available to administrators, planners, 
educators and scientists for whom they were intended. I he majority of the 
agricultural bibliographic materials are produced and distributed in limited numbers. 
I ew agricultural reports in l.atin America are collected and systematically kept .. 
I he Colombian Institute of Land Reform (INCORtA), one of the most important 
go%ernmental agencies, produced over 250 studies and reports each year. 'he great 
majority of these stu(des is mimeographed." 

I hereforc. dcpitc the fact that the flow of scientific literature in Latin 
America is not as abundant as in those Lountries that undergo the so-called 
"information c\plosion" a good part of this phenomenon seems to be related to the 
small number% issued of each publication. 

As aconsequenLe, the problem of collecting literature native to the Latin 
,\merican countries also presents partikuliir characteristics. 'I he most important 
and recent literature is mincographed and distributed to a crtain number of 
"key people" and %hat is ~e~n worse, this literature remains as inter-office 
memoranda, letters and similar papers of restricted circulation. 

['he second problem in the transfer of information refers to choosing that 
literature of interest for Latin .\merica, among the millions of papers produced in 
the more developed countries. Ihe U. S. . alone produces ocr 5 million books 
per year, and it is estimated that the United States people read approximately 25 
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bill|on newspapers and 60 million magazines per year. In the field of science and 
technology it has been estimated that 75 percent of tle scientists that have existed 
throughout history are still alive. With slogans such as "publish or perish" that 
have become an obsession of the scientific community, huge amounts of scientific 
papers are pioduced. 

The problem, therefore, does not have a single solution but rather it implies 
the utilization of diverse mechanisms that together will contribute to improve the 
situation. In my opinion, one of these mechanisms would be the design of a 
system, that is to say: to bring int, elation a compound of elements. the definition 
of its frontiers, the analysis of inputs and outputs, and their flow through the system 
in their interaction with the environment. 

BASIC CONCEPTS REGARDING TIE ESTABLISHMENT OF NETWORKS 

One of the explicit purposes of this seminar is that of "mobilizing and 
stimulating the creation of a network of institutions and individuals in L.atin 
America to carry out cooperative efforts and exchange of materials." It is thtreforc 
worthwhile to analyze briefly the diverse types of structure tliai a neiwork might 
have, and the main characteristics of each type of structure regarding flexibility 
simplicity, costs, speed of transmission, etc. (4). 

Figure 1 illustrates the cyclic network type, in which escrv nodal point has 
one incoming and one outgoing channel so that the total network constitutes a 
complete cycle. This is the simplest type of network and also the least elaborate to 
install. At the same time, the installation expenses are quite min'imal. The main 
disadvantage it presents, 'however, is the slow speed with %hich information is 
moved within the network. A simple example of this type of network is the existing 
practice in many institutions of circulating a specific document according to a list 
of the staff members who should be aware of it. I beliexe we all ha\e had the 
experience of documents, which in the best of cases, take months to return to the 
original source - that is, when they do not get lost. 

I igure 2 presents adecentrali7ed kind of net\%ork. which is characterized by 
the existericiof two in -and- out communication channels between each nodal point. 
This network, therefore, supplies immediate Icces to the information. dcspite the 
fact of being complex and expensive to install. It must also he noted that the 
decentralized network is more reliable than the c) clk because the information may 
arrive through various routes and the closing of one channel or path%%av %souldnot 
imply a total disruption of communication within the network. 

Taking again the example of office practices, the policv of supplying each 
party with a copy of adocument to be read, instead of ( irculating the original 
document, illustrates the decentralized network. 

Both cyclic and decentralized networks lack amain nodal noint. I he 
hierarchic networks are the ones having the shape of a genealogical tree ( I'igurc '1j. 
which might be advantageous or disadvantageous depending on the case. I hese 
networks share the disadvantage of cyclic networks regarding the slowness and the 
disruption in the whole chain when a single pair of channels or arcs is broken, ye't 
they favour the control of flow of information should this be an important 
consideration within the system. 

Obviously, the previous types of network are what we could call "pure types." 
In reality it is more frequent to find combinations such as adecentralized network 
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Fig. 1. Cyclic network 

Fig. 2. Decentralized network 
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Fig. 3. Hierarchic network 

Fig. 4. Rcstricted decentralized network 
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restricted to two incoming and two outgoing channels for each nodal point
(Figure 4). This type of network for instance, is very interesting in that it combines 
the reliability of the decentralized network with the low operational and set-up 
costs of the cyclic network. 

There might also be systems in which a decentralized network is used for a 
reduced number of nodal points considered of primary importance within the 
system, with hierarchic or cyclic sub-systems as can be seen in Figure 5. 

At this point, perhaps the question will come up of whether these system, 
are merely information networks in the general sense of the word. I do not %ish tobe involved in discussions of semantics regarding concepts of information, but rathir 
to clarify the point: any element that carries a message is considered information,
and not only the classical written or spoken message. 'or example, a bag containing
seeds of a new variety might be a type of message producing greatest impact. 

PARAMETERS OF AN INFORMATION NETWORK 

Structure is, without doubt, an important factor in the creation of an
 
information network but is far from being the only factor. Other parameters

deserve attention. Once the nodal points are established, that is to say, the
 
individuals or institutions that will be members of the system, it is imperative to
 
answer questions such as the following: 

(a) 	 What communication media will it be feasible for all the members of the 
system to use? 

(b) 	 What storing facilities or filing techniques does the information require
to be easily retrievable? i'or instance, a germplasm bank may requite a 
kind of storage of genetic information quite different from the computer's 
memory which stores data. 

(c) 	 In relation to the above question, what equipment is needed for storing 
and supplying the services? 

(d) 	 What volume of information would the network move among the
 
members?
 

(e) What methods would be most appropriate for the classification and what 
access means would be necessary for the different types of information 
stored? 

All of these factors, including of course the considerations of total operation
costs, Interact, and a complete analysis of them would determine not only the 
network structure most appropriate for the prevailing conditions, but also a 
feasible strateg so that the network can begin operations and gradually progress. 

CIAT has an integral multidisciplinary approach for the fulfillment of its 
programs. ;i en this philosophy, there already are activities in practice, that tend 
naturally toward the creation of international networks. In the specific field of 
scientific communication, one of the main concerns has been that of bringing
closely together the scientist and the sources of information existing inside and 
outside of the institution. 
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Fig. S.Combbiation of decentralized main nodal point with a cyclic subsystem and a 
hierarchic subsystem. 

2435 CIAT, Apartedo Aareo 6713, CalL, Colombia 

SHURPAL.KA, S.R. et al. Studies on a spray-dried infant food based on peanut protein 
isolate and full-fat soy flour and fortified with DL-methionine and certain vi
tamins and minerals. 1I. Protein efficiency ratio and over-all nutritive value. 
Food Technology 18(6):110-112. 1964. Engl., Sum. EngI. 10 Refs. 

Casesava. Human nutrition. Children. Groundnut. Soybean. Nutritive value. Sugar. 
Blands. hilk. Rats. 

The protein efficiency ratio (PLR) end over-all nutritive value of a spray-dried in
fant food, based on peanut protein isolate, full-fat soy flour, dextrimaltuoe, and 
hydrogenated peanut oil and fortified with OL-methiunine and certain vitamfits ad 
minerals were studied 4ith weanling albino rats. Ins PPR of the infant food was 2.34, 
and that of the same rortif ed with DL-methionine waq 2.86, compared with 3.19 for 
milk proteins. The over-all growth-promoting value of the food, uith and without 
added methionino, rctrged from 20.1 to 20.3 F/week and was signifi~antl/ hirher than 
that obtained for a milk food of similar composition (13.9 g/week). Similar trends
 
were observed in the feed efficiency rations of the two foods. 3 1 blend of infant
 
food and cane sugar promoted noarly the e.mlegrowth (20.1-22.2 g/week) am did the 
infant food, which was significantly higher than that (16.1 g week) obtained far a
 
3:1 blend of milk food and sugar. No sirnificant differences were observed in the
 
mean liver fat content and the mean nirrogr'n and calcium contents of the carcasses of
 
rats receiving infant food or milk food. (Author's summary)
 

ig. 6. Card produced by CIA I ' Documcntstaon Center 
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People managing scientific Information programs cannot afford to offer what 
1,call a "cafeteria approach" by which bibliographic materials are displayed and 
scientists are allowed to either take them or leave them. This is an t4nreal situation
in behavioral terms that brings as a consequence the very low rates of library use 
seen in Latin America (6, 7 ). information orograms must awaken from such apassive attitude under which the librarian is no more than an "organizer" of books,
and must become active and dynamic in programs by which library services reach the 
user without waiting for him to come and ask for the services. 

CIAT's Document Analysis Center began operations at the beginning of 1972 
covering only literature relating to cassava. Through a mechanized management of 
,Information the Center supplies cards that contain a summary of each article, and 
also the full bibliographic citation as well as key words or main topics dealt within 
the article (See lFigure 6). fly using these key words, retrospective searches on 
any subject or combination of topics may be obtained, thus presenting the user in 
just a few minutes with a total series of summary cards corresponding to documents 
available in the library which may be consulted or phntocopied immediately. 

This service also permits a selective dissemination of information according to 
the specific interests of each scientist in a periodic and systematic way. Gradually
and as financial and human resources permit, the Document Analysis Center is
beginning to cover other areas such as animal nutrition, pastures and forages and
agricultural economks, using for this purpose the direct cooperation of the CIAT 
scientific staff working in these areas. 

Within this broader concept of an information netw4ork, the Conferences and
Symposia Program of CIAT periodically organizes technical meetings that involve 
topics pertaining not to a single field, but covering aspects of other disci,"ines that 
relate to the integral management of a problem. It is interesting to note, for instance,
that as a result of the evaluation of the Seminar on Swine Production Systems, held 
at CIAT in September, 1972, it was found that the increase in connectivity -a 
measure of the inter-relations among participants-was 237 percent and what is most 
interesting is that this inter-relation went beyond national borders (1). 

