AGFOREE
Doctoral Program in Sustainable Use of Renewable Natural Resources
Department of Agricultural Sciences
Faculty of Agriculture and Forestry

SEEDBORNE FUNGI AND VIRUSES IN BEAN
CROPS (Phaseolus vulgaris L.) IN NICARAGUA
AND TANZANIA

DELFIA MARCENARO

ACADEMIC DISSERTATION

To be presented, with the permission of the Faculty of Agriculture and
Forestry of the University of Helsinki, for public examination in lecture
room B7, B-building (Latokartanonkaari 7), on March 16 th 2018 at 12
noon.

Helsinki 2018

Supervisor

Prof. Jari Valkonen
Faculty of Agriculture and Forestry
Department of Agricultural Sciences
University of Helsinki, Finland

Pre-examiners

Prof. Paul Vincelli
Department of Plant Pathology
University of Kentucky, USA
Prof. Paula Persson
Department of Crop Production Ecology, Uppsala,
Sweden
Swedish University of Agricultural Sciences, SLU

Opponent

Dr. Magnus Karlsson
Department Forest Mycology and Plant Pathology,
Uppsala, Sweden
Swedish University of Agricultural Sciences, SLU

Cover photograph:

Delfia Marcenaro and Noora Nordenstedt
‘Colletotrichum gloesporiodes and virus symptoms
observed in common bean plants in La Compañia,
Nicaragua’.

ISBN 978-951-51-4145-3 (Print)
ISBN 978-951-51-4146-0 (Online)
Helsinki University, Unigrafia Helsinki 2018

List of original publications
The doctoral thesis is based on the following publications, which are referred
to in the text by their Roman numerals:
I.

Marcenaro D, Valkonen JPT (2016). Seedborne Pathogenic Fungi
in Common Bean (Phaseolus vulgaris cv. INTA Rojo) in Nicaragua.
PLoS ONE 11(12): e0168662. doi:10.1371/journal.pone.0168662.

II.

Marcenaro D, Valkonen JPT (2018). Development of speciesspecific primers for detection of pathogenic seed-borne fungi in
common bean (Phaseolus vulgaris L.). Manuscript submitted.

III.

Nordenstedt N, Marcenaro D, Chilagane D, Mwaipopo B, Rajamäki
ML, Nchimbi-Msolla S, Njau PJR, Mbanzibwa D and Valkonen JPT
(2017). Pathogenic seed-borne viruses are rare but Phaseolus
vulgaris Endornaviruses are common in bean variaties grown in
Nicaragua and Tanzania. PLoS ONE 12 (5): e0178242.
https://doi.org/10.1371/journal.pone.0178242.

3

ABBREVIATIONS
ANOVA
BCMV
BCMNV
BLAST
bp
Cdna
CNIA
CMV
CB
CPS
DNA
dNTP
dsRNA
DTT
INTA
ITS
M-MLV RT
MTR
NCBI
NIFAPRO
nt
ORF
PCR
PDA
PvEV-1
PvEV-2
rDNA
Rrna
RdRp
RNA
RT-PCR
SBMV
siRNA
UGT

Analysis of Variance
Bean common mosaic virus
Bean common mosaic necrosis virus
Basic Local Alignment Search Tool
Base pair
Complementary DNA
National Center of Agricultural Research
Cucumber mosaic virus
Common bean
Capsular polysaccharide synthase
Deoxyribonucleic acid
Deoxyribonucleotide
Double-stranded RNA
Dithiothreitol
Nicaraguan Institute of Agricultural Technology
Internal transcribed spacer
Moloney
Murine
Leukemia
Virus
Reverse
Transcriptase
Methyltransferase
The National Center of Biotechnology
Nicaragua-Finland Agrobiotechnology Program
Nucleotide
Open reading frame
Polymerase chain reaction
Potato dextrose agar
Phaseolus vulgaris endornavirus 1
Phaseolus vulgaris endornavirus 2
Ribosomal DNA
Ribosomal RNA
RNA-dependent RNA polymerase
Ribonucleic acid
Reverse transcription polymerase chain reaction
Southern bean mosaic virus
Small interfering RNA
UDP-glycosyltransferase

4

CONTENTS
List of original publications ................................................................. 3
Abbreviations ........................................................................................ 4
Abstract ................................................................................................. 6
Resumen ............................................................................................... 8
1
Introduction .................................................................................. 9
1.1 General aspects of common bean ................................................. 9
1.2 Common bean in Nicaragua and Tanzania ................................... 11
1.3 Major bean diseases ............................................................... 12
1.4 Pathogenic fungi ...................................................................... 13
1.4.1 Seedborne pathogeni fungi associated with CB in Nicaragua . 14
1.5 Plant viruses ............................................................................ 16
1.5.1 Virus associated with CB in Nicaragua and Tanzani ............... 17
1.6 Managament of bean diseases .............................................. 19
Aims of this study ...................................................................... 21
2
Materials and methods.................................................................. 22
3
3.1 Survey and sampling of plant and seed material .................... 22
3.2 Methods .................................................................................. 24
3.2.1 Experiments in the laboratory .................................................. 24
3.2.2 Analysis of emergence and symptoms of seedlings ................ 24
3.2.3 Isolation of fungi and fungal material ...................................... 24
3.2.4 Pathogenecity tests ................................................................. 25
3.2.5 Phylogentic analysis of sequences .......................................... 25
3.2.6 Stastical analyses .................................................................. 26
Results and Discussion ............................................................. 27
4
4.1 Identification of seed-borne pathogenic fungi in bean ............. 27
4.2 Pathogenecity tests of F. Oxysporum and primers design ......... 36
4.3 Viruses detected by small-RNA sequencing and RT-PCR ........ 38
Conclusions and Future perspectives........................................... 39
5
Acknowledgments ........................................................................ 41
References ..........................................................................................44

