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FOREWORD

Beans are grown in more than 12 million ha and constitute the most
important food legume for more than 500 million people in Latin
America and Africa. Beans are the leading source of protein and are
an important source of calories for many of the poorest in these two
continents. Despite their nutritional importance, however, produc-
tion growth rates have been declining in Brazil, the Andean region,
and throughout Africa. In most low-input systems where the
majority of beans are produced, the principal factors responsible for
bean yield and quality losses are diseases, insect pests, plant
nutritional deficiencies, and drought.

The Centro Internacional de Agricultura Tropical is proud to
present to bean researchers and to the world of agricultural science a
second book on bean production problems, covering the most
important production constraints of beans in Latin America and
Africa.

Because a considerable amount of important information has
become available since the publication of Bean Production Prob-
lems: Disease, Insect, Soil and Climatic Constraints of Phaseolus
vulgaris, a new, completely revised, version was needed. In addition
to completely rewriting each section of the first book, new sections
have been added and other bean researchers have joined the list of
contributors. Thus, this second version represents the combined
efforts of many internationally recognized bean research authorities
who have contributed their knowledge and experience to this very
-omprehensive review of bean production constraints. We sincerely
hope and trust that this book will be a significant contribution to the
solution of these very important constraints.

We gratefully acknowledge the valuable support provided by the
International Development Research Centre of Canada. Througha
cooperative project with CIAT’s Training and Communications
Support Program, this center contributed by funding the costs of

ix



technically revising and editing the manuscript, and the devel-
opment and preparation of the manuscript for publication. CIAT,
in keeping with its continuing devotion to the agricultural and
economic growth of developing regions and the improvement of
living standards for people of the tropical world, publishes this
book with pleasure.

John L. Nickel
Director General, CIAT



PREFACE

The common dry bean, Phaseolus vulgaris, is the most important
food legume for direct human consumption in the world. Produc-
tion oécurs in a wide range of cropping systems and environments
spanning regions as diverse as Latin America, Africa, the Middle
East, China, Europe, the United States, and Canada. In Latin
America, the leading bean producer and consumer, beans are a
traditional and very important food for the lower income strata,
particularly in Brazil, the Andean Zone, Central America, and some
Caribbean countries. However, the highest per capita consumption
in the worldfoccurs in eastern Africa, especially in the Great Lakes
Region. Beans are also an important source of dietary protein in
Kenya, Tanzania, Malawi, Uganda, and Zambia.

Beans in Latin America and Africa are primarily a small-farmer
crop, grown with few purchased inputs, and besieged by an array of
biological, edaphic, and climatic problems, making beans notori-
ously low in yield, particularly when compared with the average
yields obtained in temperate regions of North America and Europe.
In tropical bean production regions, diseases, insect pests, and low
soil fertility are the most important production constraints. Most of
the landraces and improved varieties grown in these areas are
susceptible to one or more of these production constraints,
preventing the realization of their full yield potential and causing
production instability from one year to the next.

"In most tropical bean production regions, diseases are often the
most important constraint to bean production, particularly in Latin
America. More plant pathogens, greater pathogenic variation, and
more virulent isolates of these pathogens are found attacking beans
in Latin America and Africa than in temperate regions. The
prevalence and importance of each disease varies considerably with
locality, season, year, and cultivar; however, some pathogens such
as those that cause anthracnose, angular leaf spot, common
bacterial blight, rust, and bean common mosaic virus, are wide-
spread and economically important. Usually, one or more of these
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pathogens are found to cause yield losses in most bean-producing
areas of Latin America and Africa. Other pathogens are also
significant economically but are restricted to growing regions with
specific environmental conditions that favor their survival and
spread. This group includes bean golden mosaic virus, web blight,
and ascochyta blight. Some are widespread but not economically
important such as root rots, and the rest are not widespread and not
economically important.

Insects pests are also very important in Latin America and Africa
and cause considerable damage to production before and after
harvest. Some significant pests are restricted to one continent. Bean
fly, for example, is extremely important in Africa but is not present
in Latin America. Bean pod weevil is economically important and
present only in Mexico and some countries of Central America.
Other insect pests such as bruchids and leafhoppers, are widespread
in most tropical bean-producing regions.

In Latin America and Africa, beans are grown on many different
soil types, which often limit plant growth and yields because of
nutritional deficiencies or toxicities. Edaphic problems have been
extensively reported for large bean production areas of Brazil, the
Andean Zone, Central America, and Africa.

To overcome the major production constraints in beans, research
is a must. This book intends to bring together the most current
knowledge available about each of the most important bean
production constraints. The authors of the different chapters are
bean researchers with acknowledged broad experience in bean
research. We hope, therefore, that this book will provide the type of
information usually needed by bean scientists and policy makers.

This book can be seen as having six general sections, each
containing chapters on specific bean constraints by one or more of
the 29 contributing authors. The first section reviews trends of bean
production and constraints in Latin America and Africa. The
second section covers fungal diseases; the third, bacterial diseases;
the fourth, viral and mycoplasma diseases; the fifth, insect pests;
and the last, other bean production constraints, that is, nutritional
disorders, nematodes, seed pathology, and additional problems.
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Chapter 1

TRENDS IN WORLD COMMON
BEAN PRODUCTION

Douglas Pachico*

The common or dry bean (Phaseolus vulgaris L.) is produced
primarily in tropical low-income countries which account for over
three-quarters of the annual world production of 8.5 million metric

~tons (Table 1). The common bean is the most important food
legume in the developing world and in North America where nearly
one‘million tons of beans are produced annually. European bean
production is only slightly less than that of North America,
although other pulses are of greater importance.

Table 1. Average world production of common beans during 1982-84.

Region' Percentage Production
of world (t in thousands)
production

Developing countries in:

Latin America 46.7 3983
Sub-Saharan Africa 24.1 2056
West Asia and North Africa 35 299
East and South Asia 30 256

Total developing countries 773 6594

Developed countries in:

North America 11.6 988

- Europe 10.4 887
Pacific 0.7 65
Total developed countries 22.7 1940
World 100.0 8534

SOURCE: Compiled by author from FAO, 1983, 1984a, and 1985.

*  Agricultural economist and Head, Bean Program, Centro Internacional de Agricultura Tropical
(CIAT), Cali, Colombia.
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In the developing world, small farmers are the principal producers
of beans, often as a secondary crop in association with maize. A
high proportion of beans in these countries is consumed on the farm
or traded only in local markets. Thus, with limited resources and
other pressing demands on the administrative capacity of agricul-
tural ministries of many developing countries, the difficulties of
collecting accurate data on common beans are immense. Con-
sequently, data for many countries constitute little better than an
informed guess. Nor is it only for developing countries that
common bean data are problematic. The Food and Agriculture
Organization of the United Nations (FAQO) notes that some
European data on area for common beans are overestimated and,
consequently, yields are underestimated because of the combination
of data from mixed cropping and monoculture (FAO, 1984a, p .6).

World common-bean production can be conveniently grouped
into twelve regions (Table 2), the most important of which are
Brazil, Mexico, and eastern African highlands. Beans are a major
staple in these regions which together contribute to half of the
world’s production. The USA and the Southern Cone of South
America are major producers for export markets. Eastern and
Western Europe are also significant producers, although Western
Europe is also a major importer. In the African Great Lakes Region
and Central America, beans are an important staple. West Asian
production is concentrated in Turkey and Iran.

Per capita consumption of the common bean and its contribu-
tion to nutrition is highest in the African Great Lakes Region where
beans provide one-third of total protein intake and one-eighth of
total calories (Table 3). Beans are also very important in the eastern
African highlands where one-sixth of proteins come from beans.
Among the poor and middle classes in Brazil, Mexico, and Central
America, the nutritional importance of beans is almost as high asin
eastern Africa.

Latin America, the center of origin for the common bean, is the
leading bean producer in the world. It contributes more than two-
fifths of the total world production with an annual output of about
four million metric tons. Beans are by far the most important pulse
crop in Latin America, accounting for nearly 80% of total pulse
production. The common bean is also the most important food

2



Table 2. Average production and yield of common beans in major production
regions during 1982-84.

Regiond Production Yield
(t in thousands) (kg/ha)
Brazil 1801 458
Mexico 1215 623
Eastern Africa 1157 597
North America 988 1583
Eastern Europe 606 904
African Great Lakes 571 766
Southern Cone 411 1038
Central America and Caribbean 375 704
West Asia 299 1103
Western Europe 281 627
Southern Africa 256 631
Andean 181 611

a. Regions are defined as:
Eastern Africa:

Eastern Europe:

African Great Lakes:
Southern Cone:

Central America
and Caribbean:

West Asia:

Western Europe:

Southern Africa:

Andean:

Ethiopia, Kenya, Somalia, Tanzania, Uganda

Albania, Bulgaria, Czechoslovakia, German Democratic Republic,
Hungary, Poland, Romania, USSR, Yugoslavia

Burundi, Rwanda, Zaire
Argentina, Chile, Paraguay, Uruguay

Costa Rica, Cuba, Dominican Republic, El Salvador, Guatemala, Haiti,
Honduras, Nicaragua, Panama

Iran, Turkey

Austria, Belgium, France, Greece, Italy, Netherlands, Portugal, Spain,
Sweden, United Kingdom

Angola, Lesotho, Madagascar, Malawi, South Africa, Swaziland,
Zimbabwe

Bolivia, Colombia, Ecuador, Peru, Venezuela

SOURCE: Compiled by author from FAO, 1983, 1984a, and 1985.

legume in sub-Saharan Africa which is the second leading bean-
producing region with an annual production of two million tons.
The combined production of beans in North Africa, West Asia, and
East Asia is slightly over half a million tons per year. However, in
these regions the common bean is less important than other pulses.

Bean productivity is highest in North America where yields reach
about 1.5 t/ha (Table 2). In the Southern Cone, West Asia, and
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Table 3. Average consumption of the common bean (Phaseolus vulgaris) in
major producing regions.

Region? Annual apparent Share of Share of
consumption total protein total calorie
1982-84 intake intake
1979-81 1979-81
(kg per capita) (%) (%)
Brazil 14.0 12.0 42
Mexico 16.5 10.6 5.1
Eastern Africa 19.3 16.9 1.3
North America 2.5 1.1 0.5
Eastern Europe 1.5 0.5 0.2
African Great Lakes 47.7 34.0 13.1
Southern Cone 4.1 2.1 0.9
Central America and 9.8 7.6 29
Caribbean
West Asia 33 2.1 0.9
Western Europe 1.8 1.0 0.4
Southern Africa 4.6 3.0 1.2
Andean 32 3.2 1.2

a. Regions are defined in footnote of Table 2.

SOURCE: Compiled by author from FAO, 1983, 1984a, 1984b, and 1985.

Eastern Europe, yields are around 1 t/ha. Elsewhere, yields typi-
cally average 0.6 t/ ha, except in Brazil where productivity is slightly
lower.

Production growth has been highly variable among bean-
producing regions over the last two decades (Table 4). Notable
growth has occurred in high-yield regions of the Southern Cone and
West Asia. Propelled by export opportunities, Southern Cone bean
production increased at an annual rate of 8.4% during 1972-74 to
1982-84. It has surpassed the production of Central America,
Western Europe, southern Africa, and the Andean region.

The largest absolute gain in bean production occurred in eastern
Africa and the African Great Lakes Region where output increased
nearly a billion tons over the last two decades (Table 5). Production
in eastern Africa grew very rapidly during 1962-64 to 1972-74 at
6.1% per year and output continued to expand from 1972-74 to
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Table 4. Average growth rates in production of common beans in major
producing regions during the periods of 1962-64 to 1982-84.

Region? Annual percentage
1962-64 1972-74
to to
1972-74 1982-84
Brazil 2.2 0.5
Mexico 2.2 33
Eastern Africa 6.1 2.8
North America 0.4 0.9
Eastern Europe 0.4 3.1
African Great Lakes 6.0 33
Southern Cone 5.1 8.4
Central America and Caribbean 1.0 25
West Asia 4.1 39
Western Europe -3.3 -3.2
Southern Africa 2.5 1.2
Andean 14 0.5

a. Regions are defined in footnote of Table 2.

SOURCE: Compiled by author.

Table 5. Average common bean production (tin thousands) in major producing
regions during the periods of 1962-64 to 1982-84.

Region? 1962-64 1972-74 1982-84
Brazil 1420 1726 1801
Mexico 742 905 1215
Eastern Africa 523 903 1157
North America 885 917 988
Eastern Europe 476 459 606
African Great Lakes 246 423 571
Southern Cone 120 192 411
Central America and Caribbean 273 299 375
West Asia : 145 210 299
Western Europe 507 374 281
Southern Africa 184 230 256
Andean 152 173 181

a. Regions are defined in footnote of Table 2.
SOURCE: Compiled by author.



1982-84 at 2.89% per year. The African Great Lakes Region shows a
similar pattern of rapid growth in the 1960s, followed by much
slower growth in the 1970s.

Mexico has achieved significant advances in bean production
over the last two decades, but production has been highly variable,
particularly in recent years, and production trends are consequently
less consistent than they may appear at first glance.

In most regions of the developing world, growth in bean
production has tailed off in the last decade. Brazil, eastern Africa,
the African Great Lakes Region, southern Africa, and the Andean
zone all experienced slower growth during 1972-74 to 1982-84 than
during the previous ten-year period. In the present decade, popula-
tion growth has outstripped that of bean production in all four
regions. Western European production has declined consistently to
about half of 1962-64 levels and has dropped from fifth to tenth
among bean-producing regions.

Comparison of annual growth rates in yields and area sown
provide insights on the causes of declining growth among many
bean producers (Table 6). In general, there has been little improve-
ment in yields. This is true both for slow-growth regions such as the
Andes and southern Africa, and for rapid growth regions such as
the Southern Cone and West Asia. Area expansion in marginal
agricultural lands has been the major source of production growth
in Brazil, the African Great Lakes Region, eastern and southern
Africa, the Southern Cone, and Central America. Where area
expansion has slowed as land became scarcer, as in eastern Africa,
the African Great Lakes Region, or the Andes, production growth
rates have also fallen.

International trade in common beans is of relatively minor im-
portance for countries where beans are a major staple such as Brazil,
Mexico, eastern Africa, or the African Great Lakes Region (Table 7).
However, bean imports can be critically important to Brazil and
Mexico in order to supplement periodic production shortfalls. For
example, Mexico imported an average of 400,000 t/yr in both 1980
and 1981. Other “production shortfall” importers are Cuba (73,000
t/yr) and Venezuela (65,000 t/yr). The biggest market for beans is
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Table 6. Average growth rates for yield and area of common beans in major
producing regions during 1962-64 to 1982-84.

Region? Yield Area
(annual percentage) (annual percentage)

1962-64 1972-74 1962-64 1972-74

to to to to
1972-74 1982-84 1972-74 1982-84
Brazil 0.7 -2.8 3.0 3.1
Mexico 39 0.9 -1.5 2.3
Eastern Africa 0.7 0.8 6.7 1.9
North America 0.3 1.1 0.7 0.3
African Great Lakes 04 1.7 5.6 1.6
Southern Cone 0.0 1.2 5.2 7.3
Central America and
Caribbean 1.1 0.4 0.1 29
West Asia 1.1 -1.8 3.1 57
Western Europe 23 0.1 -5.7 -33
Southern Africa 0.7 0.7 1.8 1.9
Andean 0.3 0.8 1.7 0.3

a. Regions are defined in footnote to Table 2.
SOURCE: Compiled by author.

Table 7. Average international trade in common beans during 1982-84.

Region? Net trade Net value Trade as share

balanceb of balance of production
(t in thousands) (USS$ in millions) %)
Brazil -18 -14 1.0
Mexico -22 -26 1.8
Eastern Africa +26 +8 22
North America +349 +181 354
Eastern Europe +5 +0.2 0.8
African Great Lakes 0 0 0
Southern Cone +215 +75 52.3

Central America and

Caribbean -85 n.a.€ 22.7
West Asia +6 +4 2.6
Western Europe -350 -158 124.6
Southern Africa -32 -22 12.5
Andean -80 -34 4.2

a. Regions are defined in footnote to Table 2.
b. Negative numbers indicate imports and positive numbers indicate exports.
c. n.a.: Data not available.

SOURCE: Compiled by author from FAO unpublished data.



Western Europe which imports over half of its consumption
requirements. The principal exporters are United States (311,000
t/yr), Argentina (177,000 t/yr), and Chile (38,000 t/yr).
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Chapter 2

COMMON BEANS IN AFRICA AND
THEIR CONSTRAINTS

D. J. Allen, M. Dessert, P. Trutmann, and J. Voss*
Introduction

The common bean ( Phaseolus vulgaris L.) is an ancient New World
domesticate. Beans spread widely in post-Columbian times and
reached Africa from Brazil with the slave trade. They had reached
Europe by the sixteenth century and probably spread to coastal
parts of Africa not long afterward through the Portuguese.
Phaseolus vulgaris became established as a food crop in Africa
before the colonial era. The wealth of local names given to
distinctive cultivars is evidence of the long establishment of beans as
a food crop in East Africa (Greenway, 1945; Leakey, 1970a).

The total annual production of common beans in Africa is
estimated at two million tons of dry seed. This is about 25% of world
production (Table 1).

The Production Environment

The common bean is adapted to temperate and cool tropical
climates. In Africa, production is concentrated in the cool highlands
of central and tropical eastern Africa where beans are the most
important pulse crop. However, beans are also grown as a winter
irrigated crop in North Africa and parts of southern Africa. Within
the highland areas, the production environment is diverse; the
altitude ranges from 800 to 2300 m above sea level, although the
higher elevation zones (1900-2300 m) are largely confined to the

* Plant pathologist, Regional Bean Project for Southern Africa, Arusha, Tanzania; plant breeder, Bean
Program for Central America and Caribbean, San Jos¢, Costa Rica; plant pathologist, Great Lakes
Bean Project, Rubona, Rwanda; and anthropologist, formerly Centro Internacional de Agricultura
Tropical (CIAT), Cali, Colombia, and now at International Development Research Centre (IDRC),
Ottawa, Canada, respectively.
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Table 1. Estimated annual production (t in thousands) of common beans in
Africa, according to region.

Region Proportion of total production
(t in thousands) (%)
Great Lakes Region
Rwanda 282 12.8
Burundi 193 8.8
Zaire 96 4.4
Eastern Africa
Ethiopia 33 1.5
Kenya 567 25.8
Uganda 259 11.8
Somalia 1 >0.1
Southern Africa
Tanzania 350 15.9
Zambia 35 1.6
Malawi 67 3.0
Mozambique 15 0.7
Zimbabwe 46 2.1
Angola 40 1.8
Lesotho 10 0.5
Swaziland 1 >0.1
Other regions 205 9.3
Total Africa 2200 100.0

SOURCES: CIAT, 1985 and 1986; FAO, 1986.

volcanic slopes of the Virunga region of central Africa. In contrast
to Latin America, production of P. vulgarisin Africa gives way to P.
coccineus L. above 2300 m. Most production is found on plateaus
between 1200 and 1700 m.

Soil type also varies considerably between regions of production.
Beans in the Ruhengeri district of northern Rwanda and to the west
of Arusha in northern Tanzania, enjoy excellent fertile volcanic
soils. Elsewhere, production can be seriously constrained by soil
infertility, including acidity. Highly acid soils, with a pH as low as
4.2, are found in the bean-producing areas of Mbala district of
northern Zambia, in the Usambara Mountains near Lushoto in
Tanzania, and on the Nile Zaire Crest of Rwanda.
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Mean temperature in the principal areas of bean production
ranges from 16 to 24 °C. Annual precipitation is in the range of
500-2000 mm, with a bimodal distribution in eastern Africa (usually
between latitudes 6° N and S) as a result of movements of the
intertropical convergence zone. Average annual rainfall varies
substantially with location and, in some places, particularly in the
drier regions at the unstable frontiers of rainfall systems, rainfall is
markedly variable from year to year (Bunting, 1961). A valuable
method is available for calculating the confidence limits for
seasonal variation in rainfall in East Africa (Manning, 1956).
However, in bean-producing areas, mean precipitation during a
single season varies relatively little: 400 mm (about the minimum
rainfall required for a bean crop) to 800 mm. Seasonal length, from
sowing to harvest, varies from about 70 days in drier lowlands to
about 150 days in humid highlands, although obviously seasonal
length depends also on latitude of the site and growth habit of the
predominant bean cultivar.

The wide variability of production environments results in a
wealth of diversity in cropping systems as well as in agronomic
constraints to bean production.

Crop Production Systems

Beans are produced in a wide range of production systems in Africa.
Large-scale monoculture production of navy beans for canning and
export still occurs in some areas, although this industry has
collapsed in northern Tanzania, Uganda, and Ethiopia where
canning-bean production was once substantial. For example, in
Tanzania, the production of navy beans for export started in 1937
and expanded to more than 2500 tons in 1952. Rising interest in the
crop attracted inexperienced producers; quality therefore declined
rapidly just when canners became increasingly demanding. In an
effort to keep the industry alive, the cultivar Michigan Pea Bean was
introduced into East Africa without careful testing for adaptation.
Unlike the cultivar Comptesse de Chambord which was the
principal cultivar grown in the early years, Michigan Pea Bean was
especially susceptible to rust and, as a result, was almost totally
destroyed.
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Subsequent work focused on screening a collection of white-
seeded types for suitability for local production for canning. The
cultivar Mexico 142 was among those selected and is now one of the
most widely grown navy beans in eastern Africa (Leakey, 1970a;
Macartney, 1966; Robertson, 1955). In the Arusha region of
Tanzania, about 25,000 ha of beans are grown on a large scale on
contract to European seed firms. The cultivars grown are bush types
selected for their acceptability in Europe as snap beans and are
produced in monoculture. They receive more inputs, including
aerial application of insecticide, than do food bean crops.

In the Great Lakes Region of central Africa, beans are grown
primarily for home consumption and usually in association with
other crops. In Burundi, although as much as 20% of the crop may
finally be marketed, farmers almost never initially intend to market
them (Bergen, 1986). The same situation arises in Rwanda where
available data (SESA, 1984; J. Voss, unpublished data) reveal a
home consumption rate of more than 80%. The north Kivu region
of Zaire has a much higher degree of marketing with sales to Kin-
shasa and, in times of shortage, to Rwanda and Burundi. Although
reliable statistics are not available, estimates suggest that market-
oriented production may be as high as 70%.

The cultivation of staked climbing beans predominates in those
parts of the Great Lakes Region which have high rainfall, high
population density, and fertile soils. This includes the Ruhengeri
and Gisenyi regions of Rwanda, most of north Kivu in Zaire, and
parts of the west flank of the Nile Zaire Crest in Burundi. The main
reasons for growing climbing beans in these areas are their greater
resistance to pathogens (because of their physiological escape
mechanism) and the need to intensify production (because of high
population density).

Climbing beans are grown in a number of systems. At high
altitudes, between 2000 and 2300 m, monoculture predominates,
but relay cropping and associated cropping with maize are also
practiced. At lower altitudes, 1200-2000 m, complex associations
become more common. In Rwanda and Burundi the most common
associations are with bananas (Figure 1)!, maize (most commonly

1. This and all other numbered figures are collected together as aseparate booklet at the end of the book.
Lettered figures are found within the text.
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staked between maize plants), and sweet potatoes. In north Kivu,
staked climbing beans are most often grown in monoculture,
perhaps because of the more market-oriented production. However,
associations with maize, bananas, and coffee are also practiced.

Landraces of mixed seed type are common in Uganda (Leakey,
1970a), Malawi (Martin and Adams, 1985), southern Tanzania,
and, especially, in the Great Lakes Region. Here, varietal mixtures
(Figure 2) provide small farmers with a more reliable seed yield
under low-input conditions, apparently by buffering against envi-
ronmental stress, including disease. Work carried out by the
International Service for National Agricultural Research (ISNAR)
has demonstrated that most exotic varieties were less well adapted
and more affected by diseases than the mixtures of local varieties
used by farmers (ISNAR, 1983). The shift to cultivation of pure
varieties is associated with market production. Consumer prefer-
ences for certain grain types apparently govern traders’demand for
greater grain uniformity and price premiums, so accounting for this
shift. Pure lines receive a market price premium over mixtures at
about 20% in Burundi, as much as 100% in Zaire, and at over 900%
in Uganda where uniformity and the need to meet consumer
preferences are of paramount importance.

Food beans for subsistence are typically produced on a small
scale, usually in association with other crops. In Uganda, an
estimated 75% of all beans are grown in association on small farms.
Similarly complex cropping systems are found in Kenya, the
southern highlands of Tanzania, northern Zambia, and Malawi
(Edje et al., 1981; Leakey, 1970a; Spurling, 1973). The crop most
commonly associated with beans is maize, although the bean-
banana-coffee association predominates in some areas. Other
companion crops include sweet potatoes, peas, cassava, yams,
cocoyams, potatoes, and peanuts (groundnuts).

In Malawi, more than 949% of cultivated land is under associated
cropping (Edje et al., 1981) as in other densely populated areas,
including the Kagera Region of Tanzania (Tibaijuka, 1984) and the
Great Lakes Region. Associated cropping is more common in areas
where land is scarcer (because of denser human population) and less
common in areas where production is more market oriented (as in
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Kenya). However, monoculture seldom accounts for more than
40%. Associated cropping offers several advantages to the small
farmer: it enables greater productivity where land is restricted
(Neumann et al., 1986), it decreases the risk of complete crop
failure, and it often decreases disease severity (Msuku and Edje,
1982; van Rheenen et al., 1981). The banana-bean association is
common in Rwanda, Burundi, Uganda, and the Kagera Region of
Tanzania. In Rwanda, 60% of bean production is estimated as being
in association with banana (Nyabyendaet al., 1981). The situation is
similar in Burundi. The banana association plays an important role
in reducing drought stress for the associated bean crop and thus
improves the stability of the system. However, the water and
nutrient relations of the banana-bean association have not received
sufficient attention (Osiru and Mukiibi, 1984). In the coffee-
growing areas of north Kivu, Zaire, coffee is always associated with
beans.

Crop Production Constraints

The main production constraints reported in the literature are poor
agronomic practices, soil infertility, lack of improved cultivars,
moisture stress, weed competition, and damage caused by pests and
diseases. However, in systems involving complex associations, the
claim often made by researchers that farmers’ practices are sub-
optimal is difficult to evaluate objectively because research designs
become almost impossibly complex. Too often, assumed priorities
reflect prejudices on part of the scientist rather than the true
constraints to crop productivity. Indeed, some systems of subsist-
ence agriculture are balanced, self-supporting, tropical agroeco-
systems (Igbozurike, 1971; Janzen, 1973) in which coevolved crops
have achieved an equilibrium, not only with one another and with
their environment (Bunting, 1975), but also with their parasites.
Consequently, the farmer always has a stable source of food for
himself and his family, rather than risk hunger for the sake of high
productivity. The poorer the farmer and the less fertile the soil, the
more important yield stability becomes. His decision to grow beans
in complex associations and often in varietal mixtures therefore
stems from the need to maximize stability of performance rather
than productivity per se. The determination, then, of the relative
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importance of production constraints can and must be performed
with diagnostic exploratory trials onfarm. This will set realistic
priorities for future research in each agroecological zone in which
beans are produced. For example, in those parts of Rwanda where
beans have been cultivated for several centuries, onfarm trials have
yet to show significant yield advantages of new varieties over
traditional ones. Conversely, in areas of recent immigration, new
varieties have shown yield advantages of as much as 35% superior to
farmer mixtures (Graf and Trutmann, 1987).

The Centro Internacional de Agricultura Tropical (CIAT) team
in the Great Lakes Region has been using a multitiered approach to
identify the main production constraints. This consists of a
combination of farmer surveys, informal interviews, trials to
determine limiting factors, and onfarm varietal trial evaluations.
Farmer surveys in Ruhengeri, Rwanda, show that insect attack,
drought, excess rain and associated diseases, low soil fertility and
insufficient compost and manure, and lack of land were all con-
sidered by farmers as significant production constraints (Table 2).

Table 2. The importance of varietal characteristics, according to 120 farmers
interviewed in Ruhengeri, Rwanda, 1985-86.

Importance Characteristic Score?
High Yield 92
importance Rain tolerance 85
Earliness 78
Drought tolerance 76
Medium Taste 60
importance Upright architecture 48
Low Storability 36
importance Fast cooking 31
Green bean quality 29
Leaf quality 20
Color 6

a. Scoring is based on a scale of 0 to 100 where 100 signifies that all farmers identify the characteristic as
very important.

SOURCE: J. Voss and K. Dessert, unpublished data.
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Trials in the Great Lakes Region to determine limiting factors
have shown soil fertility and diseases to be the two most limiting
factors under most production conditions. A clear negative interac-
tion between soil fertility and disease is often found. Gains made
through increasing soil fertility are offset by losses from increasing
disease pressure if diseases are not controlled. If a farmer is forced
by economic or labor considerations to choose between increasing
soil fertility or controlling diseases, the latter is more likely to bring
about significant yield increases (Graf and Trutmann, 1987; Trut-
mann and Graf, 1987).

At lower altitudes in the Great Lakes Region, and elsewhere in
eastern and southern Africa, insect pests are also significant limiting
factors. Bean fly (Ophiomyia spp.) can cause substantial damage,
especially on less fertile land. Recent work in northern Zambia
suggests that application of fertilizer onfarm may effectively
suppress the damage resulting from bean-fly infestation.

Disease as a Production Constraint

The common bean was introduced to the highlands of eastern
Africa about 400 years ago and the highlands are now a secondary
center of genetic diversity. It appears that accompanying the crop
were many of the seed-borne pathogens that plague the crop in its
primary center of origin in the New World. The principal diseases of
beans are, therefore, essentially the same in the two centers.
Nevertheless, there are a few important dissimilarities in the
pathogen spectra of the two continents.

Literature on bean diseases in Africa is fragmentary. Most major
reviews have not dealt extensively with African literature, although
Allen (1983) has attempted to redress the imbalance. Notable gaps
in knowledge of the importance of bean pathogens include Angola,
Cameroun, Chad, and Togo, each of which is a significant producer
of the crop.

In comparison to fungi and bacteria, whose distributions are
relatively well cataloged in territorial checklists of pathogens (CMI,
1970, 1971, and 1979), virus distribution is poorly known. Because
viruses are difficult to identify, maps of their distribution in Africa
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are prone to inaccuracy, especially when identification has been
based on symptomatology alone.

The most important virus pathogen of beans in Africa is the bean
common mosaic virus (BCMYV). It is reliably identified from central
and eastern Africa where necrotic strains are common and dam-
aging (CIAT 1987; Kulkarni, 1973; Mink, 1985; Omunyin, 1979;
Silbernagel et al., 1986). Peanut stunt virus has been identified
recently in beans in the Sudan (Ahmed and Mills, 1985) but
cucumoviruses are not known from beans in East Africa (Bock et
al., 1975). Similarly, southern bean mosaic virus (SBMYV) has not
yet been detected in beans in eastern Africa, although it is known in
legumes in western Africa (Givord, 1981; Lamptey and Hamilton,
1974). Bean golden mosaic virus (BGMV) has not been found,
although a closely related virus occurs in lima beans (Phaseolus
lunatus L.) in Nigeria (Vetten and Allen, 1983; Williams, 1976).
Cowpea mild mottle virus, known in various legumes in West
Africa, has recently been found in natural infections of bean in
Tanzania (Mink, 1985). Alfalfa mosaic virus is recorded in beans in
South Africa (Neveling, 1956). Both tobacco mosaic virus (Hollings
et al.,, 1981) and bean yellow mosaic virus (BYMYV) have been
recorded in beans in Kenya, although BYMYV is now thought as
eradicated. Peanut mottle virus is also known from Phaseolus spp.
in East Africa (Bock, 1973).

Among the bacterial diseases, the only one of uncertain status is
bacterial wilt caused by Curtobacterium flaccumfaciens (syn.
Corynebacterium) which is thought to occur in Kenya (Hubbeling,
1973). Bacterial brown spot, incited by Pseudomonas syringae van
Hall pv. syringae, is also known from beans in Kenya and Burundi
(Duveillier and D. Perreaux, personal communication, 1986;
Kaiser and Ramos, 1980). Both common bacterial blight and halo
blight are widespread and important.

The major fungal diseases of beans in Africa, as in Latin America,
are angular leaf spot, anthracnose, and rust. Ascochyta blight is
very damaging in the highlands of the Great Lakes Region, and
floury leaf spot, caused by Mycovellosiella phaseoli (Drummond)
Deighton, is locally important. Web blight is probably of little
importance (unlike in Central America where it is severe). Certain
fungal pathogens have not been reported from Africa, including
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white leaf spot caused by Pseudocercosporella albida (Matta et
Belliard) Yoshii ez Aamodt, gray leaf spots (Cercospora vanderysti
P. Henn. and C. castellanii Matta et Belliard), and the round leaf
spot, Chaetoseptoria wellmanii Stevenson. Conversely, scab (Figure
3), caused by Elsinoé phaseoli Jenkins is known from beans only in
Africa, although it is a pathogen of lima bean and cowpea in the
New World (Allen, 1983; Jenkins, 1931).

There is evidence, in some cases, of substantial diversity among
pathogens in Africa. Studies of anthracnose (Ayonoadu, 1974;
Leakey and Simbwa-Bunnya, 1972), rust (Allen, 1975a; Howland
and Macartney, 1966; Mmbaga and Stavely, 1986), and angular leaf
spot (Hocking, 1967) have each revealed new variants that do not
correspond exactly with races described in the New World.
Preliminary evidence from studies on ascochyta blight in Africa
suggest that the most important causal agent is Phoma exigua var.
diversispora (Bub.) Boerema and not P. exigua var. exigua
Desmazieres, the latter being a synonym of Ascochyta phaseolorum
Saccardo (Boerema, 1972; Boeremaet al., 1981; M. Gerlagh and G.
H. Boerema, personal communication, 1986).

Recent collaborative studies on halo blight by J. D. Taylor from
the National Vegetable Research Station in England and scientists
at CIAT have identified new races of Pseudomonas syringae pv.
Pphaseolicola not known to occur outside Africa. Similarly, the
predominance of necrotic strains of BCMV in eastern Africa
contrasts with known strain spectra elsewhere. This raises the
question of the origin of some of these variants. It is no longer
certain that they all have necessarily coevolved with P. vulgaris and
have been transported with its seed.

Estimates of the relative importance of bean diseases in Africa
(Table 3) have been obtained chiefly from studies conducted on
research stations where artificial inoculation can be relied upon.
While such estimates can give some indication of potential loss, they
do not always accurately reflect the relative importance of a
particular disease among other agronomic constraints experienced
on the farm.
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Table 3. Estimates of crop losses induced by pathogens in beans in Africa.