These data, though preliminary, pointout the tremendous potential that this 
type of activity has to mobilize and stimulate the functioning of what could 
become an international information network in the food legumes field. The 
importance of other activities su(h as trainini, have already been mentioned, or will 
be later. 

In the more developed countries these networks have evolved almost by
spontaneous generation, and constitute what Derek De Solla-Price (2) calls "the
invisible college." In this paper I have tried to present certain ideas that perhaps
will contribute to accelerate the institutionalization of t6ese so-called "invisible 
colleges" which, in our environment, are of a very tenuous nature, even despite the 
ever increasing pressures exerted by socio-economic and agricultural problems. 
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'Appendix 1. 

REPORT OF MODERATORS 

During the session where the reports of the 12 work groups and 6 disciplinary
groups were presented, different ideas were expressed that have been recorded In 
the corresponding documents. 

There was a unanimous agreement about the convenience of establishing aregional cooperative network or program. However, the ideas expressed on the 
objectives and the course of action of the network, even though not necessarily
opposite, cannot be condensed in one document. 

In general, it was considered convenient to review the experiences obtaired 
in Latin American institutions such as the PCCNICA that could be the basis for the 
establishment of a wide-ranging network. 

We propose to the members of the seminar thut the organizing committee be
asked to form a work group not to exceed three people to study the contribution of 
this seminar, to evaluate other relevant information and to prepare a document
containing the points of a project for a regional cooperative program according tothe desires expressed by the participants in this seminar. This project will be sent 
to the participants and to those people interested in the welfare of the bean and 
legume producers, for their consideration and suggestions. 
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Appendix 1, 

REPORTS OFDISCIPLI NARY, WORK GROUPS 

ADMINISTRATION 

Unanimous agreement on 

1. The establishment of an international network; 

suggestion on 	 1) a coordinating center; 

2) a group of centers such as PCCMCA and others. 

2. The international network must not substitute national activities but It 

must complement and coordinate them acting as liaison among them. 

3. Activities of the network: 

Cooperative research projects 
Prblications and dorumentation systems 
Conferences and symposia 
Personnel exchange 
Training 
Germ plasm banks 

rhe network would also help channel research activities, technical and
 
financial resources to their members.
 

4. It was suggested that the organizing committee of this Seminar appoint a 
"work group" to analyze and release a document based on the reports of the 12
 

general groups and 6 disciplinary groups that could eventually become a basic
 
document to support financial requests and to suggest a course of action for the
 
network.
 

BEAN BREEDING 

1. There was a general consensus that CIAT should play an important role In 

the future as follows: 

a) Collection of wild and primitive forms of Phaseolus spps. 

b) Preservation, maintenance and distribution of Phaseolus germ plasm to 
interested bean researchers 

c) Evaluation of germ plasm 

d) 	Use of germ plasm in development of improved populations 
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e) 	 Coordination and publication of information In regard to all of thepe, 
activities. 

2. Germ plasm Preservation and Maintenance: It was recommended that CIAT 
serve as a world Phaseolus germ plasm bank. The "Center" would serve as repository 
for seeds under cold storage to assist in seed preservation. 'Tihe"Center" would also 

serve as a "working germ plasm )ank"; the germ plasm would be grown, evaluated, 
and used in population improvement. 

In cooperation with CIA'I, working germ plasm regional banks would be 
established in Mexico, Central America, and Braiil. Cooperation with the Plant 
Introduction Stations in the United States was also recommended. It is important 
to establish these regional banks bet aust Qf the ct ological differences and the 
prevalence of different diseases. Considerable attention would be devoted to local 
adapted populations in each of the regions. La( lI of the regions would have the 
freedom and authority to determine procedures of operation. 

CIAT would play an advisory and coordinating role between the different 
regions and could coordinate activities. ( omputation and distribution of appropriate 
research information developed at the Ccnters. CIA I could provide technical 
information and assistan( c to the different regional Centers. 

Dr. llernindcz, Mexi o, observed that careful attention should be devoted 
to documentation of information on germ plasm and a method used to ensure the 
rapid retrieval of information when required. 

The establishment of a "Germ Plasm Workshop Committee" was recommended 

to study the matters of germ plasm collection, maintenance, evaluation and use. The 
membership of this committee should consist of plant breeders, plant pathologists, 
entomologists, physiologists, soil s(ientists, and plant taxonomists. All members of 
the coinmittee should have a strong interest in plant breeding. 

3. 	Germ Plasm Evaluation: 

a) 	 In phatse I, the germ plasm toilet tions should be evaluated for morphological 
traits and general ddaptaibility in Colombia and in all regions. 

b) 	In phase II, the germ plasm advisory committee should examine the main 
collection in Colombia to determine material that should be considered for 

more extensive and detailed evaluation tests and population improvement. 

c) 	 In phase Ill. selcc tcd materials should be criti, ally evaluated for different 

purposes. 

d) 	In phase IV, population improvement should be (onducted. 

4. Population Improvement: Dr. Alikc Lvan%thought selected germ plasm 
could be used to form (omposite populations usmg a (ham pyramid system. i)r. 
Colin L.eAkey tommcnted that diverse germ plasm of wide gcographic origin which 
showed good performanc hould he used to 1(v lop omposte ptopulAtions using 

Aconvergent or dialll breeding st helne. l)r. Ktdly ((])A) tonmentcd that it would 
be desirable to devclop i]t (ihtl p|)rmo ()ifnl~omitt su h as a protein tomposite. 

Different groups tould deyt lop difi rent t' pIt s of (tolinot(ites 

It was ret omnmended that CiA I c( omc involved in the development and 

improvement of sou( C populatitons with Awide genetit basis. CIA'I would not 
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control population improvement or variety development in the different regions 
or separate countries, but would be supportive of those programs in different ways
and would be able to coordinate information and materials. 'I'enational programs
would continue to improve the local populations and would be able, in addition, to 
make use of germ plasm and improved populations provided by CIAT and the 
regional centers. Emphasis was placed on genetic management to ensure wide 
diversity for nuclear and cytoplasmic genetic elements. 

5. Importance of Sound Seed Production Programs: 'Ihe success of bean 
production in the USA rests on the production of disease-free seed produced under 
irrigation in the arid west outside of the main bean production areas. The need to 
establish a well organized and regulated bean seed production program was 
emphasized. The benefits from the improied high yielding varieties will not be 
obtained if seed stocks become infected with some bacterial, fungus and virus 
pathogens. 

It is retomimended that Cl.\ I' play an Important role in the deielopment of 
improsed seed in different countries of South America by study ing the potential
of suitable areas for bean seed production. I his could be a joint project with 
existing national programs. 

REPOR'I OF WORK GROUP ON BEAN PHYSIOLOGY 

Goals: (I) 	 Improve welfare of people - including subsistence and commercial 
farms. 

(2) 	 Increase yield - protein quantity and quality are definitely a prime 
component of our definition of yield. 

Initial Cooperative Effort: 

It is suggested that simplified growth analysis be conducted at alrlocations. 
lhis should include both mixed and monoculture growth of beans-for both 
subsistence farmers and commercial farmers. 

Simplified growth analysis is defined as an adjunct to standard yield trials. 
Date of maturity and biologic a! ' ield are re orded in addition to seed yield. Ihis 
should embra(ce a broad geri plasn base and some moderate and low yielding 
varieties 

Protein quantitt and quality will be deteriineil m(luding both laboratory, 
and biologi(al anrlyses 

I he cooptratne simpdhlified groA th ,tialh %esarc intended to help identify the 
physiologualt capabilitie that litit yield, and Io help detfrmine %operior ideotypes. 

It'will help to estalblih priorities for researi Ii in the following areas. 

(i) 	 Plant art hiltec tore and ideotypes (Wayne \dlams & (hiis Wien) 

(2) 	 Root system, rhitobilim relationships, and mineral nutrition (leter Graham 
& JohantiA l)ohereiner) 

(3) 	 Radiation Induetion of variation in yield, protein quantity and plant type 
(Raphael I rujillc & Julio Lugo) 
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(4) Contrql of flowering, including photoperlod and temperature
 
effects (jocaiKohashi & Dermot Coyne).
 

(5) Photosynthetic efficiency, respiration, translocatlon (James Ozbun) 

(6) Protein quality and quantity (CIAT) 

(7) 	 Water relations (Efrafm lernndez) 

(8) 	Developmental physiology: flower, pollen, seed growth and relationships 
(Alberto Taylor) 

(9) Post harvest physiology (CIAT) 

As a group we ha%e designated contact persons for each of these topics, which 

in general correspond to the lotalities where the work can best be initiated. CIAT 
will work with these coordinators to mote ahed rapidly to identify priorities within 

each area, consider financing mechanism, and assure implementation of research in the 

named areas. 

PLANT PROTECTION 

Main pests and diseases in Latin America 

The main diseases are rust (Uromyces phaseoli), root rot, bacterial blight 
(Xanthomonas phaseoli), common mosaic (virus) and golden mosaic (virus). 

The main pests are small harvest flies (Empoasca spp.); lady bugs (Diabrotica 
sp.; Ceratoma sp.): cutworms (lieliothis feltia, Prodenia sp.); aphids (Aphis sp.)l 
insects attac king stored grains (Brucus, calandra, etc.). 

Research priorities 

After analyzing each pest and disease in detail, research priorities were set for 
each one of them, suggesting in each case the approach to the problem, the place 
And the institution that can carry out this type of work. 

Diseases 

Rust 

a. 	 Identification of the strains of this pathogen in the tropics; 

b. 	 Istablishment of an evaluation s,,e to determine the intensity of the 
disease; 

c. 	 Iostablishment of an international greenhouse for the evaluation of 
resistan e to the disease. 