5

ABSTRACT
The common bean (Phaseolus vulgaris L.) is an important legume crop grown
widely around the world due to its high nutritional values. In developing
countries of Africa and Latin America (e.g. Tanzania and Nicaragua) bean crop
is linked to food security and income generation especially in poorest groups
made up of small farmers. Disease problems, pests, unimproved seeds,
inappropriate agricultural management and environmental conditions are
often the main constraints in bean crop production. In Nicaragua and
Tanzania, the unavailability of certified seed of local bean varieties causes
significant losses in yield and quality. Other limitation present in Nicaragua and
Tanzania concerning bean diseases is that seed-borne fungi and viruses has
gained little attention. Thus, for better understanding in seed-borne fungi and
viruses associated with beans we investigated seed-borne fungi in an
important new local bean variety. Sampling from four seed storehouses and
six seed lots of cv. INTA Rojo was done in the main bean production areas in
Nicaragua. In addition, to detect viruses infecting bean plants, we surveyed
seedborne viruses in landraces and new common bean varieties introduced
to Nicaragua (Central America) as well as improved varieties grown in
Tanzania (eastern Africa).
The main results for seedborne fungi included 87 pathogenic
isolates from eight genera: Fusarium spp. (F. chlamydosporum, F. equiseti, F.
incarnatum), Lasiodiplodia theobromae, Macrophomina phaseolina,
Corynespora
cassiicola,
Colletotrichum
capsici,
Colletotrichum
gloeosporioides, Diaporthe sp. (Phomopsis), Aspergillus flavus, and
Penicillium citrinum. Subsequently, results based on germination in seed lots
of common bean (‘INTA Rojo’) from four bean production areas in Nicaragua
showed that germination was constantly less than 40% and could be as low
as 16%, indicating disastrous yield losses for producers.
Four different species-specific primer pairs to detect F. equiseti,
F. chlamydosporum, F. incarnatum, C. capsici, C. gloesporiodes and C.
cassiicola were developed in this study based on sequence alignment of the
internal transcribed spacer sequences (ITS1 and ITS2) from different fungi.
They were tested in pure cultures of fungi and used successfully in detection
of fungal pathogens from infected plants. These specific primers are able to
give the basis to be used in seed health inspection (seeds and plants) for
further research of the epidemiology, ecology, and control of the pathogenic
fungi of common beans in the field.
The presence of Phaseolus vulgaris endornavirus 1 (PvEV-1) and
PvEV-2 was detected in Nicaraguan and Tanzanian bean varieties. Likewise,
Cowpea mild mosaic virus was detected in one region of Tanzania. There is
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apparently indication that the new Nicaragua bean varieties are carrying virus
resistance genes because no seedborne viruses were found in them.
In Tanzania improved protection against pathogenic seed-borne viruses is
developed by resistance breeding.
These findings are the first report showing that several pathogenic seed-borne
fungi occur in Nicaraguan beans. Previously, little information has been
available on pathogenic fungi such as F. equiseti, F. incarnatum, L.
theobromae, C. cassiicola, and Diaporthe spp in Nicaraguan common beans.
This study has contributed in taking first steps to improve the pathological and
genetic components in the national seed production system in Nicaragua and
Tanzania by providing new knowledge concerning seed-borne pathogens
associated with common bean.
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RESUMEN
El frijol (Phaseolus vulgaris L.) es un cultivo leguminoso importante que crece
extensivamente alrededor del mundo, debido a sus altos valores nutricionales.
En países en desarrollo como África y América Latina (por ejemplo, Tanzania
y Nicaragua), el cultivo del frijol está vinculado a la seguridad alimentaria y
generación de ingresos especialmente en los grupos más pobres formados
por pequeños productores. Problemas de enfermedades, plagas, semillas no
mejoradas, inapropiado manejo agrícola y condiciones ambientales son a
menudo las principales limitaciones en la producción del cultivo del frijol. En
Nicaragua y Tanzania, la falta de uso de semilla libre de patógenos y la
disponibilidad limitada de semillas certificadas de variedades locales de frijol
requeridas para cubrir la demanda nacional para la producción del frijol,
causan pérdidas significativas en el rendimiento y calidad. Otra limitación
presente en Nicaragua y Tanzania con respecto a las enfermedades en el
frijol es la poca atención que ha habido en la trasmisión de hongos y virus por
semillas. Como resultado, hay muy pocos estudios que provean la seriedad
de estos patógenos. Por lo tanto, para entender mejor la transmisión de
hongos y virus por semillas en el frijol y obtener información, hemos
investigado la transmisión de hongos por semilla en una nueva e importante
variedad local INTA Rojo. Muestreo de cuatro almacenes y seis lotes de
semillas de la variedad INTA Rojo fue realizado en las principales áreas de
producción de semilla en Nicaragua. Además, se estudiaron virus trasmitidos
por semillas en nuevas variedades mejoradas de frijol común introducidas en
Nicaragua (América Central), variedades locales y variedades mejoradas
cultivadas en Tanzania (África oriental) para conocer la incidencia y presencia
de virus infectando el cultivo del frijol. Un set de cebadores específico de
especie fue desarrollado basado en el alineamiento de secuencias de espacio
transcritos internamente (ITS1 e ITS2) de diferente grupo de hongos. Estos
cebadores moleculares fueron diseñados para ser usados en detectar hongos
que infectan las plantas y para ser probados en cultivos puros de hongos.
Además, estos cebadores serán utilizados en la inspección de semillas para
controlar hongos patogénicos del frijol común en el campo.
En base a la morfología y el análisis molecular de las regiones
ITS (ITS1 e ITS2) del gen ácido ribonucleico (ARN) ribosómico se identificaron
diversos grupos de hongos. Los resultados principales para los hongos
transmitidos por semilla incluyen 87 aislados patogénicos pertenecientes a
ocho géneros: Fusarium spp. (F. chlamydosporum, F. equiseti, F.
incarnatum), Lasiodiplodia theobromae, Macrophomina phaseolina,
Corynespora
cassiicola,
Colletotrichum
capsisi,
Colletotrichum
gloeosporioides, y Diaporthe sp. (Phomopsis), Aspergillus flavus y Penicillium
citrinum.
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Además, el estudio de investigación basado en los resultados de virus
transmitidos por semillas indica la presencia del endornavirus 1 de Phaseolus
vulgaris (PvEV-1) y el PvEV-2 en variedades de frijol. También se detectó el
virus del mosaico leve del caupí en una región de Tanzania.
Estos resultados muestran que muchos hongos patogénicos
ocurren en el frijol nicaragüense y que fueron reportados por primera vez en
este estudio. Previamente, se disponía de poca información sobre hongos
patogénicos tales como F. equiseti, F. incarnatum, L. theobromae, C.
cassiicola y Diaporthe spp en el frijol en Nicaragua. Fue demostrado que F.
equiseti, F. chlamydosporum, F. incarnatum, C. capsici, C. gloesporiodes y C.
cassiicola pueden ser detectados usando un conjunto de cebadores
específico desarrollados en este estudio en tejido del frijol. Además,
aparentemente hay indicios de que las nuevas variedades de frijol de
Nicaragua portan genes de resistencia a virus porque no se encontró ningún
virus transmitido por semilla. En Tanzania, la mejora de la protección contra
los virus transmitidos por semillas se desarrolla mediante la mejora de la
resistencia. Este estudio proporciona nueva información y conocimiento sobre
los patógenos transmitidos por semillas, especialmente los hongos
patogénicos asociados al frijol común, y da los primeros pasos para cubrir los
componentes patológicos y genéticos para mejorar el sistema nacional de
producción de semillas en Nicaragua y Tanzania.
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1. INTRODUCTION
1.1.