Disease Cultivar Crop Source
loss
(%)
Anthracnose - 92 Peregrine, 1971
T8 86 Shao and Teri, 1985
Mexico 142 27 Shao and Teri, 1985
T3 4 Shao and Teri, 1985
Angular leaf spot Selian Wonder 25 Swai and Keswani, 1984
Kabanima 8 Swai and Keswani, 1984
Rust White-seeded types 100 Howland and Macartney, 1966
Selian Wonder 11 Mbowe and Keswani, 1984
Canadian Wonder 14 Mbowe and Keswani, 1984
Scab - 43-76 Mutitu, 1979
Bean common Kabanima 14-18 Meketo and Keswani, 1984

mosaic virus

Recent results from diagnostic onfarm trials in Rwanda have
recorded grain yield increases of 400-1000 kg/ha in beans from the
chemical control of fungal and bacterial pathogens. In the high-
lands, above 1900 m, there are demonstrable advantages in using
combined resistance to anthracnose, angular leaf spot, and asco-
chyta blight, as well as controlling root diseases. At intermediate
altitudes, anthracnose and angular leaf spot resistance is required,
and BCMYV resistance is necessary for climbing cultivars (Trutmann
and Graf], 1987).

In Zambia, Greenberg et al. (1987) have used multiple regression
analysis of disease scores against seed yield of beans to estimate
yield loss caused by pathogens and to set priorities among diseases
at any given location. Ohlander (1980) took a similar approach to
bean diseases in Ethiopia, demonstrating that similar studies are
required elsewhere, because priorities change from location to
location.

More work is also needed on the possible interactions between
pathogens and the diseases they cause (Allen and Russell, 1987).
Casual observations in the field suggest that interactions may
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sometimes lead to misidentification of diseases and perhaps also to
alteration of host responses in resistance screening.

Disease Management

Current practices

Surveys in Rwanda demonstrate that farmers’ conceptual knowl-
edge of “disease” is very scanty: “disease” is almost always equated
with “too much sun” or “too much rain” (CIAT, 1985). Chemical
control of disease in beans is almost nonexistent because of the
scarcity of agrochemicals, limited access to equipment with which
to apply pesticides, and the meager capital available to smallholders
for buying them. Nevertheless, there is evidence that current
cultural practices adopted by many bean farmers do limit disease
severity and spread. Traditional practices such as shifting cultiva-
tion, with its intervening periods of bush fallow; the burial of crop
debris in mounds? in the chitemene farming system of northern
Zambia (Richards, 1939); and the cultivation of crop mixtures,
provide some measure of disease management. Recent studies
(CIAT, 1986 and 1987) show that roguing of diseased seedlings and
removal of diseased basal leaves at weeding can decrease disease
incidence. The chosen time of sowing and plant population may
also, in some instances, aid escape from disease. Studies in the
southern highlands of Tanzania suggest that the selection of
unblemished seed by farmers is also likely to lessen disease severity
in a subsequent crop (F. M. Shao, unpublished data, 1983).

Various studies on the effect of crop association on disease
severity have shown that diseases of beans are usually, but not
invariably, less severe in a maize intercrop (Msuku and Edje, 1982;
van Rheenen et al., 1981). Various factors have been suggested such
asimpeded spore dispersal, altered microclimate, and various biotic
effects (Allen, 1975b; Allen and Skipp, 1982; Moreno, 1977).

Similarly, varietal mixtures of beans are more stable and better
buffered against disease than are pure lines (Ishabairu and Teri,

2. The mounds are made when clearing the cropping land. Crop debris and residues, grasses, and weeds
are piled up and covered with carth. The mounds are then left until they convert to compost when they
are used as fertilizer for the cropping land.
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1983; A. Panse and J. H. C. Davis, unpublished data, 1986). This is
in keeping with similar studies done on mixtures of cereals (Jeger et
al., 1981; Wolfe et al., 1981).

Prospects for improved systems of integrated disease
management

Existing systems of crop production in Africa tend to be stable,
being adapted to the environment and current needs and resources
of the small-farming family. However, they may not be sufficiently
productive to meet the needs of the future. In order to increase their
productivity, we must understand how existing cropping systems
work. The next step is to devise means of changing those systems,
albeit without recourse to heavy input. Bunting (1983) has suggested
that the first gift agricultural science has to offer to a crop producer
is a range of improved varieties that are adapted to the local
environment and that have some built-in resistance to as many as
possible of the pests and diseases which are locally important.
Indeed, among the control strategies available, host-plant resistance
has become widely recognized as the pivot of integrated disease
management, to which both chemical and cultural control measures
may contribute. Resistant cultivars cost the farmer nothing, nor
does their adoption necessarily disrupt his farming system.

Very little attention was given to the genetic improvement of
beans for local consumption in Africa before independence. In
eastern Africa, for example, breeding efforts were directed at the
selection of navy bean cultivars for canning and export (Macartney,
1966; Robertson, 1955). Work on beans as a subsistence crop has
been confined, in effect, to the last 25 years. A breeding program,
begun by S. K. Mukasa and continued by C. L. A. Leakey in
Uganda, was the first and, perhaps, most successful (Leakey,
1970a). Subsequent programs have been established in many other
countries, notably Malawi (Edje et al., 1981; Mughogho et al.,
1972), Kenya (Njugunah et al., 1981; van Rheenen, 1979), Tanzania
(Karel et al., 1981), Rwanda (Nyabyenda et al., 1981), Ethiopia
(Assefa, 1985; Ohlander, 1980), and Zambia (Grain Legume
Research..., 1986?7; Sarmezey, 1977).

Improved cultivars have been released by many of these national
programs. In Uganda, during the mid 1960s, selections made for
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resistance to anthracnose among local cultivars led to the naming of
Banja 2 which was subsequently used as a parent in hybridization.
Banja 2, in turn, led to the K series of lines, notably K 20, many of
which outyielded Banja 2. Some also possessed resistance to
angular leaf spot in addition to anthracnose. Crosses made during
the sixties in Uganda formed the nucleus for further improvement.
Lines such as K 20 and Kabanima, are now found in many African
countries (Leakey, 1970a). K 20 was later released as GLP 2 in
Kenyain the early 1980s and Kabanima was released in Tanzania in
1978 (Karel et al., 1981). Releases made recently in Tanzania
include P 304 (a climbing type with large cream-colored seed of
Colombian origin, renamed Uyole 84) and T 23 (like Kabanima, a
large-seeded sugar bean, renamed Lyamungu 85).

The contribution of breeding and selection to improvement in
productivity is most spectacular in Zambia, where Carioca was
released as a new bean variety in 1985. Under experimental
conditions, Carioca has shown an average improvement in seed
yield of 450% over the previously recommended variety, Misamfu
Speckled Sugar. In onfarm trials it has given almost double the yield
of local cultivars without added inputs. The superiority of Carioca
appears to depend on its combined resistance to scab (in Zambia),
angular leaf spot, and anthracnose, as well as tolerance to soil
acidity (Grain Legume Research..., 19867).

Similar improvements are expected to occur elsewhere, as further
advances in disease-resistance breeding are made. The bases for
further improvements are more effective use of the very extensive
germplasm collection of Phaseolus held at CIAT, more reliable
methods of field screening against disease, more precise definition
of agroecological zones to more accurately deploy in the environ-
ment combined resistance and the cultivars that possess it, and
further development of regional networks for the effective exchange
of superior genotypes, information, and ideas (Allen and Ndunguru,
1984). Since 1983, three regional programs have been based in
Rwanda, Ethiopia, and Tanzania to serve the Great Lakes Region
of central Africa, eastern Africa, and southern Africa, respectively.

It has long been appreciated that there is no premium on genetic
uniformity in tropical subsistence farming and there is no need to
develop pure lines of beans in Africa (Leakey, 1970b). In fact, it is
22



important to retain enough genetic diversity for cultivar improve-
ment, particularly as future systems of bean production are likely to
be more intensive in terms of time and space, especially in areas
already densely populated. Such intensity in turn will lead to
concomitant changes in disease pressure. Host-plant resistance has
to be supported by higher standards of seed health (through
selection and safer seed dressings) and by diversified systems of
farming that provide some measure of protection from disease. It
may be possible to alter the components of varietal mixtures
without impairing their intrinsic balance.

In systems where varietal mixtures predominate, methods of
disease control other than host-plant resistance remain an impor-
tant component of disease management strategy. Time must be
allocated to investigate farmers’ current practices to identify areas
where simple improvements to the system can be made. Cultural
practices are important because of their intrinsic bias toward small
farming where the land to labor ratio is low. Better cultural
practices can improve the quality of farmers’ seed (CIAT, 1987,
Trutmann and Kaytare, 1986). The use of specific crop associations,
rotations, or composts may reduce foliar and soil-borne diseases.

Although available technologies have been recently reviewed by
Palti (1981) and Hoitink and Fahy (1986), little is known about
technologies currently used by African farmers. Certain chemical
seed treatments may find a place where specific problems such as
root rots and seed-borne pathogens, are severe (Trutmann, 1987).
Similarly, cheap phytosanitary products have an important role in
the production of high quality seed of improved varieties.

The challenge that now confronts Africa is to devise means of
bringing about significant improvements in productivity without
placing heavy reliance on added inputs and without adversely
disrupting existing systems of cropping. Development of sustain-
able cropping systems with beans is likely to rest substantially upon
effective disease management. New materials and methods are now
being developed through cooperation between CIAT, other inter-
national agencies, and the national bean programs. If they are used
effectively in the environments to which they are adapted, then a
significant impact can be made on bean production in Africa.
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Chapter 3

COMMON BEANS IN
LATIN AMERICA AND
THEIR CONSTRAINTS

Aart van Schoonhoven and Oswaldo Voysest*

Introduction

Statistical information in Chapter 1 shows that Latin America
ranks first in bean production and consumption among the tropical
regions of the world. Beans are grown throughout the continent
from the northern states of Mexico (30° N) down to regions as far
south as the Chiloé Island in Chile (43° S). In Brazil, beans are
grown in the Amazon basin where it is warm and humid, in the
northeast where it is warm and dry, and in the subtropical highlands
in the south. In Argentina, beans are grown in the northwestern
provinces, from 150 km N to 600 km S of the Tropic of Capricorn, at
300 to 1000 m.a.s.l., and with 45 to 1000 mm of annual rainfall. In
Chile, they are produced in the dry and warm central lowlands
under irrigation. In Peru, beans are grown in the arid coastal
valleys, the eastern and western valleys of the Andean highlands,
and the Amazon basin. In Colombia, Ecuador, and Bolivia, beans
are produced in the Andean valleys during two rainy and two dry
seasons annually. In Venezuela, bean production takes place in the
north coast at sea level where it is hot and humid, and in mountain
valleys and tablelands which are subtropical. In Central America,
they are grown on the dry and warm Pacific slopes, on mountain
sides and cooler high valleys, and in the warm, moderately dry,
interior lowlands.

* Entomologist, deputy director general, International Center for Agricultural Research in the Dry
Areas, Aleppo, Syria; and agronomist, Centro Internacional de Agricultural Tropical (CIAT), Cali,
Colombia, respectively.
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In Mexico, they are produced in the north which has a
continental climate, in the warm central tablelands under irregular
rainfall patterns, and in most areas at sea level.

Beans are not widely grown on the Atlantic side of Central
America and the Carribbean area where rainfall is heavy and high
humidities prevail. Neither are they grown above 3000 m.a.s.l. in
Peru, Ecuador, or Bolivia. Considering the wide diversity of
climates, soils, and socioeconomic environments found between the
Tropics of Cancer and Capricorn, it is not surprising that bean
production in Latin America is subject to numerous constraints that
vary from region to region; nor that beans are produced under
widely differing cropping systems (Andrews and Kassam, 1976),
with different plant types, and seeds of varying colors and sizes
(Voysest, 1983).

Beans as a Domestic and Export Product

Common beans marketed as dry beans are used entirely for
consumption by humans in Latin America. However, consumption
patterns show wide variation (Table 1). Argentinian or Chilean
annual consumption is low compared with that of Brazil or Mexico
but this does not prevent the former countries from devoting a
considerable area to beans for export.

Latin American countries can be grouped into three categories:

Net exporters. Argentina is a typical case: the land area cultivated
under common beans increased to 200,000 ha in the eighties and
Argentina is the leading bean exporter in Latin America. Beans are
grown in the northwestern provinces (Salta, Tucumén, Santiago del
Estero, and Jujuy). About 5000 ha of beans are grown for local
consumption in Misiones, a province neighboring Brazil and
Paraguay.

Exporters and consumers. Chile is the most representative
country in this category. Although figures vary annually, usually
half of the Chilean bean production is for export (FAO, 1982). It
consists mainly of pea, black, Red Mexican, Red Kidney, and pinto
bean types. The locals, however, prefer other colors and sizes such
as gray or light tan, and medium- to large-sized grains. For the other
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Table 1. Annual per capita bean consumption (kg) in Latin America.

Country? Annual per capita consumption (kg)
0-1 -2 23 35 57 7-10 10-13 13-16 >16

Chile X
Argentina X
Uruguay X
Pm'aguayb X
Brazil X
Bolivia X
Peru X
Ecuador X
Colombia X
Venezuela X
Panama X
Costa Rica X
Nicaragua X
Honduras
El Salvador
Guatemala X
Mexico X
Dominican

Republic X
Haiti X
Cuba X

b ]

a. Countrics are listed from south to north.
b. Possibly includes cowpea (Vigna unguiculata (L.) Walp.).

SOURCE: FAO (Food and Agriculture Organization of the United Nations). Various issues. Food
balance sheets. Rome, Italy.

Latin American countries of this category, export sales are more
sporadic and not as significant.

Net consumers. This category embraces most Latin American
countries among which there are large differences in annual
consumption per capita. In Brazil and Mexico, during 1979-81, the
average per capita consumption was between 14.0 and 16.5 kg of
beans per year, while in Argentina and Uruguay, it was less than a
kilogram. Table 1 shows that per capita bean consumption in Latin
America declines as one moves south from Mexico to Chile, with
Brazil and Paraguay being exceptions. In some countries such as
Paraguay and Bolivia, the urban population consumes more beans
in comparison with the rural population, particularly in Paraguay.
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Usually, however, urban populations consume fewer beans than
rural populations.

Classes of Beans Grown in Latin America

The types of beans grown in Latin America are listed in Table 2. The
class most widely distributed is the black bean. The high daily
consumption of black beans in Mexico, Guatemala, Cuba, Vene-
zuela, parts of Brazil, Central America and the Caribbean, Misiones
Province in Argentina, and Santa Cruz Department in Bolivia
makes this class of bean attractive to countries such as Argentina
and Chile, which grow black beans exclusively for export.

Small reds form another important bean class. These beans are
grown in El Salvador, Honduras, Nicaragua, Costa Rica, Jamaica,
Cuba, and Brazil. Although the small red beans have an attractive
appearance, suitable for export markets, the diversity of preferences
in color intensity, shape, size, and brightness means that they are
rarely grown for export.

For the same reasons neither are red-mottled beans commonly
exported. For example, in the Caribbean there is strong preference
for the round, medium-sized, variegated beans (Miss Kelly in
Jamaica, Pompadour in Dominican Republic), whereas in the
Andean zone, particularly Colombia, the elongated large-sized
grains such as Diacol Calima are preferred. Variation of consumer
preference in this class is largely governed by the tones of colors
involved, their patterns, and base colors. Other classes of red beans
include the solid-red, large beans that are grown in the Caribbean,
Colombia, and Ecuador and the Red Kidney types that are planted
in the Caribbean and southern highlands of Peru for local use, and
in Chile and Argentina for export.

The “bayo” class, a generalized name for a type of beans with a
seed color ranging from cream to light tan, is also widely dis-
tributed—in Mexico, Brazil (where they are known as Mulatinhos),
Ecuador, Peru, and Chile.

The sulfur-yellow class of beans are grown in coastal areas of
Peru where they are known as Canarios and in Mexico where they
are known as “Azufrados” or “Peruanos.” Other types of yellow
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Table 2.

Classes of beans grown in Latin America.

Color Country Class Equivalent
U.S. class
White Chile Arroz Navy
Chile Cristal Blanco White Marrow
Peru, Ecuador Panamito Small White
Peru Caballero White Marrow
Argentina Alubia
Cream  Brazil Mulatinho
Brazil Carioca?
Mexico Bayo Gordo
Mexico Bayo Blanco
Mexico Ojo de Cabra?
Peru Bayo Chimu
Peru Cocacho
Chile Bayo Titan
Chile Cristal Bayo
Chile, Ecuador Bayo Bol6n
Chile Hallados Alemanes 114 Pinto
Mexico Pinto Nacional Pinto
Colombia Cargamanto? Cranberry
Uruguay Frutilla? Cranberry
Yellow  Brazil Jalo and Jalinho
Brazil Enxofre
Mexico Azufrado
Mexico, Peru Peruano
Mexico Canario
Mexico Garbancillo
Peru Canario
Peru Amarillo Gigante
Peru Ucayalino
Ecuador Canario Bol6n
Brown  Brazil Chumbinho
Pink Brazil Rosinha
Mexico Rosita Pink
Mexico Flor de Mayo?
Colombia Andino?
Belize, Jamaica Miss Kelly2
Argentina Chaucha Colorada
Cuba Mulangri
Peru Rojo Mollepeta Red Kidney
Chile Red Kloud Red Kidney
Belize, Jamaica Red Kidney Red Kidney
Cuba Velasco Largo Red Kidney
(Continued)
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Table 2. (Continued).

Color Country Class Equivalent
U.S. class
Red Central America Small reds Red Mexican
Brazil Roxinho, Rox3o
Colombia Calima, Nima
Colombia Guali, Catio?
Colombia Radical, Sangretoro,
Bola Rojo
Ecuador Cargabello?

Dominican Republic Pompadour?
Purple  Colombia Mortifio?

Black Central America,
Mexico, Caribbean,

Venezuela Negro Black Turtle Soup
Brazil Preto Black Turtle Soup
Gray Chile Tértola

a. The color is not solid.

SOURCE: Voysest, 1983.

beans are also grown in the highlands of these countries—one of
them, known in Mexico as “Canario,” is also grown in Panama,
Ecuador, Bolivia (under the name of “Manteca” or “Mantequilla”),
and in Brazil where it is called “Jalo.”

The white-seeded beans, large and small, are grown in Peru and
Ecuador. Chile grows mainly the small white beans and Argentina
the large ones. Brazil, in addition to black (Pretos), cream
(Mulatinhos), and yellow (Jalo) beans, also grows a type of small-
seeded beans known as Rosinha (pink), Roxinho (red), Chumbinho
(brown), and the widely grown Carioca (cream with dark stripes).
The production and consumption pattern of beans in Latin
America is complicated by strong traditional consumer preferences
for color and grain size. To further complicate the picture, farmers
have their own preferences, especially with regard to plant types
that most suit their particular production system.
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Bean Production Structure

A large part of bean production in Latin America takes place on
small farms ranging from 1-10 ha in size, often on sloping land of
limited fertility. Some estimates suggest that perhaps 80% of the
area planted with common beans in Latin America is found on hill
sides. Moreover, these small holdings are dispersed and, in contrast
to other crops, a main production area can seldom be determined
(Aguirre and Miranda-M., 1973; Hernandez-Bravo, 1973).

In Brazil, one of the largest bean producers of Latin America and
which accounts for about half of the Latin American production, an
estimated 34% of production is on farms of less than 10 ha. In
Mexico, which contributes one-fourth of the Latin American bean
production, an estimated 67% of its production comes from farms
of less than 5 ha (Pachico, 1982). Even in Chile, an important bean
exporter in the region, beans are produced by small to medium
growers whose farms vary from 20-40 ha (Fassbender, 1967).
Except for Argentina where beans are usually produced on large
holdings with considerable technical input, Latin American beans
are usually produced by small landholders. More than half the
production occurs on farms smaller than 20 ha and more than 20%
on farms of less than 5 ha (Pachico, 1984). The extreme cases are
represented by countries such as Haiti, the Lesser Antilles, and
Paraguay where production is almost exclusively done by small-
farm families. In the remaining countries, production is usually
done by small-farm families and small-scale commercial producers.
In Mexico, Brazil, Chile, and Cuba, it is possible to find the three
types of beans producers. Colombia, Venezuela, Dominican Re-
public, Peru, Guatemala, and Costa Rica have limited areas where
large-scale, highly mechanized production occurs.

D. Pachico (unpublished data) classified bean-producing regions
based on economic resources such as land, availability of labor,
fertilizers, and pesticides. This gives a useful idea of the diversity in
the structure of bean production in Latin America. These classes
are:

Frontier, extensive: Land is plentiful relative to labor; large
farms are mechanized; low investment put in fertilizers and
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pesticides. Examples include Argentina (northwest), Costa Rica
(Upala), Guatemala (Petén), and Brazil (Mato Grosso, Goi4s).

Small farm, intensive: Labor is plentiful relative to land;
moderate to favored environmental conditions; may invest in
fertilizers and pesticides. Examples include Colombia (Antio-
quia, southern Narifio), Costa Rica (San Isidro del General), and
Brazil (highlands of Espirito Santo, Paran4, Santa Catarina).

Small farm, extensive: Moderate to high ratio of labor to land;
little capital investment; less favorable growing conditions
(drought, poor soils). Examples include Peru (Chota), Mexico
(arid highlands), and Brazil (Bahia).

Large farm, mechanized: Agrochemicals used in moderately
favorable conditions. Examples include Brazil and Mexico.

Irrigated: Moderate to high labor and capital inputs. Examples
include Chile (central valley), Peru (coastal regions), Mexico
(Sinaloa), and Brazil (coastal Espirito Santo).

Another criterion can be used to classify bean-production
regions, based on the cropping systems. Without attempting to
establish a definitive classification, it is apparent that Latin
American beans are grown under five main production systems:

Bush beans in monoculture: This system is common in low-to-
medium altitude areas, chiefly in Brazil, Argentina, Mexico,
Chile, Peru, Cuba, and the Dominican Republic.

Bush, semiclimbing, and climbing beans in relay systems with
maize: The relay system is mainly found in low to intermediate
altitudes of Colombia (Antioquia) and Central America.

Bush beans intercalated with maize: This system, where maize
and beans are usually sown at the same time, is common in
intermediate altitudes in Colombia, Venezuela, Brazil, and
Central America.

Climbing beans in direct association with maize: The system is
found in the higher altitudes (2000 m.a.s.l) of Colombia,
Ecuador, Guatemala, and Peru.
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Covered bean (“tapado” system): This system is found in lower
and intermediate areas with high precipitation such as Costa
Rica, El Salvador, and Nicaragua.

The system of bush beans in monoculture can be used by both
small and large farmers while the other four systems are used only
by small farmers.

In Latin America beans are often grown in association, princi-
pally with maize, but also with cassava, coffee, potatoes, and other
crops (de Andrade et al., 1974; Hernindez-Bravo, 1973; Moreno-R.
et al., 1973; Ruiz de Londofio et al., 1978). About 60% to 80% of
Latin American bean production is in association with other crops
(Gutiérrez-P., et al., 1975; Pinchinat et al., 1976). Whether relay or
simultaneous planting system is adopted depends mostly on
precipitation patterns. Where there is a unimodal rainfall distribu-
tion the relay system is usually employed: maize is planted in the
first, more rainy, season; climbing beans are planted in the second
season; the beans use the maize as a support. In Central America
and in some areas of the Andean zone such as Antioquia in
Colombia, this is the most common production system (Bastidas-
Ramos, 1977).

In high, cool areas where the growth period of beans and maize is
long during the single rainy period, associate cropping is the
predominant system. This is the case in the highlands of southern
Colombia, Ecuador, and Peru where maize and beans are planted
simultaneously. Beans intercalated with maize is a system that is
used in almost all bean-producing zones of Central America and
Brazil.

The “covered bean” (“tapado”) system is a primitive production
system which predominates in regions of very high precipitation in
Costa Rica and Nicaragua. Seed is broadcast over a plot covered by
certain weeds. The weeds are then cut down by hand with machete
and thrown over the seeds to cover them (Aguirre and Miranda-M.,
1973). This system, primitive and low producing as it may be, is
excellent on erosion-prone slopes and in the management of the
splash-dispersed inoculum of web blight! (Rhizoctonia solani

1. Al's;:‘ c d by Th, phorus is (Frank) Donk. which is the perfect stage of Rhizoctonia
solani.
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Kiihn) which causes a serious foliar disease. The cut-down weeds
form a mulch that covers the blight and prevents its dispersal.
However, this system may favor slug survival and crop damage in
some production regions in Central America.

Constraints to Production

Of the major world crops, beans are probably one of the most sus-
ceptible to diseases and insect attacks. In most production areas,
diseases and pests constitute the major factor that significantly
lowers onfarm yields. More than 200 diseases and 200-450 insects
can affect bean productivity (CIAT, 1981b).

Bean production in Latin America suffers from many edaphic,
climatic, and biotic stresses. However, the main factors responsible
for low yields are high disease-and-insect pressure, drought, low
plant density (to avoid high disease pressure) and farmer’s economic
inability or reluctance to use inputs.

Web blight is a disease, the importance of which has been
underestimated. Previous reports (Costa, 1972; Crispin-Medina
and Gallegos, 1963; Echandi, 1966 and 1976) mention it only as a
devastating disease in the warm, humid areas of Mexico and
Central America and lowlands of Colombia. However, recent
reports have confirmed that this disease is widespread in many
bean-producing regions of Latin America (Gélvez et al., 1980).

In some years and locations, bean golden mosaic virus (BGMV) is
also severe. This virus has become a serious problem in many
regions of southern and central Brazil (Minas Gerais, Goids, north
Parand) (Costa, 1972; Costa and Cupertino, 1976); Central America
(Galvez, 1982; Gamez, 1971), the Caribbean, and the lowlands and
eastern coast of Mexico (CIAT, 1981b). Recently, BGMYV has also
been observed attacking beans in Argentina.

In cooler regions, anthracnose is important, as are other fungal
diseases, root rots, and halo blight (Cardona-Alvarez and Skiles,
1954; Echandi, 1966; Shands et al., 1964). Each of these diseases can
cause yield losses as high as 80%-100%. Losses to bean common
mosaic virus (BCMYV) can range from 53%-96% (Crispin-Medina
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and Campos-Avila, 1976; Echandi, 1966; Laborde-C., 1967); to
bean rust from 18%-85% (Carrijo, 1975; CIAT, 1976); and to an-
thracnose as high as 95% (CIAT, 1976). Seed transmission of path-
ogens responsible for BCMYV, anthracnose, angular leaf spot, halo
blight, and common bacterial blight complicate the disease picture.
Table 3 shows the major disease problems in different bean-
producing regions in Latin America.

The most important insect pests in Latin America are the
leafhoppers (Empoasca spp.) (van Schoonhoven and Cardona,
1980). Cutworms are also important in most Latin American bean-
production zones (Bonnefil, 1965; Gutiérrez-P. et al., 1975). The
pod weevil (Apion godmani Wagner), is a major pest in Mexico,
Guatemala, El Salvador, and northern Nicaragua. The Mexican
bean beetle (Epilachna varivestis Mulsant) is an important pest in
Mexico, Guatemala, and El Salvador. Slugs (Vaginulus plebeius
(Fisher) and Limax maximus L.) are particularly important in
Central America (Bonnefil, 1965; Enkerlin-S., 1957; van Schoon-
hoven and Cardona, 1980). Leafhoppers have reduced yields of
susceptible cultivars by as much as 90%; and reductions of 20%-50%
are common on many farms even when insecticides are used (CIAT,
1985). Storage insects such as Acanthoscelides obtectus (Say) and
Zabrotes subfasciatus (Boheman) inflict heavy losses on stored
beans, forcing rapid sale of grain. This contributes to postharvest
price declines and marked seasonal price fluctuations (van Schoon-
hoven, 1976). At least 28 other insects are reported to occur on
stored beans but are of minor importance or migrate from nearby
stored produce to beans (van Schoonhoven and Cardona, 1980).

Soil-related constraints become important as bean production is
increasingly concentrated on more marginal land, with low pH and
high phosphorus fixation. Associated aluminum toxicity reduces
root development and increases sensitivity to water deficits (CIAT,
1985). Nitrogen deficiency is also a limiting factor in many soils
where beans are grown. This is complicated by a low capacity for
nitrogen fixation in most currently used cultivars (Graham and
Halliday, 1977). Analysis of 110 Central American soils showed
that 20% had a pH of less than 6.0 (Miiller et al., 1968), 66% were
highly deficient in phosphorus (FAO, 1982), and 75% were nitrogen
deficient (Diaz-Romeu et al.,, 1970). A similar situation was
demonstrated in Brazil (Malavolta, 1972) when 232 bean fertiliza-
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tion trials, covering eight states, reported responses to nitrogen (67
times), phosphorus (103 times), potassium (15 times), lime (31
times), and microelement combinations (17 times). Aluminum
(Buol et al., 1975) and manganese toxicities, associated with the low
soil pH (Dé&bereiner, 1966) and molybdenum deficiency (Franco,
1977), complicated fertilizer recommendations.

Drought is a serious threat to bean production in many areas of
Latin America, rivaled in importance by soil fertility problems
(White and Singh, n.d. In semiarid regions, large areas of beans are
grown, exclusively dependent on irregular rains. North central
Mexico, including the States of Chihuahua, Durango, Zacatecas,
and Aguascalientes, and northeast Brazil, including the States of
Pernambuco, Alagoas, Paraiba, Ceara, Rio Grande do Norte, and
part of Bahia, represent almost 2 million hectares of beans and are
the best examples of semiarid regions threatened yearly with severe
droughts. Deserts may not constitute an important drought area in
quantitative terms, but often support large areas of bean produc-
tion. For example, the rainless coast of Peru where irrigation costs
often limit farmers to a single irrigation, supports 50% of the
country’s bean production. Drought stress is even enhanced when
farmers plant late in the rainy season to avoid disease pressure.

Besides these extreme examples of bean production in drought
situations, most bean-producing regions experience periods of
dryness with varying differences in frequency and severity of stress.
Throughout the tropics, areas with apparently adequate mean
precipitation frequently suffer from water deficits because of
seasonal fluctuations in rainfall. Consequently, bean production is
impaired. According to data so far obtained by the CIAT Agro-
ecological Studies Unit (ASU) (CIAT, 1985), 73% of the total Latin
American bean production occurs in microregions that have
moderate to severe mean water deficits at some time during the
cropping season. Little of this production is irrigated (Table 4).

Although serious water deficits are a major production con-
straint, high temperature is not. According to data from ASU, most
beans (76%) in Latin America are produced at temperatures close to
the optimum (20-23 °C) for Phaseolus species.
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Low and unstable bean yields are, in some cases, caused by the
use of cultivars whose physiological characteristics are not suitable
for the production environments in which they grow. Cultivars with
adeterminate, erect, bush growth habit can be planted in areas well
suited to intensive cultivation with a degree of mechanization.
These types are characterized by early and intense flowering, which
contributes to low and unstable yields, and by a reduced ability to
compensate for low planting densities, which is common on most
small farms. These cultivars do not have a mechanism for renewed
flowering when stress is relieved (CIAT, 1985). They are grown
extensively because farmers like their erectness, earliness, and large
seed size. In contrast to mechanized production systems, most
common bean producers in Latin America cultivate indeterminate
types in complex multiple cropping systems (Andrews and Kassam,
1976). Many of these have prostrate plant types and, in monocul-
ture, pods come in contact with soil at maturity. Some cultivars are
too late, or are poorly adapted to row and relay intercropping with
maize. Type II cultivars are the least competitive, whereas types
IIIb, IVa, and IVD are progressively more competitive (Lainget al.,
1984). Type 1V is most favorably grown with maize (Adams et al.,
1985).

Growth habit instability has been related to a phytochrome
response to differences in spectral quality (Kretchmer et al., 1977
and 1979) and photoperiod (Kretchmer et al., 1977). Common
beans are grown in the tropics under daylengths that vary from
11-15 hours (Masaya and White, 1986). In subtropical areas, as days
become shorter, beans are often planted in relay cropping, using
stalks of the preceding maize crop as physical support for the long
and flexible bean stems. Photoperiod-insensitive types originate
mainly from extreme latitudes and occur primarily in growth habits
Iand II, while large-seeded climbing types, mainly from the Andean
zone, are rarely insensitive (CIAT, 1976 and 1977).

Equally important as the biotic and abiotic environmental
stresses that affect crop production are socioeconomic constraints.
A high proportion of Latin American bean production occurs on
small farms and in associated cropping systems. This, in itself,
imposes constraints to increased bean production. Although as-
sociated cropping usually is more efficient in the total exploitation
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of environmental resources than beans grown by themselves, bean
yields are reduced 30%-50% (Francis et al., 1978). The task of
extending new technologies is likely to be more costly among many
small farmers than among few large farmers. Development of an
integrated system for the supply of agricultural inputs and market-
ing of the harvested products are therefore impeded. Furthermore,
the costs of individual technical assistance will be prohibitively
high. Statistics show that a substantial proportion of bean output is
consumed by the producer. As much as 30% of Latin American
bean production is estimated as subsistence (Pachico, 1982). When
a crop is produced primarily for subsistence, cash is not generated
from the production process, thereby making it less likely for
growers to use bought inputs in production.

Conclusions

In Latin America, bean yields are low and the bean production
environment complex. Efforts to increase bean yields must therefore
be done at a regional level and aim to improve local production
systems, understand local grain-type requirements, and research
local production problems. Beans, being often a subsistence or
small-farmer crop, do not receive the research attention that cash
crops such as coffee or cotton, enjoy. Collaboration among bean
research institutes among countries of an ecologically uniform
region must therefore be encouraged.

Although the average bean yield is low, because of competition
from associated crops, attacking the beans’ disease susceptibility
may be the most profitable venue for researchers aiming to increase
yields. Because beans are disease susceptible, farmers consider them
as a high-risk crop that does not merit good agronomy. With a
multiple-pest-resistant variety farmers may find crop risk reduced
and so respond with improved agronomy and thus obtaining higher
yields. This concept has borne out in Costa Rica and Argentina
where improved varieties have prompted farmers to improve their
production agronomy.

Bean research is a challenge to scientists trying to improve the
crop. The variability of cropping systems and of grain-type
requirements, the difficulty to improving the potential yield of any
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legume crop, and the need to improve the beans’ digestibility are all
challenges which need to be met, if the lives of millions of small
farmers are to improve. This has to be achieved even though beans
receive low priority in local government agricultural research
financing.
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Chapter 4
ANGULAR LEAF SPOT

F. J. Correa-Victoria, M. A. Pastor-Corrales, and A. W. Saettler*

Introduction

Angular leaf spot (ALS) of beans, caused by the fungus Phaeoisa-
riopsis griseola (Sacc.) Ferraris (syn. Isariopsis griseola Sacc.), is a
serious disease of beans which has occurred in such tropical and
subtropical countries as Argentina, Brazil, Colombia, Costa Rica,
Dominican Republic, Guatemala, Mexico, Nicaragua, Peru, Puerto
Rico, Venezuela in Latin America, and Burundi, Kenya, Malawi,
Rwanda, Tanzania, Uganda, Zaire, and Zambia in Africa (Barros et
al., 1958a and 1958b; Bazan de Segura, 1953; CIAT, 1981; Costa,
1972; Crispin-Medinaet al., 1976; Diaz-Polanco et al., 1965; Golato
and Meossi, 1972; Miles, 1917; Moreno, 1977; Ploper, 1983;
Schieber, 1964; Silvera-C., 1967; Stoetzer, 1983; Vieira, 1983).

