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La roya del frijol causada por Uromyces appendiculatus (Pers. ) Ung. afectd un
mayor nimero de hojas {incidencia) y una mayor drea foliar (severidad ] en plantas de
frijol (Phaseolus vulgaris L [ cultivadas en forma individual que en plantas de frijol aso-
ciado con maiz. Los valores promedio de la proporcion de incremento diario de la inci-
dencia y la severidad de la roya durante el total del periodo experimenral siempre fue-
ron mds altos en el frijol en monocultivo que en el frijol cultivado en asocio con maiz.
Al comienzo de la epidemia, se registraron diferencias entre la cantidad de roya que
mostraban plantas de frijol que se habian cultivado con diferentes prdcticas de manejo
del suelo. Asi, se produjo mds royg en aquellos ratamientos del suelo que consistian
en la eliminacion de los residuos de la cosecha anterior y su posterior arada y pases de
rotador que en aquellos tratamientos que consistian en labranza reducida o cero la-

branza.

Introduction

aize (Zeg mays 1..) and common beans {(Phaseo-
fus vulgaris 1..) are important crop components
] x in agroecosystems managed by Latin American
small farmers. Different types of maize and beans are
combined in cropping patterns such as association,
relay cropping and double cropping. These cropping
patterns are managed according to the ecological and
socio-economic environment in which they are cul-
tivated. Approximately 90% of beans in Colombia,
80% in Brazil, 73% in Guatemala and 40% in Mexijco
are produced in association mainly with maize {(6). In
spite of the importance of the maize-bean association
only in recent years has information on this crop
combination become available (2, 3, 4).
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One of the advantages frequently pointed out to
account for the popularity of maize-bean combina-
tion among small farmers is a possibie reduction of
the incidence and severity of diseases in this and
severa] other crop combinations, as compared fo
monoculture (11), although the opposite has been
reported (10)

Small farmers practise several methods of soil
preparation for cultivation of maize and beans, rang-
ing from conventional mechanical plowing to several
types of minimum and no-tillage practices. The influ-
ence of soil management, particularly practices
including crop residues such as mulch, on the onset of
epidemics and further spread of plant pathogens has
not been sufficiently studied under tropical condi-
tions A more uniform temperaiure and more diverse
soil microflora than in temperate climates are {actors
{requently cited as influencing rapid degradation of
crop residues and consequently reducing the avail-
ability of primary inoculum in the tropics {5)

Bean rust caused by Lromyces appendiculatus
{Pers.) Ung . is an important air-borne bean pathogen
that might Hmit production when virulent races of
the fungus, susceptible cultivars of the host and fa-
vorable environment for disease development coin-
cide.
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This research was conducted to quantify incidence
and severity of bean rust in common beans in mono-
culture and associzted with maize under four differ-
ent soil management regimes.

Material and methods

A description of the treatments and sub-treat-
ments; experimental design; crop varieties planted,
plot size, fertilization and weed management of the
field experiment from where data on bean rust
epidemic were obtained was included in 2 previous

paper (9).

Data on incidence (I) and severity (S) of bean rust
were recorded weekly for five weeks beginning 61
days after planting. The concepts of | (number of
leaves affected) and S (leaf area affected) are used
as defined by James and Shih (7). Eighteen randomly
seiected bean plants from the center of each 48 m?
plot were marked and used for each sampling period.
Each bean plant was divided in four quadrants and
data were always recorded from the same quarter of
the plant. Each trifoliate leaf was considered for |
values but S were recorded from only the center leaf-
let. A severity scale was used. The severity scale was
calculated by measuring affected area with a planime-
ter

To calculate T and S the {oliowing formulae were
used:

tni

] =
tne

001 (n)+ 005 (na) + 0.1 (ng) +0.2 (ng ) +

S = 0.5 {ny)
tne
where:
tni = total number of leaves affected
tne = total aumber of leaves

n; ..ng = aumber of leaves with 0.01 .. 0.5 of
the leaf area affected

The Van der Plank (12) formulae were used fo cal-
culate the rates of increase (r) of [ and §

Average values of T and S were used to calculate
the generat development of the bean rust epidemic.
Transformation of data {arcsin +/ x) were used for

caiculations but percentages are used in tables. Sig-
nificant differences (P << 0.03) were determined for I
and S values using the least significant difference
(LSD) test

Meteorological data were obtained from hygro-
thermograph and rain gauge located at the center of
the experimental field.