General aspects of common bean

Common bean (Phaseoulus vulgaris L.) represents one of the most cultivated
and edible legume in the world (Pachico 1989; Graham & Ranalli 1997;
Broughton et al. 2003; Boye et al. 2010). In Nicaragua and Tanzania common
bean (CB) for instance, represents the second most important crop after maize
(Santalla et al. 1999; FAOSTAT 2014). Common bean, due to its nutritional
properties (protein content, vitamins, zinc, iron and fiber), food security and
income generation is considered as a crop with high economic importance in
developing countries (Santala et al. 1999; Wortmann et al. 2004; Mora-Avilés et
al. 2007; FAOSTAT 2014). Beans are herbaceous annuals plant that grown in
tropical, subtropical and temperate zones with self-pollination while being alos
able to out-cross (Free 1993; Ferreira et al. 2000; Gepts, 2001). The genetic
diversity of bean is wide and very important. More than 90 % of the accessions
found in the germplasm banks belong to the genus P. vulgaris (CIAT 2001).
Common bean is originated from two centers of origins; the Andean area is
characterized by large-seeded whereas Mesoamerican is characterized by smallseeded gene pools (Koenig & Gepts 1989; Graham & Ranalli 1997). Both
morphological and molecular findings support these two centers of origin (Gepts
et a.1986; Singh Nodari & Gepts1991; Singh et al. 1991; Becerra Velasquez &
Gepts 1994; Blair et al. 2006).
The yield of common bean production in Latin America was
estimated to be 11, 293,922 tons and Africa about 4,740,016 tons (FAO 2013;
Jimenez 2014). Typically, common bean is grown by small-scale farmers. The
yield is mainly consumed locally in diverse forms of traditional dishes (INTA 2002;
INTA 2008). Common bean is cultivated under different cropping systems that
includes mechanized, irrigated and intensive production. It is regularly
intercropped with maize and sorghum (Schoonhoven & Voysest, 1991; Eden
2002; INTA 2002; INTA 2008).
In regions of Africa common bean can be grown twice a year while
in Latin America, including Nicaragua, it is grown two to three times in the year
(Belay 1998; INTA 2002; Wortmann et al. 2004 INTA 2008). However, in
developing countries in east of Africa and Nicaragua most farmers get their seed
from informal seed system that includes grains/seeds from local market as well
as their own saved seeds/food from previous harvests (Van Gastel et al. 2002).
Generally, small-scale farmers are not always mindful the
importance of high quality seed for production which includes genetic quality,
pathological quality, physical quality and physiological quality (Louwaars 2007).
Therefore, it is demonstrable that planting low quality of seed puts a risk for poor
field emergence and non-vigorous plants (Matthews et al. 2012).
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The importance of common bean as major food crop has been evaluated in many
studies concerning the negative effects of quality of seeds, pests, diseases,
climate change and intercrop system (Martinez et al. 2012). Infection by seedborne pathogens may lower seed germination and emergence, result in stunted
growth as well as into introduction of new diseases (Maddox 1998). Most of the
pathogens causing diseases in common bean are seed-transmitted or can
survive for long period in the soil and plant residues (Schwartz et al. 2005;
Silvestro et al. 2013; Navas 2015; Lisboa et al. 2016).
Thus, the use of resistant cultivar and healthy seeds could be solution in
combination with proper cultural practices for good management of bean pests
and diseases (Singh 2000). Therefore, more studies are needed to improve
common bean seed production (pathological quality) and to identify new sources
of inoculum by controlling the occurrence of new pests and diseases.
1.2.

Common bean in Nicaragua and Tanzania

In Nicaragua, while agriculture is the main economic activity based on small to
medium scale farmers, it is also the sector most exposed to natural disasters. It
commonly suffers from lack of access to technology, poor infrastructure for bean
storage and inadequate resources. In Nicaragua basic grains are beans, maize
(Zea mays L.), rice (Oriza sativa L.) and sorghum (Sorghum bicolor L.) that
represent the basic diet routine for people. However, maize and bean are most
important crops for food security and income generation (INTA 2002); FAOSTAT
2014).
Due to importance of beans, breeding programs are carried out to
improve the cultivars and national seed production system (Jimenez 2014).
Selected cultivars such as `INTA Rojo' and `INTA Cardenas' have been listed by
the Nicaraguan government for extensive production in the cropping systems
used by small-scale farmers. ‘INTA Rojo’ is highly relevant cultivar because of its
characteristics which include high yield, good flavor, red skin color and drought
tolerance (Jiménez et al. 2012; Jiménez & Korpelainen 2013).
Climate conditions promote the growth of beans throughout the year
in primera (May-June), postrera (September-October) and apante (NovemberDecember) sowing seasons (INTA 2002; Gomez 2004; INTA 2009). There are
four main production regions of common bean: I (Estelí), IV (Rivas, Granada and
Carazo), VI (Matagalpa and Jinotega) and RAAS (Región Autónoma del Atlántico
Sur, Nueva Guinea). In most of the regions of Nicaragua, common bean is grown
in intercropping systems (e.g. with maize and sorghum) under conventional
tillage (INTA 2002; INTA 2008).
The mean per capita consumption of bean in Nicaragua is 26.1 kg
per year, but it will depend on yield, prices and exportations (IICA et al. 2009).
Nevertheless, PESA/FAO & INTA/MAGFOR (2007) reported that the average of
bean consumption per day was calculated to be 55.6 g, which represents 84.8%
of the adequacy percentage of food sufficiency.
11

Despite efforts from farmers to produce beans there are several constraints that
affect and limit bean production in Nicaragua. The main constraints include lowquality seed, non-certified seed, soil infertility due to nutritional deficiencies,
deprived agronomic practices, water stress, lack of improved cultivars, pests and
diseases. Infection with seed-borne pathogens can cause low germination and
emergence rates, growth retardation, crop loss and as well as, introduction of
new diseases (Maddox 1998; Solórzano & Malvick 2011). In response to these
constraints, more research pointing to improve seed quality (seed health) to get
more productivity and to develop diagnostic tools for seed health inspection and
conduct studies concerning to the control of pathogenic fungi and virus of
common beans in the field. These constraints in common bean production can
force the governmental authorities to put more efforts in the phytosanitary
regulation and to guarantee that only healthy seed can be marketed.
In Tanzania the common bean crop has been cultivated for home
consumption, seed production in an artisanal way and well as for income security
crop (Hillocks et al. 2006). Tanzania has been one of the major common bean
producing country in East Africa. The importance of common bean in Tanzania
is focusing on food/nutrition due to over 75% of rural households depend on
beans for daily subsistence (Kalyebara and Buruchara 2008). In Tanzania, about
80% of rural community depend on agriculture for their livelihood (Nchimbi 1989).
However, the main constraints in common bean are diseases, pests and abiotic
factors. Major diseases (seed borne pathogens) are huge and the knowledge for
viruses and fungi infection are low.