Other regions where ALS has occurred are Australia, Europe,
India, Iran, Israel, Japan, New Zealand, and United States
(Cardona-Alvarez and Walker, 1956; Chupp, 1925; Cole, 1966;
Hagedorn and Wade, 1974; Hill, 1982; Kaiser et al., 1968; Saettler
and Correa-Victoria, 1983; Sharma and Sohi, 1980; Weaver and
Zaumeyer, 1956; Zaumeyer and Thomas, 1957). The Common-
wealth Mycological Institute lists more than 60 different countries
in which ALS occurs. Yield losses can be severe and have reached
50%inthe U.S. (Hagedorn and Wade, 1974), 409%-80% in Colombia
(Barros et al., 1958b; Mora et al., 1985; Schwartz et al., 1981), 45%
in Brazil (Rava-Seijas et al., 1985), and 80% in Mexico (Crispin-
Medina et al., 1976).

The fungus has a host range which includes the common bean
(Phaseolus vulgaris L.),lima bean ( P. lunatus L.) (Cardona-Alvarez

* Plant pathologists, Rice Program, Centro Internacional de Agricultural Tropical (CIAT), Cali,
Colombia; Bean Program, CIAT; and Michigan State University, East Lansing, MI, USA,
respectively.
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and Walker, 1956), scarlet runner bean (P. coccineus L.) (Brock,
1951), urd bean (Vigna mungo (L.) Hepper) (Golato and Meossi,
1972), tepary bean (P. acutifolius A. Gray var. acutifolius), V.
angularis (Willd.) Ohwi et Ohashi, V. umbellata (Thunb.) Ohwi et
Ohashi (Canipos-Avila, 1979), pea (Pisum sativum L.) (Chupp,
1925), and cowpea (V. unguiculata (L.) Walp. ssp. unguiculata)
(Diaz-Polanco et al., 1965). Abramanoff, cited by Cardona-Alvarez
and Walker (1956), considered soybean (Glycine max (L.) Merrill)
to be a host, but this has not been confirmed. The common name
frequently used for angular leaf spot in Latin America is “mancha
angular.”

Taxonomy

Ellis (1971) followed Ferraris (1909) and recognized the ALS
pathogen as Phaeoisariopsis griseola on the basis of characters such
as conidial septation (3-6 septa), pigmentation, conidiophores, and
stroma. Drs. D. Farr (U.S. Dep. Agric. Mycology Laboratory) and
B. Shumaker (Biosystematics Research Institute, Canada) concur
with this nomenclature which is recognized by the Commonwealth
Mycological Institute in England. Thus, P. griseola is synonymous
with Isariopsis griseola, L laxa (Ell.) Sacc., Graphium laxum Ell.,
Cercospora columnare Ell. et Ev., Lindaumyces griseola Gonz.
Frag., Arthrobotryum puttemansii Henn., and Cercospora sthul-
manni Henn. (Cardona-Alvarez, 1956; Zaumeyer and Thomas,
1957).

The authors recognize that ALS is usually identified as Isariopsis
griseolain plant pathology literature (Andersen, 1985), particularly
since Zaumeyer and Thomas (1957) concluded that “A comparison
of authentic Italian material of 7. griseola with the other exsiccatae...
and with other material of American origin... shows them to be
identical. Characters compared included synnema appearance and
spore morphology.” However, in our opinion the more accurate
designation is Phaeoisariopsis isariopsis, and its use, at least as a
synonym, should be encouraged.
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Etiology

In nature, the fungus produces groups of 8-40 conidiophores (Miles,
1917) which join loosely to form the dark columnar synnemata that
bear conidiospores (Barnett and Hunter, 1972). A synnemata may
have a diameter of 20-40 um and be 80-500 um in length (Ellis, 1971;
Golato and Meossi, 1972; Hocking, 1967; Miles, 1917). The
conidiophores tend to separate near maturity and fructification
(Chupp, 1925). Conidia are gray, cylindrical to fusiform, slightly
curved, and measure 3-8 by 43-68 um with one to six septations
(Golato and Meossi, 1972; Hocking, 1967; Miles, 1917; Zaumeyer
and Thomas, 1957). The conidial length of 10 isolates from
Colombia, studied by Buruchara (1983), varied between 18 and
76 um with a mean of 38.5 um. The width varied between 3.8 and
8.8 um with an average of 6.4 um, whereas the number of septa
varied between 0 and 7 with a mean of 3. These parameters varied
significantly both within and between isolates.

Phaeoisariopsis griseola grows slowly on artificial culture media
over arange of temperatures between 8 and 28 °C with an optimum
of 24 °C; optimal pH is between 5 and 6. Adequate growth media
include potato dextrose agar plus bean leaf extract (Cardona-
Alvarez, 1956; Cardona-Alvarez and Walker, 1956), honey peptone
agar, baby food (assorted vegetables)-calcium carbonate agar
(Santos-Filho, 1976), and potato yeast dextrose agar. Abundant
sporulation occurred in 10-15 days when the fungus was grown at
19 °C in darkness on V-8 vegetable juice agar (200 ml V-8 vegetable
juice, 3 g calcium carbonate, and 18 g Bacto-agar added to sufficient
distilled water to make 1 liter) (CIAT, 1979). Campos-Avila and
Fucikovsky-Zak (1980) reported optimal growth of a single isolate
of P. griseola at 24 °C on V-8 agar while maximum sporulation
occurred at 16 °C. Recent studies (F. J. Correa-Victoria, unpub-
lished data) with four different pathotypes of ALS report maximum
sporulation on V-8 agar at 25 °C, no growth at 30 °C, and growth
but no sporulation for one pathotype at 18 °C. The remaining 3
pathotypes sporulated at 16 °C. Similar results were reported by
Buruchara (1983). Discreet colonies form on the media and single-
spore isolates may exhibit variation within a petri dish for colony
structure, coloration, and quantity of sporulation (Cardona-
Alvarez, 1956).
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Epidemiology

The pathogen infects leaf tissue by entering stomata and advancing
intercellularly in the mesophyll and palisade parenchyma. Within
nine days after infection, the fungus develops intracellularly
throughout necrotic lesions. By 9-12 days stromata develop in the
substomatal cavity and sporulation may then occur during periods
(24-48 hours) of continuous moisture (Cardona-Alvarez, 1956;
Cardona-Alvarez and Walker, 1956). Moisture is probably the
single most important factor governing the development of ALS
epidemics and is a prerequisite for infection, synnemata formation,
and sporulation (Cardona-Alvarez and Walker, 1956; Sindhan and
Bose, 1980a and 1980b). On the other hand, stroma formation,
accompanied by spore release and dissemination, and disease
development can proceed under relatively dry conditions (Cardona-
Alvarez, 1956).

Infection and disease development can occur over a wide
temperature range, 16-28 °C, with an optimum of 24 °C (Cardona-
Alvarez, 1956; Sindhan and Bose, 1980b). Inglis and Hagedorn
(1984) reported that disease was more severe when infection
occurred at 16, 20, and 24 °C and plants were incubated at 20, 24,
and 28 °C than when the infection and incubation temperatures
were the same. Although bean plants are susceptible to P. griseola
infection throughout the growing season (Barros et al., 1958b;
Cardona-Alvarez and Walker, 1956; Costa, 1972; Santos-Filho et
al., 1978; Weaver and Zaumeyer, 1956), severe disease symptoms in
the field are not usually observed until soon after flowering or as
plants approach maturity. Fluctuating weather conditions (tem-
perature, relative humidity, sunlight) usually favor disease devel-
opment under field conditions.

Contaminated seed constitutes one source of primary inoculum.
The fungus is usually associated with the hilum area of the seed coat
(Correa-Victoria, 1984; Dhingra and Kushalappa, 1980; Elliset al.,
1976; Orozco-Sarria and Cardona-Alvarez, 1959; Sharma and
Sohi, 1980; Sohi and Sharma, 1974). Contamination may be
external or internal (Correa-Victoria, 1984; Sohi and Sharma,
1974). Correa-Victoria (1984) found that seed infection in bean
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types other than Red Kidney was associated with fungal devel-
opment both in the hilum and in other areas of the seed coat.
However, there was no evidence of seed infection in black-seeded
bean genotypes, even after inoculation of pods. Such varietal
differences in seed infection have been noted previously (Orozco-
Sarria and Cardona-Alvarez, 1959; Sharma and Sohi, 1980).

Viability of P. griseolain contaminated seed apparently decreases
with time (Correa-Victoria, 1984; Orozco-Sarria and Cardona-
Alvarez, 1959; Sindhan and Bose, 1979). Dhingra and Kushalappa
(1980) found no consistent correlation between disease severity on
pods and incidence of seed infection; diseased seeds were recovered
only from areas beneath the pod suture bearing ALS lesions. The
authors concluded that seed transmission of P. griseola is an
insignificant source of primary inoculum. Diaz-Polanco et al.
(1965) reported that infected seed is a minor source of primary
inoculum because little possibility for seed transmission exists
under low humidity and moisture conditions in the field.

However, Correa-Victoria (1984), successfully grew ALS-infect-
ed seedlings from infected seed in greenhouse studies. The transmis-
sion occurred only when seedlings were exposed to simulated wind-
blown rain-splashing. Correa-Victoria observed that after germina-
tion, the seed coat harboring P. griseola usually stays on the soil
surface. The wind-blown rain-splashing is apparently necessary to
disseminate spores to infection sites on primary and/ or trifoliolate
leaves.

The most important source of primary inoculum for the ALS
disease is pathogen-infected plant debris in the field. The fungus can
survive two successive winters in temperate zones as stromatic
growth on diseased plant debris (Cardona-Alvarez, 1956; Saettler
and Correa-Victoria, 1985; Sohi and Sharma, 1974). Pathogen
viability decreases rapidly in plant debris buried beneath the soil
surface (Correa-Victoria, 1984; Saettler and Correa-Victoria, 1985).
Under favorable environmental conditions, spores produced on the
surface of infected tissue can disseminate to host plants (Cardona-
Alvarez, 1956; Cardona-Alvarez and Walker, 1956).

Epidemic development of ALS is affected by the type of cropping
system used to produce beans. There are conflicting reports in the
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literature regarding the severity of ALS in beans when planted in
association with other crops. Moreno (1977) reports that angular
leaf spot infection is more severe in beans grown in association with
maize than in association with either sweet potato or cassava, or in
monoculture. However, Mora-E. (1978) and van Rheenan et al.
(1981) observed less ALS in bean-maize plantings during a dry
growing season.

Symptomatology

Angular leaf spot symptoms occur on all aerial parts of the plant.
Lesions are most common on leaves and usually appear within six
days after inoculation (Llanos-M., 1957). They may appear on
primary leaves, but usually do not become prevalent on later foliage
until late flowering or early pod set (Barros et al., 1958b). Lesions
initially are gray or brown, may be surrounded by a chlorotic halo,
and have indefinite margins. They become necrotic and well defined
with the typical angular shape by nine days after infection (Figure 4).
Lesions then may increase in size, coalesce, and cause partial
necrosis and yellowing of leaves which then fall off prematurely. On
primary leaves, lesions are usually round, larger than those found
on trifoliolate leaves, and may develop concentric rings within
themselves.

Lesion size is inversely related to lesion number per leaf or leaflet
(CIAT, 1979). Lesions appear on pods (Figure 5) as oval to circular
spots with reddish brown centers that are sometimes surrounded by
darker colored borders (Barros et al., 1958b; Cardona-Alvarez,;
1956, Cardona-Alvarez and Walker, 1956; Crispin-Medina et al.,
1976; Vieira, 1983; Zaumeyer and Thomas, 1957). Infected pods
bear poorly developed or entirely shriveled seeds (Barros et al.,
1958b). Brown elongated lesions occur on plant stems, branches,
and petioles (Figure 5) (Cardona-Alvarez, 1956; Cardona-Alvarez
and Walker, 1956; Crispin-Medina et al., 1976). One characteristic
sign of P. griseolais the production of dark gray to black synnemata
and conidia in lesions on the lower leaf surface of trifoliolate leaves
(Figure 6), on both the upper and lower surfaces of primary leaves,
stems, branches, and pods during long periods of high humidity or
free moisture.
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Conidia can be disseminated long distances by air currents and
splashing rain. Thus, the spread of conidia is the principal cause of
secondary infections.

Control by Cultural Practices

The following control procedures have reduced ALS: crop rotation
of at least two years between bean crops, planting in well-drained
soil, removal of infected crop debris by plowing or other means, and
planting pathogen-free seed (Barros et al., 1958a; Cardona-Alvarez,
1956; Correa-Victoria, 1984; Costa, 1972; Crispin-Medina et al.,
1976; Saettler and Correa-Victoria, 1985). Figure 7 shows young
bean plants that were infected by spores liberated from adjacent
infected crop debris. The debris had not been removed from the
field after the previous bean crop.

Control by Chemicals

Chemical control by foliar spray applications can be achieved with a
Ferbam-sulfur-adherent combination (Bazdn de Segura, 1953),
zineb (Barros et al., 1958a), benomyl (0.13-0.25 g/L), and thio-
phanate (2.0 g/L). Singh and Sharma (1976) found that disease
control was best obtained and yields highest when 0.13 g/L of
benomyl was used and the plants sprayed at intervals of as often as
every four weeks. Multiple sprays of the systemic fungicide
bitertanol increased yields by 33%-41% (Pastor-Corrales et al.,
1983). Costa (1972) recommends the use of maneb, ziram, copper
oxychloride, and Bordeaux mixture. Gonzalez et al. (1977) obtained
economic disecase control from the foliage sprays mancozeb,
captafol, and metiram 20, 30, and 40 days after planting.

Chemical treatment of seed is a useful approach for contaminated
seed lots. For example, benomyl (6 g/kg seed) and a captan-zineb
combination (3.7 g/kg seed) applied in a water-based slurry
(0.11 g/ml) effectively eradicated P. griseola from contaminated
seed (Correa-Victoria, 1984; Saettler and Correa-Victoria, 1985).
Singh and Sharma (1976) obtained 100% control of ALS when
contaminated seed was dry-treated with Ceresan (now discontin-
ued), or steeped in a 1% solution of mercuric chloride for 30 min-
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utes. Araya-Fernandez (1977) also obtained significantly less leaf
infection when seed was treated with benomyl before planting.

Control by Plant Resistance

A number of studies have reported diverse sources of resistance to
ALS in bean genotypes (Brock, 1951; Campos-Avila, 1979; Costa,
1972; Diaz-Polanco et al., 1965; Hagedorn and Rand, 1985; Olave-
L., 1958; Santos-Filho et al., 1976; Silvera-C., 1967; Singh and
Sharma, 1975; Vieira, 1974). However, these studies were concerned
primarily with resistance to local isolates of the pathogen. During
the period 1978-82, Schwartz et al. (1982) evaluated about 13,000 P.
vulgaris accessions from the CIAT germplasm bank; only 56 of the
accessions exhibited a resistant or intermediate disease reaction
when tested with a mixture of 15 P. griseola isolates obtained from
eight separate regions within Colombia.

To aid the identification of new, broadly based sources of
resistance to ALS, CIAT’s Bean Program has distributed the Bean
Angular Leaf Spot International Test (BALSIT) to interested Latin
American and African researchers. Entries such as Jalo EEP 558
and BAT 332, exhibit resistance in a specific country or geographi-
cal area but are frequently susceptible in other locations. Such
variation in resistance according to geographical location suggests
that P. griseola exhibits pathogenic variation (CIAT, 1984; Saettler
and Correa-Victoria, 1983). Under field conditions with sufficient
disease pressure, no single Phaseolus vulgaris line so far evaluated
exhibits immunity to the ALS pathogen.

The following bean cultivars and lines from the BALSIT have
shown excellent levels of ALS resistance in more than one country
at BALSIT locations: A 75, A 140, A 152, A 154, A 175, A 197,
A 212, A 216, A 222, A 240, A 247, A 251, A 294, A 295, A 299,
A 338, A 339, A 340, A 382, BAT 67, BAT 76, BAT 431, BAT 963,
BAT 1432, BAT 1458, BAT 1510, BAT 1647, G 2959, G 3884,
G 4421, and G 5653 (CIAT, 1984). When 115 commercial dry-bean
cultivars were screened against a Michigan isolate of P. griseola,
susceptibility was found associated with large- and medium-sized
seeds such as those of Red Kidney and Cranberry cultivars (Correa-
Victoria, 1984). Sources of resistance reported from Africa include
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GLP 24, GLP-X-92, GLP-X-806, and GLP 77 (Smit et al., 1983;
Stoetzer et al., 1983). Hagedorn and Rand (1985) reported that P.1.
209488 exhibited a resistance which reduces the rate of lesion
development.

Inheritance of resistance is conferred by recessive and dominant
genes, depending upon the parental cultivar. Santos-Filho et al.
(1976) reported that the resistance of Caraota 260 is controlled by a
sinele recessive gene. Singh and Saini (1980) also reported that the
resistance of PLB 257 (P. coccineus) also came from a single
recessive gene. Zaumeyer and Meiners (1975) showed that resistance
in some genotypes is controlled by three recessive genes. Barros et
al. (1957) found that, in most crosses, resistance is recessive and
controlled by two or three independent factors. However, resistance
was dominant in a few crosses. Cardona-Alvarez (1958) found that
Line 258 possesses dominant resistance that is governed by a single
gene.

Researchers must develop methodology to produce inoculum
uniformly and to screen germplasm in the laboratory, greenhouse,
and field. Singh and Sharma (1975) field-screened by inoculating
soil with previously infected bean debris. Inglis and Hagedorn
(1984) increased disease pressure in field plots when dry infected
tissue was used as inoculum instead of conidial suspensions. Spores
of P. griseola have been harvested with good results at CIAT (1979
and 1984). The medium used was V-8 juice agar or potato dextrose
agar (PDA). It was suspended in sterilized distilled water (20,000
spores/ml) and mixed with dispersing agents such as gum arabic
(2-5g/L), Triton-AE (0.1% sol.), or Tween 80 (1% wt/ vol) (Alvarez-
Ayala, 1979; Pastor-Corrales, 1985). The mixture was then sprayed
onto plants in the greenhouse or field during optimal conditions of
high moisture and moderate temperatures.

Correa-Victoria (1984) showed that disease reaction from ALS is
highly dependent on such factors as pathogen isolate, inoculum
concentration, host cultivar and its age, temperature, and humidity.
Alvarez-Ayala and Schwartz (1979) noted that disease reactions are
very dependent on inoculum concentration. Field studies at CIAT
(1984) and in Brazil (Santos-Filho et al., 1978) revealed that plant
age was more important than inoculum concentration in influencing
disease development. Symptoms in most cultivars did not develop
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until plants were about 30 days old. Recent studies in the
greenhouse and field have shown that some bean genotypes exhibit
different leaf and pod reactions (Correa-Victoria, 1984). Additional
studies need to be performed to determine whether these differences
are controlled by separate genes.

Marin-Villegas (1959) inoculated 14 differential cultivars in-
dividually with 30 single-spore isolates of Phaeoisariopsis griseola
collected from different bean-production sites in Colombia. He
concluded that the isolates contained 13 different pathogenic races,
but questioned the genetical purity and uniformity of the differential
cultivars he used. Hocking (1967) recovered an isolate in Tanzania
which produced circular lesions and was highly virulent at 100
spores/ ml. He speculated that the isolate may have been a result of a
single mutation within natural isolates. Alvarez-Ayala and
Schwartz (1979) differentiated among five P. griseola isolates from
Colombia and Ecuador by inoculating the bean cultivars Caraota
260, Alabama No. 1, Red Kidney, ICA Duva, and Cauca 27a. Their
isolates also appeared to differ in virulence on the same cultivar.
Buruchara (1983) differentiated 21 isolates of P. griseola from
Colombia into seven pathotypes based on differential reactions of
six bean cultivars. Correa-Victoria (1984) confirmed the existence
of races in P. griseola by dividing 30 isolates from six countries into
five pathogenicity groups. He used 12 bean cultivars and found that
isolates from United States and Malawi (Africa) have a narrower
host range than isolates from Latin American countries (Brazil,
Colombia, Dominican Republic, and Puerto Rico).

Preliminary studies were conducted at CIAT (unpublished data)
on a series of 21 bean cultivars to examine the pathogenicity,
virulence, and aggressiveness of 17 P. griseola isolates from
Argentina, Brazil, Colombia, Costa Rica, Guatemala, Mexico, and
Nicaragua. Differences in pathogenicity were observed among all
the isolates, and within isolates from the same country. Quantitative
differences (in percentages) between the cultivars were observed for
disease, number of lesions, lesion size, number of spores/ mm?2, and
the number of days required to induce the same level of disease.
Differences in the date of disease initiation, lesion size, disease
progress, and severity were also observed between cultivars under
field conditions. Many lines with broad resistance in several
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locations throughout Latin America and Africa are characterized
by small disease lesions. Studies conducted in Colombia (M. A.
Pastor-Corrales, unpublished data; Santos-Filho et al., 1978) on the
effects of ALS on yield components of the bean plant, suggest that
the disease significantly reduces the number of seeds per pod, as well
as seed weight, particularly in susceptible varieties. However, the
number of pods per plot was not significantly reduced.

A standardized set of differential bean cultivars is now being
developed to classify physiological races (pathotypes) of P. griseola.
These differential cultivars, together with the BALSIT Nurseries,
will permit early detection of changes in the pathogen population
and the discovery of new races. A uniform disease rating scale has
been developed at CIAT for use in the BALSIT, and for breeders
and pathologists seeking new sources of resistance.
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Chapter 5
ANTHRACNOSE

M. A. Pastor-Corrales and J. C. Tu*

Introduction

Bean anthracnose is caused by Colletotrichum lindemuthianum
(Sacc. et Magn.) Scrib. The scientific authority has been a
controversial issue and C. lindemuthianum (Sacc. et Magn.) Briosi
et Cav. is also widely accepted (Stevenson, 1956). The perfect stage
of this pathogen is Glomerella cingulata (Stonem.) Spauld. et
Schrenk. (Kimati and Galli, 1970), but is rarely found in culture or
in nature. Thus, the name of the imperfect stage is commonly used.
Anthracnose is probably the most important disease of beans
throughout the world. The disease can be devastating. It can cause
complete yield losses on susceptible bean cultivars or when badly
contaminated seed is planted and favorable conditions prevail
during the growing season (Zaumeyer and Thomas, 1957).

Bean anthracnose has worldwide distribution. However, it causes
greater losses in temperate and subtropical zones than in the tropics.
Anthracnose has caused economic losses in North, Central, and
South America, Europe, Africa, Australia, and Asia (Chaves, 1980;
Cruickshank, 1966; Tu, 1981; Zaumeyer and Thomas, 1957). It was,
at one time, considered as the most important disease in the bean-
producing areas of eastern USA (Zaumeyer and Thomas, 1957).
However, through widespread use of clean seed produced in areas
- where anthracnose does not occur, the disease has declined
‘considerably in importance since 1925 (Zaumeyer and Thomas,

1957). Clean seed and resistant cultivars have also diminished the
importance of anthracnose in western Europe (Fouilloux, 1979).

Anthracnose is an important disease of beans in Latin America
and Africa. In Latin America, anthracnose has caused severe

* Plant pathologists, Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia, and
Harrow Redearch Station, Agriculture Canada, Harrow, Ontario, Canada, respectively.
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damage in Brazil (Costa, 1972; Vieira, 1983), Argentina (Ploper,
1983), Mexico (Crispin-Medina and Campos-Avila, 1976), Guate-
mala, Costa Rica, Nicaragua (Echandi, 1976), Peru, Ecuador, and
Colombia (Guzman-Vargas and de la Rosa, 1975; Olarte-M. et al.,
1981). It also occurs in the Caribbean countries. In eastern Africa,
anthracnose is important in Kenya, Uganda, and Tanzania. It is
recurrent in the Great Lakes Region of Rwanda, Burundi, and Kivu
Province of Zaire (CIAT, 1981).

Yield losses are more severe when bean plants are infected early.
For example, yield losses of 95% and 38% occurred when a
susceptible bean cultivar was inoculated one and six weeks after
plant emergence, respectively (CIAT, 1976; Guzman-Vargas and de
la Rosa, 1975; Guzman-Vargas et al., 1979).

Although C. lindemuthianum is primarily a pathogen of the
common bean Phaseolus vulgaris L., it can infect related species
and varieties such as P. vulgaris var. aborigineus (Burk.) Baudet (a
South American ancestral wild form of the common bean); P.
acutifolius var. acutifolius (cultivated tepary bean); P. coccineus L.
(scarlet runner bean); P. lunatus L. (lima bean); P. lunatus var.
macrocarpus (big lima bean); Vigna mungo (L.) Hepper (urd bean);
V. radiata (L.) Wilczek var. radiata (cultivated mung bean); Vigna
unguiculata (L.) Walpers ssp. unguiculata (cowpea); Lablab pur-
pureus (L.) Sweet; and Vicia faba L. (horse bean) (Mordue, 1971a
and 1971b; Onesirosan and Barker, 1971; Sherf and MacNab, 1986;
Walker, 1950; Zaumeyer and Thomas, 1957). Common names
frequently used for anthracnose in Latin America are “antracnosis,”
“antracnose,” and “I’anthracnose” in Spunish, Portuguese, and
French, respectively.

Etiology

Imperfect stage. Conidia are borne in an acervulus which may be
present on pods, leaves, stems, and branches. Acervuli are round or
elongated, attaining about 300 um in diameter. They may be intra-
and subepidermal, disrupting outer epidermal cell walls of the host.
Occasional cells of an acervulus develop as setae which are brown,
septate, and slightly swollen at the base to taper gently to the
rounded paler apex. Setae are 4-9 um wide and usually less than
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100 um long. They may be present in culture or on the host at the
margin of an acervulus. Acervuli have pale salmon-colored spore
masses. Conidia are unicellular, hyaline, cylindrical with both ends
obtuse or with a narrow and truncate base. Conidia are uninucleate,
and usually have a clear vacuole-like body near the center. Reported
conidial measurements are 11-20 um by 2.5-5.5 um; 9.5-11.5 um by
3.54.5 um; and 4-5 um by 13-22 um. Conidia are formed from
unbranched unicellular hyaline or faintly brown cylindrical
phialidic conidiophores 40-60 um in length. A conidium germinates
in six to nine hours and produces one to four germ tubes. The germ
tubes form appressoria at their tips during pathogenesis (Walker,
1950; Zaumeyer and Thomas, 1957). The appresoria, infrequently
found, are pale to dark brown, clavate or circular in outline, and are
borne on supporting hyphae that are hyaline and thin-walled
(Mordue, 1971a and 1971b; Sutton, 1980).

Optimal fungal growth in culture occurs at 22.5 °C (Leakey and
Simbwa-Bunnya, 1972). On potato dextrose agar (PDA), growth is
slow, only about 6 cm in diameter in 10 days at 22-24 °C. Colonies
are hyaline to gray at first, rapidly becoming dark to nearly black,
and have compact aerial mycelium upon maturity. The most
favorable temperature for conidial production on snap bean pods is
between 14-18 °C. Production is severely limited or stops at
temperatures greater than 30 °C (Zaumeyer and Thomas, 1957).
Sporulation is favored at pH 5.2-6.5 and is unaffected by aeration or
ultraviolet light (Mathur et al., 1950). Bean pod agar, PDA,
Czapeck medium, and sterilized pods are most often used for
growth and sporulation (Edgerton, 1910 and 1915; Zaumeyer and
Thomas, 1957). Some isolates sporulate only when grown on a
medium containing glucose, mineral salts, and neopeptone (Mathur
et al., 1950). Isolates may lose viability and pathogenicity when
repeatedly transferred in culture, unless occasionally reisolated
from inoculated plants or stored under low temperatures. Hwang et
al. (1968) stored isolates for 30 months at -150°C to -196 °C with no
loss in viability or pathogenicity.

Perfect stage. The perfect stage, consisting of perithecia and asci,
was found in cultures obtained from beans with anthracnose
symptoms (Shear and Wood, 1913). Although pathogenicity was
not demonstrated in the perithecia-producing isolates, Shear and
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Wood believed the isolates constituted the perfect stage of C.
lindemuthianum. They named it Glomerella lindemuthianum
Shear. The sexual stage was rediscovered in 1970 by Kimati and
Galli who paired two isolates to produce perithecia. Because these
asci-producing isolates were pathogenic only to beans and mor-
phologically indistinguishable from G. cingulata, they named the
perfect stage Glomerella cingulata (Stonem.) Spauld. et Schrenk. f.
Dphaseoli.

Paradela-Filho and Pompeu (1974) reported that a different
species of Colletotrichum was isolated from bean plants showing
anthracnose symptoms in Brazil. Seedlings of Dark Red Kidney,
Michelite, and Perry Marrow beans, inoculated with isolates of this
pathogen, showed anthracnose symptoms. They identified the
fungus as C. dematium f. truncata (Schw.) von Arx., the soybean
anthracnose pathogen. This pathogen has hyaline, curved-shaped,
unicellular conidia that measure 27 um by 3.5 um. It also has setae
among the conidiophores. Dr. M. A. Pastor-Corrales (unpublished
data) has also isolated a fungus very similar to that described by
Paradela-Filho and Pompeu, from bean leaves in Colombia. The
leaves showed long streaks of intense reddening on the leaf veins but
had none of the typical sunken lesions characteristic of bean an-
thracnose. Further research is necessary to determine the frequency
and importance of this species.

Infectious viral particles have been detected in isolates of C.
lindemuthianum and transferred to virus-free isolates by hyphal
anastomosis (Delhotal et al., 1976). Radial growth and sporulation
by infected isolates are reduced but there are no reports of altered
pathogenicity.

Epidemiology and Plant Infection

Colletotrichum lindemuthianum can overwinter either in seed or
infected crop residues. It can survive for at least two years in seed
(Mordue, 1971a and 1971b). However, longevity in infected pods
and seeds varies considerably, depending on environmental condi-
tions (Tu, 1983). Moisture is an important factor that influences the

survival of the fungus. The fungus survived at least 5 years on pods



and seeds that were air-dried and kept in storage at 4 °C or on dry
infected plant materials left in the field in sealed polyethylene
envelopes that prevented contact with water. An alternating wet-
dry cycle was detrimental to fungal survival (Tu, 1983). Colleto-
trichum lindemuthianum survives as dormant mycelium within the
seed coat, sometimes even in cells of cotyledons, as spores between
cotyledons, or elsewhere in the seed (Zaumeyer and Meiners, 1975).
It is capable of withstanding temperatures of -15 °C to -20 °C for a
limited period (Mordue, 1971a and 1971b).

Temperature and humidity conditions are important for infection
and expression of symptoms. Infection by C. lindemuthianum is
favored by moderate temperatures between 13 and 26 °C (Crispin-
Medinaet al., 1976; Ferrante and Bisiach, 1976; Hwanget al., 1968;
Lauritzen, 1919; Vieira, 1967; Zaumeyer and Thomas, 1957), with
an optimum of 17 °C (Lauritzen, 1919) to 24 °C (Tu and Aylesworth,
1980). Infection by and development of the pathogen is delayed or
prevented by temperatures outside the range of about 7-33 °C
(Lauritzen et al., 1933; Rahe and Ku¢, 1970; Salazar and Andersen
1969; Tu and Aylesworth, 1980). Humidity of more than 92% or free
moisture is required during all stages of conidium germination,
incubation, and subsequent sporulation (Ferrante and Biasiach,
1976; Lauritzen, 1919; Mordue, 1971a and 1971b; Tu, 1982;
Zaumeyer and Thomas, 1957). Moderate rainfalls at frequent
intervals, particularly when accompanied by wind or splashing rain,
are essential for local dissemination of conidia and for development
of severe anthracnose epidemics (Zaumeyer and Thomas, 1957).
The rain dissolves the water-soluble gelatinous matrix in which the
conidia rest in the acervulus.

In Ontario, the anthracnose pathogen required about 10 mm of
rain to establish infection. Long-distance dissemination (3-5 m)
may result from splashing raindrops blown by gusting winds (Tu,
1981). Conidia also may be dispersed within the crop by movement
of insects, animals, and man, especially when plant foliage is moist
(Zaumeyer and Thomas, 1957).

Araya-Fernandez (1981) reported that the number of foci of the
initial inoculum in the field was linearly related to the anthracnose
incidence on leaves, but was not related to incidence on pods.
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Similarly, under field conditions during the rainy season, an-
thracnose incidence was higher on leaves, whereas during the dry
season, incidence was higher on pods. A conidium germinates in six
to nine hours under favorable environmental conditions to form a
germ tube and appressorium which attaches to the host cuticle by a
gelatinous layer (Dey, 1919; Walker, 1950; Zaumeyer and Thomas,
1957). The pathogen penetrates the cuticle and epidermis mechan-
ically with the appressorium (Dey, 1919; Leach, 1923; Zaumeyer
and Thomas, 1957). Following penetration of host cells, when
temperatures are favorable, infectious hyphae enlarge and grow
between the cell wall and protoplast for two to four days without
apparent damage to host cells.

Several days later, cell walls are degraded, probably by L-
galactosidase (English and Albersheim, 1969) and protoplasts
disorganize and collapse. Water-soaked lesions appear (Leach,
1923; Mercer et al., 1975; Zaumeyer and Thomas, 1957) which later
turn dark brown because of a high content of tannins (Céardenas-
Soriano and Engleman, 1981). Mycelium may then mass within the
lesion site and form acervuli which rupture the host cuticle. The
acervulus contains a stromatic layer of three to 50 conidiophores,
depending upon the lesion size (Zaumeyer and Thomas, 1957).
Numerous conidia are formed and embedded in a water-soluble
gelatinous matrix in each acervulus. Newly produced conidia are
more infectious than older ones (Sindhan and Bose, 1981).

Symptomatology

Symptoms of anthracnose can appear on any plant part. Initial
symptoms may appear on cotyledonary leaves as small, dark brown
to black lesions. Conidia and hyphae are transported by rain or dew
to the developing hypocotyl. The infected tissues manifest minute
rust-colored specks. The specks gradually enlarge longitudinally
and form sunken lesions or eye-spots. These enlarge on the
hypocotyl of the young seedling, causing it to rot off. On older
stems, the eye-shaped lesion is about 5-7 mm in length.

Lesions may first develop on leaf petioles and the lower surface of
leaves and leaf veins as small, angular, brick-red to purple spots
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which become dark brown to black (Figure 8). Later, the lesions
may also appear on veinlets on the upper surface of leaves (Figure
9). Sporulation can occur in lesions on the petiole and larger leaf
veins, thereby producing secondary inoculum (Zaumeyer and
Thomas, 1957). Pod infections appear as flesh to rust-colored
lesions. The lesions develop into sunken cankers (1-10 mm in
diameter) that are delimited by a slightly raised black ring and
surrounded by a reddish brown border (Figure 10).

The lesion center is light colored and, during periods of low
temperature and high moisture, may contain a gelatinous mass of
flesh-colored conidia. With age, the conidia dry up, becoming gray-
brown or black granulations. If severely infected, young pods
shrivel and dry up. The fungus can invade the pod, and the mycelia
and conidia infect the cotyledons or seed coat of the developing
seeds (Figure 11). Infected seeds are often discolored and may
contain dark brown to black cankers (Figure 12) (Zaumeyer and
Thomas, 1957).