It is suiggested that a te&hint al group of rust specialists be organized to 
establish the riteria for stram indentifit ation and evaluation of the seriousness of the 
disease. 

CI,\ I could %uppl)l the lilteral of bean differentials required for identification 
work to those inteicsted It ' otld fie on eniflet to estblish (enters in the different 
bean produt ing region- of the tropics where strain identifi( ation tan be made 

following the Central \mei-a.in example where the work has been centered at the 
University of Costa Rica. Ihis would avoid nio.ing strains from one region lo another. 
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The international greenhouse for the evaluation of resistance could boQpiratqd uy . 

CIAT. 	 ' 

2. 	Root rot and nematodes 

a. 	Identification of causal agents and variability. 

b. Determination of their economic importance. 

c. 	Development of control methods, cultural practices, disease-free seeds, 
chemical substances. 

First of all, a general awareness of the problem by the specialist group is 
essential to determine the points listed in (a)and (b) above. This work should be 
cooperatively caiied out, by areas or regions, by IICA, CIAT and other institutions 
or governments each one of which would work within their respective area of 
influence. 

3. 	Bacterial blight 

a. 	Identification of strains of this pathogen. 

b 	Control through disease-free seeds and resistant varieties. 

As in previous cases, the identification of strains should be made at regional 
centers whose establishment should be promoted. The work and strain Identification 
in the Caribbean could be centered at the Federal Experiment Station of the USDA 
In Puerto Rico. 

4. 	 Common mosaic 

a. Strain identir,;ztion. 

1. Control through disease-free seeds and resistant varieties. 

CIA I could lend its cooperation, supplying different materials for strain 
identification. he riter:a for this identification could be easily established through 
cooperative work in the virus laboratories at CIA and at the University of Costa 
Rica where strain identifitation has been made for Central America. The development 
of programs for virus-free seed pioduction in countries such as Peru, Chile and 
others in South America, is a necessity and the programs could be coordinated by 
the international organizations. 

"1he Central American germ plasm could supply sources of resistance to the 
virus strains that could be utilized to develop varieties in other countries. 

.5. Viruses transmitted by white flies 

a. identification of the viruses or strains of the same in the golden mosaic 
group. 

b. 	Determination of wild hosts. 

c. 	 Control by resistance. 
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It is suggested that a technical group be formed to work cooperatively in theIdentification aspects. This group would include technicians from the Universities of
Puerto Rico, Jamaica and Costa Rica, the Instituto Agronomico de Campinas,

Brazil and CIAT.
 

It is convenient to reinforce programs working on resistance or tolerance to
golden mosaic, such as those conducted in Central America and Puerto Rico. 

General course of action for disease control 

A. 	 1. Disease-free seed production program. The promotion and development of 
this type of program would bring about a decrease in the incidence of a great
number of diseases presently causing severe bean losses. 

2. Chemical treatments. The utilization of chemical substances to control 
some important diseases would be feasible after having conducted adequate 
research.
 

3. Cultural practices. With the cooperation of as'icultural engineers, cultural 
practices for the crop could be designed or adapted to decrease the incidence 
of pests and diseases, at low cost. 

4. Resistant varieties. The development of varieties in cooperation with plant
improvement scientists and with plant pathologists would be an Important
control measure to be developed in the tropics. 

1i. 	 Insects 

1. Periodic insect collection for classification. CIAT or IICA could maintain a 
collection of the insect prototypes identified by competent sources. 

2. General information on biology, ecology and control. A format should be
prepared to compile information on biology, ecology and control of important
pests. These formats could be jointly prepared by the Univessity of Puerto 
Rico and CIAT. 

3. Inventory of wild host plants 

4. Record of proven cases of resistance of certain bean varieties to pests. 

The information in points 2, 3 and 4 would be compiled by the entomologists
of each country and could be condensed by the bean programs at CIAT or IICA to
make It immediate-ly available to those interested. 

The establishment of an informal organization to group the entomologists
dedicated to research work on protection against bean insects and nematodes would 
be recommended. 

The publication or exchange of information on bean pests in Latin America 
ihould be stimulated. This could be accomplished through a periodic review of the 
work carried out, that could be presented during meetings at regionakl organizations
such as the PCCMCA in Central America or to ALAF. Likewise, it would be
convenient to release periodical publications on bean pest control. 
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"AGRONOMY 

General aspects 

1. Two bean producer groups should be tentatively identified. 

a. Small bean producers, generally having low incomes and working in the 
mountain areas. It is important to consider beans with other crops for this 
group. 

b. Commercial bean producers having a larger availability of resources and 
working on the plains. 

The work group considers that it is convenient to establish a differentiation in 
research and in the course of action related to the different agricultural practices of 
the previously mentioned groups. 

Agricultural research among procedures in the second group is more developed 
than in the first group, but it has not attained a sufficient degree of development. In 
the first group, research is almost non-existent in several aspects such as the association 
of maize auid bean crops. 

2. Specific aspects 

1. There is a lack of research relative to the variables that constitute what is 
known as the "water/soil/plant" relationship. The methods used to cvaluate these 
variables seem to be inefficient. 

2. It is believed that the small bean producers working on the hillsides lose 
considerable manpower when they use rudimentary tools. Research aimed at developing 
low cost machinery that makes the work 6f these producers more efficient should be 
undertaken. For instance, a seeding machine of the wheelbarrow type would be 
adequate. 

3. It is important to work with the improvement group especially in the 
evaluation of materials resistant to the limiting conditions of water. 

4. It is important to consider, on the whole, the agricultural factors of 
production (fertilization, irrigation, density, planting systems). Also, it is important 
to develop a close cooperation and opportune exchange of information with 
geneticists, plant pathologists, entomologists, etc. 

5. It is important to conduct agricultural research related to the associated 
planting of maize and beans. 

6. It is important to find systems to extrapolate in time and/or space, at 
minimum risk, the results of agricultural research. An example ard possibility would 
be the extrapolation of research results on fertilizers based on soil analysis and 
classification. 

7. Under certain soil conditions, it is important to develop research related to 

the effect of rotations and of green manure in the properties of the soil. 

8. Under other soil conditions, it would be important to develop studies on the 
14minimum amount of tilling". This would save time and help maintain the 
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properties of the soil. In this way, three crops (two of beans and one of maize,for example) could be obtained per year instead of two in some regions. 

Finally, the work group emphasized the basic importance of high qualityImproved seed, which is the starting point to reach the goals described above. 

ECONOMICS AND NUTRITION
1. Beans and other grain legumes have good and highly beneficial nutritional 

characteristics. 

2. Production and price limit higher consumption. 

3. Price stabilization mechanisms attractivi to producers and consumerswould favor the acceptance of beans by consumers who do not normally Include 
these in their daily diets. 

Therefore, it is recommended that: 

1. Governments make policy decisions aimed to Increase production of this crop. 

Governmental action oriented towrds: 

I. Prodm l.ion of seed&wilh 7 
Improved nuirilionAl u 
tharsteristl p mm 

2. Adequate te hnnlngj at the u -eG hnidl Assislant erillural bid ot the n -"I tlensnit,urp)
farmer I 

S Produ, tlit) &3. Organaation a volume oriodii, iln%ecretarial of the farmer I i. rZ '-f
I 

(Guaranteed|iris es lit n 
the fIArmer Pri c stsliilsaeon 

fu rIh lilI iumer 
Opportune t rldil rrad onsumplun 
\lric ultural Iniuran ce 

Adequate Iorage 

CommerstiAlisaiban Industriaiatlion 
methaiims, based on mllrilne 

%ilue, 

%lrategies for 
Aimmern 1liation of 
the indiilrilliel 
produi 1. 

Pro nationAl i amlpaigis 
or the Induslri.dlird 
produ, er 

l'ri, C'|) h 

for file 
ind.slrgiali,¢I prodiit I 

2. The problems of bean production should be honestly approached givIqemphasis to the physico-blologlcal and socio-economic aspects. Mh.approach andthe team should be inter-disciplinary. 
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S. Establish a mechanism for recommendations to farmers. 

a. Seed improvement in agronomic and nutritive value aspects; 

b. Introduction of impro%ed seeds preferred by,certain groups of the 
population and of those that (An possibly fulfill these requirements; 

c. Other findings that the ic hnilians may (onsidcr important to in(lude in 
the technological packages, 

d. Organization of farmers to faclitate training programs and edum alien, 

4. Conduct rzliable statistical studies that allow the government or any other 
Institution to program ,rops in certain areas to obtain stable prices 

5. Determine the produ( ts that (compete with beans 

6. .. termine the physical and (hemical characteristics that influence 
acceptnce by the consumer. 

7. Establish adequate storage (onditions for the most (omnonly consumed 
varieties of legumes. 

8. Study bean processing to determine stabihty, to guarantee availability, to 
favor consumption and to diversify utilization of beans 

I. I stablish nuitriticnal an.dberiial , omipositiin patterns ac(ordling to eating 

habits. Ior instanie. for ( entral \inr, at indohrr maize and bean consuming 
countries our rc(o'nmendatlions (R iresan, I( \P) are I'roten. 25 pen ent, 

I.ysine, 6.4 g/lt g.protein, Nulphur , ontaning amino a(id%2.2 g/1O0 g.protein; 
Tryptophane, 1.2 g/100 g it,.iten. Irtir ent.igestibility, h85iert 

It. Carry out educ atillnal prOgf 1ii11aimed at n(rCaskcng (onsump ion of 
legumes especially among the most viticrailC segments ,ofthe population 

II. Select new saritties in themii Alterms ani in terms of the biologi(al value 
of their protein. In this respect,i i%cbsential to hase a sindard mt thodology. 

12. Investigate the genetic effet iof fertilizers, produ( tion systems and other 
factors related to the protein (ontent, to the amino acids important in protein 
(lysine, sulphur-containing and tryptophane) and to nutritive value. 
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Appalix 11. 