1.3. Major Bean diseases
Beans are vulnerable to several production constraints that include biotic and
abiotic factors. Biotic constraints consisting of diseases caused by a wide range
of pathogens (fungi, bacteria and viruses) and pests (nematodes, aphids,
whiteflies and beetles) present a huge problem in bean cultivation. The most
serious abiotic constraints are phosphorus and nitrogen deficiency, drought, poor
soil fertility and low pH (Singh 1992; Agrios 1997; Opio et al. 2001; PROMESA
2002; Agrios 2005; Schwartz et al. 2005).
Among bacterial diseases the most common are bacterial blight
(Xanthomonas axonopodis pv. phaseoli) [(E. F. Smith) Dowson], bacterial brown
spot (Pseudomonas syringae pv. syringae) and halo blight (Pseudomonas
syringae pv. phaseolicola). These bacterial diseases affect different parts of
common bean that include foliage (leave and stem), pods and seeds (Singh et
al. 2010). Fungal diseases such as angular leaf spot (Phaeoisariopsis griseola),
leaf rust (Uromyces appendiculatus) Pers) Unger, anthracnose (Colletotrichum
lindemuthianum) Sacc & Magn), white mold caused by Sclerotinia sclerotiorum
(Lib.), root rot (Fusarium spp and Pythium spp) are diseases with frequent
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incidence and wide distribution in bean growing areas in America. (Schwartz et
al. 2005; Hillocks et al. 2006; Singh 2010).
Other important diseases of common bean are those caused by
viruses, Bean common mosaic virus (BCMV) and Bean common mosaic necrosis
virus (BCMNV) belonging from the genus Potyvirus and transmitted in bean
seeds by aphids. Also, these viruses can be transmitted by pollen and
mechanically.
Bean golden mosaic virus (BGMV) and Bean golden yellow mosaic
virus (BGYMV) are diseases caused by begomoviruses which are transmitted by
the whitefly Bemisia tabaci in a circulative persistent manner (Idris et al. 2001;
Brown and Czosnek 2002). These diseases are considered among the most
destructive plant viruses as they are responsible for severe losses in the tropical
and subtropical regions of Central America, North America (United State and
Mexico) and Caribbean (Agrios 1997; PROMESA 2002; Singh et al 2010).
Other bean disease present in Latin America is Bean dwarf mosaic
virus transmitted in wild by B. tabaci in a persistent manner as well as by
mechanical transmission.
Most of the major diseases affecting the commonly grown bean
cultivars are seed transmitted. In view of the large number of potential bean
diseases and their wide distribution around the world, it is evident that bean yield
losses should be much higher in the absence of properly agricultural
management practices. Some bacteria, viruses and fungi are transmitted by seed
as a contaminant adhered to seed coat, or internally, which it is considered as
the main mechanism of seed transmission (Waller et al. 2002).
Hence, the importance of good and an accurate diagnosis of plant
bean diseases and their control by incorporating molecular tools and properly
agricultural management to assure the food security, high production, pathogenfreed seed and good quality (Schwart et al. 2005).
1.4. Pathogenic fungi
Fungi are defined as “non-photosynthetic hyphal eukaryotes and related forms”
(Carlile & Watkinson 1994). Most fungi are considered filamentous and reproduce
by spores and/or have chitin and glucan containing cell walls. However, one large
group of fungi, Deuteromycetes, do not form spores and these fungi are multiplied
by growth of hyphal fragments. Fungi can be classified as obligate parasites
(biotrophs), non-obligate parasites (necrotrophs and hemibiotrophs), facultative
saprophytes or facultative parasites. There are more than 100 000 fungal species
that are saprophytes but only 10 000 of them are known to cause diseases on
plants (Agrios 1997).
Most of the airborne pathogens are biotrophic and produce windcarried spores that infect aerial parts of the plant (Agrios 2005).
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Plant infection by fungi is carried out by different steps: attachment (activity
phase), germination (requires energy), appresorium formation (cell cycle
progression, differentiated infection structures are used for penetration),
penetration (start of the mechanical infection process and to facilitate enzymatic
activity and osmotic pressure), invasive growth (high hyphae production) and
finally sporulation (the cycle ends).Fungi use proteins in the infection process
when they enter the cell (e.g. enzymes to breakdown cell wall). Hence, secretion
of fungi play an important role in the pathogenesis because it may affect plant
during the phase growth and development (Agrios 1997, 2005; Aro et al. 2005).
Most plant diseases are caused by fungi which are microscopic
organisms producing hyphae that in masse form a mycelium. Mostly, these fungi
are reproduced by spores. Spores are dispersal medium and regularly moved to
the bean plant by soil, wind, water or other agents. In order to cause infection in
the plant fungi need favorable conditions to survive. For instance, spore
germination and the conduct of a pathogenic fungus in the nature will depend on
the environmental factors. Under good environmental conditions, fungi can
germinate to produce germ tubes and new hyphae can penetrate the plant
throughout natural opening, wounds or surface of the host. In many plant
diseases, fungal pathogens can show their signs of infection by producing
structures on the surface of the host. For instance, these structures include
spores, mycelia and sclerotia.
There is a large list of fungal symptoms that include cankers, leaf
spot, necrosis, rots, anthracnose, and decline, death of the plant and visible
structure of sclerotia, mycelium and spore on the plant (Agrios 1997; Kronstad
2000; Agrios 2005; Porch et al. 2014). Necrotic symptoms consist of leaf spots,
blight, root rot, canker, scab, damping-off, soft stem rot and anthracnose. Other
symptoms caused by fungi are wilting, rust, smut and mildew (Agrios 1997, 2005).

1.4.1. Seedborne pathogenic fungi associated with common bean in
Nicaragua
Pathogenic fungi have a great ability to infect seeds internally and externally.
When the focus of infection is in the inner seed, the damage is more serious, as
it may destroy the embryo. Furthermore, seed-borne fungi can contaminate the
seeds and cause in bean cultivars yield loss, affect seed quality, seedling
germination and growth. Seed-borne pathogenic fungi also can cause diseases
on roots, in aerial parts of bean and in other underground body. These fungi can
also produce toxins making the beans inappropriate for consumption (Waller et
al 2002; Makun et al. 2009; Makun et al. 2010; Narayan et al. 2013; Amodu and
Aku 2015; Z.I. El-Gali 2015).
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Thus, seed-borne fungi are mainly the causal agents of root diseases in beans
and represent the main biotic component of yield decline in an intensively
cultivated area. Seed-borne fungi can survive in soils for long period and cause
root rot with influence ranging in severity from declined growth rates to the death
of the plant, depending on the host susceptibility and environmental conditions.
Fungal pathogens causing root rot can survive in soil and colonize roots of host
crops in the mycelium state. In fact, temperature of soil is the main driving force
of their development and the physiochemical factor keys of their ecology (Hall
1995).
Some examples of seedborne fungi are Pythium spp.,
Macrophomina phaseolina (Tassi) Goid., Rhizoctonia solani, Kühn., Fusarium
oxysporum (Schltdl.) Fr., F. solani (Mart.) Sacc., and Colletotrichum
lindemuthianum (Sacc. & Magnus) which are potential pathogens causing
serious economic damages in bean to limit production to a large extent and in a
catastrophic manner for farmers.
Recently, seed-borne pathogens of common bean in Nicaragua were
detected and reported. The method used for fungi detection was incubation tests
(MAGFOR-OIRSA 2004). The fungi detected are listed in Table 1.

Table 1. Pathogens identified in bean seeds in Nicaragua (MAGFOR, 2004)
Fungi transmitted on seed
coat
Alternaria alternata
A. tenuis
Botryodiplodia sp.
Colletotrichum
lindemuthianum
Curvalaria sp.
Diplodia sp.
Entyloma petunia
Erysiphe poligoni
Macrophomina phaseolina
Phyllosticta phaseolina

Fungi transmitted
internally in embryo
Fusarium oxysporum.
F. parasiticum
Fusarium f. sp. phaseoli
F. ramularia