Control by Cultural Practices

Anthracnose-free bean seed has been produced and used in various
regions of the world to control the disease (Copeland et al., 1975;
Costa, 1972; Crispin-Medinaet al., 1976; Issa et al., 1964; Zaumeyer
and Meiners, 1975; Zaumeyer and Thomas, 1957). Pathogen-free
seed of susceptible cultivars is produced with surface or furrow
irrigation in semiarid regions. The high temperature and low
humidity conditions are unfavorable for infection by and survival of
the anthracnose fungus. Although the use of pathogen-free seed
considerably reduces losses, few developing countries in Latin
America or Africa possess either the seed-production areas and/ or
the facilities necessary to produce and distribute clean seed to
growers (Vieira, 1967, Zaumeyer and Thomas, 1957). Obviously,
this would change if semiarid areas are found that have the right
altitude and suitable isolation. Although heat treatment of contam-
inated seed at 50-60 °C successfully eliminates the fungus, seed
viability is significantly reduced (Zaumeyer and Thomas, 1957).

Crop rotations of two to three years are recommended because
the pathogen can survive in infected crop debris for two or more
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years (Tu, 1983; Zaumeyer and Thomas, 1957 and 1962). However,
the value of this practice has been questioned in the light of some
carefully conducted experiments. When infected plant materials
were placed in nylon-mesh pouches and buried in the field in
November, C. lindemuthianum could not be isolated after mid-May
(Tochinai and Sawada, 1952; Tu, 1983). An alternating 72-hr wet-
dry cycle was detrimental to fungal survival. The fungus in infected
pod segments lost viability after three cycles of 72 hours of dryness
(Tu, 1983). Moreover, beans planted on sites where plants were
heavily infected the previous year did not develop symptoms of
anthracnose (Tu, 1983). Infected plant debris must be removed-
from the field soon after harvest (Crispin-Medina et al., 1976). It is
also important to restrict the activity and movement of men and
agricultural implements in a field when the foliage is wet from rain
or dew (Vieira, 1967).

Control by Chemicals

Various chemical treatments have been used for seed treatment.
Seed-coat infestations are controlled effectively with Ferbam, ziram
(Crispin-Medina et al., 1976), thiram (Costa, 1972), and Ceresan
(0.5 g/ 100 g of seed). However, internal seed contamination is not
reduced (Zaumeyer and Thomas, 1957). Recently, formulations
with benomyl or thiophanate methyl were used to treat seeds. When
they were applied at 5.2 g/ kg of seed, better than 95% control was
achieved (Edgington and French, 1981; Edgington and MacNeill,
1978; Tu, 1986).

Preventive spraying with protective or systemic fungicides has
been attempted with limited success (Issa and de Arruda, 1964;
Simbwa-Bunnya, 1972; Stevenson, 1956; Zaumeyer and Thomas,
1957). Maneb (Costa, 1972; Crispin-Medinaet al., 1976; Issa and de
Arruda, 1964; Zaumeyer and Thomas, 1962) and zineb at 3.5 g/L
(Crispin-Medina et al.,, 1976; Peregrine, 1971; Zaumeyer and
Thomas, 1957), benomyl at 0.55 g/L (CIAT, 1977; Giroto, 1974),
captafol at 3.5 kg/ha (Guzmén-Vargas and de la Rosa, 1975),
carbendazim at 0.5 kg/ha (CIAT, 1977), and fentin hydroxide at 1.2
g/L (Peregrine, 1971) have been used to control anthracnose.
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Combination and rotation of these fungicides is more effective than
continually using a single fungicide (Guzman-Vargas et al., 1979;
Navarro-A. et al., 1981).

Crispin-Medina et al. (1976) recommended spraying foliage at
flower initiation, late flowering, and pod-filling to achieve satisfac-
tory disease control. However, continuous use of fungicides may
encourage the development of resistant biotypes (Tu and Mc
Naughton, 1980). Fungicides are also expensive and therefore have
limited availability in Latin American or African bean production.

Control by Plant Resistance

Barrus (1911) reported that some bean cultivars were susceptible to
anthracnose while others were resistant. He also reported (1918)
that bean cultivars differed in their reaction to C. lindemuthianum
and that the anthracnose fungus was pathogenically variable. He
later categorized his isolates into two distinct physiologic races,
calling them alpha and beta.

Since then, many surveys have been made throughout the world
to identify the prevalence and distribution of specific races. The
results have confirmed that extensive pathogenic variation of C.
lindemuthianum exists on all continents. Unfortunately, workers
have used different sets of differential cultivars, making it difficult
to compare their data. Race designations have been based on the
reactions of different host cultivars, differing in their genes for
resistance, when inoculated with one or more races of the an-
thracnose pathogen (Zaumeyer and Meiners, 1975). In 1923,
Burkholder reported from United States the gamma race. Also
from the United States, Leach (1923) reported eight distinct races,
apparently different from those previously reported by Barrus and
Burkholder. Andrus and Wade (1942) reported the delta race.

In France, Blondet (1963), according to Charrier and Bannerot
(1970), reported a new race called “epsilon” (Schnock, 1975).
Fouilloux (1975) reported that an isolate of C. lindemuthianum
obtained from Brazil was a new race: he called it alpha-brazil. A
mutant of the alpha race (designated alpha-5N) was later named
“lambda” by Hubbeling (1976). Schnock (1975) reported another
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new physiological strain of C. lindemuthianum designated as
“ebnet” and subsequently renamed as the “kappa” race (Kriiger et
al., 1977). Similarly, Hubbeling (1977) reported isolating the iota
race, which apparently does not occur under field conditions, from
kappa-resistant seedlings inoculated under greenhouse conditions
with a mixture of gamma, delta, kappa, and lambda races.
Fouilloux (1979) reported a new race he obtained from Hubbeling
that was named “lambda-mutant.” Races alpha, beta, gamma,
delta, epsilon, and lambda have been reported in Canada, France,
Holland, and Uganda (Charrier and Bannerot, 1970; Hubbeling,
1957; Leakey and Simbwa-Bunnya, 1972; Miiller, 1926; Tu et al.,
1984).

In France, Bannerot (1965) has designated races as PV6, D10,
F8b, 14, 1, and 5. The first five correspond to alpha, beta, gamma,
delta, and epsilon, respectively. The race 5 has the pathogenicity of
gamma and delta. In Germany, reported races have been designated
as A-E, G-N, and X by Peuser (1931) and as alpha, beta, and gamma
by Schreiber (1932). In Italy, the alpha, beta, gamma, delta, and
epsilon are known to occur (Ferrante and Bisiach, 1976). In
Australia, races have been designated Aust-1 through to Aust-8
(Waterhouse, 1955) or simply as races 1, 2, and 3 (Cruikshank,
1966).

In Latin America, a few reports suggest that C. lindemuthianum
is very variable pathogenically. In Mexico, most workers use three
American (Michelite, Dark Red Kidney, and Perry Marrow) and
five Mexican (Negro 150 and 152, Amarillo 155, Bayo 164, and
Canario 101) differential cultivars to classify their isolates. Yerkes
and Teliz-Ortiz (1956) reported races alpha, beta, gamma, and ten
new isolates. Races MA-1 to MA-6 were classified as belonging to
Mexico group I; MA-7 to Mexico group II, and MA-8 to MA-10to
Mexico group III. Yerkes (1958) reported that races MA-11 to
MA-13 correspond to a group to be denominated as alpha. Gallegos
cited by Villada-Ramos (1982) reported races MA-14 and MA-15 as
belonging to the alpha group which correspond roughly to the alpha
race; MA-16 to Mexico group I; MA-17 to group II; MA-18 to the
beta race; MA-19 and MA-20 to a new group denominated as
Mexico group IV. Martinez (1982) also reports MA-14 and MA-15
as new races. However, MA-15 elicited the same reaction as the
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races belonging to the group alpha. Noyola et al. (1984), cited by
Garrido (1986), reported races MA-21 and MA-22 as belonging to
the alpha group. Garrido (1986) reported eight new races where
MA-23 to MA-25 belong to the group alpha and MA-26 to MA-30
to Mexico group L.

In Brazil, reported races were alpha, beta, gamma, epsilon,
lambda, kappa, zeta, teta, eta, mu, Mexico groups I and II, and
Brazil groups I, I, and III. In addition, some isolates have been
further characterized into 10 different races denominated as BA-1
to BA-10 and belonging the following race groups: BA-1 and BA-2
in alpha; BA-3 in Brazil II; BA-4 and BA-5 in Brazil I; BA-6, BA-7,
and BA-8 in Mexico II; BA-9 in Mexico I; and BA-10 in delta
(Augustin and da Costa, 1971; de Aratjo, 1973a and 1973b; de
Menezes, 1985; de Menezes et al., 1982; Kimati, 1966; Oliari et al.,
1973; Oliveiraet al., 1973; Pio-Ribero and Chaves, 1975; Ribeiro et
al., 1981). None of these isolates caused symptoms on Cornell
49-242 and the reaction of BA-3 is the same as that of isolates
belonging to group alpha. The separate categorizing of BA-3 is,
therefore, not warranted. Races alpha, beta, and gamma occur in
Chile (Mujica, 1952) and the beta and gamma races are prevalent in
Colombia (CIAT, 1976 and 1977).

Other races of C. lindemuthianum have been detected in Latin
America. In Brazil, Dr. Carlos Rava, Centro Nacional de Pesquisa
de Arroz e Feijao, Goiania (personal communication), and Dr. M.
A. Pastor-Corrales (unpublished data) have collected and char-
acterized isolates similar to alpha-Brazil (Fouilloux, 1975) which
had not been previously detected in Brazil. A similar character-
ization was conducted for 15 isolates from Mexico. Reported races
were Brazil group I, alpha, Brazil, and Mexico group 1 (Bolafios,
1984; CIAT, 1984). From Colombia, 17 isolates were characterized
as beta, delta, kappa, alpha-Brazil, Mexico group II, and two
isolates that did not belong to any known race (Cobo-Soto, 1986).
Recently, in a cooperative effort between CIAT and the University
of Costa Rica, three isolates from the northern region of Costa Rica
were characterized as alpha-Brazil and three from the central region
as kappa and Brazil group I.

It is therefore apparent that considerable pathogenic variation
exists throughout the world. However, an international set of
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differential cultivars and race designations must be developed to
coordinate the research efforts of all workers and to facilitate the
exchange of data and resistant germplasm.

Physiology of the Host-Parasite Interaction

Alot of research has focused on the host-pathogen interaction when
a specific cultivar is infected by a specific race (pathogenic or
nonpathogenic). Griffey and Leach (1965) inoculated cultivars of
different ages which were differentially susceptible or resistant to
various races. They found that the small necrotic lesions formed on
old tissue of susceptible cultivars were similar to lesions on young
tissue of resistant cultivars. They concluded that the former reaction
was a result of plant maturation, while the latter reaction resulted
from a specific protoplasmic response. The fungus develops more
slowly in a resistant cultivar than in a susceptible one. The resistant
plant therefore has more time to develop its defense reaction
(Arnold and Rahe, 1976; Bailey, 1974; Bailey and Deverall, 1971).
Also, the pathogen did not produce cell-wall degrading enzymes
such as L-galactosidase, as early or as much as in susceptible
cultivars (Elliston et al., 1976; English and Albersheim, 1969).

Inoculation with a nonpathogenic race may protect the host from
subsequent infection by a pathogenic race (Elliston et al., 1976;
Skipp and Deverall, 1973; Sutton, 1979). However, this protection
is confined only to tissue actually infected previously by the
nonpathogenic race (Skipp and Deverall, 1973). Also, inoculation
with a pathogenic race at a low inoculum concentration or under
conditions unsuitable for disease development induces a systemic
cross protection against the same pathogen (Sutton, 1979). Injury
by mechanical means (Arnold and Rahe, 1977; Ferrante and
Bisiach, 1976) and freezing of local tissue can also induce localized
protection. Such protection is probably regulated by a different
mechanism than that operating in the inoculation with a non-
pathogenic race (Rahe and Arnold, 1975).

Heat treatment (32-37 °C) of tissue before inoculation can also
confer local and systemic protection which is not race-specific
(Elliston et al., 1977, Rahe, 1973a; Rahe and Ku¢, 1970). Heat
treatment diminished the effectiveness of resistance of mature
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tissue, but not of race-specific resistance or local protection. This
suggests there may be two groups of resistance mechanisms
operating (Elliston et al., 1976 and 1977). Ultraviolet irradiation
applied to bean hypocotyls has altered the expression off disease
response of treated cultivars. Induced resistance is accompanied by
an accumulation of phytoalexins (Andebrhan and Wood, 15%0).

Plant metabolites such as phaseolin (inhibitory to C. lindemu-
thianum in vivo), accumulate earlier in resistant than in susceptible
plants (Bailey and Deverall, 1971; Rahe, 1973b; Rahe et al., 1969;
Theodorou et al., 1982). Phaseolin and the related isoflavanoid
compounds, phaseolidin, phaseolinisoflacan, and kievitone, ac-
cumulate in tissue infected by both pathogenic or nonpathogenic
races (Bailey, 1974).

Phenylalanine ammonia lyase levels increase in tissue before
lesion formation and is probably related to the subsequent produc-
tion of compounds such as phaseolin, other isoflavonoids, and
coumestrol (Rathmell, 1973). Phaseolin at low concentrations in
vitro is highly inhibitory to spore germination and germ-tube
growth. However, mycelial growth is less sensitive to it (Bailey,
1974) because phaseolin is metabolized into less toxic compounds
such as 6a-hydroxyphaseolin, 6a-7-dihydroxyphaseolin, and others
(van den Heuvel and Vollaard, 1976). Electron microscopy shows
that intracellular hyphae in hypersensitive cells are dead (Landes
and Hoffman, 1979). However, light microscopy suggests that some
hyphae remain alive and continue to grow slowly for some time
after phytoalexin accumulation has occurred (Bailey and Rowell,
1980; Erb et al., 1973; Skipp and Deverall, 1973). This apparent
discrepancy may have resulted from samples being taken from
different areas of a diseased lesion, or it may show that not all
hyphae are killed by the hypersensitive reaction.

Inheritance and Sources of Resistance

The most appropriate and practical control of bean anthracnose,
particularly in developing countries, is the use of field-resistant
cultivars (Figure 13). Several resistance sources have been used
extensively in United States, Canada, Europe, and in some
countries of Africa and Latin America (Andersen et al., 1963;
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Augustin and da Costa, 1971; Bannerot et al., 1971; Fouilloux,
1976; Hubbeling, 1957; Leakey and Simbwa-Bunnya, 1972).
However, only recently has there been much effort directed toward
incorporating resistance into commercial cultivars in Latin America
(Augustin and da Costa, 1971; CIAT, 1984, de la Garza, 1951).

Resistance to the alpha and beta races is controlled by a single,
independent dominant gene (McRostie, 1919 and 1921) which has
been combined in cultivars such as Charlevoix (Andersen et al.,
1963). Although Burkholder (1918) reported that resistance to the
gamma race is conferred by a single dominant gene, resistance to the
beta, gamma, and delta races appears more complex. It is governed
by a system of 10 genes in three allelomorphic series which are
composed of duplicate genes for resistance, a dominant gene for
susceptibility, and interaction at three loci (Andrus and Wade,
1942). Similarly, Cardenas et al. (1964) concluded that the resistance
to races alpha, beta, and gamma was conferred by duplicate and
complementary factors, as well as by multiple alleles. Muhalet et al.
(1981) reported that the inheritance of resistance to beta, gamma,
and delta races in crosses involving Cornell 49-242 and Kaboon was
conferred by independent and complementary gene action at one or
two different loci. In addition, it was also assumed that an
allelomorphic series of three alleles controlled resistance to the beta
race.

Among the resistance sources, Cornell 49-242 (a Venezuelan
black-seeded bean) is resistant to the races alpha, beta, gamma,
delta, epsilon, and lambda by virtue of a single dominant ARE gene
(Ayonoadu, 1974; Bannerot, 1965; Goth and Zaumeyer, 1965;
Kriiger et al., 1977; Mastenbroek, 1960; McRostie, 1919; Muhalet
et al., 1981). However, it is susceptible to alpha-Brazil, kappa, and
jota races (Fouilloux, 1976; Hubbeling, 1977). It also has certain
undesirable horticultural features (Muhalet et al., 1981; Zaumeyer
and Meiners, 1975) which have been overcome by transferring the
ARE gene into adapted high-yielding cultivars (Muhalet et al.,
1981; Zaumeyer and Meiners, 1975). Fouilloux and Bannerot
(1977) created four pairs of isogenic lines derived from Cornell
49-242 with no apparent unfavorable pleiotropic effects. However,
the appearance, first, of the kappa race and, later, of alpha-Brazil in
Europe and Latin America that attack Cornell 49-242 meant that
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the extensive use of this gene throughout the world and, partic-
ularly, in Latin America was dangerous. This realization stimulated
several scientists to identify new sources of resistance to many or all
known races. In Europe, they reported that Mexico 222 and Mexico
227 contain the dominant gene Mexique 1 which may be composed
of an allelic series (Bannerot et al., 1971; Fouilloux, 1979). The
Mexique 1 gene, different and independent of the ARE gene, is
resistant to alpha, beta, gamma, delta, epsilon, lambda, and kappa,
but not to alpha-Brazil. However, only Mexico 222 has the
resistance gene Mexique 1 and Mexico 227 is not resistant to either
the kappa or alpha-Brazil race (Fouilloux, 1979).

In 1972, in France, six other lines obtained from Mexico and
resistant to all European races were reported (Fouilloux, 1979). The
line TO had the anthracnose resistance gene Mexique 2 which is
different and independent of ARE and Mexique 1 resistance genes.
The other five lines, TU, TV, TX, TY, and TW, have the Mexique 3
gene resistant against all European races. Mexique 3 is different and
independent of resistance genes ARE, Mexique 1, and Mexique 2.
Resistance to races alpha, delta, and kappa occurs in Kaboon, Coco
a la Creme, Keit, Koekoek, BO-22, and Evolutie (Bannerot and
Richter, 1968; Kriiger et al., 1977). P.1. 150414, Titan, and Metorex
are moderately resistant to kappa, while an unspecified accession of
P. coccineus is resistant to all known races (Kriiger et al., 1977). In
addition, P.I. 165426 and P.1. 207262 are resistant to kappa and iota
(Hubbeling, 1977).

Several bean varieties resistant to many or all known European
races of the anthracnose pathogen such as Mexico 222, TO, and TU,
which have the single resistance genes Mexique I, Mexique II, and
Mexique III, respectively, and lines such as P.1. 207262, which are
resistant to kappa and iota races, are nevertheless susceptible to
several Latin American isolates. Because of the extensive patho-
genic variation of C. lindemuthianum, particularly in the Americas,
and because so many bean varieties and lines are susceptible to
American isolates of the pathogen, scientists at CIAT, Colombia,
have evaluated several thousand lines. They identified better and
different sources of resistance (CIAT, 1984; Schwartz et al., 1982)
under field and greenhouse conditions. Among those bean lines and
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germplasm accessions that showed broad resistance are A 193, A
252, A 321, A 475, A 483, AB 136, K 2, G 811, G 984, G 2333, G
2338, G 2641, G 3367, Ecuador 1056 (G 12488), and Gloriabamba
(G 2829). Similarly, it has been possible to identify lines with
excellent resistance in several, although not all, locations such BAT
841, BAT 93, and G 5653.

Workers have relied completely upon race-specific resistance to
manage specific races of C. lindemuthianum. However, the fungus
has expressed considerable pathogenic variation by mutation,
natural selection, or other mechanisms. Mycelium of nonpatho-
genic races can also survive in lesions in resistant tissue for as many
as 25 days. Possibly, this facility leads to the development and
selection of new pathogenic races (Erb et al., 1973). Therefore, bean
pathologists and breeders must work together to effectively identify
better and broader sources of resistance in many locations through-
out the world. They must incorporate a very broad and diverse
group of anthracnose resistance sources into breeding programs. It
is also essential that uniform methodology be used to evaluate bean
germplasm reactions to the anthracnose pathogen in order to select
lines or cultivars that are truly resistant and not to discard useful
germplasm. For example, the cultivar ICA Llanogrande (Ecuador
1056) has been evaluated as resistant by the senior author under
field conditions in many locations of Latin America and Africa.
However, it is very susceptible to the same isolates under greenhouse
conditions.

Because anthracnose is important in many large bean-producing
regions of the world, because the fungus has extensively pathogenic
variation, and because European resistance sources are susceptible
to Latin American races of the pathogen, bean workers must
coordinate their efforts to properly evaluate the extent of the
pathogenic variation in the different regions where anthracnose
occurs recurrently. Bean workers must also use identical bean
differential varieties to permit the development of an international
race designation that can compare results and can evaluate, in many
sites, the resistance sources. In this manner, bean varieties that are
resistant to a broad range of anthracnose isolates can be identified.
This, in turn, would allow the development of a broad and diverse
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strategy, that emphasizes genetic resistance, to manage this very
important bean disease.
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Chapter 6
ROOT ROTS

George S. Abawi*

Introduction

There are many root diseases of beans and several occur throughout
many bean-growing areas of the world (Abawi et al., 1985; Sherf
and MacNab, 1986; Walker, 1952; Zaumeyer and Thomas, 1957).
Continuous bean production, improper crop rotation, and in-
creased soil compaction are some of the factors that contribute to
the prevalence and severity of root diseases. Root rots have caused
considerable damage to beans in northeast Brazil, the highlands of
Mexico, Nicaragua, coastal Peru, United States, and many other
countries. Detailed information on bean yield losses from root
diseases in Latin America and other bean-growing regions is
limited. However, yield losses can be considerable and often vary
among fields of the same area, as well as in the same field from
season to season. This variability is affected by prevailing envi-
ronmental and soil conditions at planting time, midseason stresses,
and the type and number of root pathogens present and active
during disease initiation and development. Root diseases also
indirectly affect beans by reducing their efficiency in using soil
nutrients. They make roots susceptible to an increased range of
stresses such as temperature variation, drought, and many biolog-
ical stresses.

Bean-root diseases can be incited by species of several plant
pathogenic fungi. The major ones are species of Fusarium, Rhizoc-
tonia, Pythium, Thielaviopsis, Sclerotium, Aphanomyces, Phyma-
totrichum, and Macrophomina. These pathogens may each infect
beans, causing a characteristic disease, or may, if occurring
together, infect in any possible combination, resulting in disease

* Plant pathologist, Cornell University, Geneva, NY, USA.
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complexes. The major root pathogens that predominate and
become a limiting production factor differ from one bean-growing
region to another (Abawi and Pastor-Corrales, 1986).

For example, Fusarium wilt caused by Fusarium oxysporum f.
sp. phaseoli Kendrick et Snyder is the major disease in northeast
Brazil, whereas Rhizoctonia solani Kiithn and Fusarium solanif. sp.
phaseoli (Burkholder) Snyder ez Hansen are the major pathogens in
the coastal areas of Peru. In Colombia, Macrophomina phaseolina
(Tassi) Goid. is the most important in the Quilichao area, whereas
Rhizoctonia solani is prevalent in the Popayan area, and Fusarium
oxysporumf. sp. phaseoli, and, to a lesser extent, Sclerotium rolfsii
Saccardo, dominate in the Pasto-Ipiales area. In contrast, Pythium
ultimum Trow, Thielaviopsis basicola (Berkely et Broome) Ferraris,
Rhizoctonia solani, and Fusarium solani f. sp. phaseoli are all
important and often occur as disease complexes in New York State,
USA (Abawiet al., 1985). It is therefore important to determine the
etiology of bean root-diseases where cultivar development is in
progress or root-disease management strategies are warranted.

Aboveground symptoms in a field with severe incidence of root
diseases include poor seedling establishment, uneven growth,
chlorosis, and premature defoliation of severely infected plants
(Figure 14). Poor seedling establishment and reduced plant density
are the result of seed rot and damping-off. The latter occurs when
germinating seeds and young seedlings are attacked during the first
two to three weeks after planting. Root-rot infection of older plants
usually results in reduced vigor, discoloration, and slow rotting of
stem and root tissues. Roots of severely infected plants are reduced
in size and may exhibit differentdegrees of decay. Tap roots of
severely infected plants often die, although coarse adventitious
roots may develop from the hypocotyl areas above infected tissues.
These roots also become infected later, but their production
continues during moist soil conditions and helps the plant survive.
The shape and color of lesions on stem and root tissues are specific
and characteristic for each attacking pathogen. To properly ex-
amine bean roots, plants must be dug up carefully and the soil
removed without disturbing the fibrous root system.

The use of highly resistant bean cultivars is the most effective
control strategy for root diseases. It is especially appropriate for
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farmers in developing countries with low inputs. However, until an
adapted cultivar resistant to all pathogenic organisms in the region
becomes available, a combination of compatible and effective
measures for controlling root diseases must be used (Burke and
Miller, 1983; Papavizas and Lewis, 1979; Sumner et al., 1986a and
1986b). A cultivar that is susceptible to a component of the root
disease complex may be managed with an economical control
measure that is chemical (seed or soil treatment), cultural (crop
rotation, organic mulch, adjusting planting time, fertilizer or
herbicide use, land preparation), biological (addition or enhance-
ment of beneficial soil-borne organisms), or a combination of these
measures.

A soil-indexing procedure is available that can effectively deter-
mine the root-rot potential of bean fields (Kobriger and Hagedorn,
1983). Used as part of an integrated program, such a procedure can
aid growers in avoiding problem fields where possible and thus
avert a loss. A similar test differentiated relatively clean fields from
those with severe root-rot problems in New York State (Abawi et
al.,, 1985; G. S. Abawi, unpublished data). The test involved
growing beans for five weeks in representative soil samples from the
fields in question under greenhouse conditions that were favorable
for root-rot development. Root-rot potential was determined from
the root-rot ratings obtained and the percentage of reduction in
plant weight as compared with those of plants grown in pasteurized
samples of the same soil.

Rhizoctonia Root Rot

Introduction

Rhizoctonia root rot, caused by Rhizoctonia solani Kiihn
(telemorph is Thanatephorus cucumeris (Frank) Donk), is a
common root-rot disease of beans in Latin America and the world
(Parmeter, 1970; van Bruggen et al., 1986; Zaumeyer and Thomas,
1957). The fungus is distributed throughout most agricultural soils
at various levels of infestation and can infect many plant species.
Losses of more than 109% have occurred in the United States. The
author has observed nearly 100% infection and almost complete
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losses in bean plantings near Popayan, Colombia, the coastal areas
of Peru, and central and western areas of New York State. It should
be noted that Rhizoctonia solani, and its telemorph, is the pathogen
of web blight, a foliar disease (Chapter 8).

Common names frequently used for rhizoctoniaroot rot in Latin
America include “pudricién radical por Rhizoctonia,” “chancro,”
“tizén,” “pudrici6én del tallo,” “tombamento,” “podredumbre del
tallo,” and “podriddo radicular.”

Etiology

In nature, Rhizoctonia solani and its telemorph (Tu and
Kimbrough, 1978) exist as many strains, differing in cultural
appearance, physiology, and pathogenicity (Parmeter, 1970). The
naturally occurring strains or isolates differ in mycelium color,
zonation, type and number of sclerotia, size of aerial mycelium,
growth rate, saprophytic behavior, and enzyme production (Galin-
do et al., 1982; Papavizas, 1964 and 1965; Papavizas and Ayers,
1965; Parmeter, 1970). However, all isolates have the mycelial
characteristics of R. solani (Parmeter, 1970), consisting of a
constriction at the base of hyphal branches, formation of a
prominent dolipore septum at the branch near the point of origin,
multinucleate condition of young hyphal tip cells, and typically
brown mycelium.

Anastomosis among R. solaniisolates demonstrates relationships
among fungal isolates. Most R. solani isolates fall within one of four
main anastomosis groups (AG) that are different morphologically,
physiologically, and pathogenically (Adams and Butler, 1979;
Ogoshi and Ui, 1979; Sherwood, 1969). However, several other AGs
have been reported recently (Ogoshi and Ui, 1979). Most R. solani
isolates associated with bean root rot belong to AG4, but isolates of
AG2 and a few of AG1 have also been found to be pathogenic to
beans (Galindo et al., 1982). Generally, good correlation has been
found between the growth rate of isolates and their pathogenicity to
beans.

The telemorph, Thanatephorus cucumeris, may occur and form a
hymenial layer at the base of plants and/ or on the underside of soil
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aggregates during periods of high humidity and rainfall (Parmeter
and Whitney, 1970). Basidia are short and barrel shaped with stout
straight sterigmata while basidiospores are smooth, thin walled,
and hyaline (Tu and Kimbrough, 1978). Some R. solani isolates
may be induced to produce the basidial stage in vitro (Adams and
Butler, 1983). Rhizoctonia solani uses carbon and mineral sources
with a high efficiency (Parmeter, 1970; Sherwood, 1969). Rhizoc-
tonia solani isolates are usually auxotrophic. However, no specific
carbon source consistently supports the growth of all isolates and
some require specific growth factors. The optimal temperature for
growth is 23-28 °C, although lower and higher optima have been
reported for various isolates. Specific isolates may also respond
differently to varying pH levels, but most isolates attain optimal
growth at pH 5-7 (Sherwood, 1970).

Epidemiology

Rhizoctonia solani contains a wide array of pathogenic isolates
(Talbot, 1970). Some isolates are specific for one crop such as beans,
while others attack a wide range of hosts (Garza-Chapa and
Anderson, 1966; Papavizas and Ayers, 1965; Papavizasetal., 1975;
Sherwood, 1969). Isolates vary in the degree of virulence expressed
toward a single host (Bolkan and Butler, 1974; Diaz-Polanco,
1968). Disease severity is influenced by soil moisture, soil temper-
ature, nutritional status of the inoculum (Shephard and Wood,
1963; Weinhold et al., 1969), and the plant and root exudates which
stimulate mycelial growth (Dodman and Flentje, 1970; van Gundy
et al., 1977). Pathogenic variants may arise during basidiospore
production or more commonly by hyphal anastomosis between
different field isolates (Bolkan and Butler, 1974). Activities of R.
solani are most abundant in the top 10 cm of soil. Population
densities are highest shortly after harvest and before incorporation
of bean residue into the soil (Papavizas et al., 1975). However, the
fungus is unevenly distributed in soil, hence the clumped distribu-
tion of lesions on hypocotyl tissue and clustered pattern of infected
plants in a field (Campbell and Pennypacker, 1980).

Inoculum sources of R. solani consist of sclerotia, hyphae, and
basidiospores. However, the importance of basidiospores as an
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inoculum source for bean root-rot is unknown. Inocula may survive
in soil as sclerotia or thick-walled hyphae associated with plant
debris, and/ or as saprophytic growth on organic matter (Parmeter,
1970). The fungus can penetrate the intact cuticle and epidermis by
infection pegs produced from infection cushions (Christou, 1962a),
or by individual hyphae (Dodman and Flentje, 1970), and through
natural openings and wounds. Penetration is believed to occur by
mechanical pressure and enzymatic degradation of host cells
(Bateman, 1970). The optimal soil temperature for development of
hypocotyl cankers is 18 °C. Relatively few cankers develop at
temperatures above 21 °C. The disease is more severe during the first
two to three weeks and particularly under wet conditions and
somewhat cool weather. As plants age they become less susceptible
to severe damage by R. solani. Apparently, at high temperatures
plants emerge more rapidly and thus escape infection (Bolkanet al.,
1974; Leach, 1947, Zaumeyer and Thomas, 1957). The field
population density of R. solani is dependent upon the presence of a
susceptible crop. The pathogen can be disseminated into new areas
by irrigation water, transplanted material, aerially disseminated
sclerotia or basidiospores, and infected or contaminated seeds. The
fungus may be internally and externally seed-borne (Bolkan et
al., 1976; Diaz-Polanco, 1968; Ellis et al., 1975; Kramer et al., 1975).
Rhizoctonia solani can survive in association with dry soil aggre-
gates and thus be disseminated by wind-blown particles.

Symptomatology

Rhizoctonia solani may induce seed rot, damping-off, stem
canker, root rot, and pod rot. Rhizoctonia can infect seeds before
germination, resulting in seed decay. Lesions on a young seedling
expand rapidly and result in damping-off. Seed and seedling
infections reduce seedling establishment and therefore lower plant
densities often severely enough to be visually observed. The char-
acteristic symptoms on infected plants are reddish brown, sunken
lesions on the stem and taproot (Figure 15). As infection progresses,
sunken cankers enlarge (Figure 16) and those that are close together
may coalesce and girdle the stem (Figure 17), retard growth, and
eventually kill the plant.
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Rhizoctonia solani can also infect pods in contact with the soil
surface, causing water-soaking, the characteristic reddish brown
sunken lesions, and distinct margins around the lesions. Minute
brown sclerotia may develop on the surface of, or be embedded in,
these cankers. These lesions may serve as an inoculum source for
infection of beans in transit and ensure fungus dissemination as well
as causing seed discoloration. The fungus can be seed transmitted in
beans. Infection of bean with R. solani may interact with other
root-rot fungi (Pieczarka and Abawi, 1978a) and plant parasitic
nematodes (Reddy et al., 1979).

Control by cultural practices

Because R. solani has a worldwide distribution (Leach and
Garber, 1970), including in uncultivated soils (Baker and Mar-
tinson, 1970), exclusion and eradication usually are not effective
field control measures. Nevertheless, the local pathogenic potential
is increased by introducing infested soil and infected or contam-
inated plants and seeds from other regions. Rhizoctonia solani can
be eradicated from infected greenhouse soil by steaming at 60 °C for
30 minutes (Leach and Garber, 1970).

Rhizoctonia solani infection may be reduced by various cultural
practices. In Popayéan, Colombia, R. solani is less severe during the
wet rainy season if beans are planted on raised beds that facilitate
good drainage. Seedling injury is minimized by shallow planting so
that less seedling tissue is exposed to inoculum. However, increased
plant lodging may occur. Manning et al. (1967) reported that seeds
planted 7.5 cm deep developed more root rot and hypocotyl injury
than seeds planted only 2.5 cm deep. In the San Joaquin Valley of
California, shallow plantings (1.5-2.5 cm deep) apparently reduced
disease severity to a level where there was no need for fungicidal
application (Leach and Garber, 1970). In addition, planting should
be delayed until the soil has warmed sufficiently to reduce R. solani
infections (Bolkan et al., 1974; Zaumeyer and Thomas, 1957).

Continuous planting of beans in the same field increases the
inoculum density of R. solani. However, crop rotation with nonhost
crops reduces the incidence of bean root rot even though it does not
completely eradicate the pathogen (Burke and Kraft, 1974). Rhizoc-
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‘tonia solani populations rapidly decline in soil planted with wheat,
oats, barley, or maize. Population levels remain relatively high in
soil planted with susceptible bean, pea, or potato plants.