REPORTS OF GENERAL WORK GROUPS' 

GROUP I 

Cooperative efforts should be made to study the field of food legumes and to 
emphasize the priority that national development plans determining policy In each 
country should have over any other topic. 

It is proposed that: 

a. 	 i.ach national program make cfforts to obtain the economic and human 
resources essential to efficient work; 

b. 	 The international kenters, IICA and CIAT, concentrate their efforts in 
studying international problems, due to the basic nature of studies or the 
fact that the nature of the work cin be applied practically to various 
countries. 

We propose the following course of action: 

I. 	That cat h national program. simultaneously with the work being conducted 
on genetics and on disease resistance, identify suitable .;reas for disease-free seed 
production. 

2. CIA I and IICA sere as liaison among the different programs, facilitating 
the dissemination of information about the different national plans and projects 
and about their athievements and needs. Ihis could be accomplished by: 

a. 	Sponsoring conferences and meetings every two )ears, similar to the annual 
meeting of the l'rograma Cooperativo Centro Americano de Mejoramlento 
de Culthios \iimcnticios, PCCMCA (Central American Cooperatie Program 
for lood Legume lmprovement); 

b. 	Publishing an information bulletin similar to that of the Bean Improvement 
Cooperative. 

3. Each national Program reinforce its own physical and human infrastructure 
by: 

a. 	 Requesting assistance from Inte; national agencies, foundations and/or
private Industry to raise the necessary funds. rhis Involves presentation of 
well-defined projct;: 

b. 	Establishing close links with national extension programs. lack of 
coordination among extension and research services !: a widespread problem: 

c. 	 Facilitating personnel training through scholarships in foreign countries or 
through courses by invited professors. 
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4. The International agencies and centers must actively cooperate in the 
reinforcement of national programs. 

a. 	 The assistance of the agency should be given to long-term programs or to 
well-designed programs that have pre-established goals and terms. The 
closing down of many projects has been experienced simply because political 
measures ha~e demanded they be discontinued. 

b. 	'Ihe Lenters must maintain a germ plasm bank with a vell-orgathized 
cataloguing system for subjects sut h as disease resistence, agricultural 
characteristics, protein quality and content. It should be aailable for 
consultation by national programs having specific requests. Also, experimental 
networks should be established in different countries based on cultivars of 
similar grain characteristics and preferences in order to reduce the nurber 
of varieties in tropical areas. 

GROUP Ii 

This group was aware of the conienience of establishing a communication 
network for cooperative efforts and exchai.ge of materials among the existing 
organizations. It is recommended that .\11L. (l.atin American I.egum'e Researchers' 
Association) be reinforced as a center grouping specialists in food legumes through 
national organizations with the support of international institutions. [his would 
Include the partitipation of spc( alists in other related organizations such as PCCNICA,
Inc(, \ 1,1 , and \l1, \1I 

Oice ALII. is reinfqrced, the starting point would be the establishment of a 
(Communication Network Pattern for grain legumes. 

Who are the members of AIll 

I. 	Active %oluntary members. 

2. 	 Natloqal institutions connected with grain legume research in each country. 

3. 	 International organizations having grain legume research and production 
programs. 

4. 	 International agencies financially capable of maintaining the organization In 
operation. 

What will be the functions of ALIL ' 

1. 	To promo- gsain legume research at the local and regional levels in each 
participating (ountry. 

2. 	 To compile, summarize, publish and distribute information obtained from 
research.
 

3. To be aware of the problems fated by national programs in each country and 

to make other members aware of them. 
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4. 	To encourage an active participation of the members In the solution of food 
legume cultivation problems. , 

5. 	 To edit a periodic publication containing a summary of the work conducted 
and the progress made in the legume field. 

6. 	 To sponsor an annual or semi-annual meeting of technicians in the legume 
field. 

The organization of a Latin American Bean Cooperative Program would be 
possible with the orientation and support of an international organization. 

Activities to be developed 

1. 	To maintain and operate a germ plasm bank at the world level and to 
cooperate in the maintenance and operation of those banks already 
established. 

2. 	To evaluate outstanding materials, agricultural practices and any
 
recommendations or any promising activity at the country level.
 

3. 	To sponsor training of personnel needed to improe the grain legume 
program in each country, at international organizations or universities. The 
sponsorship should include financial assistance. 

4. 	 To develop regional projects or programs aimed at rapidly increasing grain 
legume production (such as the Puebla Plan in Mexico and the rural 
development projects in Colombia, Honduras and Peru). 

5. 	Marketing is a problem at the country level. International marketing will 
be ruled by regional agreements already established or in the way of being 
established. 

GROUP II 

Latin America lacks a more widespread publication of research results obtained 
by national and international organizations. There is an urgent need to disseminate 
information on the facilities, structure, financing and professional personnel in the 
different research and training centers. 

This publkation must be organized and coordinated by an international 
organization that can collect, process and distribute all the information related to 
food legumes in Latin America (genetic material, nutritional, agricultural and health 
aspects). 

It should not be forgotten that many organizations ha e tried to reach this 
goal and have failed, perhaps due to the fa( t that they do not do research and dedicate 
all their efforts to the coordination of research and researc hers. 'Iheir failure may 
he caused b~y the wide range of goals and peoples. 

1. Ihe establishm e'nt of a coordinated communication network is desirable, 
working through an international organization dedicated to agricultural research and 
to the study and solution of food legume problems in Latin America. Such an 
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institution should have the basic facilities to accomplish efficient collection, processing,
 
summary and dissemination of information as well as distribution of genetic
 
material.
 

This organization must be responsible for the establishment and functioning 
of an international system with uniform methods for evaluation, t ataloguing, 
varietal classification and other pertinent aspects that help establish a common 
language for analysis of genetic material in the different collections. Operations 
should start with the present facilities in each country, complementing and unifying 
the national programs in common areas of work. 

The international coordinating center would be in change of working out 
financial assistance through international institutions in order to carry out research 
projects. The degree of participation of the international agencies would depend on 
the personnel training, assitance in equipment purchases and qualilied personnel 
they can offer. 

The functions of the center would ke: 

a. 	 Compilation of available information on the problems and progress made 
in Latin America. Once processed, this information should be sent to 
researchers in other countries and to the different gosernments; 

b. 	Development of new techniques suggesting the unification of evaluation 
patterns and aiming at the solution of common problems in Latin America. 

2. 	The market policy in Latin America should be based on aspects such as the 
characteristics of acceptability of materials (for instance, size, color and texture of 
the grain) depending on the preferences of different people. 

a. 'he consumption needs will be based on the supplementation of foodstuffs 
obtained from other crops and sources of animal origin, in order to provide 
a balanced diet for the urban and rural population. 

b. A price policy available to the different segments of the population should 
be developed. 

c. 	The development of varieties preferred by consumers In most countries 
should be promoted. 

3. To coordinate research and development activities: 

a. 	A general coordinator should be nominated in each research and development 
area; 

b. 	Local and regional coordinators should be available to act as an advisory' 
committe for the institution; 

c. 	Periodic meetings should be organized to discuss the results and the progress 
achieved in the programs and to set new goals. 

4. To start the programs, different bean specialists must organize well-defined work 
plans. 

S. The coordination of training should include training centers that meet the 
needs of the tropical countries. 
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Finally, it should be emphasized that Latin America has an unknown and
 
unexplored food legume potential. Most of the research conducted to date has
 
failed to cover the so-called marginal areas.
 

It isohoped that the agreements reached here will not stay written on a piece 
of paper but, that, insofar as possible, they become effective at the earliest date. 

We suggest the establishment of a Latin American fcod legume society, whose
 
main objective would be the periodic presentation of results from established
 
programs, that facilitates personal contact for d.ect exchange of information. This
 
could be done by reinforcing the Latin American Legume Researchers' Association.
 

GROUP IV 

It Is possible and desirable to establish a communication network for
 
cooperative efforts and exchange of material and information in Latin America.
 

The proposed coordinating institution could be CIAT, IICA r,r an ad hoc 
organization. The national and international agencies coordinating food legume 
research will be affiliated to a coordinating organization. These would be the 
PCCMCA in Central Ameri-a, ICA in Colombia, the bean national project in Brazil,
INIA In Mexico, CENIAR in Venezuela and organizations in Peru and the Antilles. 

The coordinating organization would have an advisory committee formed by 

a representative of each affiliated institution. 

To minimize the problems of c-ommunication we propose: 

1. Publication of an information bulletin with summaries of research results, 
Information on germ plasm, etc.; 

2. Periodic visits of technicians of the coordinating institution to the 
cooperating orghmIzations; 

3. Periodic, perhaps annual seminars. 

The activities of the coordination network would be: 

i. Under the supervision of the central coordinating organization, to coordinate 
the work at the germ plasm banks In relation to maintenance, evaluation, multiplication 
and cataloguing; 

2. To operate a documentation center specialized in beans and other food 
legumes; 

3. To make the coordinating organization responsible for the coordination of 
food legume specialist training; 

4. To make it the duty of the coordinating organization to suggest and 
supplement research conducted in the national programs; 

5. To reinforce the Latin American Grain Legume Researchers' Association; 
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6. 	To sponsor the publication of scientific and technological research 
developments in Latin America; 

7. To coordinate a survey to determine the limiting factors of production and
 
consumption of beans and other food legumes, as well as the available resources of
 
the national research and techni(al assistance organizations,
 

8. To condense, esaluate and disseminate the results and suggestions of the
 
previously mentioned sursey,
 

9. 	 Based on the rurvey, to determine short, medium and long-term pnolnties 
regarding research, technology, dissemination of information, etc. taking into account
 
the increase in production and consumption of food legumes as a source of protein to
 
improve the human diet;
 

10. To promote interdisciplinary integration in the organization and implementation 
of research. 

GROUP V 

1. The participants consider that it is convenient to establish a working 
network among the different people and institutions presently involved in bean 

,cultivation in the American tropics. I his regional (ooperatixe program should serve: 

a. 	 To exchange information through appropriate s, stems of stientific 
documentation, rcports of resear i being i onduo ted and other media; 

b. To 	exchange genetiu materials through the establishment of germ plasm 
banks using uniform ( lassifi ,(tions5stems for the information they have 
available. 

c. 	 To exchange personnel working in spec ifi resear h projects or being 
trained in different aspe, ts of bean produ tion, 

d. 	 1o establish ( oopcrative work iro hiding regional tests of promising
 
materials that (an be useful to all parti(ipants.
 