Bacteria

Viruses

Burkholderia
phaseoli
Burkholderia
syringae pv. oli

Bean
common
mosaic
virus

F. phaseolina
F. vasinfectum
Pythium aphanidermatium

The main recently seed-borne fungi known to infect common bean in Nicaragua
is reported in this study.
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1.5. Plant Viruses
Plant virus diseases can cause extremely serious damages leading to high yield
losses in many crops grown worldwide. However, yield loss by viruses depend
on several factors: transmission system (seed, pollen, fungi, vector or
mechanically), hosts (for instance, crop variety), crop system and virulence
evolution (Agrios 1997). Agrios (1997) defined a virus “as nucleoprotein” with the
competence to cause disease on the host. Viruses as plant pathogens are
considered as intracellular parasites with a small genome (RNA or DNA) that
contain only few genes. Mostly, the spreading of plant viruses from plant to plant
is by arthropod vectors and the potential to cause damages depends on the initial
number of infected plants (Maule & Wang 1996).
Some viruses are transmitted by seeds. Seed-borne virus infections
can be catastrophic as the plant is affected from the beginning of growth phase.
Viruses cannot be controlled with any chemical treatment in the field, and as a
result, its control must be based on measures to prevent infection. On the
contrary, if the infection occurs later, for instance in the end of the growing season
yield losses are often smaller. Thus, yield losses might be reduced using
appropriately agricultural practices that delay virus spread. Nevertheless, the
most important principle for controlling viruses is to use constantly virus-free
planting material. In the field, viruses can spread from plant to plant only by help
of a vector or through contact between plants. Some species such as insects,
nematodes and soil fungi transmit plant viruses. Acquisition and transmission of
viruses can occur very quickly requiring only seconds, minutes and hours to
cause virus infection. Single virus-carrying insect, nematode or fungal zoospore
is enough for initiating virus infection. Therefore, control of vectors using
pesticides provides only limited or no success in virus control and in addition can
provoke damages in the environment. If virus infects the first cell, it can multiply
and moves to neighboring cells and other parts of the plant, including roots,
leaves, fruit and occasionally seeds. Virus infection in plants, including common
bean, may cause growth reduction, stunting, mosaic, yellowing malformation and
ring spots (Figure 2). After a week or two from infection, infected plant itself will
be a virus source, from which vectors can transmit the virus to the neighboring
plants. Some viruses remain infectious in their vector through the vector’s lifetime
and which can be transmitted over thousands of kilometers if wind-borne
migration of the vector occurs. Virus-carrying insects and fungal resting spores
can be dispersed over long distances by storms (Agrios 1997; Agrios 2005).
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1.5.1. Virus diseases associated with common bean in Nicaragua and
Tanzania
Bean diseases caused by viruses are considered one the major diseases
affecting bean crops worldwide. In Nicaragua, very little information is known on
the occurrence and epidemiology of bean viruses, especially those concerning
seed transmission. However, in Central America it has been reported and
identified seven viruses that infect beans: Bean common mosaic virus (BCMV);
Bean golden mosaic virus (BGMV); Bean mild mosaic virus (BMMV); Bean
rugose mosaic virus (BRMV); Bean chlorotic mottle virus (BClMV); Quail pea
mosaic virus (QPMV) and Sourthen bean mosaic virus (SBMV). However, only
BCMV and SBMV were reported in Nicaragua by Gamez (1973) and Fuentes &
Anderson (1990). Rojas (1998), detected for the first-time occurrence of Bean
yellow mosaic virus (BYMV) and BCMV in landraces and improved varieties of
common bean in Nicaragua. Also, diseases caused by whitefly (Bemisia tabaci)
transmitted begomoviruses (family Geminiviridae; genus Begomovirus) are
considered important pathogens in many hosts that include dicotyledonous bean
plants and vegetables (Morales, 2001; Singh & Schwartz, 2010). Begomoviruses
are one of the main constrains in Nicaraguan bean production. Early infection by
begomoviruses can cause a total crop loss (Rojas 2004). The often genome
contains single stranded-circular DNA but also many begomoviruses have a
bipartite genome. The bipartite genome consists of DNA-A and DNA-B
component where the size of each one is calculated about 2.6-2.7 kb (Ala-Poikela
et al. 2005). In an extensive study concerning begomoviruses, Karkashian et al
(2011) detected Bean golden yellow mosaic virus (BGYMV) in Nicaragua. Typical
symptoms of begomovirus infection in common bean (Figure 2) include stunting,
curling leaves, mosaic, yellowing of leaves, reduced growth and malformationdistortion of pods (Lapidot & Friedmann, 2000; Bracero & Rivera, 2003).
Viruses have been reported to cause infection in common bean
crops. Among these viruses are Bean Common Mosaic Virus (BCMV) and Bean
common mosaic necrosis virus (BCMNV) from genus Potyvirus. Cowpea mild
mottle virus (CPMMV) from genus Carlavirus, Southern bean mosaic virus
(SBMV), Cucumber mosaic virus (CMV) from genus Cucumovirus; family
Bromoviridae., Phaseolus vulgaris endornavirus 1 (PvEV-1) and Phaseolus
vulgaris endornavirus 2 (PvEV-2)., Bean golden yellow mosaic virus (BGYMV),
begomovirus. Some of these viruses have been detected in Nicaragua as
mentioned before (Schwartz et al. 2005; Mwaipopo et al.2017).
The major virus diseases on common bean are those transmitted via
seeds. Transmission of BCMV and BCMNV is considered as via seeds. The
transmission of these viruses may also occur by aphids during growing season
(Morales & Castaño 1987; Schwartz et al. 2005; Galvez 1980). BCMV and
BCMNV cause yield losses in many important areas of bean production. Bean
plants affected by BCMV and BCMNV show symptoms such as leaf distortion,
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necrotic local lesion, necrotic root, mild, light or fark green mosaic (Morales & Bos
1988; Schwartz et al. 2005; Mwaipopo et al.2017).
Southern bean mosaic virus (SBMV) was reported in Nicaragua by
Gamez (1973) and Fuentes & Anderson (1990) causing mild, mosaic and mottle
symptoms on common bean (Schwartz et al. 2005; Mwaipopo et al.2017). Yield
losses can reach up to 50 %. SBMV is transmitted by beetles (Chrysomelidae)
and via seeds with a range of 1 to 5 % (Hull 2004; Schwartz et al. 2005).
Cucumber mosaic virus (CMV) is a seedborne virus infecting more
than 1200 host species in over 100 families of monocotyledonous and
dicotyledonous (Palukaitis & García-Arenal 2003; Ziter & Murphy 2009). This
virus can be transmitted by more than 80 aphid species in non-persistent manner.
CMV transmission by aphid is depending on virus strain, species of aphid and
the age or growth stage of the host plant. Not all strains of CMV can be
transmitted by aphids (Gallitelli 2000). CMV on common bean crops cause some
symptoms that comprise common mosaic, chlorosis and dark green vein banding,
flower abortion and abnormal development (Bos & Maat 1974; David & Hampton
1986; Schwartz et al. 2005; Zitter & Murphy 2009).

Figure 1. Virus symptoms observed in common bean plants in La Compañia,
Nicaragua. (a), Stunting of the plant, malformation and blistering of leaves. (b),
Mild epinasty and vein reversion. (c), Green-yellow chlorosis. (d), Green-yellow
mosaic.
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Figure 2. Bean plant (cv. INTA Rojo) from Boaco with mosaic, yellowing and
curling of leaves.
In Tanzania common bean is infected by huge range of viruses that include
single- and double-stranded DNA and RNA plant viruses. Among these viral
diseases are BCMNV and BCMV which are viruses transmitted by seeds. Other
viruses infecting and reported in common bean are CPMMV, CMV, SBMV,
BGYMV, SYMMoV Calopogonium golden mosaic virus (CalGMV) and
endornaviruses PvEV-1 and PvEV-2 (Mwaipopo et al. 2017; Karkashian et al.
2011).
1.6. Management strategies for bean diseases
The harmful seed-borne pathogens identified in common bean in Nicaragua
indicate that seed health is a concern for governmental authorities especially to
the regulating entity of seed production system. In spite of the economic
importance of common bean diseases, effective methods to control seed-borne
pathogens are lacking. There are different approaches that may be used to avoid,
mitigate or control bean diseases. Within the approaches, the good agronomic
management of the crop is very important because it includes cultural practices
that control the spread of bean diseases and improve yield. Among these
agricultural practices include resistant varieties, crop rotation, biological control,
the use of modified substrate with compost, chemical control, biological and
chemical fertilization.
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These management strategies for seed and soil-borne pathogens are shown to
suppress bean diseases (INTA 2002; INTA 2009; Hall 1996).
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2. AIMS OF THIS STUDY
The overall aim of this study was to identify seedborne pathogens associated with
common bean (Phaseolus vulgaris L) in Nicaragua and Tanzania. The specific
objectives of the present study were as follow:
1. To identify fungi transmitted in the bean seeds (‘INTA Rojo’) and to test
their pathogenicity on seedlings.
2. To develop species-specific primers for detection of seedborne pathogenic
fungi that infect common bean in Nicaragua.
3. To advance knowledge on the occurrence of seedborne viruses in
common bean varieties currently grown in Nicaragua and Tanzania.
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3. MATERIALS