A suggested, but yet unproven, alternative to crop rotation is soil
amendment with decomposable material (Leach and Garber, 1970)
or the incorporation of selected residue (Manning and Crossan,
1969; Papavizas et al., 1975). Snyder et al. (1959) demonstrated that
bean infection was significantly reduced in greenhouse studies by
adding a barley, wheat, or maize amendment. Similarly, Manning
and Crossan (1969) showed that a maize amendment significantly
reduced hypocotyl rot under greenhouse and field conditions, the
inhibitory effect lasting nearly a year. Also, many antagonists or
mycoparasites such as Trichoderma species, have effectively re-
duced activities of R. solani when incorporated with organic
amendments (as carriers) or directly on seed (Bell and Sumner,
1984; Chet and Baker, 1981; Chet et al., 1981; Marshall, 1982; Tu
and Vaartaja, 1981).

Another cultural practice that is effective in reducing surface
inoculum of R. solani and thus disease incidence, is deep plowing
(Papavizas and Lewis, 1979). Turning under soil and crop residue to
a depth of 20-25 cm has reduced Rhizoctonia root rot on beans for
three years.

Control by chemicals

Fungicides that are effective against R. solani include PCNB,
benomyl, carboxin, Busan 30A, thiram, zineb, chloroneb, and
others. These fungicides are commonly applied as seed treatments
(1-3 g a.i./ kg seed) before or during planting (Bolkan et al., 1976;
Ellis et al.,, 1975; Peterson and Edgington, 1970). The most
commonly used fungicide to control R. solaniis PCNB. Bristow et
al. (1973) and Crossan et al. (1963) report that PCNB, applied as an
in-furrow low-volume spray (5.8 kg in 378 L of water/ha), provides
excellent control of R. solani. Chloroneb and PCNB are highly
specific toward R. solani and should be mixed with metalaxyl or
pyroxychlor where Pythium spp. also are a problem (Leach and
Garber, 1970; Lewis et al., 1983; Locke et al., 1983). In New York
State, combinations of fungicides that included captan, metalaxyl,
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and chloroneb were most effective when applied as slurry seed
treatments (Abawi et al., 1985). Fungicide seed treatments for the
control of R. solani often are effective for enhancing seedling
emergence (van Bruggen et al., 1986) and establishment. However,
they seldom provide protection to the expanding root zone of older
plants and are therefore ineffective for controlling the root-rot
phase of the pathogen.

Herbicides have been reported to both increase and decrease
root-rot severity (Campbell and Altman, 1977; Grinstein et al.,
1976; Hagedorn and Binning, 1982; Johal and Rahe, 1984).
Hagedorn and Binning (1982) showed that root-and-hypocotyl rot
of bean was suppressed significantly by preplant incorporation into
the soil of dinoseb at 6.7 kg a.i./ha. Campbell and Altman (1977)
reported that the herbicide cycloate reduced the colonization of
bean segments by R. solani, probably by inhibiting fungal growth.
In contrast, Grinstein et al. (1976) reported that dinitramine
herbicide reduced plant resistance to infection by R. solani.
Similarly, the number and size of hypocotyl lesions caused by R.
solani were increased by preplant application of trifluralin (Wrona
et al., 1981).

Control by plant resistance

Older plants often become more resistant to R. solani infection,
possibly because of increased calcium content in the plant tissue
(Bateman and Lumsden, 1965), induction of phytoalexins (Pierre
and Bateman, 1967; Smith et al., 1975; VanEtten and Bateman,
1970), and/or decline in hypocotyl and root exudates which
stimulate infection-cushion formation by the fungus (de Silva and
Wood, 1964; Stockwell and Hanchey, 1983). It has been difficult to
identify a high degree of resistance to R. solani in dry bean
germplasm. However, a lima bean line was resistant to R. solani
infection and this resistance was inherited as a single dominant
factor (Zaumeyer and Thomas, 1957). The dry bean cultivar Uribe
Redondo was reported by Cardona-Alvarez (1954) to be highly
resistant to rhizoctonia root rot in Colombia. Prasad and Weigle
(1969 and 1970) reported that Venezuela 54 and P.1. 165426 are
highly resistant to R. solani infection and suggested that resistance
may be linked to dark seed-coat color.
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Extracts from black-seeded lines contained phenolic substances
inhibitory to the growth of R. solani (Prasad and Weigle, 1976).
Several investigators (Beebe et al., 1981; Dickson and Boettger,
1977; Silva and Hartmann, 1982) have previously observed a close
relation between black-seeded materials with resistance to R.
solani. However, white-seeded cultivars with resistance to this
fungus have also been identified recently. Two dry bean breeding
lines, B 3088 and B 3787, and a wax bean cultivar were highly
resistant to rhizoctonia root rot (Zaumeyer and Meiners, 1975). In
addition, the CIAT bean accessions A 300, BAT 1753, EMP 81,
RIZ 21, and RIZ 30 were highly tolerant to R. solani in Colombia
(Pastor-Corrales and Abawi, 1986). Sumner (1985) demonstrated
the differential responses of bean cultivars and accessions to the
different anastomosis groups of R. solani and suggested it is
important to adequately characterize the local fungus isolates in
order to develop resistant bean cultivars.

Fusarium Root Rot

Introduction

Fusarium root rot of beans is caused by Fusarium solani
(Martius) Appel and Wr. f. sp. phaseoli (Burk.) Snyd. and Hans. It
was first reported in 1916 by Burkholder in New York State (Kraft
et al.,, 1981; Zaumeyer and Thomas, 1957). The pathogen is
prevalent and causes varying degrees of damage in most bean-
growing areas of the world.

In United States, fusarium root rot has caused serious losses in
the states of New York, Idaho, Colorado, Washington, and
Nebraska (Burke and Miller, 1983; Burke and Nelson, 1967,
Keenan et al., 1974; Sherf and MacNab, 1986; Steadman et al.,
1975). It has been reported also in Spain, Bulgaria, England, and
other areas in Europe. In Latin America, fusarium root rot has been
identified in Brazil (Costa, 1972; Vieira, 1967), Colombia (Barros-
N., 1966), Peru (Dongo-D. and Osores-D., 1961), Venezuela
(Casanova and Diaz-Polanco, 1966), Costa Rica (Echandi, 1966),
and Mexico (Crispin-Medina et al., 1964). Keenan et al. (1974)
reported that an unusually high yield loss of 86% occurred in
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Colorado because of a drastic decrease in the number of pods per
plant.

Burke and Nelson (1967) found that yield losses under severe
disease pressure ranged from 6%-53%, depending upon the bean
cultivar and other stress factors. Pieczarka and Abawi (1978a)
demonstrated that a synergistic interaction exists between F. solani
f. sp. phaseoli and Pythium ultimum, resulting in higher disease
severity ratings and increased damage to bean.

In addition to the common bean (Phaseolus vulgaris L.), the
fusarium root-rot pathogen attacks lima bean (P. lunatus L.),
scarlet runner bean ( P. coccineus L.), Vigna angularis (Willd.) Ohwi
et Ohasi, and V. aconitifolia (Jacq.) Maréchal. Fusarium solani f.
sp. phaseoli has also been reported to be pathogenic on pea (Pisum
sativum L.), cowpea (Vigna unguiculata (L.) Walpers subsp.
unguiculata), Onobrychis viciifolia Scop., and Pueraria lobata
(Willd.) Ohwi (Auld et al., 1976; Zaumeyer and Thomas, 1957).

Common names frequently used for fusarium root rot in Latin
America are “pudricion radical por Fusarium,” “pudricién seca,”
and “podridao radicular seca.”

Etiology

Most isolates of F. solani f. sp. phaseoli produce appressed
mycelial growth (pseudopionnotes) on artificial agar media (Kraft
et al., 1981). Fungal colonies are usually blue to blue-green, but
occasionally are white to buff in color. Three types of asexual spores
are produced by all isolates: microconidia, macroconidia, and
chlamydospores. Macroconidia are sickle shaped, multiseptate,
and are usually produced on sporodochia. Microconidia are usually
produced on simple short conidiophores. The dark and thick-
walled chlamydospores are produced abundantly on or in infected
host tissues and are long-term survival structures. Conidia and
hyphae in soil, and even on agar media, are often converted to
chlamydospores (Kraft et al., 1981; Nash et al., 1961). Chlamydo-
spores are round to subglobular or pear shaped and 6-16 um in
diameter. They are formed terminally, on short branches, or
intercalary in the hyphae. Chlamydospores are often produced
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singly, but can be found in pairs or clumped together in higher
numbers.

The interspecific taxon (forma specialis) phaseoli is distinguished
from all other members of F. solani on the basis of its physiological
and pathological adaptation to beans. Differences in pathogenicity
among isolates of F. solani f. sp. phaseoli have not been clearly
demonstrated. However, considerable differences among isolates of
this pathogen have been documented on artificial agar media.

Epidemiology

Chlamydospores of F. solani f. sp. phaseoli, either associated
with infected bean tissue or free in soil, are often under the influence
of soil fungistasis. They can therefore remain dormant in soil with
little mobility for a long time (Burke, 1965; Kraft et al., 1981; Nash
et al., 1961). When soil fungistasis is reversed, chlamydospores
germinate where bean seed and root exudates are available (Cook
and Snyder, 1965; Kraft et al., 1981; Schroth and Cook, 1964).
Chlamydospores of F. solani f. sp. phaseoli can be stimulated to
germinate by exudations from nonhost plants or when they are
close to fresh organic matter (Barros-N., 1966; Cook and Snyder,
1965; Kraft et al., 1981; Zaumeyer and Thomas, 1957). The
pathogen was reported to directly penetrate bean tissue or enter
through stomata and wounds. After penetration, the fungus grows
intercellularly throughout cortical tissues, but is stopped by the
endodermis layer (Kraft et al., 1981). Growth and sporulation (of
macro- and microconidia) may be seen on stem tissues, above the
soil line under moist soil conditions. Chlamydospores are also
produced on and in root and hypocotyl tissues.

The pathogen is disseminated within and between bean fields by
such means as movement of infected soil, infected host tissues,
colonized debris, drainage and irrigation water, contaminated bean
seed, (Burke, 1965; Kraft et al., 1981). Once introduced into a field,
this pathogen becomes uniformly distributed at high densities after
two or three bean crops (Kraft et al., 1981). The pathogen is also
capable of colonizing roots of nonhost crops without causing
disease symptoms, and colonizing organic matter under certain
environmental conditions, therefore maintaining or increasing its
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population in the absence of beans (Barros-N., 1966; Kraft et al.,
1981; Schroth and Cook, 1964).

Growth and yield losses inflicted by F. solani f. sp. phaseoli to
vigorously growing beans are minimal (Burke and Miller, 1983).
Tests conducted in field microplots showed that as high as 4000
propagules per gram of soil did not cause yield loss to nonstressed
plants even though it caused severe discoloration of cortical tissues
of roots and hypocotyls (Abawi and Cobb, 1984). However, this
pathogen causes severe rotting of the entire root system with high
yield losses on stressed bean plants, as demonstrated by Burke and
others (Burke and Miller, 1983; Kraft et al., 1981).

Stress factors that aggravate fusarium root rot and its damage to
beans include soil compaction, excess soil moisture, drought, high-
density plantings, herbicide damage, the ammonium form of nitro-
gen fertilizers, toxic metabolites of decomposing crop residue, and
soil temperatures unfavorable for bean seed germination and
growth (Diehl and Steadman, 1981; Dryden and Van Alfen, 1984,
Kraft et al., 1981; Miller and Burke, 1985a and 1985b; Singh et al.,
1981). In addition, parasitism of roots by plant parasitic nematodes
such as Meloidogyne spp. and Pratylenchus spp., and other patho-
genic fungi such as Pythium ultimum or Rhizoctonia solani, may
also increase fusarium root-rot severity and damage (Hutton et al.,
1973; Pieczarka and Abawi, 1978a). Growth of the pathogen on
agar media is optimal at 29-32 °C, but disease severity and damage
under field conditions is greater at 22 °C than at 32 °C.

Symptomatology

Initial symptoms of fusarium root rot appear as longitudinal,
narrow, reddish lesions or streaks on the hypocotyl and primary
root (Figure 18) about one to two weeks after seedling emergence.
As infection progresses, lesions become numerous, coalesce, and
the entire underground stem and root systems may become covered
with reddish brown superficial lesions (Figure 19). The discolora-
tion may extend to the soil surface, but rarely beyond. The lesions
have no defiinite margins and may be accompanied by longitudinal
fissures. The primary and lateral roots are frequently killed by the
fungus and may remain attached as decomposed and dried rem-
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nants. When the primary root is killed, the lower stem may become
pithy or hollow. There is no pronounced wilting symptom although
severely infected plants are stunted, chlorotic, and exhibit pre-
mature defoliation. Lateral adventitious roots often develop above
the initial lesion areas and support plant growth so that a crop yield
is still produced, provided soil moisture is adequate. However, pod
number per plant and seed size may be reduced. Adventitious roots
may later become similarly infected and sometimes are killed by the
pathogen.

Control by cultural practices

When virgin soils are to be used for bean production, all
measures must be employed to prevent the introduction of the
pathogen into these soils such as the exclusion of infected bean
residue, infected seeds, contaminated irrigation water, or soil
adhering to agricultural implements. Eradication on a large scale is
uneconomical and impossible once the pathogen becomes estab-
lished within the field. Well-drained and well-fertilized soils pro-
mote vigorous plant growth. Shallow cultivation prunes lateral
roots, which usually form above infected hypocotyl tissues, and
must be avoided in heavily infected plantings. Hilling up soil around
the stem of infected plants will promote adventitious root formation
and thus will reduce root-rot damage. Excessively high plant
populations may increase disease incidence because of root competi-
tion and concentration of root exudates, and ought to be avoided in
heavily infested fields.

Long-term crop rotation with nonsusceptible plants such as
wheat and barley, lowers soil populations of F. solani f. sp. phaseoli
and reduces damage to beans (Maloy and Burkholder, 1959).
However, a crop rotation of two- to three-year duration is rarely
effective. Soil amendment with various crop residues with high
carbon to nitrogen ratios such as small grains and maize, may
reduce root-rot damage. Natural biological control by resident soil
microorganisms is enhanced (Adams et al., 1968; Kraft et al., 1981;
Maier, 1961; Olivas-E. and Romero-C., 1972), but only if adequate
nitrogen fertility is available.
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Cultural practices that reduce soil compaction and loosen hard
pans are most effective in reducing root-rot damage to beans (Burke
and Miller, 1983). Secondary tillage that encourages soil compac-
tion decreases colonization of beans by symbiotic vesicular-
arbuscular mycorrhizal fungi (Mulligan et al., 1985). Loosening the
soil by chisels allows deep rooting, reduces water stress, and
counteracts the adverse effect of the pathogen which is concentrated
in the top soil zone (that is, the plow layer).

Control by chemicals

Various chemicals used as seed or soil treatments reduce fusa-
rium root-rot severity on hypocotyls and roots of young seedlings.
These chemicals are thiram, PCNB, benomyl, captafol, and Busan
30A. Seed treatment with effective fungicides, especially when
applied as a slurry, will protect against seed rot and seedling
damping-off and thus will ensure good seedling establishment in
infested fields. Abdel-Rahman (1976) obtained good control by
applying benomyl as an over-the-row spray (0.56 kg/ha) immedi-
ately after planting. Busan 30A (2.4 L/ha) and captafol (4.7 L/ha)
also provided adequate control. However, most chemical soil
treatments are not completely effective, are expensive, and do not
last long enough to prevent infection of adventitious roots at later
stages in the growing season.

Mussa and Russell (1977) report that the herbicides trifluralin,
bentazon, and Avadex and the insecticides Metasystox and nicotine
stimulate growth of F. solani f. sp. phaseoli and may increase
root-rot damage. Eptam, dinoseb, glyphosate, and others also may
increase root-rot incidence (Johal and Rahe, 1984; Wyse et al.,
1976a and 1976b). However, Hagedorn and Binning (1982) showed
that preplant incorporation into the soil of dinoseb increases bean
yield and reduces root rot incited by several pathogens, including F.
solani f. sp. phaseoli.

Control by plant resistance

Many bean genotypes reportedly have a high level of resistance
to F. solanif. sp. phaseoli (Beebe et al., 1981; Boomstra and Bliss,
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1977; Boomstra et al., 1977; Burke and Miller, 1983; Dickson and
Boettger, 1977; Kraft et al., 1981; Statler, 1970; Wallace and
Wilkinson, 1965 and 1975). However, many of these genotypes are
late maturing, small seeded, and have other undesirable agronomic
characteristics. Early maturing cultivars with resistance to Fusa-
rium have been found amongst some pink cultivars such as Sutter
Pink, Viva, Roza, and Gloria (Burke and Miller, 1983; Kraft et al.,
1981). Although progress is being made, commercial cultivars with
high levels of resistance to fusarium root rot that are early maturing
and bush type beans are not yet available. Burke and Miller (1983)
reported that Fusarium-resistant genotypes are also more tolerant
to cold soil, drought, and soil compaction than susceptible cultivars.
They suggested that combining tolerances to stress factors with
Fusarium resistance would be most effective in controlling fusa-
rium root rot of beans.

Resistance to fusarium root rot derives mainly from New York
2114-12 and P.1. 203958. P.1. 203958 is also resistant to pythium
blight caused by five species of Pythium and to black root rot. It is
controlled by three to seven dominant genes (Bravo et al., 1969;
Wallace and Wilkinson, 1965). Hassan et al. (1971a) confirmed
these findings and noted that the gene action is mostly additive.
However, a quantitative inheritance and dominant genes for
susceptibility occurred in crosses between resistant P.I. 203958 and
susceptible California Small White, State Half Runner, or Cascade
Fulton (Boomstra and Bliss, 1977). They also stated that recurrent
selection would be the most suitable breeding method to improve
the recovery of this quantitative trait.

Boomstra et al. (1977) tested 800 accessions and identified 18
plant introductions (mostly Mexican in origin) and various cultivars
which were resistant to fusarium root rot. There are, however, no
reports of the use of tolerant or resistant cultivars in Latin American
or African countries. Several reports (Beebe et al., 1981; Kistler and
VanEtten, 1981; Pierre, 1971; Pierre and Bateman, 1967; Smith et
al., 1981 and 1982) have shown that phaseolin and other phyto-
alexins are involved in the resistance mechanism operating in bean
genotypes against F. solani f. sp. phaseoli.
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Fusarium Yellows

Introduction

Fusarium yellows of beans is caused by Fusarium oxysporum
Schlecht. f. sp. phaseoli Kendrick and Snyder (Kendrick and
Snyder, 1942). The disease was first reported in California in 1928
and later in other regions of United States, including Colorado,
Idaho, Montana, Rhode Island, and South Carolina. Serious
outbreaks of this disease in Latin America have been reported from
Colombia, Brazil, Panama, Costa Rica, and other countries of
Central America (Cruz et al., 1974; Kraft et al., 1981; Sherf and
MacNab, 1986; Weber, 1973; Wellman, 1977). Detailed information
on the etiology, epidemiology, physiology, and management of
fusarium wilt diseases, including bean yellows, can be found in
Mace et al. (1981).

Common names frequently used for fusarium yellows in Latin

America include “amarillamiento por Fusarium,” “marchitamiento
b

por Fusarium,” “murcha de Fusarium,” and “tiz6n por Fusarium.”

Etiology

The fusarium yellows pathogen is morphologically similar to all
the members of the species F. oxysporum. However, it is recognized
by its physiological and pathological adaptation to beans, hence the
interspecific taxa designation f. sp. (forma specialis) phaseoli (Mace
et al., 1981). Recently, Ribeiro and Hagedorn (1979b) documented
the occurrence of two pathogenic races of F. oxysporum f. sp.
Pphaseoli based on the differential reaction of bean germplasm to
isolates obtained from Brazil, Netherlands, and United States. This
pathogen produces microconidia, macroconidia, and chlamydo-
spores. Dissemination, survival, and germination in soil are essen-
tially similar to those described for F. solanif. sp. phaseoli (Kraft et
al., 1981; Maceet al., 1981). This pathogen has been associated with
seed as a surface contaminant (Weber, 1973; Zaumeyer and
Thomas, 1957).
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Epidemiology

The pathogen is capable of penetrating intact root tissue, usually
near the root tip and just behind the root cap. After penetration,
hyphae of the pathogen move inter- and intracellularly and invade
the developing xylem vessels (Mace et al., 1981). Penetration of
older parts of root and hypocotyl tissue also occurs, usually through
wounds or natural openings (Dongo-D. and Miiller, 1969; Lépez-
Duque and Miiller, 1969). The fungus is confined to xylem vessels
until the later stages of disease development, although limited
invasion of xylem parenchyma tissue may occur. Infection appears
to proceed between xylem vessels in susceptible cultivars, through
hyphal growth, and through the transport of newly formed
microconidia by the transpirational stream. Conidia are eventually
trapped on the perforation plates and end walls of xylem vessels.
The trapped conidia germinate, penetrate the cell walls, and
produce microconidia in the adjoining vessel which then repeat the
growth cycle until the whole vascular system is colonized. Progress
between vessels is rapidly stopped in resistant cultivars, probably as
aresult of chemical and structural alterations in host tissue (Mace et
al., 1981). The latter include vascular occlusion by the formation of
gel plugs, tyloses, deposition of additional wall layers, and infusion
of these structures with phenols and other metabolites (Lépez-
Duque and Miiller, 1969; Mace et al., 1981). At later stages of
disease development, pathogens grow into adjacent cortical tissue,
producing large numbers of chlamydospores. The fungus may also
emerge on the surface of infected plant tissue, producing abundant
pink mycelial growth and conidia. Optimal temperature for growth
on agar media is about 28 °C, but the most severe disease
development occurs at 20 °C (Ribeiro and Hagedorn, 1979a). It was
also reported that Fusarium yellow severity was increased in the
presence of root-knot nematodes (Meloidogyne javanica (Treub)
Chitwood and M. incognita (Kofoid ezt White) Chitwood) (Ribeiro
and Ferraz, 1983; Singh et al., 1981).

Symptomatology

Aboveground symptoms on susceptible cultivars will appear
seven to nine days after inoculation and severely infected plants may
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die within 21 days (Thomas and Wood, 1981). However, disease
severity was proportional to the incubation temperature and
inoculum density (Ribeiro and Hagedorn, 1979b). Initial symptoms
appear on lower leaves which exhibit yellowing and wilting (Figure
20). These symptoms may be confused with those caused by
phosphorus deficiency. This yellowing and wilting becomes more
pronounced and progresses upward into younger leaves. Stunting
may also become evident, especially if plant infection occurred
during the seedling stage. The margin of infected leaves may become
necrotic and diseased plants become progressively more chlorotic.
The fungus also can cause water-soaked lesions on pods (Goth,
1966). Severely infected plants may exhibit permanent wilting and
premature defoliation. The characteristic pink-orange spore masses
of the fungus may appear on stem and petiole tissue (Figure 21).
Vascular discoloration is the diagnostic symptom (Figure 22) and is
usually evident after the initial appearance of foliar symptoms.
However, the reddish brown vascular discoloration of root, stem,
and petiole tissue of infected plants may vary considerably in
intensity, depending on cultivar reaction, severity of infection, and
environmental conditions.

Control

Cultural and chemical control measures reported for F. solani f.
sp. phaseoli, especially crop rotation and fungicide seed treatments,
are also applicable for fusarium yellows on beans (Costa, 1972;
Kendrick and Snyder, 1942; Mace et al., 1981; Sherf and MacNab,
1986). However, the most effective control measure against fusa-
rium yellows is the use of resistant cultivars. Echandi (1967)
reported that all commercial bean cultivars in Costa Rica that were
evaluated under artificial conditions were susceptible to fusarium
yellows. In the state of Santa Catarina, Brazil, the newly released
bean variety, EMPASC 201, is very susceptible (R. Balardin,
personal communication). Nevertheless, the cultivars Manteigdo
Preto, Manteigdo Lustroso, Manteigio 41, Pintado, Roxinho
Precoce, Carioca, Pintadinho Precoce, Suieu, Cherokee Wax,
Processor, Contender, and Rosinha Sem Cipo were resistant in
Brazil (Costa, 1972; Cruz et al., 1974; Echandi, 1967; Ribeiro and
Hagedorn, 1979a; Zaumeyer and Meiners, 1975). However, given
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that the pathogen is variable, these varieties may not be resistant
elsewhere. Dongo-D. and Miiller (1969) reported that their resistant
cultivars usually are red-seeded and produce many strong lateral
roots after inoculation.

Recently, Ribeiro and Hagedorn (1979a) showed that a single
gene controlled resistance to each of the two known races of F.
oxysporum f{. sp. phaseoli. The dominant gene controlling resistance
to the Brazilian race was named FOP 1 and was present in the
cultivars Tenderette, Pintado, and, possibly, Early Gallatin. Resist-
ance to the European and North American race was controlled by
an incompletely dominant gene, named FOP 2, which was found in
the cultivar Prato Ubershinla. Pastor-Corrales and Abawi (1987)
evaluated large numbers of bean accessions for resistance to a
Brazilian isolate of F. oxysporum f. sp. phaseoli under controlled
greenhouse conditions. Several accessions were highly resistant,
including BAT 336, BAT 477, BAT 1385, BAT 1400, G 4000, A 300,
A 301, LM 21525, WAF 4, Cacahuate, Mortifio, Ecuador 605,
XAN 112, AND 323, AND 357, AND 286, AND 313, XAN 195,
Calima, Ecuador 1056, and HF 665-63-1 (a breeding line selected by
Dr. Paulo Miranda, Recife, Pernambuco, Brazil).

Pythium Root Rot

Introduction

Pythium root rot is caused by several Pythium species such as P.
ultimum Trow, P. irregulare Buisman, P. aphanidermatum (Edson)
Fitzpatrick, and P. myriotylum Drechsler (Casanova and Diaz-
Polanco, 1966; Gay, 1969; Hoch et al., 1975; Kraft and Burke, 1971;
Lumsden et al., 1976; Pieczarka and Abawi, 1978c; Stanghellini and
Hancock, 1971; Walker, 1952; Zaumeyer and Thomas, 1957). Less
common species are cited by Zaumeyer and Thomas (1957) and
Lumsden et al. (1976). In Latin America, P. aphanidermatum
appears to be a common species (Casanova and Diaz-Polanco,
1966).

Pythium-incited diseases have been reported from United States
(Adegbola and Hagedorn, 1969; Dickson and Abawi, 1974; Hendrix
and Campbell, 1973; Hoch et al., 1975; Kobriger and Hagedorn,
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1984; Kraft and Burke, 1971; Pieczarka and Abawi, 1978¢c), Canada
(Chew and Hall, 1984; Sippell and Hall, 1982a and 1982b), Brazil
(de Carvalho, 1965), El Salvador (Acufia and Waite, 1975), Mexico
(Crispin-Medina and Campos-Avila, 1976; Crispin-Medina et al.,
1964), Venezuela (Casanova and Diaz-Polanco, 1966), and many
other countries. These diseases are major production problems of
beans and especially of snap bean cultivars grown in United States
(Dickson and Abawi, 1974; Pieczarka and Abawi, 1978c). However,
their importance in Latin America and Africa has not yet been
clearly established.

Common names frequently used for pythium root rot in Latin
America are “marchitamiento por Pythium,” “murcha de Pythium,”
and “pudricién radical por Pythium.”

Etiology

Pythium species grow well on artificial media, producing the
characteristic coenocytic hyphae, sporangia, and oospores. The
asexual reproductive structure (sporangium) can be filamentous,
globose, lobate, or oval in shape, depending on the species.
Sporangia may germinate directly by a germ tube, as is the case with
P. ultimum, or through the production of zoospores, as in P.
aphanidermatum and P. myriotylum. Zoospores are kidney shaped
with two lateral flagella. Zoospore production is preceded by
formation of a vesicle at the tip of a discharge tube which arises from
the sporangium. The sexual stage is characterized by production of
the oogonium and antheridium, and eventual oospore production
after successful fertilization of mature oogonia.

Depending on the species, oogonia are either smooth walled or
spiny. The antheridium also varies between species in shape, origin,
and number per oogonium. Qospores are thick walled, smooth,
plerotic (fill the oogonial cavity) or aplerotic (partially fill the
oogonial cavity). They germinate after they are converted to thin-
walled structures (Lumsden and Ayers, 1975) by germ tubes, which
function as infection hyphae, or by the production of zoospores.
Pythium spp. are natural soil inhabitants and can survive for along
time through active saprophytic growth or in the form of resistant
structures such as oospores (Stanghellini, 1974; Walker, 1952;
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Wellman, 1972). However, Pythium spp. are considered poor
competitors (Hendrix and Papa, 1974) and their saprophytic
activities are usually restricted (Barton, 1961). Activities of Pythium
spp. are especially favored by high soil moisture (Hendrix and
Papa, 1974; Stanghellini, 1974). Sporangia of P. ultimum can
survive for 11 months in soil, whereas zoospores of P. aphanider-
matum survive only up to seven days in field soil (Hendrix and
Papa, 1974). Hoppe (1966) reported that P. ultimum survived in
air-dried soil for 12 years, but survived for only two years at
temperatures below -18 °C.

Species of Pythium vary greatly in their temperature require-
ments. Pythium ultimum and P. debaryanum Hesse are commonly
active at low soil temperatures and thus are considered as low-
temperature species. Pythium aphanidermatum and P. myriotylum,
however, are encountered at higher soil temperatures and are
considered as high-temperature species (Hendrix and Campbell,
1973; Hendrix and Papa, 1974; Zaumeyer and Thomas, 1957).
Hoch et al. (1975) reported that P. ultimum is highly pathogenic at
16 °C and 28 °C, whereas P. aphanidermatum is only slightly
pathogenic at 16 °C but highly pathogenic at 28 °C. However,
Pieczarka and Abawi (1978b) found that a low-temperature species
such as P. ultimum, was always more damaging at 15 °C than at
higher temperatures. Optimal pH and temperature for germination
of P. aphanidermatum oospores in sterilized soil were 7.5 and 30°C,
respectively (Adams, 1971).

Various workers have studied and enumerated the soil population
densities of Pythium spp., but these data usually have included the
total densities of pathogenic and nonpathogenic species. Pieczarka
and Abawi (1978b) reported that soil populations of Pythium
species varied considerably between and within bean fields. Average
densities of the low-temperature species (principally P. ultimum)
ranged from 133-1560 propagules/g of oven-dry soil. Subsequent
greenhouse tests revealed that one propagule/ g of oven-dry pasteur-
ized soil caused a 31% reduction in plant growth and 85% reduction
in stand count. However, much higher population densities are
required for serious damage to occur on plants grown in natural
soils.

Short-distance dispersal of Pythium species within fields may
occur by zoospore movement in soil and water, or by wind and
126



water splashing of soil infested with oospores, sporangia, chlamyd-
ospores, or mycelial fragments. Long-distance dispersal may occur
through movement of plant debris or infested soil in irrigation water
or on equipment, and possibly by wind-blown soil particles
(Hendrix and Campbell, 1973).

Epidemiology

Penetration of bean tissue by Pythium spp. usually occurs
directly through the intact root and stem epidermal layer after
formation of infection pegs (Dow and Lumsden, 1975; Endo and
Colt, 1974). Penetration may also occur through natural openings
with or without appressorial formation, and directly through
wounds by individual hyphae (Endo and Colt, 1974). Severity of
infection is affected by root exudates, inoculum density, soil
moisture, soil temperature, and soil pH (Kraft and Erwin, 1967,
Pieczarka and Abawi, 1978b). Soil temperature and moisture,
however, are the most important factors since Pythium spp. are
most active as pathogens in soils with high moisture levels (Hendrix
and Campbell, 1973).

In general, Pythium species contribute to the complex involving
other root-rot pathogens such as Rhizoctonia solani, Fusarium
solani f. sp. phaseoli, and nematodes (Dickson and Abawi, 1974;
Pieczarka and Abawi, 1978a). Pieczarka and Abawi (1978c)
reported that P. ultimum acts synergistically with F. solani f. sp.
phaseolito cause increased root-rot damage on beans, but R. solani
apparently is antagonistic to P. ultimum and reduces root-rot
severity.

Symptomatology

Depending on the time of attack, species of Pythium cause seed
rot, pre- and postemergence damping-off, root rot, foliar blight,
and pod rot diseases (Abawi et al., 1985; Adegbola and Hagedorn,
1969; Hoch et al., 1975; Pieczarka and Abawi, 1978b). Seeds may be
invaded (Figure 23) and killed by the fungus very shortly after
planting and before germination. The fungus can attack all parts of
seedlings up to about eight days old, resulting in preemergence and
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postemergence damping-off. On older plants, Pythium causes a
reduction and discoloration of the root system (Figure 24) and a
complete rotting and decay of fibrous rootlets (Figure 25). Elon-
gated, water-soaked areas also appear on the stem. The cortical
region of both root and stem tissues of severely infected plants
become very soft, brownish, somewhat sunken, and eventually
collapse (Figure 26).

During continual wet weather the fungus spreads upward,
infecting stem branches, petioles, leaves, and, at times, may reach
the growing tip, resulting in wilt and plant death. Also, during cool
and prolonged moist conditions, pods in contact with the soil often
will become infected, exhibiting water-soaking and fluffy white
fungal growth that resembles a brush. This phase of the disease may
be mistaken for the early stages of the white mold disease caused by
Sclerotinia sclerotiorum (Libert) de Bary.

Infection by Pythium spp. may also begin on foliage of young or
mature bean plants under moist conditions (Adegbola and Hage-
dorn, 1969). Although infection points may appear on any above-
ground tissue, they are most commonly found on axillary buds.
Infection results in the death of buds and spreads rapidly to other
plant tissue. Infected tissue initially exhibits water-soaking,
brownish discoloration, and eventually becomes covered with fluffy
white mycelial growth. Severely infected plants (Figure 27) prema-
turely defoliate and eventually die.

Control by cultural practices

Since Pythium spp. are indigenous to most soils (Stanghellini,
1974), exclusion is not a practical control measure. Pythium root
rot may be minimized by cultural practices that reduce soil moisture
and soil compaction as well as increase plant vigor. Wide plant
spacing provides better soil aeration, less soil shading, and less
pathogen spread between plants. Nitrogenous compounds can be
toxic to and may suppress Pythium species such as P. aphanider-
matum, when incorporated into the soil (Grover and Sidhu, 1966).
Rotation usually is not satisfactory because of the pathogen’s wide
host range. However, it can influence disease development by
reducing soil populations of Pythium spp. and improving soil tilth.
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Disease incidence and severity are affected by root damage from
other soil-borne pathogens (Pieczarka and Abawi, 1978b and
1978¢) and cultural practices such as soil cultivation, that result in
root pruning. Pieczarka and Abawi (1978a) suggested that pythium
root rot incidence would be less if beans were planted in well-
drained soils and on raised beds or ridges.

Control by chemicals

Various chemicals reduce the severity of infections caused by
Pythium spp. These include the fungicides fenaminosulf, chloroneb,
pyroxychlor, captan, thiram, zineb, and metalaxyl applied singly or
in combinations. Fumigants such as chloropicrin, methyl bromide,
and dichloropropene also have been highly effective, but are
expensive and difficult to apply (Hendrix and Campbell, 1973).
Seed treatments with prothiocarb and Terrazole were also effective
(Papavizas et al., 1977). Metalaxyl is the most recently available
fungicide that is highly effective against Pythium-incited diseases on
avariety of crops, including beans. The seed treatment formulation
of metalaxyl is used at arate of 1.4 g/ kg, preferably as a slurry seed
treatment. Metalaxyl can also be used as an in-furrow or over-the-
row band-incorporated treatment at planting time, using 12 ml,
diluted in water, per 100 m of linear row.