Results and discussion

In all treatments I and S values were significantly
and positively correlated (R = 0.94} [ and S of bean
rust were positively correlated with oscillations (am-
plitude and frequency) of above average relative hu-
midity {89.3% ) during the experimental perioil. This
indicated a more effective dissemination, penetration
and development of pustules in conditions of high
relative humidity as previousty reported for this host-
pathogen relationship (13). Crop age was positively
correlated with high values of T and S. Possible expla-
nations of this relationship are: increased host suscep-
tibility with age, sbundant secondary inoculum in
later stages of plant development, more leaf area
availabie for spore landing, 2 microenvironment fa-
vorable for plant infection or a combination of the
above factors.

Uredosori were first seen 45 days after planting.
During the first sampling (61 days after planting), a
relatively high average value (24 3% ) was registered
for I, while 8 was only 0.6% (Table 1). Primary inoc-
ulum was probably abundant, penetrating several
points but lesion size increase was slow. The epidemic
increased for 66 days after planting, but there was a
decrease in both I and S values after 73 days due to
either a rapid increase in leaf area or to microenviron-
mental conditions not favorable for disease develop-
ment or to both. Maximum I (82.8%) and maximum
S (89% ) occurred 79 days after planting. A slight
decrease in disease amount was registered after 86
days due to a reduction of the total number of leaves
in the plots that were more affected during the earlier
stages of the disease development Average daily rate
of increase of I was relatively slow (r = 0 119) but §
increased at a slower rate (1 =0.077).

INFLUENCE OF CROPPING PATTERN ON BEAN
RUST EPIDEMIC

Rust pustules were observed 45 days after planting
beans in monoculture and after 50 days in beans cul-
tivated in association with maize.

Throughout the growing season the number of
teaves and the leaf area affected by bean rust was
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higher in the monoculture than in the association.
The analysis of variance of the I and 8 data from the
five sampling periods indicated a statistically signifi-
cant difference {0.05) between these cropping pat-
terns (Table I). Considering sampiing periods individ-
vally, the values of 1 and S were significantly differ-

ent between cropping patterns only after 61 and 66
days (Table 2) Inoculum dispersal across plots under
different treatments or differences in leafl areas avail-
able for infection in later stages of the epidemic prob-
ably accounted [or the lack of significance in the last
three sampling periods

Table 1. Average values of incidence and severity of bean rust under four different soil managements, two bean cropping patterns, and

five sampling periods. Turrizlba, Costa Rica.

Soil Managements' Cropping Patterns® Sampling periods® Daily*
rate of
increase
CI MT-1 MT-2 oT B B+M 61 66 73 79 88 (r)
Incidence 64 .5a° 56 6b 616a 573z 63 2a 56.8b 24.3h 64 3a 55.5ab 82.8a 73.3a 0119
Severity 56a 39b 30a 39 56a 318b 06a 319 29b 894 6.7¢ 00717

1 €7 = Conventional tilage; MT-1 = Minimum tillage-1; MT-2 = Minimum tillage-2; OT = Ne tillage

2 B = Bean monoculture; B + M = Beans-maize association.
3 Daysafter planting

4 1= Average daily rate of increase.

5 TFigures followed by the same letters do not differ statistically to the least sipnificant difference test, (LSD 0.05)

Table 2. Average values of incidence (I) and severity (S) of bean rust during five sampling periods, two bean cropping patterns and four
soil managements. Turrialba, Costa Rica,
Sazmpling periods (days after planting)
61 73 79 88

I S I S H 5 I S 1 S
Cropping patterns
Beans in monoculture 2744 0.8a 70.6a 51a 5716 3.1 862 116 749 15
Beans-maize association 212b G4b 57.9b 2.7b 534 27 798 62 718 60
Soil managements
Conventional tillage 315 3a 1.0a 67.2 50 69 7 39a 88.9 1242 676 5 3b
Minimum tillage-1 197¢c 04c 62.8 4 0a 556 29b B39 73 612 49
Minimum tillage-2 3313h 0.7b 68 4 4.1a 526 2.9b B51 1622 7940 7 6ab
No tillage 19.0¢ Odc 583 1.4b 50.0 2.0¢ 741 5.7b B5.8 8.9a