2. 	 '1he group rec oigizes the ( omplexity implied by the coordination of work 
In biological resear(h " ith the studies of marketing and acceptance of new products by
 
the consumer. Ihis group, hovs eer, does not want to underestimate the importance
 
of a global and integrated ,mpproam h to the problem. It is suggested that, in order to
 
establish the network, operations si,;,uld start in the biologi al resear(h aspects
 
without excluding the partit ipiton of organizations or peop:e inolved in the socio
economic aspe ts.
 

3. In c onne( tion %sitlhpoint 2 alboe, the stru lure oif the network will have
 
to be sufficiently wide andi flexible to allow the parti(ipation of public and private,
 
international, regional and national institutions interested in bean problems in Latin
 
America. I urthermore, the group beheses that, at first, the field of study should be
 
limited to Phaseolus vulgaris and that, when the network becomes operational, other
 
food legumes can be included.lt is believed that the PCCNCA whih has been
 
operating for several years, can be taken as a model for the proposed organization.
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4. Technical and financial support of specific projects would be an essential 
part of this program. I herefore, it is imperative to have asmall group working as the 
se 'etariat of the program. I he responsibilities of this group would be: 

a. 	 'I o help design and 11 rertdr thre ituhner of systems for cxc hange of 
information and ratrri,,l%, 

b. 	 Io organaie tetling%, ,c'ninrars and other as tivties that allow personal 
interst tion aoig thc punt ipants; 

C. 	 Io proposroy suggrst .mtortie%that (an be tooperathely developed; 

d. 	 'Jo support 1itlt( i tng intitutions so that they can meet their obligations
withil thl(-plogy.1111 

5. In order to in ike r.1,ip and eff icent adances in the organization of the 

program suggested, thr oigamnrzcts of this seminar should appoint a "working group" 
not to exceed three people. who %ill take the time to consult (',th specialists and 
with possihle Inamo ing %iurt r% tnd to I)rpare a (omplCte Oerall projet tintluding 
detailed inform.ation on the i( t, itics pre iorsly mentioned. 

GROUP VI 

I. There is an urgent need to establish a coordinated effort among the 
countries Interested in Phaseolus vulgaris and to improse produt zion And utilation. 

2. Jo attain these objectJvC, an organization formed b a coordinating 4enter 
for research, development anti training at tliitaes thould be rtablhshCd " ith the 
participation of regional groups represented byoountries ha% ng (ommon needs. 

'. 	 Cl \ I is proposed as the (oortinating enter. 

4. 	 1 he priority aspects of the sork of the Organazation %souldbe. 

a. 'Iechnl Al personnel training, 

b. 	 Agrhultural tlence)ptnrnt programs (applil ation of technology to the 
Andean zones), 

c. 	 Researth on problems of economit importance. 

5. l'he active partihipation of the following institutions would be required to 
make this organization fun tion' 

a. Ministries of g-rit ulture; 

b. Agricultural rt'searth intitulions; 

c. 	 Agricultural development institutions. 

6. 	1he organizaton should Immediately starts 

a. 	To analyze the availability of financial sourcesl
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b. To explain the project to cooperating countries; 

c. To define the bases of t oopCration, coordination and operation. 

7. The continuous fun Iliol of the organization would be ensured through: 

a. 	Agreements ( ICarly inderlning the objrc tlives of the projects and mutual 
operational reit).wlhitri, 

b. Continued effort. 

S. Conta t And (omMlitu .tlOli among ihe OO)pratIng paris will tie maintained 
dwough: 

a. Periodic meetings of the rcgionAl groupIs ,And the ooritiiatitig 'enter. 

b. 	ViitI by (.I I I)Cau sp JAI I t to teguinAt IuII to I ordlROint ooperating 
programs, 

c. 	Publication of an nformiaion bulletin on the ac ti ites of the different 
diviaions of the organization. 

GROUP VII 

I. The group would lik&e to emphasize two main problems. I hst, the gap
exsting between the needs of the small faimers (w ho Are the main bean producers) and
the nature of reseAr h ondut tell At experlnIent StAtInsn. I hs gaj l¢oultl In little 
metawh aimed at tIproving the lprtmte ban pori it pi& ItIIrs in most farms.]iion 
The as5sodlated Top( I,)%trit, for ilst :n e, is the moo , nriron, Ihut few rperiments 
atre being cari owt to im , 

Second, 1ripu1trri;ugu atA)a ruit ltae IrrnAilu( At the experiment stations 
and hive not Itret intilot r,] t ) the fer', il t l !ir airs the ar k of intensive 
resarch to dre.il.I , effi( irnt i,'ut-ris thAt All0w the iltimium tlion of new tr(hnology 
to the lot of th pr0r ant! Clk1r11 fIarIVIer 

Ad2. 1h liero. ) AIee. or the r liifhinieunt a4 0(Ii)ttII1,Crale pr-gram whiih 
gives emnphAsis it) thr %, of natior,rl intiloltionst i bout It) ilg It take over the 
reponsblihlties of tPit sne 

3. 	 I he a( htiie'eIuezt AlrI rsporsrie, e of It IM \ iNilIt II Ibe taken Into account 
and the posotIr tlesobained Ow,il lie Apphird 'le trrr |piblr 

ie hIII4. 	 1 ITO, A1 I t (I AtI41t11g to) th r II lu I foll ti r o.,1#latIr 
program. SoOIC rueillto IMp" I Itir 'lrrrida feterAIrd rtti , i hiWT sul ,iSog&raIsee 

a. 	A reorganized Nt ( ,. ' for ('eitral Artiehir A, o Aiand the ( arilbbani 
3ttil 



b.A sub-program for Brazil; 

c. An AndeAn sub-program for the rest of South America. 

Other members of the group would form a structure centered in one organis
tion. In the first (,cC, there .%oulILe small gy.)ups of technicians in priority areas of 
each region, trying to form i interdhs) ipIlhnAry tarm In the second case, there would 
be only one group of Ltt hnlIIAIS 'AoMkILnC At Acenter. 

5. Suppoft nd ,(orctnaoo w%ould he .<t oniplished through: 

a. Continentil, rrg1o..l Anld nJtJIonIl meetings; 

b. Lachange of tei lnitl(an 

C. Exchange of materiAls (germ plasm banks); 

d. Advice to national institutions; 

e. Iraining of national t lnu iazs in specific fields; 

f, An Information system int liding publication of aperiodical bulletin. 

6. FInally, it is suggested that a small work team be formed to incorporate 
all these suggestions into an act.ve program. 

GROUP VIII 

1.Cooperation among countries is ,ec.'vsary to Join efforts and to exchange 
materials. SpecLal measures and preiautlons should be taken to avoid spread of 
dis ase and pests in those countries free of them. Ihi, type of cooperation demands 
the establishment of a supisnationAl organization that joins the efforts of all 
countries to accomplish an efficient task as it has been the tase in the maize, wheat, 
rice and pigeon pea programs. 

'the primary goal of the organitation should be the study of the speiflc 
needs of oarh country inu(h as the so(io-e(onomh f c tors, food needs, crop 
problems in the area, profltibillty,ei. 

2. the organiration of a Latin Amrrican bean tooperative program would 
b Justified in .irw of the Inat that a high Iontumition of this legume in many of 
those countries t Ali I otlu1t"i|le to del rease tle protein defi( it in human nutrition. 

Ihe ipoup suggrsts tle estalilrilnent of a (oordinAting ommittee formed by 
those peolde In (o,ridiIIhr,ai 1-gI'ms. I he oImi tee will !un t ion thiough the 

organtzations elet tnrt i, the sAmo that Ian (arry out tlheirespec tive aslgrnments. lhe 
(ommittee ded Mrs xilwil, It tddjotldltidxfliiriuliatrs bean policy and obtains the 
necessary resourc es to fe isined to the program. 
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a. Compiles information on research and the results obtained in different 
experiment stations and makes it available to the members of the program. 

b. 	Condenses and analyzes this information. 

c. 	 Makes recor.mendlations to a(complish a ertain numher of (ommon 
activities sm It as the organi/ation of training programs, the establishment 
of germ plasni hank%and the support that must he gii en to seleral countries 
to carry out their prograni%. 

d. 	 Promotes periodih meetings to evaluate the implementation of the program 
an I to set future goals. If the stalh4IImeCIt of the onmitee is approved, its 
nature, regalations and a lion nielhanisms will he studied in detail. As a 
sul-gestion, bean (ultisation should he <onsidered in relation to other crops,
ratter than separately, to avoid affe( ting the socio-e(onomic equilibrium 
of the Latin Amri(an ( ountries.' 

GROUP IX 

Role of International Agencies as We See It 

i. Should be one of coordination, logistic suliprt, and program planning of 
activities with national agenies. We should make every effort to substitute 
national fapabibties for international effort. Ihere is a definite need for coordination 
among international agent irs in the pro( ess of working with national agencies. 