Control by plant resistance

Bean cultivars and accessions with resistance to infection by
Pythium spp. have been identified (Adegbola and Hagedorn, 1970;
Dickson and Abawi, 1974; Reeleder and Hagedorn, 1981; York et
al., 1977; Zaumeyer and Meiners, 1975). Adegbola and Hagedorn
(1970) reported that P.1. 203958 (also resistant to fusarium root rot
and to black root rot) and Bush Green Pod are resistant to pythium
blight caused by five species of Pythium. The white-seeded snap
bean breeding line 1273 from Cornell University, New York State,
was highly tolerant to seed decay and pre-emergence damping-off
diseases incited by P. ultimum under artificial soil infestations and
growth chamber conditions (Dickson and Abawi, 1974; York et al.,
1977). This resistance was polygenic and recessive in nature.
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Specific parental combinations did yield a higher proportion of
resistant F, progeny with colored seed coats (York et al., 1977).

Dickson and Boettger (1977) found an association between seed-
coat color and resistance to Pythium species, but this association
can be broken. However, line 1273, Black Turtle Soup, and P.I.
203958 (although all are resistant to the seed decay phase) were
susceptible to root rot incited by Pythium species. Thus, bean
germplasm may have to be evaluated separately for resistance to
each stage of infection of the disease incited by these pathogens
(Pieczarka and Abawi, 1978b). Recently, Reeleder and Hagedorn
(1981) reported that P.1. 203958, Oregon 70-169-1, and Wisconsin
46 were resistant to hypocotyl rot, but not to root rot incited by P.
myriotylum.

Southern Blight
Introduction

Southern blight or sclerotium root rot of bean is caused by
Sclerotium rolfsii Sacc. The disease occurs in many warm and
humid bean-growing areas located between the northern and
southern 380 latitudes (Sherf and MacNab, 1986). Sclerotium root
rot has been reported as an important disease of beans in many
Latin American countries, including Brazil (Costa, 1972; Kimati
and Mascarenhas, 1967; Shands et al., 1964, Vieira, 1967), Mexico
(Crispin-Medina and Campos-Avila, 1976), Costa Rica (Echandi,
1976), and Venezuela (Casanova and Diaz-Polanco, 1966). The
author has also observed severe incidence of this disease in
Colombia and Peru. Direct estimates of yield losses caused by this
pathogen in beans are not available.

Common names frequently used for sclerotium root rot in Latin
America include “afiublo surefio,” “marchitamiento de Sclerotium,”
“tizén surefio,” “maya blanca,” “malla blanca,” “pudricién hiime-
da,” “mal de esclerocio,” “tizon del Sud,” “murcha de Sclerotium,”
and “podridédo do colo.”
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Etiology

Sclerotium rolfsii has a wide host range of more than 200 species
of plants, involving most vegetable crops and including beans
(Sherf and MacNab, 1986). The fungus grows readily on a variety of
artificial agar media and on host residue on the soil surface under
favorable environmental conditions. It produces white and coarse
mycelium and numerous characteristic sclerotia that are smooth
walled, round (0.5-1.5 mm in diameter), and brown. Sclerotium
rolfsii does not produce asexual spores and the basidial state,
Aetholiarolfsii (Curzi) Tu and Kimbr., is rarely produced in culture
or in the field (Walker, 1952).

Sclerotia of Sclerotium rolfsii survive in soil for at least one year.
The fungus can also survive in infected host tissue (Singh and
Mathur, 1974) and saprophytically by colonizing available organic
residue. High moisture and temperature are required for optimal
growth and reproduction of the fungus in soil. This pathogen is
sensitive to low temperature and rarely occurs in bean-growing
areas with cold periods. In culture media, it grows at temperatures
between 13-37°C, with an optimum of 30-35°C. Sclerotia germinate
at temperatures between 10-35 °C, but require high relative
humidity of above 99%. Sclerotial germination in soil decreases
with increased depth due to reduced aeration (Abeygunawarena
and Wood, 1957). Germination occurs at a soil pH range of 2.6-7.7,
with an optimum of 2.6-4.4 (Coley-Smith and Cooke, 1971).
Sclerotial germination is induced by volatiles which emanate from
crop residue in the soil and is enhanced by wet and dry conditions
(Beute and Rodriguez-Kabana, 1979; Linderman and Gilbert,
1975). '

Dispersal of the pathogen may occur through contaminated
irrigation water, infested soil adhering to agricultural tools and
animals, or contaminated seed (Bolkan et al., 1976; Sherf and
MacNab, 1986; Walker, 1952; York et al., 1977). Sclerotia can pass
through the digestive tract of animals without losing viability and,
therefore, can be transported relatively long distances by animals
fed with infected host material (Leach and Davey, 1942).
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Epidemiology

Southern blight of beans is most destructive at high temperature
and moisture conditions which favor sclerotial germination and
optimal mycelial growth. Maximum disease severity occurs at
25-35 °C which is also the optimal range for mycelial growth and
sclerotial germination of S. rolfsii. Serious disease outbreaks often
accompany unusual wet seasons. Southern blight usually occurs in
epidemic proportions when rainy periods follow dry periods. The
disease is not a problem on calcareous soils with a high pH.
However, sclerotial production and germination are greater under
acidic conditions.

The pathogen is strongly aerobic and, thus is prevalent in light
well-aerated soils. Deeply buried sclerotia are prevented from
germinating (Jenkins and Averre, 1986). Mycelial strands, origi-
nating from infected debris or germinating sclerotia, penetrate bean
tissue through natural openings, wounds, or by direct penetration
of intact tissue (Sherf and MacNab, 1986; Walker, 1952). Before
penetration can occur, there has to be an appreciable mycelial
growth of S. rolfsii on the plant surface to be invaded (Abey-
gunawarena and Wood, 1957; Coley-Smith and Cooke, 1971).
After penetration, the fungus ramifies very rapidly in stem and root
tissues, resulting in hydrolysis and death of tissue in advance of
invasion. Several hydrolytic enzymes and phytotoxins are produced
by S. rolfsii and are present in infected tissue (Bateman, 1969;
Bateman and Beer, 1965; VanEtten and Bateman, 1969). Bateman
and Beer (1965) suggested that a synergistic interaction exists
between oxalic acid and polygalacturonase and that this synergism
plays a major role in the penetration and rapid destruction of host
tissue by S. rolfsii.

Symptomatology

Infection of beans by S. rolfsii can result in damping-off, stem
blight, and root rot. Initial symptoms on infected plants appear as
dark-brown, water-soaked lesions on the lower stem surface area
just below the soil line (Figure 28). These lesions extend downward,
through stem tissue into the tap root, and may destroy the cortical
tissue and so start root-rot symptoms. Under moist conditions,

132



lesions on the stem tissue continue to progress downward and
eventually may kill the entire root system. Aboveground symptoms
consist of leaf yellowing and defoliation of the upper plant branches
which may be followed by a sudden wilt condition. Abundant,
white, coarse mycelium and sclerotia and soil particles are often
found attached to stem tissue near the soil line. Bean pods in contact
with the soil may also become infected and rot. Fungal growth on
the soil surface will continue, especially under wet conditions, and
may result in plant-to-plant infections.

Control by cultural practices

Control measures that exclude introduction of S. rolfsii into
clean fields such as avoiding the use of contaminated seeds or
infected plant material, should be practiced. Eradication of suscep-
tible weed hosts and destruction of infected host residue by burning
or deep plowing will reduce soil population densities of S. rolfsii
and, therefore, disease potential. Buildup of inoculum can also be
reduced by avoiding low-pH soils, improving soil drainage, using
wide plant spacing, applying lime to increase soil pH, and using a
long crop rotation with nonhost crops such as sorghum, maize, or
other cereals. Soil application of nitrogenous amendments such as
ammonia, ammonium nitrate, urea, and others have reduced
infection of host tissue by S. rolfsii (Henis and Chet, 1968; Leach
and Davey, 1942). Reynolds (1970) reported that a soil amendment
with coconut mulch reduced infection and increased bean yield
considerably.

Diaz-Polanco and Castro (1977) isolated a Penicillium sp. which
gave good biological control of S. rolfsii under greenhouse condi-
tions. Backman and Rodriguez-Kabana (1975) demonstrated the
effectiveness of the antagonist Trichoderma harzianum Rifai in
controlling S. rolfsii under field conditions on peanuts.

Control by chemicals

Sclerotia are difficult to destroy with fungicides. However,
various fungicides are effective against S. rolfsii, including PCNB,
captafol, fentin acetate, and tridemorph, when applied as soil
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treatments (Endo and Colt, 1974; Mukhopadhyay and Upadhyay,
1976; Sherf and MacNab, 1986; Sturgeon and Jackson, 1976). The
herbicide Eptam, however, aggravated the damage caused by S.
rolfsii to ladino clover and cotton. It reduced the biocontrol activity
of Trichoderma viride Persoon ex Fries against S. rolfsii (Peeples et
al., 1976).

Control by plant resistance

Only limited information is available on the reaction of bean
germplasm to infection by S. nolfsii. However, Mexico 348-2 and
Blanco are moderately tolerant to S. rolfsii.

Black Root Rot

Introduction

Black root rot of beans is caused by Thielaviopsis basicola (Berk.
and Br.) Ferr. (syn. Chalara elegans Nag Raj and Kendrick). The
distribution and importance of this pathogen to beans in Latin
American and African countries are not known. It causes damage to
beans in United States, Italy, and Germany (Abawi et al., 198S5;
Walker, 1952; Zaumeyer and Thomas, 1957). However, this
pathogen is widespread in Latin America and Africa and causes
severe black root-rot diseases on many susceptible crops, including
alfalfa, beet, carrot, celery, cotton, maize, peanuts, peas, squash,
sweet potatoes, tobacco and tomato (Yarwood and Levkina, 1976).

Common names frequently used for black root rot in Latin
America are “pudricién negra” and “pudricién negra de la raiz.”

Etiology

The fungus grows and sporulates readily on artificial agar media.
It exhibits considerable variation in colony appearance, zonation,
growth rate, and the shape and number of spores produced (Huang
and Patrick, 1971; Specht and Griffin, 1985). Asexual spores
produced by T. basicola are endoconidia and chlamydospores. The
hyaline, small, and cylindrical endoconidia are produced within the
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conidiophores (phialides) and are extruded singly or in chains.
Chlamydospores are thick walled, dark brown, multicellular, and
are produced laterally or terminally on the mycelium. Individual
cells of the chlamydospores eventually separate, each having the
ability to germinate and therefore infect. The long-term survival
structures of T. basicola in soil are chlamydospores because
endoconidia are short-lived under natural conditions.

The fungus can be easily isolated from soil on fresh carrot discs or
selective agar media (Specht and Griffin, 1985). Thielaviopsis
basicola is widely distributed in bean fields in New York, but its
density is variable among fields, ranging from 39-516 propagules/g
of soil. The overall average for all fields sampled was 223, with
individual samples ranging from 0-1213 propagules/g of soil. In
field microplot tests, the initial population densities of T basicola
correlated significantly with reduced weight of bean roots, total
foliage and pods, and also with increased root-rot severity (Abawi
and Cobb, 1984). Means of dispersal for this pathogen among fields
are similar to those reported for Rhizoctonia or Fusarium species. It
appears that the growth and sporulation of T. basicola are favored
by relatively high temperatures, but its damage to beans is more
severe at low temperatures (15-20 °C) which are not optimal for
plant growth (Maier, 1961). Activities of the fungus are also favored
by high moisture, neutral to alkaline soil conditions, and nitrogen
fertilizers (Papavizas et al., 1970; Smiley, 1975; Wilcox, 1965).

Epidemiology

Hyphae, originating from chlamydospores of T. basicola, pene-
trate intact bean tissue directly, without forming appressoria
(Christou, 1962b). However, it may also penetrate bean tissue
through wounds or become established in lesions produced by other
pathogens such as Fusarium solani f. sp. phaseoli (Walker, 1952).
Lumsden and Bateman (1968) reported that phosphatidase enzymes
may play a major role during penetration of bean epidermal cells
and later phases of pathogenesis of T. basicola. The fungus ramifies
intra- and intercellularly by producing constricted and noncon-
stricted hyphae, respectively. Chlamydospores are produced by
nonconstricted hyphae throughout infected tissues. Under moist
conditions, reproductive hyphae protrude through the epidermis
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layer, resulting in the production of masses of chlamydospores and
endoconidia.

Symptomatology

The main symptom of this disease on beans is the production of
numerous elongated lesions on stem and root tissues. Lesions are
initially reddish purple, but later become dark charcoal to black in
color. As infection progresses, the lesions often coalesce to form
large black areas on the hypocotyl and roots (Figure 29). Superficial
lesions cause limited damage, but deep and severe infections cause
plant stunting, premature defoliation, and eventual plant death.

Control by cultural practices

Selection of well-drained soils, crop rotation with nonhost crops,
and maintaining relatively low soil pH will reduce soil populations
of this pathogen and may lower disease severity. Incorporation of
several plant residues have suppressed black root rot on beans
(Papavizas and Lewis, 1971; Papavizas et al., 1970). The most
effective amendments were alfalfa hay, cabbage, and oil-seed meals
which also reduced population density and viability of chlamydo-
spores of T. basicola in the field.

Control by chemicals

Soil treatments with fungicides such as benomyl, thiabendazole,
and captan or fumigants such as Vorlex and dazomet are highly
effective against black root rot of beans (Papavizas and Lewis, 1971;
Papavizas et al., 1970). However, it is doubtful that the use of these
chemicals on beans is economical or feasible.

Control by plant resistance

Hassan et al. (1971b) reported that the breeding line 2114-12 and
P.1. 203958 (which is also resistant to fusarium root rot and pythium
blight) are resistant to the black root-rot fungus. They concluded
that these two accessions have the same genes for resistance to 7.
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basicola. The resistance was controlled by, perhaps, three partially
recessive genes. Since then, these lines have been used in many
breeding programs as sources of resistance. Pierre (1971) suggested
that, in beans, resistance to T. basicola results from the formation of
two phytoalexins which restrict the size and development of
lesions.

Texas Root Rot

Introduction

Texas root rot, or phymatotrichum root rot, is caused by Phyma-
totrichum omnivorum (Shear) Duggar. The fungus has a wide host
range, attacking more than 2000 species of dicotyledonous plants,
but not monocotyledonous plants (Streets and Bloss, 1973).
However, this pathogen is largely confined to the alkaline soils of
southwestern United States, and northern and central regions of
Mexico (Lyda and Burnett, 1975; Streets and Bloss, 1973). In these
areas, it is an important disease of cotton and alfalfa. Crispin-
Medina and Campos-Avila (1976) reported that P. omnivorum is a
minor disease of beans in Mexico. Texas root rot has not been
reported on beans in other Latin American countries. Streets and
Bloss (1973) provide detailed information on the ecology, biology,
and diseases caused by P. omnivorum.

Common names frequently used for Texas root rot in Latin
America include “marchitamiento de Phymatotrichum,” “pudricién
tejana,” and “pudricién tejana de la raiz.”

Etiology

P. omnivorum has a brown mycelium, consisting of large fine
cells, and strands produced by many intertwined hyphae. Slender,
acicular hyphae are produced by cells on the outer layer of the
strands. The strands branch in a cross-shaped manner which is a
diagnostic feature of this fungus. Under moist conditions, brown
spore mats are produced on the soil surface and contain masses of
conidia that are hyaline, single celled, globose to ovate, and borne
on the swollen tip of vegetative hyphae. The function of these
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conidia are unknown since their germination is erratic. Sclerotia are
dark, vary in size and shape, and are produced singly or in chains.
The basidial stage appears to occur rarely in soil or on agar media
during relatively cool periods (15-20 °C). Basidia are formed in
clusters and basidiospores are strongly curved. The fungus is
primarily disseminated as sclerotia or mycelium in soil or crop
residue. Sclerotia allow the fungus to survive in soil in the absence of
a host for up to 12 years.

Epidemiology

Phymatotrichum root rot is usually found in localized spots
within a field and occurs primarily in soils with a pH of 8 or slightly
higher (Lyda and Burnett, 1975; Streets and Bloss, 1973). Hyphae
from germinating sclerotia or infected host tissue grow on the root
surface, producing coarse strands that envelop the root, and then
penetrate the host tissue. Host penetration always occurs below the
soil line on roots or stem tissues. Progress of hyphae in host tissue is
both inter- and intracellular and host cells appear to die before
penetration by hyphae. Disease development is favored by relatively
dry soil and high temperature.

Symptomatology

Underground symptoms induced by P. omnivorum are dark,
sunken lesions that often become covered with coarse whitish to
yellowish mycelium. A pinkish-buff color may be present on lightly
infected young rootlets. The aboveground symptoms consist of
stunting and sudden wilting which usually appear during blossom
initiation.

Control

Specific information for the control of Texas root rot on beans is
very limited. Long crop rotation with nonhost crops such as maize,
small cereals, and sorghum,; eradication of susceptible weeds; choice
of soils with relatively low pH; deep plowing; and soil application of
the ammonium form of nitrogenous fertilizer will reduce soil
populations of the fungus and suppress disease development. Bean
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germplasm should be screened to identify available sources of
resistance, if any, for use in breeding programs.

Aphanomyces Root-and-Hypocotyl Rot

Introduction

This disease is caused by two formae specialis of Aphanomyces
euteiches Drechs., that is, A. euteiches f. sp. phaseoli which infects
only beans and A. euteiches f. sp. pisi which infects beans and,
particularly, peas (Pfender and Hagedorn, 1982a and 1982b). Beans
have long been known to be susceptible to infection by A. euteiches
(Papavizas and Ayers, 1974). However, the first documentation of
serious damage to beans by A. euteiches under field conditions was
that of Pfender and Hagedorn (1982a and 1982b). Aphanomyces
damage to beans was also observed in two bean fields in western
New York for the first time during 1986 (G. S. Abawi, unpublished
data). Reports of damage to beans by this pathogen in Latin
American countries or other bean-growing areas are not available.
Papavizas and Ayers (1974) provide detailed information on the
ecology, biology, and diseases of Aphanomyces species on peas and
sugar beets.

Epidemiology

Mycelium and zoospores of Aphanomyces are believed to
survive for only a short time in soil (Papavizas and Ayers, 1974).
However, in the absence of susceptible hosts, they may survive by
colonizing nonhost plants or organic debris in soil, resulting in the
production of new spores. Oospores can survive for more than 10
years. The fungus can be disseminated between fields by wind-
blown infected debris or infested soil, contaminated seed, or on
agricultural implements. These bean pathogens have an optimal
growth temperature of 28 °C on agar media. No growth occurs at
35 0C (Pfender and Hagedorn, 1982a). They cause the most severe
damage at 24-28 °C, less damage at 20 °C, and only slight damage at
16 °C (Pfender and Hagedorn, 1982b). High soil moisture is
essential for the activities of these pathogens, signifying that soil
moisture content affects the severity of their diseases.
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Symptomatology

Symptoms (Figure 30) on severely infected plants may become
confused with those incited by Pythium spp. Initial symptoms on
root and hypocotyl tissues appear as water-soaked and straw-
colored lesions. Under favorable conditions, these lesions expand
rapidly through the cortical tissues, resulting in soft rotting of the
tissues which then become brown. Cortical tissues of the roots may
become completely destroyed and slough off. The necrotic streaking
on the hypocotyl may extend well above the soil line and infected
areas may become sunken. Severely infected plants are stunted,
show chlorosis, and suffer premature defoliation. Aphanomyces
may interact synergistically with Pythium spp., increasing damage
to beans and causing higher mortality (Pfender and Hagedorn,
1982b).

Control

Very limited information is available for control of this discase
on beans. However, avoidance of heavily infested soil, use of crop
rotation, improvement of soil drainage, and the application of
organic and inorganic soil amendments have reduced Aphanomyces
root-rot severity on peas (Papavizas and Ayers, 1974). Interestingly,
the fungicide metalaxyl, although highly effective against Pythium
species, is ineffective against species of Aphanomyces.

Pfender and Hagedorn (1982a) reported that all bean cultivars
and breeding lines evaluated in their tests were susceptible to
infection by A. euteiches f. sp. phaseoli. Only the Wisconsin
breeding line 46 showed slight damage. Resistances to A. euteiches
f. sp. phaseoli and Pythium species were also reported (Rand et al.,
1983) in the Red Kidney type Plant Introductions: 209488, 313454,
309758, 209492, and 312068.
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Chapter 7
RUST

J. R. Stavely and M. A. Pastor-Corrales*

Introduction

Bean rust is caused by Uromyces appendiculatus (Pers.) Unger var.
appendiculatus (syn. U. phaseoli (Reben) Wint.). The disease has a
worldwide distribution (Zaumeyer and Thomas, 1957). It consis-
tently causes major production problems in humid tropical and
subtropical areas and periodic severe epidemics in humid temperate
regions (Ballantyne, 1974; Vargas-G., 1980; Zaumeyer and Thomas,
1957).

In Latin America, major losses occur in Argentina, Bolivia,
Brazil, Colombia, Costa Rica, Cuba, Dominican Republic, Ecua-
dor, El Salvador, the Chimaltenango district of Guatemala, Haiti,
Honduras, Jamaica, Mexico, northern Nicaragua, and coastal Peru
(Crispin-Medina et al., 1976; Dongo-D., 1971; Gonzalez-Avila,
1976; Guerra and Dongo-D., 1973; Lépez-G., 1976; Rodriguez-
Alvarado, 1976; Shaik, 1985b; Vargas-G., 1970, 1971, and 1980).

Major losses occur in Burundi, Ethiopia, Kenya, Malawi,
Rwanda, South Africa, Tanzania, Uganda, and Zimbabwe (Assefa,
1985; CIAT, 1981). Severe epidemics occur in Australia, China,
United States, and some areas of Europe (Ballantyne, 1978; Kelly,
1982; Teng, 1932; Yeh, 1983; Zaumeyer and Thomas, 1957). A
major rust epidemic occurs in many areas of Mexico every four to

* Rescarch plant pathologist, Microbiology and Plant Pathology Laboratory, Plant Protection
Institute, Agriculture Research Service, United States Department of Agriculture (ARS/USDA),
Beltsville, MD, USA; and Bean Program pathologist, Centro Internacional de Agricultura Tropical
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also be available.
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five years, although in the valley of Mexico, other valleys, and some
Gulf states rust is endemic and causes substantial losses every year
(Crispin-Medina et al., 1976).

Yield losses are most severe when plants are infected during the
preflowering and flowering stages of development (Almeida et al.,
1977a; Costa, 1972; Crispin-Medina et al., 1976; Nasser, 1976;
Wimalajeewa and Thavam, 1973; Yoshii and Gélvez, 1975). Disease
loss estimates in the greenhouse and field include 40%-50% plant
dry weight reduction (Almeida et al., 1977a). Yield losses are
estimated at 189%-28% (Dongo-D., 1971; Venette and Jones, 1982b;
Wimalajeewa and Thavam, 1973; Zulu and Wheeler, 1982), 36%-
45% (Kelly, 1982; Nasser, 1976; Venette and Jones, 1982b), and
40%-100% (Hilty and Mullins, 1975; Kelly 1982; Schwartz, 1984,
Solis, 1977, Venette and Jones, 1982b; Zaumeyer and Thomas,
1957).

Uromyces appendiculatus infects many species of Phaseolus,
including tepary bean (P. acutifolius A. Gray var. acutifolius),
scarlet runner bean (P. coccineus L.), lima bean (P. lunatus L.), P.
coccineus subsp. obvallatus (Schlecht.) M.M.S., P. polystachyus
(L.) B.S.P., P. maculatus Scheele, P. polystachyus var. sinuatus
(Nutt) M.M.S., and common bean (P. vulgaris L.). It also infects
siratro (Macroptilium atropurpureum (DC.) Urb.), cowpea (Vigna
unguiculata (L.) Walp. ssp. unguiculata), (Arthur, 191S; Rey-G.
and Lozano-T., 1961; Zaumeyer and Thomas, 1957), V. luteola
(Jacq.) Bentham, V. adenantha (G. F. Meyer) M.M.S,, and V.
vexillata(L.). A. Rich. (Almeidaet al., 1977c). The prevalent host is
P. vulgaris. Its natural occurrence on P. lunatus in United States is
rare, and differs from the primary rust pathogen of Vigna species
which is the cowpea rust fungus (Uromyces vignae) (Cummins,
1978).

Common names frequently used for rust in Latin America
include “roya” and “chahuixtle” in Spanish and “ferrugem” in
Portuguese.

Almeida (R. T. Almeida, 1977) reported the existence of a variety
of bean rust collected in 1945 from Macroptilium longe-
pedunculatum (Benth.) Urban (then known as Phaseolus longe-
pedunculatus ex Benth.) by Viegas, who named the rust Uromyces
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phaseoli longepedunculati Viegas. Almeida studied herbarium
samples of the original collection, confirmed that it differs mor-
phologically from U. appendiculatus var. appendiculatus, and,
according to current nomenclature rules, named it Uromyces
appendiculatus (Pers.) Ung. var. brasiliensis R. Almeida var. nov.

Phaseolus vulgaris, although susceptible to the soybean rust
fungus (Phakopsora pachyrhizi Sydow), is, apparently, an uncom-
mon host of that pathogen (Cummins, 1978; Stavely et al., 1985;
Vakili and Bromfield, 1976). This fungus is not known to produce
pycnia or aecia and produces uredia and teliosori very different
from those of U. appendiculatus (Cummins, 1978; Stavely et al.,
1985). Several uredia, each less than 0.3 mm in diameter, are
produced in a necrotic lesion 0.2 to 4 mm in diameter. Uredia and
spores are lighter in color and spores are smaller than those of U.
appendiculatus. In Popayan, Colombia, Phakopsora pachyrhizi
occurs on Phaseolus lunatus, and P. lunatus x P. vulgaris hybrids,
but not on P. vulgaris (M. A. Pastor-Corrales, unpublished data).

Etiology

Uromyces appendiculatus is an obligate parasite which belongs to
the Basidiomycotina subdivision of fungi. It has an autoecious,
macrocyclic life cycle which is completed entirely on the bean host
(Andrus, 1931; Cummins, 1978). Overwintering, resting teliospores
germinate to produce basidia and basidiospores that infect the host
leaf, producing pycnia. Upon cross fertilization with pycniospores,
an aecium is produced and aeciospores develop, infecting the leaf
and producing uredia pustules. The uredia in turn, produce
uredospores that infect the plant, producing more uredia and giving
rise to repeated infections over most of the growing season. As
uredia age, if conditions are appropriate, they produce thick-walled
teliospores.

Pycnia and aecia are rarely observed under field conditions
although aecia have been found in regions of Oregon (Zaumeyer
and Thomas, 1957), New York (Jones, 1960), North Dakota
(Venette et al., 1978), and southern Germany (Heinze, 1974). In
North Dakota, the aecia were observed on volunteer bean plants
within a canopy of wheat in a field that had contained rusted beans
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the previous year. Aecia have been studied in detail in the
greenhouse by Andrus (1931) and, more recently, by Groth and
Mogen (1978).

When the basidiospores infect bean leaves, it takes about six days
at 22-26 °C for a small chlorotic fleck containing the pycnium to
develop (Figure 31). About seven days later, the pycnium produces
droplets of cloudy white nectar containing spermatia (+ or - mating
type) and receptive hyphae (Andrus, 1931; Gold and Mendgen
1984a; Groth and Mogen, 1978). Cross fertilization of a pycnium by
pycniospores of the opposite mating type will begin aecium
formation, usually on the lower leaf surface (Figure 32), within 9-12
days at 22-26 °C. Aecia may form occasionally on the upper leaf
surface also. Aeciospores form in the white aecium and, upon their
release, are able to infect bean plants. Eight to ten days later each
aeciospore infection produces a uredium with uredospores (Andrus,
1931; Groth and Mogen, 1978).

Subsequent cycles of infection rely solely upon the uredospore
stage. These uredospores are capable of germinating to provide
infectious hyphae that infect the plant and form new uredia in which
new uredospores, and eventually teliospores, will develop (Andrus,
1931). Fusion of dikaryotic nuclei occurs in the teliospores im-
mediately after they are formed (Gold and Mendgen, 1984b).
Teliospores are produced by many but not all races (Groth and
Mogen, 1978; Groth and Shrum, 1977; Harter and Zaumeyer, 1941;
Stavely, 1984b).

Teliospores of U. appendiculatus require a dormant period
before they will germinate (Gold, 1983; Gold and Mendgen, 1983a;
Harter et al, 1935). Gold and Mendgen (1983a) found that
teliospores, removed from bean leaves, will germinate after 9-48
months of storage in a refrigerator at 4 °C and 70% relative humidity
(r.h.) upon incubation in the proper environment. Storage at the
extremes of -18 °C or 20 °C severely reduces germinability (Gold,
1983; Groth and Mogen, 1978). For teliospores exposed to the
winter environment in Germany, the dormant period lasts three or
four months and maximum germination occurs in seven to eight
months. High summer temperatures kill ungerminated teliospores.
When teliospores are exposed to favorable conditions following
sufficient overwintering outdoors or proper storage indoors, a
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three- to four-day lag precedes germination (Gold, 1983; Gold and
Mendgen, 1983a; Groth and Mogen, 1978). Optimal laboratory
temperature and light intensity for teliospore germination on 2%-
distilled-water agar in a petri dish are 18 °C and 17,000 lux (Gold,
1983; Gold and Mendgen, 1984a and 1984c).

Alternating light and dark periods are essential for teliospore
germination and release of the basidiospores. Peak basidiospore
release occurs after about 7 hours of dark (Gold, 1983; Gold and
Mendgen, 1984a). The minimal dark period is three to four hours
and the minimal light period is 0.5 hr with 1000 lux. Groth and
Mogen (1978) found that prewashing teliospores in cold running
water for three hours to eight days had no noticeable effect on
teliospore germination. However, some teliospores germinated on
water agar three to four weeks after a brief washing. Exposing
teliospores to unidentified volatile substances from germinating
bean seedlings for 8-12 days stimulates germination in the presence
of alternating light and dark periods and also overcomes the
requirement for dormancy (Gold, 1983; Gold and Mendgen,
1983b).

The teliospore germinates to produce a basidium in which
meiosis occurs and on which haploid basidiospores develop (Gold
and Mendgen, 1984b). Mature basidiospores are reniform to ovate-
elliptical in shape, smooth surfaced, and measure 9 pm by 16 pm. If
supplied with 100% r.h. in darkness, basidiospores begin to
germinate on agar or bean leaves in about two hours (Gold, 1983;
Gold and Mendgen, 1984a). On a susceptible cultivar, an appres-
sorium is formed, penetration is direct (Gold, 1983), and inter- and
intracellular hyphae develop (Gold and Mendgen, 1984c). Pycnial
formation is favored by temperatures of 22-26 °C (Gold and
Mendgen, 1984c; Groth and Mogen, 1978).

The most commonly observed spore forms are the uredospore
(summer or vegetative spore) and teliospore (winter or resting
spore). Uredospores are produced in rows within the cinnamon-
brown uredium (sorus, pustule) on the upper or lower leaf surface.
Uredospores are light brown, one celled, spiny, thin walled, and
globoid to ellipsoid in shape. They may have two equatorial or
superequatorial pores and measure 20-27 pm by 24-30 pm
(Cummins, 1978; Zaumeyer and Thomas, 1957). Near the end of the
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growing season, teliospores may form within the pustule in response
to changes in light intensity, temperature, moisture, cultivar
response, leaf age, or plant maturity. Teliospores have a hyaline
pedicel and are blackish brown, one celled, have few to numerous
verrucae (wart-like projections), are rarely smooth, thick walled,
and are globoid to broadly ellipsoid in shape. They may have a
hyaline papilla over the pore and measure 24 pym by 30 um. Some
races of U. appendiculatus do not produce teliospores (Groth and
Mogen, 1978; Groth and Shrum, 1977; Harter and Zaumeyer, 1941;
Stavely, 1984a), apparently surviving solely by uredospores.

Although U. appendiculatus does not grow in culture, viable
spores can be preserved for varying time periods in the laboratory.
Uredia and uredospores on dried leaves on dried leaves have been
successfully stored at -20 °C for two years (Harter and Zaumeyer,
1941). Dundas (1948) reported that storage at -18 °C for five to
seven months could reduce spore germination markedly and induce
pathogenic mutations. Uredospore germinability is higher if spores
are collected from young, rather than old, uredia and leaves, and if
they are produced at 16-21 °C rather than at 24-27 °C (Imhoff et al.,
1981). Uredospores can be conveniently stored at -18 °C for about
one to three years if removed from uredia, placed in a vial, and dried
over a desiccant for a few hours to remove excess moisture before
freezing (Bromfield, 1964; Davison and Vaughan, 1963b; Stavely,
1983). Uredospores stored at 7 °C for 26 weeks were still capable of
infecting plants in the greenhouse (Harter and Zaumeyer, 1941).
Viable spores (40% germination) have been recovered after storage
for nearly two years in a special freezer at -60 °C (Schein, 1962) and
after storage for at least seven years in liquid nitrogen (Cunningham,
1973). Frozen uredospores of some rust fungi are dormant upon
thawing, but not those of U. appendiculatus (Bromfield, 1964).

Epidemiology

Infection by Uromyces appendiculatus uredospores is favored by
prolonged periods (10-18 hours) of moisture, greater than 95%r.h.,
and moderate temperatures between 17-27 °C (Augustin et al., 1972;
Gonzalez-Avila, 1976; Harter et al., 1935; Schein, 1961a; Zaumeyer
and Thomas, 1957). The optimal temperature for uredospore
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germination is 16-24 °C. Germination occurs in the first six to eight
hours in the presence of moisture (Imhoff et al., 1981; von Alten,
1983). Temperatures greater than 32 °C may kill the fungus
(Crispin-Medinaet al., 1976; Imhoff et al., 1982; Schein, 1961a and
1961b; Zaumeyer and Thomas, 1957). Temperatures less than 15°C
retard fungal development (Crispin-Medina et al., 1976; Imhoff et
al., 1981 and 1982; Zaumeyer and Thomas, 1957). Daylength and
light intensity are important factors (Harter and Zaumeyer, 1941).
Augustin et al. (1972) reported that infection is favored by
incubation in low light intensity (2 x 10~ uE cm™2 s!) for 18 hours.

The latent period for uredium development (measured as time
from inoculation until 50% of the uredia on the adaxial leaf surface
open), varies from seven days at 24 °C to nine days at 16 °C constant
canopy-level air temperatures (Imhoff et al., 1982). Leaf temper-
atures in this study were 1-3°C higher than air temperatures. At 27°C
constant air temperature, lesions do not develop to the sporulation
stage.