AND METHODS

3.1. Survey and sampling of plant and seed material
For the seed-borne fungi detection study (sub-study I), seeds of common bean
were sampled and chosen from four seed storehouses and six seed lots of cv.
INTA Rojo harvested from Boaco, Carazo, Estelí, and Matagalpa, representing
the main bean growing areas in Nicaragua (Figure 3).
In the sub-study I, lima bean (P. lunatus L.) obtained from the former
MTT Agrifood Research Finland currently Natural Resources Institute) was tested
for pathogenicity tests. More details about pathogenicity, surveys and sampling
of bean seeds can be found in the sub-study I.
Seeds of three different common bean varieties (INTA Rojo, SEN 46,
and INTA Cárdenas) from Carazo and a variety of faba bean (Vicia faba L.
Threefold White) in addition with seeds of tomato (Tomat Dansk Export II),
pepper (Redskin) and squash (Black Forest F1) obtained from Finland were
tested for F. oxysporum pathogenicity test (sub-study II).
Different common bean varieties were surveyed and sampled in the
field of La Compañia located in Carazo during the first cropping season of the
year called primera (May-August). Leaves and seeds from bean plants were
collected for small interfering RNA (siRNA)-based virus detection (sub-study III).
These varieties include SEN46 (released as INTA Caribe), SEN52 (released as
INTA Negro Precoz), CENTA Pipil and MIB396 (released as INTA Nutritivo).
For detection of Bean golden mosaic virus (genus Begomovirus;
Geminiviridae) in the sub-study III, leaves of common bean were collected from
recently released common bean varieties grown in La Compañia, including ‘INTA
Cárdenas’, ‘INTA Rojo’, ‘INTA Seda 2’ (breeding line with code NIC-704), ‘INTA
Fuerte Sequia’ (RS-811-22), ‘INTA Frijol Norte' (628-SM-22-2), and the breeding
line XRAV-404.
In Tanzania, collection of samples was focused on 38 common bean
landraces grown in three different areas (Southern highland, Eastern and
Northern zones). The collected plants were grown in pots in greenhouses either
at Sokoine University of Agriculture or at Mikocheni Agricultural Research
Institute. The plant material was taken from 30 common bean plants per area and
directly subjected to RNA isolation (sub-study III).
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Figure. 3. Common bean sampling areas in Nicaragua 2008. I (Estelí), IV
(Carazo); VI (Matagalpa) and V (Boaco). Nicaragua Map downloaded and
adapted from Google map (2017).
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3.2. Methods
3.2.1. Experiments in the laboratory
For seed-borne fungi detection, total DNA from pure fungal cultural growing on
potato dextrose agar (PDA) was isolated as described in the sub-study I and II.
Identification of fungi was based on the sequences of the polymerase chain
reaction (PCR) products of fungal ITS regions amplified with molecular primers
ITS1 and ITS4 (sub-study I, III). The amplified PCR product contains ITS1 and
ITS2 regions neighboring sites of 18S and 28S rRNA (White at al. 1990).
Genomic DNA and RNA extractions method for virus detection is showed in a
detail in the paper III. PCR reactions methods and primers used for fungi and
virus detection are shown in the sub-studies (I, II, III).
For virus detection on bean plants, equal amounts of total RNA from diverse
samples were pooled (30–36 samples per pool), and small RNAs were exposed
to deep sequencing (Illumina). Assembly of the reads (21, 22 and 24 nt) to
contiguous sequences and searches for homologous viral sequences in
databases was carried out. The small-RNA reads from each pool of samples were
mapped. More description is found in the sub-study III.
3.2.2. Analysis of emergence and symptoms of seedlings
For testing emergence and symptoms of bean seedlings, eight sub-samples (50
beans each) were taken from each of the six samples. Each subsample was
planted in a separate tray filled with sterilized washed sand and peat. The trays
were arranged according to a completely randomized design in a growth room
(20–22 °C) in dim light (photoperiod 11 h). Emergence of seedlings was
observed for 15 days to evaluate and determine symptoms of diseases in the
stem base and roots. More details are described in the sub-study I.
3.2.3. Isolation of fungi and fungal material
In total, 133 fungal isolates were obtained from surface-sterilized beans of the
six seed lots and tested for pathogenicity on lima beans. However, based on the
pathogenicity tests results, only 87 of them are associated with symptoms of
seed-borne fungi complex on bean plant (sub-study I).
In the laboratory, fungal material growing from the surface of bean seeds
were taken and placed into Petri dishes containing fresh culture medium, potato
dextrose agar (PDA) complemented with streptomycin (Sigma) at 50 mg/l. The
Petri dishes were incubated at room temperature (25–30 °C) in the dark for 4–7
days. Fungal material was refreshing and keeping in Petri dishes in cold room
(5 °C; sub-study I, II).
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3.2.4. Pathogenicity tests
Pathogenicity of 113 fungal isolates on beans was measured twice in two
independent experiments. There were four replicates and one non-inoculated
control (healthy lima bean, P. lunatus L.). The pathogenicity was done following
the protocol of the reference (Lehtonen et al. 2008). Pathogenicity of the fungal
isolates was evaluated 20 days post-inoculation (dpi).
To fulfill Koch’s postulates, pieces of symptomatic tissue were
removed from the seedlings with a sterile scalpel, transferred to PDA, and fungal
growth was monitored and identified by using the microscope (sub-studies I, III).
Besides, pathogenicity test for 11 F. oxysporum isolates on beans
was assessed in three independent experiments using the method described by
Lehtonen et al. 2008 (sub-study I). Additionally, pathogenicity of 11 F. oxysporum
isolates was tested on three different vegetable cultivars from a horticultural shop
(K-RAUTA, Helsinki, Finland). Seeds of tomato (Tomat Dansk Export II), pepper
(Redskin) and squash (Black Forest F1) were surface sterilized and germinated
on moist sterile filter paper in Petri dishes. We used four replicates and a noninoculated control were used per each F. oxysporum isolate and crop species.
After 14 days of germination and emergence, 150 seedlings were transplanted
into a tray filled with sand (sub-study II).
3.2.5. Phylogenetic analysis of sequences
For phylogenetic analysis from fungal isolates (Boaco and Carazo), ITS1 and
ITS2 sequences (~450 nt) from Lasiodiplodia theobromae were aligned using
Clustalw (Thompson et al. 1994) and subjected to phylogenetic analyses.
Neighbor-joining method was implemented using 1000 replicates and the Kimura
two-parameter model as implemented in MEGA version 5.1 (Tamura et al. 2007).
For endornaviruses sequences, phylogenetic analysis was carried
out taking sequences of the helicase 1–encoding region in PvEV-1 and PvEV-2
and aligned with the helicase protein sequences of some other endornaviruses
retrieved from GenBank databases. The neighbor-joining method was used.
Likewise, DNA sequences of begomoviruses were submitted to analysis with
BLAST (ttp://blast.nbeani.nlm.nih.gov/Blast.cgi), aligned with similar sequences
found in NCBI/GenBank and subjected to phylogenetic analysis. Neighbor-joining
tree was calculated using MEGA 5.1. The description of phylogenetic analysis
process is explained in detail in the sub-studies I and III.
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3.2.6 Statiscal analyses
The data from the experiment testing the emergence and symptoms in seedlings
(sub-study I), was carried out using One-way analysis of variance (ANOVA) and
also using the comparison of means based on the Tukey test (α =0.05) to
determine if the bean seed lots differed with respect to emergence and incidence
of disease-like symptoms (sub-study I). The experiment was organized based
on Completely Random Design (CRD) using the six seed lots and eight
repetitions of each.