1 Figures followed by the same letters do not differ significantly sccording to the least significant difference test, L SD (0.05)
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Values ol daily rate of increase in both [ and S of
bean rust between sampling periods and average daily
rate of inegrease for the whole experimental period
were always higher in bean monoculture than in
beans cultivated in associztion with maize. The physi-
cal barrier imposed by the dominant component
{maize} of the association probably slowed dispersion
of wind borne rust spores. A loss of dispersing
uredospores through their settling on the nonhost
component of the intercrop (fHy-paper effect) also has
been suggested as the mechanism responsible for the
slower increase of diseases in intercropping systems
(8) Induced resistance has been suggested as another
cause that retards the development of legume rusts in
legume-cereal association. According to Allen (1)
sporudation of bean rust can be delayed and reduced
by inoculating beans with a mixture of maize rusts
(Puccinig sorghi and P polysora). Total biomass
producticn of beans cultivated in simultaneocus
mixture with maize is usually less than the total
biomass in monoculture (11), consequently there is
probably a reduction in available leal area for rust
infection in the legumes intercropped as compared to
legumes planted alone Finally, the microenvironment
created in the vecinity of bean plants by the domi-
nant species {maize) may not favor the development
of the discase and lurther spread of the pathogen

It is more likely that several of these [actors are
acting together either simultaneously or sequentially.

Table 3. BPaily rate of increase' of Incidence and Severity
of bean rust in two bean cropping patterns and
four different soif preparation practices. Turrial-
ba, Costa Rica.

Incidence Severity
Cropping patterns
Heans menaculture 0.:123 0.069
Beans-maize association 0.115 0068
Soil preparation practices
Conventional tillage 0187 0054
Mignimum tillage-1 0.098 0.049
Minimum tifiage-2 0.139 0.081
No tillage 0155 0090

1 According te Van der Plank (12)

INFLUENCE OF SOIL MANAGEMENT ON BEAN
RUST EPIDEMIC

Soil management practices influenced both Tand S
of bean rust, particularly at the onset of the epidem-
ic, as shown at the first sampling period when more
leaves were infected in the CT treatment {1 = 35%) as
compared to OT (I = 19% ), MT—1 (I =20% ), and
MT-2 (I = 23% ) treatments No statistically signifi-
cant ((.03) difference in rust severity in beans cul-
tivated under different soil management practices was
repistered throughout the whole period

During the first four sampling periods, higher S
values were registered for the CT treatment than for
the reduced tillage treatments, while treatment OT
always registered the lowest I and S values During
the final sampling period, early defoliation of bean
plants under the CT treatment accounted for a de-
crease in T and 8 values The continued increase in 1
and § values in treatment OT through this last sam-
pling period may be explained by the fact that in this
treatment, maize stalks from the previous crop pro-
vided a {irm support for a vigorous growth, and leaf
ares duration was longer than average

Mulch influences the development of bean rusi
epidemics either by reducing the impact of rain drops
and subsequent splash of primary or secondary ino-
culum or by providing microclimatic conditions
unfavorable to the further spread of rust spores.

Summary

The number of leaves (incidence) and the leaf area
affected (severity)} by bean rust (Uromyces appendi-
cularus (Pers)) Ung.) was higher in common bean
{Phaseolus vudgaris L) monoculture than in bean cul-
tivated in association with maize Average values of
daily rate of increase of both incidence and severity
of bean rust for the whole experimental period were
always higher in bean monoculture than in bean cul-
tivated in association with maize Soil management
influenced both incidence and severity of bean rust,
particularly at the onset of the epidemic. More beans
were infected in soil preparation treatments with
mechanjcal plowing and rototilling than with the
minimum tillage and no-tillage practices.
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Resena de libros

HAGIN, 1 y TUCKER, B Fertilization of dryland
and irrigated soils. Advances Series in Agricultural
Sciences 12, Springer-Verlag Berlin, Heidelberg
New York 1982, 188 p,

A pesar que la [ertilizacidn de los cultivos tiene
una serie de caracteristicas de manejo muy parecidos,
astas pricticas generalizadas se pueden apartar cuando
se trata de fertilizacion de cultivos creciendo en sue-
los bajo condiciones dridas y semidridas bajo irriga-
cién, donde la evapotranspiracién excede la precipita-
cian v de gran importancia actual y futura en la pro-
dueccidn de alimentos en el mundo.