Uredospore production and release also are influenced by
moisture and temperature. Spore production increases when infec-
ted plants are exposed to high humidity conditions for limited or
prolonged periods (Imhoff et al., 1982; Yarwood, 1961). Cohen and
Rotem (1970) reported that sporulation increased when infected
plants received at least a 12-hour photoperiod. Uromyces appendi-
culatus can produce one million uredospores per square centimeter
on leaves bearing two to 100 uredia per square centimeter (Yar-
wood, 1961). This spore production occurs in waves, peaking every
three to four days. Efficiency of sporulation per unit of leaf area
varies inversely with uredium density (Imhoff et al., 1982). Dense
infection also reduces uredium size (Harter and Zaumeyer, 1941;
Stavely, 1984c). Nasser (1976) reported that the largest number of
spores are released during temperate (higher than 21 °C), dry (less
than 60% r.h.) days which are preceded by a long dew period or rain
the previous night. Uredospores can survive nearly 60 days under
field conditions (Zambolim and Chaves, 1974). They contain a
water-soluble germination self-inhibitor, methyl cis-3,4 dimeth-
oxycinnamate (Allen, 1972; Macko et al., 1970 and 1976). This
inhibitor is removed by washing spores with water and is counter-
acted by a water-soluble substance in bean leaves (Thomas and
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Meiners, 1977), as well as by several defined compounds (Macko et
al., 1976).

Uredospores and teliospores can overwinter in bean debris and
on wooden supports used for climbing beans (Davison and
Vaughan, 1963b). Uredospores can be transported long distances
by wind currents. They may provide primary, as well as secondary,
inoculum during epidemics in Latin America, Africa, and other
places where multiple cropping and/or staggered planting dates
provide a continuum of susceptible host tissue during favorable
environmental conditions.

Bean rust incidence may be influenced by different cropping
systems. For example, in one study, rust incidence was lower when
beans were grown in monoculture than in association with maize
(GLP, 1976). However, in another study, rust incidence was
significantly higher under monoculture than in multiple cropping of
beans with maize (Moreno and Mora, 1984). Apparently several
factors such as resistance induced by incomplete infection of the
beans by pathogens of the companion crop and microclimatic
effects, may influence such situations (Allen, 1976; Moreno and
Mora, 1984).

Infection by Uredospores

Uromyces appendiculatus uredospores will germinate in the absence
of the host if the germination inhibitor is removed by washing with
water (Macko et al., 1970). Germination is enhanced by supplying
certain divalent cations (Baker et al., 1983a). The appressorium is
induced by certain contact stimuli such as the stomatal outer lip
(Wynn, 1976) or a scratch on a hydrophobic membrane (Staples et
al., 1985). Under artificial conditions, this signal may be replaced by
potassium (Staples et al., 1983), glucose and sucrose (Kaminskyj
and Day, 1984), or inhibitors of cyclic nucleotide phosphodiesterase
(Hoch and Staples, 1984).

The infection process for a uredospore begins as a germ tube
develops an appressorium upon physical contact with the edges of a
stoma (Pring, 1980; Wynn, 1976). Infection is most efficient on
young leaves which are less than 70% of their final size (Groth and
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Urs, 1982; Harter and Zaumeyer, 1941; Schein, 1965; Stavely, 1983;
von Alten, 1983). In contrast, on older leaves, fewer appressoria
(von Alten, 1983), less necrosis in the necrotic small-uredium
reaction (Shaik and Steadman, 1986), and fewer and smaller uredia
occur (Kolmer et al., 1984; von Alten, 1983; Zulu and Wheeler,
1982). An infection peg develops from the appressorium and pushes
between the guard cells until the fungal cytoplasm is transferred into
the substomatal vesicle. The substomatal vesicle contains numerous
glyoxysomes, lipid bodies, and glycogen particles (Mendgen, 1973).
In most instances, only one infection hypha emerges from the
substomatal vesicle. At the tip of the infection hypha, haustorial
mother cell development is induced upon contact with a paren-
chymatous cell (Mendgen, 1978a). The host cell is penetrated, a
haustorium differentiates, and nutrients are transferred from the
host to the haustorium and intercellular hypha (Mendgen, 1979).
Intercellular ramification proceeds throughout the host tissue,
eventually forming a young uredium (Pring, 1980; Sziréki et al.,
1984).

Host physiology and biochemistry are affected during the
infection and sporulation processes. Respiration increases and
photosynthesis decreases during infection, especially after the sixth
day (Raggi, 1980). Initially, reducing sugars, sucrose, starches, and
free amino acids increase in infected tissue. Later, certain amino
acids and sugars decrease as sporulation begins (Inman, 1962;
Raggi, 1974). Various enzymes such as peroxidase, catecholoxidase,
glycolate-oxidase, and glyoxalate reductase, increase their activity
during infection (Montalbini and Cappelli, 1973; Raggi, 1974;
Sempio et al., 1975). Quinones such as vitamin K, plastoquinones
A, C, and O, and ubiquinone, also increase during rust infection and
development (Montalbini, 1973). In hypersensitive, necrotic-
resistant reactions, deposition of tannins and death of affected host
cells occur soon after infection (de la Torre-Almaraz et al., 1985).

Infection reduces the transfer of metabolic byproducts from
leaves to roots and developing seeds (Zaki and Durbin, 1965).
Stomatal transpiration decreases two days after infection (Duniway
and Durbin, 1971b; Sempio et al., 1966) because stomatal opening
is inhibited (Duniway and Durbin, 1971b). Transpiration and water
vapor loss through the damaged cuticle then increases as infection
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proceeds (Duniway and Durbin, 1971a; Sempio et al.,, 1966).
Infected plants become more sensitive to moisture stress as
sporulation occurs (Duniway and Durbin, 1971a).

Symptomatology

Uromyces appendiculatus may infect leaves (Figure 33), pods
(Figure 34), and, rarely, stems and branches (Figure 35). Initial
infection may occur on the upper or lower leaf surface. However,
symptoms usually appear first on the lower surface as minute,
whitish, slightly raised spots (Figure 36) about five or six days after
inoculation. These spots enlarge to form mature reddish brown
uredial pustules which rupture the epidermis about two days later.
Sporulation begins and the uredium may attain a diameter of
1-2 mm within 10-12 days after inoculation. Secondary and tertiary
uredia may develop around the perimeter of this primary uredium
(Harter and Zaumeyer, 1941; Zaumeyer and Thomas, 1957). The
entire infection cycle occurs within 10-15 days. Uredospores are
released passively from open uredia and scattered by farm im-
plements, insects, animals, and wind currents (Yarwood, 1961;
Zaumeyer and Thomas, 1957). Later, black teliospores may form in
the uredium. The teliosori become dark brown to black as
teliospores replace uredospores (Figure 37). The bean rust fungus is
not seed transmitted (Zaumeyer and Thomas, 1957).

Various interactions have been observed between infections by
Uromyces appendiculatus and other bean pathogens or nonpath-
ogens, usually under controlled conditions. Rust infection may
predispose plants to subsequent infection by bean pathogens such
as the halo blight bacterium (Pseudomonas syringae pv. phaseoli-
cola (Burk.) Young et al.), anthracnose fungus (Colletotrichum
lindemuthianum (Saccardo et Magnus) Briosi et Cavara) (Figure
38), and the root-rot fungus (Thielaviopsis basicola (Berkely et
Broome) Ferraris), and by nonpathogens such as cucumber
powdery mildew (Sphaerotheca fuligena) and tobacco mosaic virus
(TMYV)(Yarwood, 1969 and 1977).

A high incidence of rust infection may suppress the appearance of
halo blight symptoms (Yarwood, 1969). Necrotic rings can occur on
the perimeter of rust uredia when rust-infected plants are inoculated
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with TMV (Gill, 1965; Wilson, 1958), and possibly other viruses
(Figure 39), or with cucumber downy mildew (Pseudoperonospora
cubensis (Berk. et Curtis) Rostovzev) (Yarwood, 1977). Heavily
rusted sections of leaves were slowly killed during the interaction
between bean rust and cucumber downy mildew. Rust spores may
contain compounds which inhibit virus multiplication when rust
and virus are inoculated simultaneously onto plants (Gill, 1965;
Wilson, 1958).

Control by Cultural Practices

Cultural controls include crop rotation and removal of old plant
debris which may bear viable uredospores and teliospores (Vieira,
1967; Zaumeyer and Thomas, 1957). However, such sanitation
measures may have only limited value in controlling rust (Plaut and
Berger, 1981). Reduced plant density also may decrease rust
incidence. Planting dates may be adjusted in certain production
areas to avoid or reduce the incidence of rust infection. Such
adjustment will minimize exposure to moderate to cool temper-
atures and long dew periods during the critical preflowering to
flowering stage of plant development.

Biological Control

Biological control is not intentionally used for bean rust, but it may
have some potential for the future. The fungus (Verticillium lecanii
(Zimm.) Viegas) penetrates, invades, and kills uredospores and
teliospores, and colonizes uredia of U. appendiculatus (Allen, 1982;
Grabski and Mendgen, 1986). This pathogen of the rust fungus is
easily found in some seasons in the subtropics and tropics (R. T.
McMillan, personal communication) and may have a role in the
cyclic nature of rust epidemics. It has given 68% control of bean rust
in the greenhouse, but gave little control in the field in Germany
(Grabski and Mendgen, 1985). Bacillus subtilis (Ehrenberg) Cohn,
and other Bacillus spp. to a lesser degree, gave excellent control of
bean rust when applied before inoculation of plants with uredo-
spores in the greenhouse (Baker et al., 1983b). When sprayed on
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field-grown beans three times per week, B. subtilis caused a 75%
reduction in rust severity (Baker et al., 1985).

Results from recent experimental greenhouse and field tests
suggest that inoculation of specific bean cultivars with specific races
of U. appendiculatus to which they are not susceptible will protect
against other races to which they are susceptible (M. A. Pastor-
Corrales, unpublished data).

Control by Chemicals

Bean rust reduces yields more severely when infection occurs
before, rather than after, flowering. Therefore, chemical control is
most effective during early plant development (Y oshii and Galvez,
1975). Bean rust has been controlled by dusting plants every 7-10
days with sulfur at a rate of 25-30 kg/ha (Crispin-Medina et al.,
1976; Harter et al., 1935; Zaumeyer and Thomas, 1957), after uredia
first appear. However, sulfur can cause leaf burning if applied at
higher rates at temperatures above 30 °C.

A seven- to fourteen-day spray schedule is recommended for
other preventive chemicals such as chlorothalonil (225 g/100 L), or
maneb (4 kg/ha), and/or mancozeb (3-4 kg/ha) (Costa, 1972;
Crispin-Medina et al., 1976; Frenhani et al., 1971; Gonzélez et al.,
1977; Hilty and Mullins, 1975; Steadman and Lindgren, 1983;
Tompkins et al., 1983; Venette and Jones, 1982a; Vieira, 1967,
Wimalajeewa and Thavam, 1973).

Other effective chemicals but which have not yet been approved
for use in the United States are bitertanol, triadimefon, and
Propiconazole (Mullins and Hilty, 1985; Nieuwoudt, 1984; Venette
and Jones, 1982a). Phytotoxicity can be a problem with this last
group of fungicides (Mullins and Hilty, 1985).

Uredospores germinate on beans treated with triphenylphosphite,
a chemical that is not commercially available as a fungicide.
Although the uredospores infect the host plant and form haustorial
mother cells, haustoria and uredia do not develop (Rusuku et al.,
1984).
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Oxycarboxin can be somewhat therapeutic. It is effective when
sprayed at 1.8-2.5 kg/ha 20 and 40 days after planting or every two
weeks until the end of flowering (Costa, 1972; Crispin-Medinaet al.,
1976; Frenhani et al., 1971; Gonzilez et al., 1977; Yoshii and
Granada, 1976). Dongo-D. (1971) reported that one preflower
application of oxycarboxin (0.9 kg/ha) reduced rust infection by
40% and increased yields by 26%. However, seed treatment with
oxycarboxin did not give satisfactory control (Frenhani et al.,
1971). Oxycarboxin (4000 ppm) is therapeutic when applied up to
three days after inoculation and preventive when applied less than
seven days before inoculation (Almeida et al., 1977b and 1977c).
Although Issa and de Arruda (1964) concluded that chemical
control was not economically practical in parts of Brazil, this is not
true in epidemic years in many other areas of the world.

In the absence of rust, yields of beans sprayed with some
fungicides may still exceed that of ursprayed beans because of
improved micronutrient nutrition or other benefits.

Pathogen Variation

Uromyces appendiculatus is among the most pathogenically vari-
able of all plant pathogens. This variability was first reported by
Harter et al. in 1935. The first 20 races were defined in United States
in 1941 (Harter and Zaumeyer, 1941) by differential reactions
(immune to susceptible) of seven bean cultivars after inoculation
with different isolates of the fungus. Host cultivars or lines, the
reactions of which are used to differentiate among pathogenic races,
are-called “differentials.”

Variability in U. appendiculatus has occurred in many regions of
the world, including Australia (Ballantyne, 1978; Ogle and Johnson,
1974), Brazil (Augustin and da Costa, 1971; Carrijo et al., 1980;
Coelho and Chaves, 1975; Dias-F. and da Costa, 1968; Junqueira-
Netto et al., 1969), Central America (Christen and Echandi, 1967,
Vargas-G., 1970, 1971, and 1972), Colombia (Zuiiiga de Rodriguez
and Victoria-K., 1975), eastern Africa (Howland and Macartney,
1966), Mexico (Crispin-Medina and Dongo-D., 1962), New
Zealand (Yen and Brien, 1960), Peru (Guerra and Dongo-D., 1973),
Portugal (Rodriguez, 1955), and Taiwan (Yeh, 1983). Intensive
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studies have identified at least 80 races in Brazil (Augustin and da
Costa, 1971; Carrijo et al., 1980; Coelho and Chaves, 1975; Dias-F.
and da Costa, 1968; Junqueira-Netto et al., 1969; Vieira, 1983), 65 in
United States (Fisher, 1952; Groth and Shrum, 1977; Harter and
Zaumeyer, 1941; Stavely, 1984c; Zuiiiga de Rodriguez and Victoria-
K., 1975), 31 in Mexico (Crispin-Medina and Dongo-D., 1962), 25
in Australia (Ballantyne, 1978; Ogle and Johnson, 1974), 21 in
Jamaica (Shaik, 1985b), 18 in Puerto Rico (Lépez-G., 1976; Ruiz et
al., 1982), 15 in Taiwan (Yeh, 1983), and 2-8 in other countries
(Christen and Echandi, 1967; Guerra and Dongo-D., 1973; How-
land and Macartney, 1966; Rodriguez, 1955; Vargas-G., 1970 and
1971). Two to eight races are frequently found in single field
collections from a susceptible cultivar (Ballantyne, 1978; Coelho
and Chaves, 1975; Groth and Roelfs, 1982b; Stavely, 1984c).
Isolation and increase of spores from a single uredosorus is usually
necessary to obtain a pure culture that will give a uniform reaction
on each differential. Sometimes several successive such isolations
are required to achieve purity.

Most authors have assigned successive numbers to each new race.
Thus, races 1-57 are now identified in the first series (Fisher, 1952;
Harter and Zaumeyer, 1941; Stavely, 1984c; Zuiiiga de Rodriguez
and Victoria-K., 1975), of which 55 are from United States and two
are from Colombia (Zuiiiga de Rodriguez and Victoria-K., 1975).
In Brazil, race numbers are preceded by capital letters that
symbolize the place of origin. Thus, there are 16 B races from Rio
Grande do Sul (Augustin and da Costa, 1971; Dias-F. and da Costa,
1968), 26 FM (Ferrugem, Minas Gerais) races (Junqueira-Netto et
al., 1969), and 39 V races from Vigosa (Carrijo et al., 1980; Coelho
and Chaves, 1975). In Australia, Ballantyne (1978) assigned lower
case letters, a through i, to each of ten differentials and named races
by letters of the differentials upon which they were virulent. Her
race designations are therefore abbreviated virulence/avirulence
formulae. Because of the occurrence of intermediate host reactions
with bean rust, an arbitrarily assigned level must be used to separate
virulence from avirulence. Otherwise an additional designation has
to be used for the intermediate reaction. Differential lines, con-.
taining one of each of a number of single resistance genes
backcrossed separately into a single recurrent parent to create a
nearly isogenic set of differentials, are used for some cereal rust
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fungi. However, much more genetic research is needed before such a
set can be developed for bean rust.

An International Bean Rust Workshop, held in Puerto Rico in
1983, developed a standard list of 20 differential cultivars (Table 1)
and adopted a standard grading scale for rating host reaction (Table
2). Such standardization aimed to overcome the inconsistencies that
had developed over the years in the differentials and grading scales
that were employed (Stavely et al., 1983). Most race identifications
from 1941 to 1983 used most of the original Harter and Zaumeyer
(1941) differentials, but often some were deleted and other cultivars
added (Augustin and da Costa, 1971; Ballantyne, 1978; Dias-F. and
da Costa, 1968; Fisher, 1952; Pereira and Chaves, 1977). A unique
set of differential cultivars was used in Mexico (Crispin-Medina and
Dongo-D., 1962). Some cultivars used as differentials from 1941 to
1983 were or had become genetically mixed or heterozygous
(segregating for reaction to some races). Hence, the new interna-
tional set of 20, which has now been reduced to 19 (Stavely, 1984c),
has been single-plant selected for several generations to obtain
homozygosity (Stavely, 1984c; Stavely et al., 1983). Limited
quantities of seed of these differentials are available from the
authors of this chapter. Most of the other differential cultivars used
from 1941 to 1983 are available in the International Bean Rust
Nursery, distributed by the Centro Internacional de Agricultura
Tropical (CIAT), Colombia (CIAT, 1979; CIAT, 1985).

Table 1. Cultivars adopted at the 1983 International Bean Rust Workshop,
USA, as standard differentials for defining races of Uromyces appen-
diculatus.?

US. 3 Mexico 235

California Small White 643 Mexico 309

Pinto 650 Brown Beauty

Kennedy Wonder 765 Olathe Pinto

Kennedy Wonder 780 AXS 37

Kennedy Wonder 814 NEP 2

Golden Gate Wax Aurora

Early Gallatin 51051

Redlands Pioneer Compuesto Negro Chimaltenango

Ecuador 299

a. Mountaineer White Half Runner was in the original list but has been deleted because of its similarity to
Kennedy Wonder 780 (Stavely, 1984c).

SOURCE: Stavely et al., 1983.
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Table 2. The uniform bean rust grading scale adopted at the 1983 International

Bean Rust Workshop, USA, with the addition of interpretative symbols
for degree of resistance or susceptibility suggested by these reaction

grades.

Grade? Definition Symbol
1 Immune, having no visible symptoms I
2 Necrotic or chlorotic spots, without sporulation, and

less than 0.3 mm in diameter HR
2+ Spots, without sporulation, 0.3-1.0 mm diameter HR
2++ Spots, without sporulation, 1.0-3.0 mm diameter HR
2+++ Spots, without sporulation, greater than 3.0 mm diameter HR
3 Uredia less than 0.3 mm diameter R
4 Uredia 0.3-0.5 mm diameter MR
5 Uredia 0.5-0.8 mm diameter MS
6 Uredia larger than 0.8 mm diameter N
2+,2++, etc. Necrotic spot of appropriate size surrounding R, MR€

-3, 4, etc. uredosori of appropriate size

a.

‘When several reaction grades are p , they are ded in order of predominance, the most
prevalent being listed first and least prevalent, last. Intensity is recorded separately, using the modified
Cobb Scale (Stavely, 1985).

These symbols have been used at Beltsville for at least 15 years (J.P. Meiners and J.R. Stavely,
unpublished data) and the categories resemble Ballantyne’s categories (Ballantyne, 1978). Their
precise definitions are: I = immune; HR = hypersensitive or highly resistant; R = resistant, reactions
having any of the grades 2 with grade 3 present or predominant with some grade 4; MR = moderately
resistant, grade 4 predominant and no grade 5 uredia; MS = moderately susceptible, uredia larger than
grade 4, but none larger than grade 5; S = susceptible, grade 6 uredia. Another category is VS = very
susceptible, grade 6 uredia predominant.

This reaction first described by Harter and Zaumeyer (1941) occurs on Kentucky Wonder 780 with
many races. It is characterized by a uredium in the center of a necrotic spot. Whether R, MR, or other is
determined by the size of uredium as described in footnote b.

SOURCE: Stavely et al., 1983.

By using appropriate inoculation methods (Ballantyne, 1978;

Coelho and Chaves, 1975; Davison and Vaughan, 1964; Stavely,
1983 and 1984b) and grading scales, it is possible to determine
whether an isolate is already a described race or unique by
comparing it with reported races (Stavely, 1984c). When making
comparisons with earlier race descriptions, care must be taken since
several changes were made in the grading scale from 1941 to 1983
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(Ballantyne, 1978; Crispin-Medina and Dongo-D., 1962; Davison
and Vaughan, 1963a; Harter and Zaumeyer, 1941). However, these
scales have been well enough defined to often permit separation of
new isolates from previously described races (Stavely, 1984a).

Control by Plant Resistance

Resistance to bean rust is expressed in many ways (Figure 40).
Resistant reactions range from immunity, through various consis-
tent types of hypersensitive, nonsporulating, or sporulating necrotic
reactions (necrotic spot with a small, central uredium), to very
small, small, or intermediate uredia (Table 2) (Ballantyne, 1978;
Harter and Zaumeyer, 1941; Stavely et al., 1983). Different types of
cell reactions also occur within the leaf (Mendgen, 1978b). Smaller
uredia produce fewer uredospores and, if sufficiently small, have no
effect on host yield (Pastor-Corrales and Correa-Victoria, 1983).
Genetic studies require use of pathogenically uniform, single
uredium isolates (cultures) of defined races (Ballantyne, 1978;
Stavely, 1984b and 1984c).

Genetic studies of resistance have shown that reaction grade is
controlled by single dominant genes and that there are many such
genes in beans (Ballantyne, 1978; Christ and Groth, 1982a; de
Carvalhoetal., 1978; Grafton et al., 1985; Kolmer and Groth, 1984;
Meiners, 1981; Stavely, 1984a and 1984b; Stavely and Grafton,
1985; Zaumeyer and Harter, 1941). P. vulgaris has only n=11
chromosomes and U. appendiculatus, if it is similar to cereal rust
fungus, Puccinia graminis (McGinnis, 1953), has only about n=6
chromosomes. The gene-for-gene relationship has been shown to
occur in the U. appendiculatus- P. vulgaris host-pathogen interac-
tion (Christ and Groth, 1982a and 1982b). Monogenic, dominant
resistance-genes have been identified that are effective against
multiple pathogen races (Kardin and Groth, 1985; Stavely and
Grafton, 1985). They occur in linkage groups (complex loci) in
which there is a single gene for each of many races (Stavely, 1984a
and 1984b; Stavely and Grafton, 1985). Some genes are epistatic to
other single resistance genes (Kolmer and Groth, 1984; Stavely
1984a and 1984b).
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In pedigree and backcross breeding resistance is screened by
using several appropriate individual races simultaneously on single
plants (Stavely, 1983). In this way, it is possible to “pyramid” two,
three, or more such genes or complex loci that are effective against
multiple races. Thus, it is possible, by identifying and carefully
deploying resistance genes, to develop cultivars with several known
genes for resistance to available races and significantly reduce the
likelihood of resistance-breaking races developing (Coyne and
Schuster, 1975; Schafer and Roelfs, 1985). If virulence and aviru-
lence genes be tightly linked in the pathogen, then resistance may be
stabilized by combining as few as two appropriate host resistance
genes or linkage groups of such genes (Van der Plank, 1968).
However, this is not yet a useful hypothesis, because among the
avirulence/ virulence genes that have so far been identified in rust
fungi no such linkages have been found. A multiline, in which each
component line contains a different broadly effective gene or
linkage group backcrossed into the same recurrent parent, may also
stabilize resistance (Coyne and Schuster, 1975; Van der Plank,

1968).

Should virulence in basidiospores and uredospores be under
independent genetic control in U. appendiculatus, pathogen vari-
ability may be reduced and resistance better stabilized by separately
breeding for resistance to the basidiospore stage (Groth and Roelfs,
1982a). However, the same pathogen genes appear to condition
virulence or avirulence in both basidiospores and uredospores
(Kolmer et al., 1984).

Nearly 70 years ago, a reduced intensity of uredia per unit of leaf
area and decreased spore production were recognized as potentially
useful forms of resistance to bean rust (Fromme and Wingard,
1921). Of course, if a line has a necrotic, nonsporulating reaction or
immunity to a portion of the races present in an area, the uredium
intensity will also be reduced. So, a critical first step in assessing any
suspected reduced intensity-type resistance is to determine the line’s
reaction to each race. Some cultivars such as Royal Red Kidney
(Groth and Urs, 1982) and Jamaica Red (Shaik, 1985a), have a kind
of resistance in which uredial intensity has been reduced with all
races tested thus far. This is called “low receptivity” and can be
assessed under carefully measured and controlled inoculum con-
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centration, host growth rate, and leaf age (Groth and Urs, 1982).
Stomatal density is directly proportional to the number of uredia
that develop. However, the sparseness of stomata is apparently not
the only cause of low receptivity (Groth and Urs, 1982; Shaik,
1985a). Recent evidence suggests that increased leaf-hair density
also reduces the number of uredia by preventing a portion of the
uredospores from reaching the leaf surface (Shaik, 1985a). Analysis
of the genetic control of stomatal and leaf-hair density may reveal a
polygenic mechanism and it may be possible to enhance low
receptivity through intensive, careful selection for transgressive
segregants.

A longer latent period from infection to sporulation, an im-
portant component of so-called “slow rusting,” may not be
associated with the reduced uredium-intensity type of resistance
(Shaik, 1985a), although it is associated with monogenic, small-
uredium resistance (Stavely, 1984b). Certain Cuban cultivars are
apparently late or slow rusting (Gonzélez-Avila, 1974).

Vieira (1972) has suggested that in Brazil, where diverse cultivars
have been developed locally, there is substantial “horizontal”
resistance (equally effective against all races). Eight Brazilian bean
lines varied in incubation period, latent period, infection frequency,
infection type, and infection intensity against different isolates of U.
appendiculatus. This suggests that so-called “vertical” (probably
single) resistance genes play at least some role in expression of these
reactions (Menten and Bergamin-Filho, 1981).

There are several other potentially useful types of resistance to
bean rust. Germplasm may vary in length of dew or drying periods
and increase in resistance with plant development (Ballantyne,
1974; Berger, 1977). Some cultivars are more heavily infected in
lower than upper foliage (Canessa-Mora and Vargas-G., 1977).
Rodriguez-Medina (1976) reported that Mexico 309, which has a
series of linked monogenic factors for resistance to many races
(Stavely, 1984b), is susceptible to race CR-29, but yields as well as
cultivars resistant to this race. Tolerance, in which fully susceptible
type uredosori occur, but yield is not reduced, would be a most
desirable character if methods were found to identify it in the
process of developing new cultivars.
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Alexander et al. (1985) measured virulence changes in a poly-
morphic U. appendiculatus population over five asexual genera-
tions. He found that changes in virulence may be independent of
pathogen exposure to host resistance. U. appendiculatus frequently
carries virulence at a level much higher than the minimum needed
for pathogenicity.

Many bean cultivars and lines have been bred for resistance to
rust (CIAT, 1979 and 1985; Stavely and Steinke, 1985; Wood and
Keenan, 1982; Zaumeyer and Thomas, 1957); for example, such
popular cultivars as Olathe, Fleetwood, Aurora, and the CIAT
cultivars BAT 48, 73, 76, 93, 308, and 520. Although these cultivars
are not resistant to all races of rust, they comprise a significant
factor in reducing yield losses from rust.

Table 3. The most rust-resistant cultivars in the International Bean Rust
Nurseries from 1975 to 1984; and the percentage of their reactions,
according to reaction class across all locations and years.

Cultivar tested in years Reaction and percentage of occurrence?
1 HR R MR-S

1975-1984
Redlands Greenleaf B 19.6 45.8 30.8 3.7
Redlands Greenleaf C 16.1 40.4 39.4 4.0
Cocacho 159 44.7 33.0 6.4
Mexico 309 40.2 41.1 12.1 6.5
Cuilapa 72-1 299 374 252 7.5b
Ecuador 299 18.7 374 355 8.4b
Mexico 235 26.8 350 289 9.3b
Turrialba 4 29.6 27.8 31.5 11.1
Puerto Rico § 23.4 38.3 26.2 12.1
Compuesto Chimaltenango 3 22.3 50.5 22.3 11.6
Compuesto Chimaltenango 2 31.1 320 223 14.6b
Redlands Autumn Crop 10.3 39.2 35.0 15.5
Turrialba 1 17.9 292 349  179b

1976-1984
Redlands Pioneer 13.0 54.3 29.3 33
Mexico 6 11.9 345 417 119b

a. Reactions are described in Table 2, footnote b. Percentages are calculated by using only those locations
where readings were obtained.

b. Uredia larger than 0.5 mm at one or more locations in 1981 to 1984.
SOURCE: CIAT, 1985.
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The International Bean Rust Nursery was established in 1974 and
is coordinated by CIAT pathologists (G. E. Galvez, H. F. Schwartz,
and M. A. Pastor-Corrales). It has tested differential cultivars and
resistant germplasm worldwide since 1975 (CIAT, 1979 and 1985;
Meiners, 1974). No cultivar or line has yet been resistant for all years
at all locations in this nursery. The most resistant of the standard
entries are listed in Table 3. The most resistant CIAT lines have been
the BAT cultivars listed above, which have been tested continuously
since 1979. As more is learned about pathogen virulence, pathogen
race dynamics, and genetics of host resistance, the potential for
developing effective deployment strategies for resistances will lead
to more effective control of bean rust.
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Chapter 8
WEB BLIGHT

G. E. Galvez, B. Mora, and M. A. Pastor-Corrales*

Introduction

Web blight is caused by the fungus Rhizoctonia solani Kithn—the
sclerotial, or asexual, stage of the basidiomycete fungus Thana-
tephorus cucumeris (Frank) Donk. Rhizoctonia solani is a soil-
borne fungus that is widely distributed throughout the world. Both
the sclerotial and basidial stages can initiate the disease, although
they cause different symptoms. In most areas of Latin America
where blight occurs, the sclerotial stage is significant for the
initiation and epidemiology of the disease (Galindo, 1982, Galindo
et al., 1982c, 1983a, and 1983b).

Rhizoctonia solani is a pathogen of a large number of host species
including bean, beet (Abawi and Martin, 1985), cabbage, carrot,
cucumber, eggplant, melon, soybean (ONeill et al., 1977), tobacco,
tomato, watermelon, and many uncultivated plants (Daniels, 1963;
Vargas-G., 1973). It also causes a diversity of diseases such as seed
decay, root-and-hypocotyl rot, and foliar blight. Although diverse
in host range and disease symptomatology, the isolates demonstrate
specialization according to their mode of attack. Even though
morphologically similar, some isolates cause aerial infection such as
web blight of beans, while others attack only roots and hypocotyls
(see Chapter 6, p. 107-114).

Web blight is a very important bean-production problem in the
humid lowland tropics of Latin America and the Caribbean, where
warm to high temperatures and abundant rainfall prevail. The
disease also occurs, and can cause severe damage, in middle altitude
areas (1200-1600 m.a.s.l.), particularly during rainy weather and

*  Plant pathologists, CIAT/ ICA Project, Lima, Peru, and Ministerio de Agriculturay Ganaderia, San
José, Costa Rica; and Bean Program pathologist, Centro Internacional de Agricultura Tropical
(CIAT), Cali, Colombia, respectively.
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high humidity. Under field conditions web blight can occur at any
stage of the bean-crop cycle and cause severe blight, resulting in
rapid defoliation and often complete crop failure (Crispin-Medina
and Gallegos, 1963; Galindo, 1982). In the Guanacaste region of
northern Costa Rica, a web blight epidemic caused up to 90%
reduction of bean yields in 1980 (Se perdié la cosecha de frijol
veranero en Guanacaste, 1980).

In Latin America, web blight occurs in the warm, humid,
southern, bean-producing areas of Mexico (Crispin-Medina and
Gallegos, 1963), all countries of Central America and the Caribbean
(Echandi, 1966; Galindo, 1982; Manzano, 1973), and in South
America in the Amazon region of Peru and Brazil (Deslandes, 1944;
Miiller, 1934), the coffee zone of Colombia, and the northwestern
region of Argentina (Costa, 1972; Ploper, 1981). Web blight has
also been reported in United States, Japan, Philippines, Burma, and
Sri Lanka (Weber, 1939; Zaumeyer and Thomas, 1957). The lack of
reports of web blight occurrence from African countries suggests
that this disease is, currently, of minor importance (CIAT, 1981),
although it has been reported from Kenya (Mukunya, 1974) and
Malawi (Msuku and Edje, 1982).

Common names used for web blight in Latin America in Spanish
include “mustia,” “mustia hilachosa,” “telarafia,” “chasparria,”
“Rhizoctonia del follaje,” and “pringue.” In Portuguese, common
names include “mela,” “mela do feijoeiro,” “murcha da teia
micélica,” and “podriddo das vagens.”

Etiology

The asexual stage of the web blight fungus, Rhizoctonia solani, is
distributed worldwide (Baker et al., 1967; Hawn and Vanterpool,
1953; Papavizas and Davey, 1962). This pathogen was originally
described as R. microsclerotia Matz, although this designation is no
longer accepted (Parmeter et al., 1967; Zaumeyer and Thomas,
1957). The current accepted designation for the basidial stage is
Thanatephorus cucumeris (Flentje et al., 1963b).

Isolates of R. solani are highly variable in cultural characteristics,
response to environmental changes, and pathogenicity. However,
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they can be classified into different groups, according to the
anastomosis grouping (AG) concept: that is, hyphal fusion occurs
only between isolates of the same AG. Earlier researchers showed
that the majority of R. solani isolates fall into one of four
anastomosis groups: AG-1, AG-2, AG-3, and AG-4 (Parmeter et
al., 1969). Three more groups, AG-5, AG-6, and AGB1 have since
been discovered and AG-2 was recently subdivided into AG2-1 and
AG2-2 (Kuninaga et al., 1978).

Hyphal anastomosis groups are not, according to most authors,
host specific, although some tendencies are evident (Bolkan and
Ribeiro, 1985; Parmeter et al., 1967). Except for AGBI, the
anastomosis groups are genetically unique and differ in pathological
and cultural characteristics (Bolkan and Ribeiro, 1985; Kuninaga et
al,, 1978).

Galindo et al. (1982b) characterized 71 isolates of R. solani that
were obtained from naturally infected bean leaves in different bean-
growing areas of Costa Rica. All isolates were pathogenic to leaf
and hypocotyl tissues of the bean cultivar Mexico 27, but varied
significantly in virulence which was positively correlated to growth
rate in culture. Twenty-six isolates belonged to AG-1, 38 to AG-2,
and 9 did not anastomose with any of the four AG-4 testers used.