The materials and methods used in this study are summarized in Table2:
Table 2. Materials and methods used in this study
Materials and methods

Publications

Seed material

I, II, III

Sampling (Figure 3)

I, II, III

Isolation and identification of seed-borne of fungi

I, II

Fungal isolates

I, II

Helicase sequences of endornaviruses

I, II, III

Genomic DNA extraction

I, II, III

Amplification (PCR) and sequencing of the ITS rDNA

I, II

Pathogenicity test

I, II

Phylogenetic analysis

I, III

RNA isolation

III

RNA amplification

III

Virus detection by siRNA sequencing and data analysis III
Virus detection by RT-PCR

III

Primer design

II

Greenhouse experiment

I, III

Growth chamber

II
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4. RESULTS

AND DISCUSSION

4.1. Identification of seedborne pathogenic fungi in common bean cv. INTA
Rojo and pathogenicity of fungal isolates (sub-study I)
Our approach in this study was to identify seed-borne fungi and their
pathogenicity in an important cultivar (INTA Rojo) in Nicaragua. To gain
knowledge of potential harmful fungi infecting bean crop, bean seeds
contamination and the pathogenicity of the isolates fungi from different regions
were examined. The fungi are transmitted as contaminants adhered to seed coat,
or internally which is considered as main mechanism of seed-mediated
transmission. Seed-borne fungi is known to reduce germination, emergence,
growth, and yield in bean seeds. However, when the infection is focusing on
beans as grains used for food can reduce the nutritional value or in most cases
can produce toxins making the beans not suitable for consumption (Narayan et
al. 2013; Waller et al. 2002).
A total of 133 isolates of seed-borne fungi from surface-sterilized
beans of six seed lots were obtained. Phenotypically similar fungal isolates were
placed to the same group (designated as a ‘phenogroup’) based on the
morphological and growth characteristics.
Our results from analysis of emergence and symptoms of seedlings
(Table 1, sub-study I) demonstrated that germination in seed lots of common
bean (‘INTA Rojo’) from four important bean production areas sampled in
Nicaragua was continuously less than 40% and as low as 16%, what turns out
to be catastrophic for the farmers. However, results from those seed lots that
showed better emergence provided rise to a larger proportion of healthy
seedlings, whereas poor emergence was associated with abnormal growth
(poor growth), and disease-like symptoms caused by pathogenic fungi (Figure
2, sub-study I).
Afterwards, 133 these fungal isolates were tested for pathogenicity on
lima beans in two independent experiments, and the results in both experiments
were consistent in showing that 87 fungal isolates were pathogenic, i.e. caused
symptoms on bean seedlings (Figures 3 and 4, sub-study I). Only pathogenic
isolates were characterized on the basis molecular analysis and identified
morphologically to the genus level. Eight distinguishable phenogroups were
identified. Description and characteristic of these eight groups of fungi are
presented in more detail in Table 2 sub-study I.
The morphological identification of seed-borne pathogenic fungi was
reliable with analysis of ITS (TS1 and ITS2) sequences which make it a useful
combination tool. Universal ITS primers (ITS1 and ITS4) are used to amplify a
large range of fungi (White et al. 1990; Anderson & Parkin 2007), which allow to
identify the fungal species based on inter- and intraspecific variations observed
in the ITS regions between fungal species (Terashima et al. 2002).
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Among seedborne pathogenic fungi, the genera identified were Fusarium spp (F.
chlamydosporum, F. equiseti and F. incarnatum), Macrophomina phaseolina,
Lasiodiplodia theobromae, Corynespora. Cassiicola, Colletotrichum spp (C.
capsici and C. gloeosporioides), Penicillium citrinum, Aspergillus flavus and
Diaporthe sp (Phomopsis). These pathogenic fungi found in our study have been
recorded from seeds of legumes including bean and other crops as saprobes,
facultative parasites, cosmopolitan endophytes or pathogens causing damages
to seed and seedlings in different countries (Punithalingan 1980; Navas & Subero
1995; Rusuku et al.1997; Maia et al. 2004; Agrios 2005; Farr et al. 2006;
Udayanga et al. 2011; Amaike and Keller 2011; Gupta et al. 2012; Lima et al.
2013; Silvestro et al 2013; Gomes et al. 2013; Machado et al. 2014; Kumar 2014;
Henrique et al 2014; Dugan et al. 2014; Farr and Rosmman 2015; dos Santos et
al. 2015; Thompson et al. 2015; Rosado et al. 2016; Lisboa et al. 2016).
The highest incidence and most common pathogenic fungi isolates were
Fusarium spp (Fusarium chamydosporum, F. equiseti and F. incarnatum)
phenogroup I, L. theobromae, P. citrinum, and M. phaseolina.
Seedborne fungi of common bean displayed variable effects on seedlings
and based on the results of pathogenicity tests, pathogenic fungi were grouped
into eight phenogroups: Phenogroup I, Fusarium spp (F. chlamydosporum, F.
equiseti and F. incarnatum) caused visible damages in all the inoculated
seedlings. Fusarium spp. caused root rot, lesions on the stem and poor growth
of seedlings. This fungus has a wide host range and has been detected in many
crops (Agrios 2005). However, certain species of Fusarium spp. have been used
as biocontrol agents (Hall 1996). Fungi in the phenogroup II (M. phaseolina)
induced typical characteristic symptoms of charcoal rot, dark lesions on stems,
and root rot. Among isolates of phenogroup III (Lasiodiplodia theobromae) and
IV (Corynespora cassiicola) induced severe symptoms including dieback, decay
and cankers on stems and roots of the inoculated bean seedlings. The
phenogroup V (Colletotrichum) induced in general characteristics symptoms of
anthracnose. C. capsici include small dark spot on the stem, discoloration of roots
and dark spots on the cotyledon whereas C. gloesporiodes caused small lesions
dark brown to black, respectively. The isolates of the phenogroups VI and VII
(Penicillium citrinum and Aspergillus flavus, respectively) caused simply mild
symptoms such as discoloration on the stem of inoculated bean seedlings.
Phenogroup VIII (Diaporthe sp), caused canker and decay symptoms. The
findings from this study indicate the potential damage that can be incurred by
seed-borne pathogenic fungi on Nicaraguan bean cultivars and food security.
Fusarium spp (phenogroup I). were detected in seed lots in all four regions
surveyed in Nicaragua. Fusarium species are soil-borne fungi that can cause rot
of the root, stem, and fruit or vascular wilt in a wide range of crop plants, and they
survive as saprophytes (Silvestro et al. 2013). The taxonomic complexity of
Fusarium spp. is due to the wide range of different races and makes it more
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difficult to control (Henrique et al. 2014). Fusarium spp. is known to produce
mycotoxin which is a concern to human and animal health in many field crops,
including common beans (Agrios 2005; Tseng et al. 1995; Van Diepeningen &
Sybren de Hoog 2016).
There is limited previous information about seed-borne infections of
F. incarnatum in common beans or its pathogenicity on common bean seedlings.
Nonetheless, F. equiseti is known to infect many forms of legumes crops
including bush bean (L. lunatus), kidney bean and haricot bean (L. vulgaris) as
well as faba bean (Vicia faba L.), pea (Pisum sativum L.), lentil (Lens culinaris
L.), cowpea (Vigna unguiculata L.), soybean (Glycine max L. (Merr) and mung
bean (Vigna radiata (L.) R. Wilczek.] [Chaudhary & Kaur 2002; Rodrigues &
Menezes 2005]. In cowpea crop, F. equiseti causes necrosis on the plant top and
the disease progresses to the rest of the plant including stem, which can result in
plant death (Rodrigues & Menezes 2005). F. equiseti occurs mainly in tropical
and subtropical regions, but it has been found also in temperate areas in Europe
and North America (Booth 1978, Bosch & Mirocha 1992). F. equiseti is a fungus
an often found in soil and straw mulch in ginseng (Pana ginseng M.) fields in
British Columbia causing symptoms of reddish brown discoloration on ginseng
roots (Punja et al. 2007).