2. It is highly desirable toi dieelop a network of nollahorating bean research 
centers in LI.atin \meri a. Ihis seems an effe tive met hanism for assembling the 
requLre'd reseat4 It and dchelopment It ilities for the miproenent of the level of 
produt tioi, quality of grain and i 0n, that are FeI C.ir1. 

l'he network should mukr tise of CXusilrlg Jai 1i11rit arid toanp.w er to the 
maximum extent |isihdr, It ihtiill reinf s x otluig st.i ins, flotr stpersede or
duplicate thern. It should asir t the 11,1a1i11,1l 1i lrts t. ,*. lIr\r th1rif 0"1n lotal
objectives and In no w y attrmptitI.'po..r nr( is1,i,%i fr1 Stir out stie At the same 
time, it should Assure that ivalniat Agrro is Itll -i ( it) slew resultsO"Mhi 
ading elsewhere. 

The primarv goal (if tie t oimin+thuld prograin ould lie. 

k. Jo Idenlify rnseart h rs of rIillon oiiterr10. 

b. 	10 et, 6hhsh p riloritis aioti liit , 

C. ' O planI exprtllur'ntal win:k to% ,ia thesne o)tiJes avel, 

d. 	 'go seek odditional lund, %hen eeued to (arry out the Indicated exwctimentsi 

170 



e. To assist various cooperators to conduct the agreed upon research; 

f. To evaluate and disseminate the results of the cooperative research effort. 

The goals mertioned abdve could be achieved organizing the collaborating 
bean research centers or stations of the bean producing countries by groups according 
to their similarities of ecological and geographical conditions. 

The organizations of these regional groups could be achicmed through a L.atin
 
America Bean Commission, a collegiate body multidisciplinary in nature. Leading
 
specialists in the different disciplines should form the Commission.
 

The Commission %ould establish problems policies, research priorities, analyze 
hemispheric prograums, ditibUte responsibilities and seek funds. 

A program coordinator should be chosen from each country to act as liaison
 
between domestic efforts and its regional coordinator which in terms should be
 
responsible to the higher body.
 

Ihe regional groups should meet annually to review progress of work,
 
evaluate results and set research and educational priorities.
 

In order to maintain contact and communication among various groups, some 
sort of secretariat would have to be established. The secretariat could also act as a 
clearing house and should be capable of backstopping national capabilities for data 
retrieval ard publications. 

'Ihe Latin America Bean Commission should seek the policy level support 
through a possible consulting body composed of people at the policy making level 
In the countries which could meet every three years to evaluate results arid establish 
policy guidelines. 

GROUPX 

Considerations. Group working on bean improvement. Bean Seminar held in Call, 
Colombia. 

The considerations of this group regarded foo:r main points: 1) germ plasm 
banks; 2) basic breeding materials; 3) obtainment of improved materials; 4) 
commercialization of improved seeds. 

1. Germ plasm h,,lks 

The germ plasm banks - the number of seeds obtained from farmers, 
representing the primitive genetic variability of the species under study- are 
recognized as the main genetic source in plant improvement programs. The 
information available indicates that there is a general lack of organization in the 
existing bean banks in America and, therefore, it was suggested that attention be 
oiven to the following points: 
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a. Compilation of information on the location of banks and on existing 
material. 

b. Formulation of guidelines for the operation of germ plasm banks including 
a documentation system with the best possible information on the morphological,
agronomic and physiological characteristics of the collections and a rapid
retrieval system. The problem of viability and reproduction of material should
be studied to avold loss of genetic variability and to avoid the effects of 
allogamy. 

c. Biosystematic studirq leading to a phylogenetic classification of material 
and including characteristics such as origin, areas of distribution and the 
mechanisms and effects of selection under domestication. 

d. Planning for future ethnobotanical explorations taking into actrount the 
increase in genetic variability, and 

e. Mechanisms for distributign of materials. 

It was suggested that germ plasm banks be continually maintained In te,, 

following places and areas: 

a. Chapingo, Mexico -Middle America region and the Caribbean 

b. Central America 

c. Palmira, Colombia -Venezuela, Ecuador, Colombia 

d. La Molina, Peru - Peru, Chile, Bolivia 

e. Brazil - Brazil, Guyanas 

It was decmed convenient to choose Fort Collins, Colorado, U. S. A., aa 
the storage place for a complete set of representative samples, for an extended 
period as a precautionary measure. 

II. Basic breeding materials 

The evaluation and selection of primitive materials of the germ plasm banks 
will generate basic material for a) the next phases of plant imptov'emcnt, and b)
material identified by sui generis genetic characteristics. The first type of materia 
will have to be kept in "working germ plasm banks" in the plant improvement 
centers. It is suggested that representative samples of the second type of material 
be deposited in a germ plasm bank in Pullman, Washington, U.S.A. 

A more advanced phase of the p!ant improvement work ill lead to the 
formation of genetic compounds obtained by controlled crossing of selected 
components according to different objectives. Ihese compounds will have to be 
kept in "working germ plasm banks" aad should be made available to plant
improvement scientists upon request. 'Ihe definition of a center for production of 
the required compounds according to the overall needs o f a coordinated program
for international plant improvement was pending a decision. 
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I1. Obtention of improved regional material 

The convenience of the use of selection in regional plant improvement 
programs starting with compounds formed in the various plant breeding centers 
was pointed out. Theoretically, materials can be obtained starting from comppunds,
with the characteristics of adaptation, earliness, soundness, grain color and others 
that satisfy the regional objectives and requirements. 

IV. Commercialization of improved materials 

The need to give attention to commercialization mechanisms was stressed In
 
order to take advantage of the use of improved seeds in the different agricultural
 
production processes.
 

GROUP XI 

1. It is desirable to establish a communication network In Latin America
 
because:
 

a. 	 The work being conducted in different countries is unknown to others and 
there Is difficulty exchanging bibliographical material; 

b. 	 In many cases, some countries reject genetic material that could be utilized 
in others; 

c. 	 PCCMCA, working in Central American countries, has had positive 
experienr s. 

This communication network can be established through leading regional
 
organizations.
 

2. 	The role of the leading regional crganization would be to establish an 
agreement with national organizations in ot 4er to coordinate and carry out specific
tasks related to marketing, production improvement and acceptance of food legumes 
and coordination of research, development and training work. 

3. The international agencies would have the opportunity of participating in 

regional programs through: 

a. 	 Establishment of a germ plasm bank; 

b. 	 Establishment of an information center; 

c. 	 Establishment of a personnel training and technical assistance center; 

d. 	Sponsorship of interdisciplinary national and international meetings; 

e. 	 The established center should serve to channel technical and financial 
assistance for specific research projects. 

4. Specific projects could be financed by establishing a production tax, and 
planning specific projects to seek the financial support of agencies that may be 
Interested in them. 
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GROUP X11 

The suggestions of the participants are summarized in the following points: 

1. To reinforce the Latin American Association of Food Legumes and the 
existing cooperative programs (PCCMCA); 

2. To maintain contacts with similar associations and programs in other 

continents; 

3. To reinforce national legume programs; 

4. Where non-existent, to establish regional programs to coordinate national 
efforts; 

5. To establish extensive and continuous communication, in the form of 
publications and news on legumes, with all the members of the association; 

6. To intensify training of technicians dedicated to legume work, at all levels; 

7. To reinforce the existing germ plasm banks both technically and financially; 

8. To centralize and distribute information on materials available In all the 
germ plasm banks. 
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Appendix IV., 

SUMMARY OF THE ANSWERS TO THE POST-SEMINAR' 
EVALUATION QUESTIONNAIRE 

This summary is based on the replies given by 90 participants, as detailed 
below: 

1. This question asked them to group their expectations recording to the 
degree in which each one was realized, as per the following scale : 

LAI Realized completely 

/4/ Realized highly 

/3/ Realized in medium fashion 

/2 / Realized poorly 

L -I Not realized 

Tabulation indicates that the '.xpectations were realized highly, as can be seen 
by the average showing after every question, below: 

Average No. of replies 

Establish personal contacts with other 
specialists and to take part in work 
groups to interchange information and 
ideas. 4.09 90 

Learn about the problems that together 
limit food legume production in the 
tropics. 4.02 90 

Obtain information about the consumption
and utilization of legumes. 3.82 85 

Establish priorities and increase knowledge
of food legume research. 3.79 90 

To learn of the conclusions and solutions 
proposed by seminar participants. 3.68 81 
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2. The second question consisted In asking participants to qualify to what 
degree negative results were obtained. Although this question presented 
gdministrative problems, data is presented as follows: 

Did not expect negative results. 

That cooperation between regional 
researchers not be promoted, due to lack 
of an organization to centralize and 
divulge research developments. 

That clear decisions not be made on 
plans of action and that the conclusions 
not be carried out. 

Lack of an integral approach on 
production. 

That some papers not be absorbed 
properly, due to lack of time and, 
consequently, expected contributions 
will not be received. 

That directive objectives be received 
from people foreign to the environment. 

Average No. of replies 

3.17 47 

2,65 63 

2.56 67 

2.55 64 

2.53 66 

2.26 50 

3. Consisted in qualifying the degree to which the following problems are' 
limiting. to high production, per area unit, in Latin American legumes. 

The summary was as follows: 

L5/ Totally limiting 

L4 / Highly limiting 

// Limiting, but only partly 

I Very slightly limiting 

/ Do not conlider limiting 

Low technological and economical level 
of producers. 3.86 88, 

Plant health problems. 3.77,. 87 

Deficient production techniques 3.70 88 

Low quality seed 3.63 1-881 

Deficient governmental support for 
producers and researchers 3.59 86 
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Average No. of replies 

Low crop profitability 	 3.56 87
 

Failures in technological communication 3.55 	 88
 

Lack of scientific Information 3.21 	 88
 

4. 	 Consisted in indicating which, in participants' opinion, institutions are the 
most appropriate for conducting and coordinating, Ip Latin America, research 
on the following problem areas: 

Number of replies 

4.1 	 Plant healih problems: 

CIAT ........................... 35
 
IICA ........ ............. o . . 15
 
University of Costa Rica ............. 7
 

ICA ...................... 	 . 6
 
University of Campinas ..... ....... 3
 
ALF .................... ........ 1
 
INCAP ............... .. 1
 
ENA, Chapingo .................... 1
 
INIA (Mixico) ............... .... 1
 
Michigan University .......... ....... I
 
Viqosa ............................ 1
 

4.2 	 Economic studies on production and marketing: 

IICA ...............	 1
1............ 