Similarly, Bolkan and Ribeiro (1985) reported that two Brazilian
isolates of R. solani, obtained from kidney bean leaves, belonged to
AG-1, while seven isolates from kidney bean hypocotyls belonged
to AG4. Most of the R. solani isolates associated with bean
hypocotyls and soils in New York belonged to AG-4. However,
some isolates belonged to AG-1 and AG-2, but not to AG-3
(Galindo et al., 1982a). Allsix aerial isolates of R. solani associated
with web blight in Colombia were AG-1 (Galindo et al., 1982a).

In addition, the R. solani isolates associated with web blight are
characteristically fast growing, produce abundant sclerotia, and are
intolerant of carbon dioxide. Those associated with seed decay and
root-and-hypocotyl rot are characteristically fast growing, produce
fewer sclerotia, and are more tolerant of carbon dioxide (Flentje
and Stretton, 1964). Parmeter et al. (1967) established that Rhizoc-
tonia isolates which possess multimediate hyphae have Thana-
tephorus cucumeris as their perfect stage and those which possess
binuclear hyphae have Ceratobasidium as the perfect stage.
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The following description of Rhizoctonia solani is from Holliday
(1980). Colonies on potato dextrose agar (PDA) are at first
colorless, rapidly becoming brown. Aerial mycelium is variable,
giving a felted or mealy surface on which long, sparsely branched
hyphae are frequently present. Some isolates show diurnal zonation.
Sclerotia develop as a crust, radiating out from the inoculum center
or scattered over the colony surface. Hyphae are usually 5-12 uym
wide and up to 250 um long, with cells at the advancing edge of a
colony. Branches form near the distal end of cells, are constricted at
the point of origin, and are septate above this constriction. Phase
contrast microscopy shows cells are multinucleate (2-25, mostly
4-8), with conspicuous dolipore septa. An older mycelium shows
large variation in hyphal dimensions and has shorter cells because
of the formation of secondary septa. The branching angle is nearly
90° and branches may arise at various points along the cell length.
Some hyphae differentiate into swollen moniliform cells which are
30 pm or more in width. Small (0.2-0.5 mm diameter), immature,
superficial, white sclerotia also form and become brown to dark
brown, rough, and subglobose with maturity (Weber, 1939).
Isolates grown in the laboratory on PD A may differ for growth rate,
sclerotial production (Flentje and Stretton, 1964), mycelium color,
amount of aerial mycelium, saprophytic behavior, and enzyme
production (Papavizas, 1964 and 1965; Papavizas and Ayers, 1965).

The basidial stage, Thanatephorus cucumeris, was first discov-
ered in beans in the USA by Weber (1939) who reported that
mycelia and sclerotia from both asexual and sexual sources were
indistinguishable. Basidial fructifications appear whitish and form
on top of a hymenium which is a thin sheet or collar commonly
found on stems or leaves just above the soil surflace or on soil
particles. It is discontinuous and composed of barrel-shaped
subcylindrical basidia, 10-25 pm long x 16-19 um wide, arranged in
imperfect cymes or racemes. The short basidia bear stout, slightly
divergent sterigmata, usually four in number, but can have two to
seven per basidium. They are 5.5-36.5 pm long and occasionally
have adventitious septa. Hyaline basidiospores, produced on the
sterigmata, are oblong to broadly ellipsoid, unilaterally flattened,
prominently apiculate, smooth, and thin walled. They measure
6-14 um x 4-8 nm and germinate by repetition.
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The fungus grows rapidly in continuous, indirect, or intermittent
light. Within 24-36 hours it can cover the surface of a 9-cm petri dish
containing artificial media incubated at 26-29 °C. Sclerotia form in
culture but differ from those produced on host plants which are
brown to dark brown, and more irregular in form and size (as large
as 1 cm in diameter), and more or less flattened (Weber, 1939).
Heterokaryosis occurs in 7. cucumeris and may alter its ability to
form sclerotia on minimal media or to form isolate pathogenicity
and variants (Flentje and Saksensa, 1957; Flentje et al., 1963a and
1967; Galvez and Cardona-Alvarez, 1960; McKenzie et al., 1969;
Meyer and Parmeter, 1968).

The perfect stage of the web blight fungus can be induced in vitro
(Flentje, 1956; Stretton et al., 1964; Tu and Kimbrough, 1975) with
12-16 hours of light (Flentje et al., 1963b; Stretton et al., 1964,
Weber, 1939; Whitney, 1964), adequate aeration (Whitney, 1964),
20-30 °C, and 40%-60% relative humidity (Stretton et al., 1964;
Weber, 1939). Self-sterile mutants frequently appear in progenies of
basidiospores (Stretton et al., 1967; Whitney, 1964). Isolates of
Rhizoctonia solanivary for their cultural characteristics and ability
to fruit on artificial media or sterilized soil (Houston, 1945; Olsen et
al., 1967; Stretton et al., 1964). For example, pathogenic isolates of
T. cucumeris fruit only on sterilized soil, while nonpathogenic
isolates fruit on either substrate (Stretton et al., 1964).

Epidemiology

Web blight epidemics are favored by rainy weather, high (30 °C) to
moderate (20 °C) air temperature (average 25-26 °C), high to
moderate soil temperature, and high relative humidity of at least
80% (Galindo, 1982; Galindo et al., 1983b; Weber, 1939; Zaumeyer
and Thomas, 1957). The main sources of inocula that can initiate
infection are sclerotia and mycelium fragments, either free in the
soil or present on colonized debris. Bean plants are inoculated by
the web blight pathogen when raindrops splash soil particles,
infested with sclerotia or mycelium, onto plants (Galindo et al.,
1983b; Prabhu et al., 1982).

Basidiospores can also cause infection (Echandi, 1965). However,
in most locations with abundant rain and endemic web blight,
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basidiospores do not contribute significantly to epidemic devel-
opment, particularly when lesions from basidiospore infection
appear late in the crop cycle (Galindo et al., 1983b). Infected bean
seed can disseminate the pathogen over long distances, introduce it
into new fields, or act as a source of primary inoculum. When
rain-splashed sclerotia and mycelium are the main source of
inoculum, initial symptoms of web blight always appear on primary
leaves two weeks after planting.

The mycelium of the fungus first grows on the soil particles
splashed onto bean leaves and then advances to adjacent healthy
tissue, causing primary or initial infections. Trifoliolate leaves are
usually infected by hyphal strands growing from infected primary
leaves, but can also be infected by rain-splashed soil. Infected leaves
rapidly become covered by small sclerotia of the fungus. New
sclerotia also form, beneath the canopy, on fallen leaves and the soil
surface within 24 hours. After trifoliolate leaves are infected, plant-
to-plant infection occurs through direct hyphal growth from
previously infected leaves (Galindo et al., 1983b).

Basidiospores are dispersed during the night (Echandi, 1965) and
remain viable for only a few hours. Sclerotia can remain viable in
soil for several years and can survive as vegetative mycelium within
plant residue (Weber, 1939).

Symptomatology

Web blight symptoms initiated by rain-splashed sclerotia or
mycelium fragments differ from those elicited by basidiospores.
Sclerotia germinate during periods of favorable environmental
conditions by producing hyphae, a few mm in length, that branch
profusely until they reach host tissue. An infection cushion then
develops and penetration occurs directly or through stomata
(Dodmanet al., 1968; Weber, 1939). Subepidermal hyphae develop
inter- and intracellularly. Lesions first appear on the primary leaves
as small necrotic spots (5-10 mm in diameter) with brown centers
and olive-green margins. These lesions resemble hot-water scalds.
Under favorable environmental conditions, high humidity, and
warm temperature, they progress very rapidly but appear irregular
and somewhat zonate (Figure 41). Under dry conditions, their
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development stops. Often these lesions coalesce and affect the entire
leaf. Infected leaves rapidly become covered by small sclerotia and
mycelium.

The light-brown superficial hyphae spread in a fan-shaped
manner on either leaf surface. Hyphae may grow rapidly over
healthy leaves, petioles, flowers, and pods (Figure 42), eventually
killing plant parts or covering the entire plant with a web of
mycelium (Figure 43). Small brown sclerotia (Figure 44) form three
to six days after infection (Galindo, 1982; Weber, 1939; Zaumeyer
and Thomas, 1957). The many lesions produced by basidiospores
are distinct, small, necrotic, circular, and measure 2-3 mm in
diameter (Figure 45). They are light brown or brick red with a
lighter center. Under humid and rainy conditions, these round spots
fall from the leaf surface, resulting in a symptom known as “cock’s
eye.” These lesions usually do not enlarge much, nor coalesce to
form large lesions, and seldom cause defoliation. Pod lesions caused
by sclerotia, mycelium, or basidiospores are similar to foliage
lesions. Pod lesions initiated by basidiospores are also small,
circular, and have light-brown centers surrounded by a reddish
brown darker border.

Bean pods may become infected during the grain-filling stage.
Young pod infections appear as light-brown, irregular-shaped
lesions which frequently coalesce and kill the pod.

Seeds can become infected in the endosperm and radicular end of
the embryo and on the seed-coat surface (Baker, 1947; Cardoso et
al., 1980; Leach and Pierpoint, 1956; Le Clerg, 1953).

Control by Cultural Practices

Control by cultural practices includes planting seed free of internal
or external contamination, sanitation of infected crop debris, and
crop rotation with nonhosts such as tobacco, maize, and grasses. A
most effective cultural practice is mulching. Mulch forms a barrier
and impedes the splashing of pathogen propagules from the soil to
plant tissues. Under experimentation, effective mulches are rice
husks, maize leaves, sugarcane leaves, or standing weeds killed by
herbicides 15 days after planting (Galindo et al., 1982c and 1983b;
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Rosado-May, 1982; Rosado-May and Garcia-Espinosa, 1985).
Examples of preemergent herbicides used to kill weeds for mulching
are paraquat or glyphosate (1 kg/ha) (Galindo et al., 1983a).
Postemergent herbicides such as fluazifop-butyl (1 kg/ha) and
bentazone (0.75 kg/ha), can be used for broad-leaved weeds.
Obando (1983) and Sancho (1984) established that, for an effective,
integrated, control of the pathogen, preemergent applications of
paraquat, pendimethalin, and glyphosate can be used in association
with foliar applications of the fungicide benomyl.

Small subsistence bean farmers in Costa Rica and Nicaraguarely
upon a similar practice known as “frijol tapado” (covered beans).
This practice consists of broadcasting bean seeds into plots with
established weeds and cutting the weeds down to cover the seeds as a
plant mulch. By using herbicides, a standing weed mulch can be
created (Galindo et al., 1982c). Indeterminate cultivars grow
through the mulch and eventually cover it, effectively preventing
new weed growth and conserving soil moisture. In addition, the
mulch prevents the splashing of infected soil. This practice is
effective, even in areas where the climate is optimal for web blight
development (Galindo, 1982; Galindo et al., 1982a, 1982b, and
1982c, 1983a, and 1983b). However, mulches may create more
favorable conditions for slug infestation and resulting crop loss in
some production regions.

Where farmers have more resources, beans should be planted in
spaced furrows (Corréa, 1982; Weber, 1939, Zaumeyer and Thomas,
1957) which will maximize air circulation and improve micro-
climatic conditions. Intercropping beans in relay or in association
with maize will also reduce disease severity (Msuku and Edje, 1982;
Rosado-May, 1982).

Control by Chemicals

Benomyl (0.25-0.5 kg/ha) helps manage the pathogen when it is
applied at first-symptom appearance and then every 15 days
(Cardoso, 1980; Cardoso and de Oliveira, 1982; Manzano, 1973;
Oliveira et al., 1983). The chemicals protect plant foliage from
infection by inoculum from nearby infested soil. Fentin acetate
(0.16 kg/ ha) or fentin hydroxide (0.20 kg/ ha) applied after benomyl
202



(Cardoso and de Oliveira, 1982), gives good control. Thiophanate-
methyl (0.5 kg/ha), carbendazim (0.5-1.0 kg/ ha), and captafol (1.0-
3.5kg/ha) (CIAT, 1975; Manzano, 1973) are also useful. The use of
systemic fungicides is important where rains prevail. However,
expense may limit their use, even though recent work has shown
that two or three applications are sufficient to control mild
infections (Villalobos-Pacheco, 1985).

Control by Plant Resistance

Cultivars differ in their reaction to the web blight pathogen under
field conditions. Susceptible cultivars exude chemicals which
stimulate the formation of infection cushions whereas resistant or
tolerant cultivars do not exude these chemicals (Flentje et al.,
1963a). Although various cultivars have low levels of resistance to
the web blight pathogen (Manzano, 1973; Weber, 1939), there are
no reports of cultivars with high resistance or immunity. The Centro
Internacional de Agricultura Tropical (CIAT), in collaboration
with the national bean programs of Colombia and Costa Rica, has
identified bean cultivars with some resistance to web blight. These
are: Turrialba 1, Porrillo 70, Porrillo Sintético, S-630-B, and
Talamanca (Mora and Galvez, 1979). Crosses with these cultivars
have produced progenies exhibiting resistance such as Negro
Huasteco 81, Huetar, HT 7716, and HT 7719, which are superior to
the resistant parents.

Integrated Control

The most practical approach to manage this very serious and
damaging disease is by using an integrated management strategy.
Such strategy is based upon cultural practices, complemented by
judicious use of chemicals, and, where possible, use of resistant
cultivars. This involves using clean seed, eliminating pathogen-
infested crop debris at harvest, wide row-spacing (Corr¢a, 1982;
Weber, '1939; Zaumeyer and Thomas, 1957), planting resistant
cultivars with erect architecture to permit greater air circulation,
mulching and minimum tillage, applying fungicides, and rotating
with nonhost crops such as cereals and vegetables. Such practices
can offer an economic, efficient, and practical control of web blight.
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Chapter 9
WHITE MOLD

H. F. Schwartz and J. R. Steadman*

Introduction

The white mold fungus, Sclerotinia sclerotiorum (Lib.) de Bary, is
distributed worldwide. It is most important in the temperate zones
of the northern and southern hemispheres. However, it is also a
problem in areas with tropical or arid climates, especially during
cool seasons or under favorable microclimatic conditions (Reichert
and Palti, 1967). The fungus has therefore been reported in the
common bean and vegetable fields of Argentina (Hauman-Merck,
1915), Brazil (Shands et al., 1964), Mexico (Crispin-Medina and
Campos-Avila, 1976), Peru (Christen, 1969), Colombia, Venezuela
(Pons et al., 1979), other areas of Latin America (Echandi, 1976),
Asia, Africa (Allen, 1983), Europe, Australia, and North America.

Sclerotinia sclerotiorum is pathogenic to a wide range of host
plants. Purdy (1979) listed 64 families as being hosts to S.
sclerotiorum, Schwartz listed 399 hosts (unconfirmed reports in
some instances), and the world literature mentions 374 species of
237 genera. Diseases caused by S. sclerotiorum include blossom end
rot, stem rot, watery soft rot, pink rot, cottony rot, drop, flower rot,
fruit rot, root rot, timber rot, and white mold. Hosts are as diverse
as ornamentals, tree fruits, vegetables, oil-seed crops, and legumes.

Purdy presented an extensive list of crop production losses which
underscored the impact that this fungus can have on crop produc-
tion. For example, snap bean production in the seventies was
reduced greatly in New York State (Abawi and Grogan, 1975; Natti,
1971). Zaumeyer and Thomas (1957) reported bean losses of 30% in
Virginia during 1916. Yield losses averaged 30% in Nebraska during

*  Plant pathologists, Colorado State University, Fort Collins, CO, USA, and University of Nebraska,
Lincoln, NE, USA, respectively.
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1970-73, although in individual fields losses were as high as 92%
(Kerr et al., 1978). Yield losses in Canada have varied from 15%-
60%, depending upon the cultivar infected (Beversdorf and Hume,
1981).

Common names frequently used for white mold in Latin America
include “moho blanco del tallo,” “Sclerotinia,” “esclerotiniosis,”
“salivazo,” “podredumbre algodonosa,” “mofo branco,” and
“murcha de Sclerotinia.”

Etiology

Sclerotinia sclerotiorum is a member of the order Pezizales in the
Ascomycete class of fungi (Kohn, 1979). Because of taxonomic
nomenclature considerations, a new name, Whetzelinia sclero-
tiorum (Lib.) Korf et al., was proposed (Korf and Dumont, 1972)
and appeared in the literature for a brief period. However, it is now
correct to use S. sclerotiorum (Kohn, 1979).

The fungus produces large (one to several millimeters in diameter
or length), black, and irregularly-shaped resting structures called
sclerotia (Figure 46). The sclerotia germinate to form hyphae or
mycelium. A normal sclerotium has an outer black rind that is three
cells deep, a two- to four-cell deep cortex, and a large inner medulla
from which hyphae develop during germination (Huang, 1983). A
sclerotium, after undergoing a conditioning period, can also
germinate carpogenically to produce one or more apothecia (Figure
47). The apothecia represent the sexual stage of the fungus. They
average 3 mm in diameter and protrude 3-6 mm above the soil
surface (Ramsey, 1925).

Each apothecium contains thousands of cylindrically shaped
asci, each of which contains eight ascospores (Walker, 1969). An
ascus measures 7-10 pm in diameter by 112-156 um in length (Coe,
1944; Kosasih and Willetts, 1975; Ramsey, 1925). Over a period of
days an apothecium may discharge more than 2 million ascospores
(Schwartz and Steadman, 1978). The ascospores are ovoid and vary
4-10 pm in width and 9-16 pm in length (Coe, 1944; Kosasih and
Willetts, 1975; Ramsey, 1925; Walker, 1969). Sclerotinia sclero-
tiorum can produce asexual spores, called microconidia (3-4 uym
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diameter), during any stage of its life cycle. However, they do not
function during sexual fertilization or in host infection (Kosasih
and Willetts, 1975; Ramsey, 1925).

Epidemiology

Fields used repeatedly for bean production, even in short crop
rotations, will often contain many sclerotia. Sclerotiaformed on or
within diseased tissue may be dislodged onto the soil surface by
wind or harvesting operations. Subsequent land preparation redis-
tributes them within the soil profile and over the field (Cook et al.,
1975). Sclerotia also can be distributed by furrow irrigation within
fields (Schwartz and Steadman, 1978) and by reuse of irrigation
runoff water between fields (Brown and Butler, 1936; Steadman et
al., 1975). They can survive in sandy loam soils for at least three
years (Cook et al., 1975) and are capable of producing secondary
sclerotia (Adams, 1975; Cook et al., 1975; Williams and Western,
1965).

The minimal quantity of soil-borne sclerotia needed to induce
significant plant infection has not been intensively studied.
However, populations of 0.2 sclerotia per 30 cm? (Abawi and
Grogan, 1975) and less than 1-10 sclerotia per kg of soil (Adams and
Ayers, 1979; Lloyd, 1975; Schwartz and Steadman, 1978) are
known to exist in fields planted to snap, Great Northern, and Pinto
beans. Schwartz and Steadman (1978) determined that 1 sclerotium
per 5 kg soil was sufficient to cause 46% disease severity in
Nebraska. Suzui and Kobayashi (1972b) reported that 3.2 sclerotia
per m2 caused 60%-95% plant infection in a kidney bean field in
Japan. Sclerotia are persistent and the availability of primary
inoculum from outside bean fields apparently explains why there is
no correlation between white-mold incidence and severity, and
previous cropping history (Abawi and Grogan, 1979). Herbicide
practices may also influence carpogenic germination in host and
nonhost fields (Radke and Grau, 1986): some herbicides enhance,
while others inhibit, germination.

Apothecia formation (carpogenic germination) is greatest after
10-14 days, at 15-18 °C, with soil moisture at 50% of field capacity
(wet soil) (J. M. Duniway, G. S. Abawi, and J. R. Steadman,
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unpublished data), or in a soil with a matrix potential of -80 to -240
mb (-8 to -24 kPa) (Abawi and Grogan, 1979). Carpogenic germina-
tion occurs in fields of common bean, maize, sugar beet (Schwartz
and Steadman, 1978), snap bean (Abawi and Grogan, 1975),
cauliflower, tomato (Letham et al., 1976), lettuce (Hawthorne,
1976, Newton and Sequeira, 1972), and table beet. It occurs in
grassland (Suzui and Kobayashi, 1972b) and in lemon, orange
(Smith, 1916), and other fruit orchards (Abawi and Grogan, 1975).
In a sandy loam soil, studied by Schwartz and Steadman (1978),
many sclerotia germinated and formed apothecia in common bean
(11-14 apothecia per m?) and sugar beet (7-11 apothecia per m?)
fields. An average of two apothecia were produced by each
germinated sclerotium, regardless of the crop beneath which it
germinated. The majority of apothecia were produced on the side
of, or adjacent to, plant stems in the furrow of the irrigated row.

Most ascospores discharged by a germinated sclerotium are
deposited close to the release point (Suzui and Kobayashi, 1972a).
However, Williams and Stelfox (1979) reported crop infection in
fields 150 m to as far as several kilometers away (Abawi and
Grogan, 1979; Bardin, 1951; Burke et al., 1957). Mature asci
forcibly discharge their ascospores for more than 1 cm into the air,
after being exposed to a slight decrease in moisture tension and
change in relative humidity. (Abawi and Grogan, 1979). Ascospores
have been trapped between 30 and 147 cm above the soil surface in
barley and rapeseed fields, respectively. This suggests that crops
differ in their ability to restrict spore movement (Williams and
Stelfox, 1979). The bean canopy traps a large percentage of
ascospores, saturating the available infection sites and promoting a
high local infection (Steadman, 1983).

A mucilaginous material that can cement the spores to host tissue
is discharged along with ascospores (Abawi and Grogan, 1979). In
one study, more than 30% of blossoms, randomly collected from a
bean field containing apothecia, exhibited evidence of Sclerotinia
sclerotiorum after plating on acidified potato dextrose agar (PDA)
(Muckel and Steadman, 1981). Honeybees may have disseminated
the fungus propagules to blossoms. The fungus clearly survives
periods of unfavorable microclimatic conditions. Ascospores on
bean leaves remain viable for 12 days in the field. Mycelium, found
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in or on dry colonized bean blossoms, remains viable for 25 days in
the laboratory (Abawi and Grogan, 1975) and 33 days in the field
(Muckel and Steadman, 1981). Viable ascospores (90% germina-
tion) have been stored frozen (-19 °C) for 24 months on Millipore
membrane (type HA, 0.45 pm) filters placed over calcium chloride.
They also keep in the refrigerator at 2 °C (Hunter et al., 1982b).
Ascospores, found on shaded bean leaves at 12-15 cm above soil
level and within a dense canopy, averaged 20% greater survival than
on topmost leaves. Ultraviolet light, high relative humidity, and
high temperatures are detrimental to ascospore survival (Caesar
and Pearson, 1983).

Sclerotinia sclerotiorum is a cosmopolitan fungus and occurs in
regions where conditions are favorable such as moisture and low
temperature. (Reichert and Palti, 1967). Brooks (1940) and Moore
(1955) report that white-mold epidemics occur when mean temper-
atures are less than 21 °C and humidity or moisture levels are high.
About 48-72 hours of continuous wetness on leaves within the
canopy or on dry colonized blossoms are required for infection by
ascospores. However, only 16-24 hours of wetness are required to
infect moist blossoms (Abawi and Grogan, 1979). Secondary
spread of the fungus occurs at 18 °C and 100% relative humidity
(Starr et al., 1953; van den Berg and Lentz, 1968). Abawi and
Grogan (1975) suggest that a film of surface moisture is necessary if
the fungus is to develop and spread.

The rate of spread is also influenced by temperature. Gupta
(1963) reported that coriander plants infected with S. sclerotiorum
died within 4-10 days at 19-24 °C, but did not die at 29 °C—
apparently because the plants outgrew the fungus. Microclimatic
conditions may be as important as macroclimatic conditions for
infection and pathogen development. For example, irrigation
practices significantly alter microclimatic parameters, often en-
couraging the development of S. sclerotiorum. Frequent furrow
irrigation reduces day air and leaf temperatures by 3-4 °C and soil
temperatures by 10 °C, and increases soil moisture content by 10%
(Weiss et al., 1980a and 1980b).
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Symptomatology

Sclerotinia sclerotiorum infects bean plants by colonizing senescent
and dead plant organs such as blossoms (Figure 48), cotyledons,
seeds, leaves, or injured plant tissue (Abawi and Grogan, 1975;
Abawi et al., 1975a; Cook et al., 1975; McLean, 1958; Natti, 1971;
Purdy and Bardin, 1953). Blodgett (1946) observed cotyledonary
rot on bean seedlings which developed from mycelia- or sclerotia-
infested seed lots planted in the greenhouse. Verdugo-G. and
Fucikovsky-Zak (1980) report that S. sclerotiorum was transmitted
by bean seed. However, Steadman (1975) showed that infected
seeds were completely colonized by the fungus before germination
and/or plant emergence. No plant infection arose from apparently
healthy seed even though they came from infected seed lots.
Colonization of senescent tissue usually results from germinated
ascospores, but mycelial colonization can occur directly from
sclerotia (Abawi and Grogan, 1975; Cook et al., 1975).

After colonizing a senescent plant organ, the fungus enters the
host by mechanically disrupting the cuticle. It uses a dome-shaped
infection cushion which had developed from an appressorium.
Large vesicles form between the cuticle and epidermal layers and
infection hyphae develop intercellularly. Hyphae branch from the
infection hyphae and ramify inter- and intra-cellularly (Lumsden
and Dow, 1973; Purdy, 1958), causing a watery soft rot. The fungus
produces many enzymes and other products, including endo- and
exopolygalacturonase, pectin methyl esterase (Lumsden, 1976), and
oxalic acid (Maxwell and Lumsden, 1970), all of which are
important to pathogenesis.

Symptoms of infection first appear as a water-soaked lesion
(Figure 49), followed by a white moldy growth on the affected organ
(Figure 50). Sclerotia form in and on infected tissue soon after
infection. This infected tissue later becomes dry, light colored, and
assumes a chalky or bleached appearance (Figure 51) (Blodgett,
1946; Zaumeyer and Thomas, 1957). Although many bean plant
types such as great northern, pinto, and kidney, exhibit this
characteristic bleaching, in some navies and small whites it is more
difficult to distinguish white-mold infection. Plant wilting may also
be seen within the plant canopy after plant stems and/or vines are
infected (Figure 52).
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Biological Control

Many soil microorganisms associate with sclerotia of S. sclero-
tiorum and may cause sclerotia to degrade or not germinate. Such
organisms include the fungi Coniothyrium minitans Campbell,
Trichoderma sp., Aspergillus sp., Penicillium sp., Fusarium sp.,
Mucor sp. (Huang and Hoes, 1976, Merriman, 1976; Rai and
Saxena, 1975; Trutmann et al., 1982; Turner and Tribe, 1976),
Sporidesmium sclerotivorum Uecker et al. (Ayers and Adams,
1979), and Teratosperma oligocladium Uecker et al. (Ayers and
Adams, 1981). Sclerotinia sclerotiorum also is inhibited by various
antibiotic substances produced by the fungus Gibberella baccata
(Wallroth) Saccardo (Guerillot-Vinet et al., 1950), actinomycetes
such as Streptomyces sp. (Leben and Keitt, 1948; Lindenfelseret al.,
1958), and bacteria (Darpoux and Faivre-Amiot, 1949). The fungi
Coniothyrium minitans (Trutmann et al., 1982) and Gliocladium
virens Miller et al. (Tu, 1980) inhibit sclerotia formation and
germination myceliogenically and carpogenically.

However, none of these biological agents has been used effectively
in controlling S. sclerotiorum incidence or in protecting bean plants
from infection under field conditions. Nevertheless, research is
continuing in Australia, Canada, and United States on developing
some of these mycoparasites as biological control agents.

Ginger rhizome peelings have inhibited ascospore germination
on chickpea (Cicer arietinum L.) and indicate a new approach to the
control of Sclerotinia sclerotiorum (Singh and Singh, 1984).

Control by Cultural Practices

For controlling the pathogen, Zaumeyer and Thomas (1957)
recommend cultural practices such as crop rotation, flooding,
reduced seeding rates, fewer irrigations, and destruction of those
bean-cull screenings which contain sclerotia. Similar recommenda-
tions have been made in Brazil (Costa, 1972). Deep plowing also has
been advocated (Merriman, 1976), and disputed (Brooks, 1940;
Gabrielson et al., 1971; Partyka and Mai, 1962), as a control
measure. Crop rotation is not likely to be effective because sclerotia
survive in soil and tillage operations, ensuring the presence of
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sclerotia at or near the soil surface (Cook et al., 1975). However, this
practice does help reduce the number of sclerotia within the field
and hence controls yield-loss potential. Flooding has limitations
and may not be practical in many situations. Planting density
depends on the cultivar and its growth potential. For example,
reduced planting rates for vigorous vine types can result in large
dense canopies which would promote white-mold development.

Irrigation frequency can influence disease incidence on cultivars
with indeterminate plant growth habits and dense plant canopies
(Weiss et al.,, 1980a and 1980b). Growers should not irrigate if
white-mold infection is prevalent within their bean fields (Steadman
etal., 1976) or, at least, should reduce late-season irrigations (Weiss
et al., 1980b). Reuse of irrigation water should be avoided or the
water treated to remove sclerotial and/ or ascosporic contamination
(Steadman et al., 1975.)

A survey of bean fields in Canada revealed that infected and
uninfected crops grew on soils with a pH of 7.5 and 7.0, respectively.
However, the authors did not determine the nature nor the
applicability of this association (Haas and Bolwyn, 1972). Heavy
fertilizer rates are not recommended because they increase disease
incidence (Andersen, 1951) by, presumably, stimulating canopy
density. Planting beans after alfalfa, similarly, can stimulate canopy
density and lead to severe white-mold incidence.

Chemical Control

Applying benomyl, DCNA or dicloran, dichlone, PCNB, or thia-
bendazole around early- to mid-bloom controls S. sclerotiorum
infection on snap and common beans, particularly under dryland
conditions (Beckman and Parsons, 1965; Campbell, 1956; Costa,
1972; Forster, 1980; Gabrielson et al., 1971; Lloyd, 1975; McMillan,
1973; Natti, 1971; Verdugo-G. and Fucikovsky-Zak, 1980). How-
ever, Partyka and Mai (1958) report that repeated soil fumigation
with a dichloropropene-containing compound actually increased
the incidence of white mold in lettuce. Satisfactory chemical control
in western Nebraska has not been obtained on indeterminate
common bean cultivars grown under irrigation (Steadman, 1979).
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Sporadic results also have occurred in Canada, California, Colo-
rado (Schwartz et al., 1987b), Montana, Washington and Wyo-
ming. Other fungicides such as vinclozolin, procymidone (Vulsteke
and Meeus, 1982), and iprodione, are being tested for their
effectiveness in controlling white mold. Timing of the chemical
application and thoroughness of coverage are critical to sucessful
control (Steadman, 1983). Because of the expense of fungicide
applications, forecasting systems such as that proposed for snap
bean by Hunter et al. (1984), need to be developed.

Radke and Grau (1986) report that herbicides can influence
carpogenic germination in the laboratory. Trifluralin, pendi-
methalin, metribuzin, simazine, and atrazine stimulate the germina-
tion of sclerotia and increase the number of stipites and apothecia
per sclerotium. Although simazine and atrazine enhance stipes
formation, the stipites and apothecia that formed were malformed.
Linuron and DNBP inhibit germination and apothecial devel-
opment, and alachlor causes variable responses.

Control by Plant Resistance

An association between canopy development and white-mold in-
cidence and disease severity has been observed in various crops,
including peanuts (Coffelt and Porter, 1982) and beans. Row
spacing, growth habit, plant density, daylength, temperature, and
fertilizer application can influence canopy development and there-
fore disease incidence, especially with indeterminate bean types
(Blodgett, 1946; Coyne et al., 1974, 1977, and 1978; Gaxiola-L.,
1977; Haas and Bolwyn, 1972; Natti, 1971; Schwartzet al., 1978 and
1987b; Steadman et al., 1973; Zaumeyer an Thomas, 1957). An
open canopy facilitates air circulation and light penetration within
the canopy. As a result, moist leaf and soil surfaces dry more rap-
idly, reducing or preventing infection. Some indeterminate culti-
vars produce a distinct tunnel above the open furrow as opposed to
a dense and intertwined canopy. This architectural trait helps
prevent contact between foliage and pods with moist debris on the
soil surface (Fuller et al., 1984c). Selecting for disease avoidance,
however, can be accomplished on a single-plant or single-row basis
only if intergenotypic interference is reduced (Fuller et al., 1984b).
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An example of the interaction between row spacing and cultivar
is with the cultivar Aurora. Because of its upright, open growth
habit it escapes infection when it is planted at a within-row spacing
of 4-5 cm (Coyne et al., 1977). However, when it is planted 30.5 cm
apart within the row it sprawls and is more severely infected. Ori-
enting bean rows parallel with the prevailing wind direction may
also reduce disease incidence by providing improved air circulation
and better light penetration (Haas and Bolwyn, 1972).

Resistance to S. sclerotiorum in the field has been observed in
Phaseolus vulgaris germplasm (Anderson et al., 1974; Blodgett,
1946; de Bary, 1887; McClintock, 1916; Ramsey, 1925; Yerkes,
1955). Resistant materials include Black Turtle Soup (BTS-3),
Black Valentine, Tacaragua, Cacahuate, Ex Rico 23, and P.I.
169787 (Anderson et al., 1974; Beversdorf and Hume, 1981; Fuller
et al., 1984a; Schwartz et al., 1987a). Disease incidence and rate of
disease development are slower in Ex Rico 23 in Canada under field
conditions (Beversdorf and Hume, 1981; Tu and Beversdorf, 1982).
However, plants with field resistance and entries which escaped
disease can be infected in controlled environment chambers where
they are exposed to colonized tissue for 18-36 hours under high
humidity (Hunter et al., 1981 and 1982a). This test is known as the
limited term inoculation test and is sensitive. It is useful for
screening germplasm for partial (field) or higher degrees of
resistance such as identified in P.I. 415965, P.1. 169787, P.1. 204717,
and P.1. 417603 (Phaseolus coccineus) (Hunter et al., 1982a).

Resistance also has been identified in P. coccineus (Adams et al.,
1973; Hunter et al., 1981; Steadman et al., 1974; Verdugo-G. and
Fucikovsky-Zak, 1980) and P. coccineus x P. vulgaris hybrids
(Abawi et al., 1975b). This type of physiological resistance is
necessary in areas such as New York State, where bush beans are
grown and escape or where plant architecture plays a minor role in
resistance.

The resistance of P. vulgaris lines such as Tacaragua, BTS-3, A
51, A 55,83 VEF MXA 222, Rabiade Gato, and Porrillo Sintético,
is quantitatively inherited and due primarily to additive gene action
(Fuller et al., 1984a). Repeated selection (recurrent selection
schemes) should accumulate genes for resistance and help identify
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the highest level of resistance possible (Dickson et al., 1982; Fuller et
al., 1984a; Lyons et al., 1985).

Attempts are being made to develop stable resistance by using a
plant structure which maximizes disease avoidance and also has
physiological resistance to S. sclerotiorum (Coyne et al., 1977;
Hunter et al., 1982a; Schwartz et al., 1987b). Such cultivars should
be part of an integrated control program that includes the use of
fungicides, disease forecasting, and practice of appropriate cultural
practices.
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