Bajo condiciones de stress de agua, que es una de
las caracteristicas principales de las regiones dridas y
semidridas; el manejo del uso racional de los fertili-
zantes, se ve afectado por esas condiciones especiales
de poca disponibilidad de agua por los cultivos.

Hagin y Tucker los autores, con sus experiencias
en el mangjo de suelos dridos y semidridos nos dan un
excelente libro de texto de la famosa serie Advances
Series in Agricultural Sciences (No. 12) Springer-Ver-
fag Berlin Heideiberg New York. En este titulo ellos
recopifan y nos dan un conjunto de conocimientos,
para el estudio y manejo del uso racional de los fertili-
zantes bajo condiciones dridas y semidridas del mun-
do

El libro consta de 7 capitulos con 188 pdginas e in-
cluye 64 figuras. El capitulo 1 es una excelente intro-
duccién sobre el tema del titulo del iibro, donde no
s6lo nos describe las dreas semidridas y dridas del
mundo, sino que también, toma en consideracidn los
sistemas de produccidn agricolas existentes en dichas
regiones. Se incluye en este capitulo los conceptos
bisicos de la irrigacién, relacionados con los nuevos
problemas y ventajas que le ocurren a ua suelo drido y
semidrido cuando es irrigado v los cambios en el paso
de un uso extensivo a un use intensivo. Todo lo ante-
rior trae consige cambios en las pricticas de fertiliza-
cién ocasionados con los cambios en el manejo de los
sisternas de cultivos que se intensifican cuando fas an-
tiguas tierras secas se transforman en drea de irrigacidn.

Los capitulos 2, 3, 4 y 5 nos aportan un conoci-
miento del porqué de la fertilizacidn con Nitrdgeno,

Fasforo, Potasio, elementos secundarios y menores y
su importancia en la agricultura de zonas dridas y se-
midridas, Se discuten en cada uno de estos capituloslos
factores que afectan la disponibilidad de esos nufri-
mentos per los cuitivos, con el fin de aportar informa-
cidn para que el lector pueda seleccionar 1a mejor do-
sis, la mejor forma de aplicacién y la mejor fuente del
fertilizante. Se discuten ademds, las caracteristicas de
las diferentes fuentes de los fertilizantes nitrogenados,
fosforicos, potdsicos y de los elementos menores y se-
cundarios con especial énfasis en sus diferentes for-
mas y/o cambios que ocurren en ei suelo cuando se
aplican a los cultivos

El capitulo 6 sintetiza informacion presentada en
ios capitulos previos, pero expuesta en forma tal que
da informacién préictica sobre el uso racional de ferti-
lizantes con muiiinutrientes y sus caracteristicas para
sus formas sélidas y liquidas en la agricultura Ade-
mis, el lector se puede enterzr de las modernas técni-
cas de aplicar los fertilizantes en el agua de riego y
también la modalidad de la fertilizacién foliar y sus
impiicaciones para el futuro

En vista que ia mayoria de los suelos de las regio-
nes dridas y semigridas son suelos salinos y alcalinos,
en el capitule 6 se incluyen los especiales de fertili-
zantes a emplear en este tipo de suelos, que esté acor-
de con esas condiciones especiales de suelos.

El capitulo 7 es el mds importante desde el punto
de vista prictico, ya que nos explica ias diferentes téc-
nicas a utilizar, de cémo hacer las recomendaciones
de fertilizantes, y nos da diferentes métodos para eva-
luar y diagnosticar deficiencias nutricionzles y ta dis-
ponibilidad de nutrimentos por los suelos. En este tl-
timo topico se hace énfasis en evaluar la fertilidad de
suelos, por medio del uso de los andlisis de suelos, to-
mando en consideracidn los aspectos mds importan-
tes, la calibracién del andlisis de los suelos y su inter-
pretacién. El fibro termina con una resefia donde ex-
plica la manerz prictica de evaluar el retorno econd-
mico del uso racional de los fertilizantes,

Como Profesor de Fertilidad de Suelos a nivel de
preprade y posgrado, recomiendo a mis estudiantes
este texto como libro de consulta y mi recomenda-
cion puede ser extensiva para estudiantes que reciban
otros cursos afines
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