CIAT ........................... 17
 

PCCMCA ng .. ..p ............. 	 6
 
INCAP ............. .. . . . . . 3
 

SIECA ... . ......... 
 . .... I1
 
ILMA .7 2
 
Corporacidn de Mercadeo ............ 1
 

CEPAL ....,.............. ...... 


CIRA o...... , . ....... ...... 1
 
ICA ........... ot... .. ........... o
 

FAO 	.. # . . o o.. . . . o 

4. 	 Plant Breeding and adaptations 

CIAT .......... 4................ ,46
 

IICA . . . . . . . . . ......... 24
 
ICA ... . . . . . . otoo2 1 
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ENA, Chapingo . . . . . . . . 

Unversity of Campinas . . ... ........ 

INIAP . ....... 

Universtyof Vicosa . . ... ,....,, 

PCCMCA....................... 
.... 

S 

2 

INIAP .... 
INCAP...............le 

ICTA (El Salvador) ........... 
IITA . . . . . .. ........ . . . 

1 

4.4 Study of farmers' technologies: 

IICA.................. 
ICA s.............. ... ......... 

JITA ............. ......... 
PCCMCA ......... ..... .. .. .. 

ENA (Chapingo) ........ 
INIA, (Mexico) ............. 
CIMMYT ....... .. ... ...... 

INIAP. ............... *.. .... 

.. 

... 

.. 

4 

.3 

2 
2 

2 

1 

ABCAR (Brazil) 

ICTA (El Salvador) 

FAO ...................... 

.... . 

. . 

.... 

. . ..... . 

.... 

, 

1.... 

1 
1 

4.5 Production practices: 

CIAT............. 
IICA ............ 
University of Camplnas 
ICA ............... .... 
PCCMCA ............. ........ 

INIAP ....................... 

. 

41 
17 

6 
S 
2 

2 

INCAP 
ALAF 

........ 

..... o..... 
. .. 

.... 
......... 

....... to... 

4.6 Potential of legumes in human diets: 

INCAP * ... s * ... 43 , 

CIAT 

PCCMCA 
... 

s.as...............6 0 

.13 
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IICA... 

Universldd del Valle . 
FAO ........ . . .. . . . . , . 

4 

INIAP ........ 

ICA .. . ....... .... .. . 

4.7 Certified wced production: 

CIAT ......................... 
IICA ....... c............... .. 

ICA .t..so ct ........... .. 

CIMMYT ..... .................... 

PRONASE,(Mexico).... ......... 
Ministries of Agriculture .. . ..* ... . 

. 20 
7 

6 

4 

4 
3 

INCAP ................. ...... soot 
ENA, (Chapingo) ..... .... . . 

INIAP .......... ... ... ... .. 

PCCMCA ......................... 

ABCAR,(Brazil).......... ... ... .. 
INIA, (Mexico) ....... . .. . . 

I 

1 

Universityof Campinas ........... 

Zamorano ......... .......... 1 

4.8 Appropriate method to take technology to the farmer: 

CIAT ...... .......................... 

IICA ............................. 
ICA............................. 
Ministries of Agriculture ............... 
ENA, (Chapingo) ..... I.. 
ASCAR,(Br azil) ........................ 

C.P........................ 
INCAP ................ o.. ....... 

FAO ........... o. ....*... .... s ... 

INA ............o# ....... .. .. . 

20 
18 
4' 

4 
3 
3 

' 

4.9 Plant architecture and physiology: 
CIAT ............ 

Universities ....... ... ....... ... 

IICA .............. . . ...........
ENA,(Chapingo) ..... . .... , .... 

12 
11 

ICA . 4 
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IITA; 

INCALF ..... ... ... ....... .. -.
 

ALAF 	 ~1 
INIA o .a. . ...... . °. .... 1 
MSJU .e o ee e.. .. o~
. .e . .. .. 


PCCMCA ................. 	 .... 1
 

5. 	Consisted In classifying seminar's organization, according to the following 

scale: I I I 

5. 	 Excellent 
4. 	Good
 

3. 	 Fair 
2. 	Bad
 
1. 	 Teirible 

The following Is the summary: 
Average No. of reles 

rplies 

Officers' efficiency 5.00 5 

Coordination and order 5.00 1 

Interest of national participants 5.00 1 

Opportunity to meet other participants 
at inforinal meetings (meals, cocktail 
parties, etc.) 4.11 87 

Hotel 	facilities 4.00 1 

Evaluation questionnaires 4.00 1 

Work in disciplinary groups 4.00 2 

Opportunity to highlight specially 
important aspects during meetings 	 3.92 82, 

Opportanity to clarify aroused 
enquiries during conferences 3.87 86 

Secretarial help 3.83 6 

Coffee service too slow. This caused 
delay in starting meetings 3.60 2 

Simultaneous interpretation, 3.46 86. 

Quality of sound system 3.18 86 

Banquet organization 3.00 2 

Definition of objectives 3.00 1 

Classification of problems 3.00 1 

Time for paper presentation 5.00 1 

Break times 3.00 1 
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General session work 

Too cold air conditioning 
Speakers' presentations 
Currency exchange service 

Control of lights 
Opportunity to discuss economical aspects 
Some presentations too long 
Water service 

881
 

2.00 1
 

2,00 1
 
2.00 1
 
2.00 1
 

1.50 2
 
1.00 1
 
1.00 2
 
1.00 2
 



ApPndX V. 

LIST OF PARTICIPANTS 

firuil 	 Colombia 

Johanna Doberciner Jorge vin Alvarez 
IPFAS Instituto Colombiano Agropecuarlo 
Km. 47, Via Campo Grande, 2C-26 Apartsto A&co 51764 
Guanabara. Mcdellfn, Antioquia 

Iraja lerreira Antunes Gilberto Hastidas 
Instituto de Pesquisa Agropecuarla do Sul Instituto Colombiano Agropecuario 
IPEAS Apartado A&co 233 
CAixa Posts "L" Palmara, Valle 
Pelotas, R. S., 96100 

1'ernando Bernal N. 
Aristoteles F,errcira de Oliveira Gerente, Regional No. 5 
Setor de 'itotccnis instiiuto Colombiano Agropceuario 
Programa Legumanosas Flificio Banco Ganadero, Paso 11 
IPFAS 	 Call, ValleIlemr, l' rd. 

Luis A. Buitrago
George Freytag Instituto Colombiano Agropecuario 
Consulado dos Estados Unldos tie Norte America, Apartado Aireo 233 
Caixa Postal 09676 Palmira, Valle 
Porto Alegre, R. S. 

Canuto Cardona 
Carl Lamm 	 Instituto Colombiano Agropccuario 
(IAEA/FAO) Apartado Areo 7984 
Centro tie 'ncrgfa Nuclear en Agricultura, (CENA) Bogotd, D. F. 
Caixa Postal 96 
Piracicaba, Sao Paulo. 	 Nelson Castellar 

Facultad tie Agronomfa 
Shiro Miyasaka Universidad Nacional 
Instituto Agron6mico tic Estado de Sao Paulo Apartado Aireo 234 
Avenida Barao dc Itapura 1481 Palmira, Valle 
Caixa Postal 28 
Campinas, Sao Paulo, 13100 Mark M.Claassen 

Misi6n Menonita 
Eliane Augustin Olivcira Apartado A~reo 9859 
Instituto de Pesquisa Agropecuaria do Sul Bog, ,t, D. E. 
IPEAS 
Caixa Postal "F." Germnn Contreras 
Pelota%, R. S., 96100 instituto Cplombiano de Bienestar Familiar 

Aparts io Airco 15q609 
J. Dutra de Olivcira Bogo, D. E.
 
Facultad tie Medicina,
 
Univcrsidade de SaoP aulo Vicente Divila S.
 
Ribeirao Preto, Sao Paulo. 14100. Vente Geerl
f 	 Gerente General 

Instituto Colombiano AgropecuarioAntonio Sidney Pornpcu 
Secto de Legurninosas Apartado Areo 7984 
Instituto Agron6mico Bogota, P. F. 
Caixa Postal 28 
Campinas, Sao Paulo. Efrafn Dfaz B. 

Jcfc Seccional, Programa Certificacl6n de Semillai 
Clibas Vicira Instituto Colombiano Agropecuarlo 
Universidad Federal de Viqosa Apartado Afrco 233 
Vijosa, Minas Gerais, Palmira, Valle 
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Mario hmura Y. 

LUoreda Gra as y Accitcs Vccgalcs
Autopists Cali-Yumbo, Kmn.3Cali, VallK 

Ck%r I Acopar 
In',tituto('olornhano AgropccuarioApartado Arco 7984 

lIkgut i, I). I,. 


David 1.. I ranklin 
Intituto Colombiano tic Ilencstar Familiar 
Apartado 4.crco 15609 
Ilogota, D. I. 

Carlos (;arcs 

DIrcctor, I tucla de Graduados
 
Instituto Colomhiano Agropccuaolo

Apartado Akrco 7984 

Bogoti, I). E. 


Ruben (;arcfa 
In-tituto Colombiano tie iencitar Familiar 
Apartado Areo 15609 
hIogoti, I). E. 

Alvaro Gartner 

Instituto Colombiano Agropecuarlo

Apartado Akrco 7984 
Bogoti, D. F. 

Mario Giraldo 

Caja de Crcdto Agrario, Industrial yMincro'
C R!'SI14 ILI.AS
 
Apartado A o 240 

Palmira, Vallc 


ldgar Gum7in 

Programa ICLeguminosas de Grano 

Instituto Colombiano Agropecuario 

Aparado A co 233 

Palmir, Valle 


Gracicla Londohio 
Carrcra 26 No. 25-38
 
Manivalcs, Caldas. 


Simcone Mancini M.

Facultad de Ciencias Agrfcolas 

Universidad Nacional
 
Apartado Aireo 568 

Mcdcliln, Antioquia. 

Luis Alberto Mater6n 
Universidad Nacional 
Apartado Airco 234 
Palmira, Valle 

Francisco Moats 0.Carners 41 No. SA-48ael 
Cai e 41No.5A4Instituto 
Cali, Valle 

Elias Juri Nader 
Director, Programs PAN 
Corporaci6n de Abasteclmientos dcl Valle dcl Cames, S. A.Apartado Akreo 6187 

Call, Valle 

Silvio Hugo OrotcoInstituto Colornniano Agropecuarlo
Apartado Aireo 233 

Palmira, %ile 

Ilumberto Poteb
 
Departamento de Leguminosas
 
Instituto Columbiano Agropecuarlo

Apartado Aireo 233
 
Palmiru, Valle
 

Alberto Pradilla
 
Unidad Metab6iica
 
Departamento de Pediatra
 

.Univcrsidad del Valle
 
Cali, Valle
 

Mario Ramfrez 
EXPASA 
Cartera 4 No. 12-42, Piso 4o.
 
Cali, Valle
 

Henry Key
 
Universidad del Tolima
 

llagu , Tolima 
Alfredo Saldarriaga 

Programs de Entomologfa
 
Instituto Colombiano Agropecuarlo
Apartado A6reo 233 
Palmira, Valie
 
Clauio Schamlierger
 
DuioVASLE Ltda.
 
Edificio Zaccour, Oficina 919
 
Carrera 3 No. 11-32
 

Cali, Valle 

'i ito Serrano 
EXPASA 
Carrcra 4 No. 12-42, Pio 4o.
 
Cali, Valle
 

Row Elias Sterling 
Carrera 74 No. 9-14 

Bogoti, D. E. 
Alfonso Tob6n L. 
Calle 33 No. 15-64 
Bogoti, D. H. 

Rafl Varela 

Colombiano Agropecuarlolbagui, Tolima 
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Kuuhro YVohl uYuM 
lariltuo Colombano Agropecuarlo
 
Apastlo Aireo IS112 3 (El Dorado)
 
Bogotl, I). . Plbert Bowen
 

USAID/Guyana
 
Costa P.P. Box 25Georgetown 

Runald Echandi Alfred Victor Downer
 
Facultad tie Agrunomia Ministry of National Development and Agriculture

Universidad de Costa Rica, Mon Repos, Last Coast Demerara
 
Ciudad Univermitaria "Rodrigo Faclo"
 
San Josk 
 Audrey Pamela Stephenson
 

Central Agricultural Station
 
Warren Forsythe Mon Repos, East Coast Demerara
 
I:CA • CrFI
 
Apartsdo 74 Guatemala
 
1urrialba
 

lodrigo Glmez Juan Antonio Aguirre 
Instituto Interamericano de Cienciu Agrfcolu (IICA)
Facultad de Agronom(a Zona Norte
 

Universidad de Costa Rica, Apartsdo IS 15
 
°'
Ciudad Untveriltaria "Hodrige Facio Ciudad de Guatemala 

San Jo 

Ricardo Bressani 
Guillermo Mufoi Instituto de Nutrici6n de Centro Amica y Panaml (INCAP)
Consejo Nacional de Produccl6n, Apartado Postal 1188 
Apartado Postal 2205 Ciudad de Guatemala
San Jos Luis G. Elias 
Antonio Pifichinat Instituto di Nutrici6n de Centro America y Panaml (INCAP)
IICA - CTE.I Apartado Postal 1188 
Apartado 74 Ciudad de Guatemala 
Trurriaiba Gonzalo Armando Fletes 

Instituto de Ciencias y Tecnologfa Agrfcola (ICTA)Fernando Suircz de Castro Ministerio de Agricultura
Direcci6n General Palacio Nacional 
Instituto Interimericano de Clenclas Agricolas (IICA) Ciudad de Guatemala 
Apartado 10281 
San Josk Marina Florcs
 

Instituto de Nutrici6n de Centro Amirica yPanamil (INCAP)
 
Edgar Vargas G. Apartado Postal 1188 
Fatultad de Agronom(a Ciudad de Guatemala 
Universidad tie Costa Rica 
Ciudad Universitarla "Rodrigo Faclo" Eugenio Martfnez 
San Josk Instituto de Ciencias y Tecnologfa Agpfcola (ICTA)

Ministerio de Agricultura 
Palacio NAcional

MlSalvador Ciudad de Guatemala 

Jes Merino A. Porfirio Nicolis Masaya
Centro Universitario Cat6lico, Divisi6n Centro de lnvestigaci6n
Fundacl6n Promotora de Cooperatlvas Estaci6n Agrfcola "La Aurora" 

San Salvador Ciudad de Guatemala 

y Ministerio de AgricultureHeleodoro Miranda Sub-Comisjbn Organizadora (ICTA)
Instituto Interamericano de Clencla Agr(colas Oticina Centrales DIGESA 
Apartado 1688, Sucursal I 11 Calle 10-56, Zona 1 
San Salvador Ciudad de Guatemala 
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Cisar A. Molina 

Dirceci6n de lnvestigaci6n Agricola
 
"La Aurora", Zona 13 

Ciudad dc Guatcmala 


josi Manuel i rano 

Secretar(a Permanentc del Tratado de Integraci6n 

lIcon6 rn.a ('Centroamericana (SIFCA)
 
Apartado Postal 12 3 7 

Ciudad te (;uatcmala
 

Robert K. Waugh 
Instituto de Cicncias yTecnologia Agricola (OCTA) 

Ministerio tic Agricutura
 
Palacio Nacional
 
Ciudad te Guatemala 

Honduras 


Jos6 Montenegro Barahona 

Direcci6n General de Desarrollo Rural (DESARRURAL)

Apartado Postal No. 309 

Tegucigalpa, D.C. 

1%a Victor Daccarctt yDaccarett 

Dirccci~n General de Desarrollo Rural (DESARRURAL)

Apartado Postal No. 309 

Tegucigalpa, D.C.
 

Roberto Garcda A.
 
Drcci6n G0neral de Desarrollo Rural (DRSARRURAL)

AparTadoPotal No. 309 

Tegucigalpa, D.C. 


Victor A. Muilz 

E.%cuela Agricola Panamericana 

Apartado 39 

Tegucigalpa, D. C. 


Juan ParodiValverde 
Programa de Desarrollo Granos BisIcos
Apartado 1097 

Tegucigalpa, D.C. 


Haiti 

Roland Latortue 
Experimentation Service DARNOR 
Damien, Port-au-Prince 

England 

Alice N. Evans 
Department of Applied Biology 
University of Cambridge 
Cambridge 

385 

Japan 

Akira Tanaka
 
Professor, Plant Nutrition
 
Faculty of Agriculture
 
Iokkaido University
 
Sapporo, lokkaido
 

Ja 

Reginald PierreUniversity of the West Indies
 
Mona, Kingston 7
 

Lebanon 

Iassan A. El-Tobgy

Ford Foundation
 
P.0. Box 2379 
Beirut 

Malawl 
OghencsavBuko T. Edje 

Bunda College of AgricultureUniversity of Malawl 
P. O. Box 219
 
Lilongwe
 

Mexico 

Efraim liernndez X.
 
Coleglo de Post-Graduados, E.N.A.
 
Chapingo, Estado deMixico
 

Lcobardo Jiminez S. 
Colegio de Post-Graduados
 
Escuela Nacional Je Agricultura, E.N.A.
 
Chapingo, Estado de Mixico
 

Josuk Kohashi 
Coleglo de Post-Graduados 
Escuela Nacional de Agricultura, E.N.A. 
Chapingo, Eitado de Mixico 

lictor L6pez G. 
Centro de Investigaciones Agricolas de Sinaloa 
Apartado Postal 356 
CuliacLn, Sinaloa 
Maria Luis& Ortega D. 
Colego de Post-Graduados 

Escuela Nacional de Agricultura, E.N.A. 
Chapingo, Estado de Mixico 

Samuel D. Santaclila 
PRONASE 
Avenida Progreso No. 3 
Coyoacin 
Mfxlco 21, D.F. 



Rafael Trujillo Centro de Energa Nuclear de Agicultura 
Colegio dePost-Graduados Apirtado 96 1 ",,: 

Escucla Nacional de Agricultura, E.N.A. Plracieaba;Saokaulo, BrasH., 
Chapingo, Estado de Mexico ~~Ricardo Scheffer .. 

Nicaragua 

Ernesto Lcyp6n N. 

Centro Experimental Agropecuario "LaClera"
 
Apartado Postal 592 

Managua 


Iiumberto Tapia 

Centro Experimental Agropecuarlo "La Calera" 
Apartado Postal 592 
Managua 

Nigeria 

If. Chris Wien 
International Intiwtue of Tropical Agriculture, IITA 
Oyo Road, P.M. B. 5320
Ibadan 

•b " " 

Ken 0. Rachie 
International Institute of Tropical Agriculture, IITA 
Oyo Road, P.M. B.5320 
lbadan 

l.uk Ilumberto Cam cho 
International Insticutc of Tropical Agrichlturc, IITA 
Oyo Road, 1P.M. R. 5320
lhadan, 

PanamA 

Alberto S. Taylor 
Departamento dc Rotdnc.c 
Iscuela de Biologfa 
Universidad dc Panam 
'Apartado 3368 
Panami 

Gilberto Ocaf a 
Departamento de iitopatologfa 
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