Ginseng plants affected by F. equiseti show seed decay and reddish
brown to black lesions on hypocotyls and roots. F. equiseti shows high
adaptability in many cropping systems (Goswami et al. 2008) and is capable of
infecting seeds, roots, tubers and fruits. Besides, this fungus has been isolated
and reported in cotton (Gossypium hirsutum L.) [Chimbekujwo 2000], sugar beet
(Beta vulgaris) [Stojsin et al. 2000], potato (Solanum tuberosum L.; Theron &
Holtz 1989) and pine (Pinus sp) (Ocamp & Juzwik 1995). The reports mentioned
previously showed that several leguminous species are susceptible to infection
by F. equiseti. However, report of F. equiseti infecting specifically common bean
was not available yet. Our study seems to be one of the first in which F. equiseti
is implicated as seedborne pathogenic fungus in common bean.
F. incarnatum is a fungus not reported commonly but for the first time it was found
to infect Capsicum annum L. (Ramdial et al. 2016) and Ziziphus jujube Mill. (Guo
et al. 2016).
F. chlamydosporum, has been reported to be isolated from soil,
beans, and maize roots in Kenya (Okoth et al. 2010). Plant diseases caused by
Fusarium spp. are one of the major and more catastrophic diseases in bean
crops. Fusarium spp. has to be reported affecting common bean production in
the Central American region. For instance, in Cuba, half of the seed lots surveyed
for fungi were found to contain Fusarium spp. (Martínez et al 2014), including F.
solani f. sp. phaseoli causing substantial yield losses in common bean crops in
many regions of Mexico (Martínez-Garnica et al. 2014).
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M. phaseolina was detected (phenogroup II) in beans in three seed lots in the
surveyed regions. M. phaseolina is one of the most important pathogens of
common bean plants and it’s considered a polyphagous pathogen because it
does show host specificity (Maia et al. 2004; Gupta et al. 2012). Our results (substudy I) from phylogenetic analysis showed three clades. The first one contained
five Nicaraguan fungal isolates belonged to M. phaseolina described from other
isolates such as: DTMp3 (isolated from Vigna radiata L. in China); IFAPA-CH724
(isolated from Fragaria x ananassa in Spain); K4223 (isolated from Pisum
sativum in South of Australia); MP76 (isolated from Fraxinus sp in USA). The
additional clades included fungi such as Botrysphaeria mamame, and B.
dothidea (data not shown). These results are consistent with earlier reported
variation in morphology and virulence among isolates of M. phaseolina in plants
comprising common bean, soybean, and other crops (Dhingra et al. 1972;
Echavez-Badel et al. 1991).
According to Su et al. (2000) the host specialization of M. phaseolina
is apparent in corn but not in sorghum, cotton, or soybean.
The disease caused by M. phaseolina is known as ashy stem blight
or charcoal rot. This fungus survives in the soil as microesclerotia and on infected
plant debris. Infected seeds by M. phaseolina do not germinate or produce
seedlings which died soon after emergence. Microesclerotia are black and serve
as source of inoculum under unfavorable conditions that include low levels of soil
nutrients, high temperatures, hot and dry weather. These environmental
conditions promote infection and development of charcoal rot. High populations
of M. phaseolina in the soil may be developed when the host is susceptible and
cropped in consecutive years and the pathogen is redistributed by tillage
practices. In good favorable environmental conditions M. phaseolina causes
diseases such as damping-off, seedling blight, collar rot, stem rots, root rots and
charcoal rots in a large range of an important edible plants, as mentioned above.
In fact, based on previous study of
M. phaseolina in common bean demonstrated that salinity as stimuli
to plant infection and increase severity of disease. In other words, M. phaseolina
can be more severe disease if P. vulgaris is growing in saline soils (Pei You et al.
2011).
Molecular characterization of M. phaseolina using PCR-based
genomic fingerprinting techniques, such as PCR-restriction fragment length
polymorphism (RFLP) of the ITS region and random amplified polymorphic DNA
(RAPD) have contributed to understanding of the population biology of this fungus
isolated from soybean, cotton and sorghum (Almeida et al. 2003). Purkayastha
et al. (2006) characterized different isolates of M. phaseolina collected from
several host species growing in or near by cluster bean (Cyamopsis tetragonoba)
fields using conventional and molecular techniques. They found that all the fungal
isolates were pathogenic to cluster bean.
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Symptoms appeared include premature yellowing of the top leaves, premature
leaf drop, and discoloration of stem and roots from silver to light grey. Black
sclerotia were visible as typical with charcoal rots.
Results of the pathogenicity tests carried out in this study were
relatively similar those reported by Purkayastha et al. (2006) who showed that
59 isolates of M. phaseolina collected from different hosts were pathogenic on
cluster bean and that variation in aggressiveness among all isolates was
observed. The fungus caused charcoal rot and developed sclerotia similarly as
in our present study in common bean.
Pathogenicity tests with M. phaseolina used as inoculum were
performed twice on adzuki bean (Vigna angularis) and mung bean (Vigna
radiate) in China and showed strong virulence on inoculated plants (Sun et al.
2016) such as dark-black lesions on the stems, same symptoms as presented
in our results. In this study of Sun et al (2016) this is the first report of M.
phaseolina causing charcoal rot on adzuki bean. These results are consistent
by studies previously reported by Rusuku et al. (1997) which showed that M.
phaseolina used as inoculum in pathogenicity tests caused dark lesion on the
stem tissues and cotyledons, and chlorosis in young leaves. Rusuku et al. (1997)
suggest that an incessant cropping system of beans or one season rotation with
another crop is a common practice in Rwanda and can enhance root rot.
Growing other crops at the same time such as sorghum, soybean, and peas in
association with bean crops may contribute to fungal diseases caused by
pathogens such as Pythium spp., M. phaseolina and low levels of occurrence of
Fusarium species.
L. theobromae (phenogroup III) was rather abundant in beans
harvested in Boaco and Carazo. Genetic diversification of this species was
apparent with two clusters being identified in the phylogenetic analysis (Figure
5, I). Genetic differences correlated geographically, because the isolates from
Boaco and Carazo were assigned to different clusters. Common bean seedlings
and seedlings of lima bean displayed similar symptoms of dieback, decay and
cankers following infection with L. theobromae. No difference in pathogenicity
was observed between the two genetically distinguishable groups of isolates.
Little is known about diseases of common bean caused by L. theobromae,
although it causes disease in more than 500 plant species (Punithalingan 1976;
Punithalingan 1980). L. theobromae is a pathogenic fungus occurring in tropical
and subtropical regions with capability to colonized plant tissues without any
visible symptom of infection. This asymptomatic characteristic is common of
endophytic fungi. In addition, this fungus can live as parasite and saprophyte
(Rosado et al. 2016; Machado et al. 2014; Dugan et al. 2014; Lima et al. 2013;
Punithalingan 1980). The change from a non-pathogenic lifestyle to a diseasecausing pathogen may be associated with host stress (Slippers et al. 2007; Lima
et al 2013; Rosado et al. 2016). The spores of L. theobromae are disseminated
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by rain and wind. Use of fungicides and resistant or tolerant cultivars may be
helpful to decrease the occurrence of L. theobromae infections (Dhingra 1972).
C. cassiicola (phenogroup IV) is aggressive facultative parasite
sporulating on plant debris (Navas & Subero 1995) with the ability to colonize a
wide host range including legumes plants. C. cassiicola is considered as a
cosmopolitan fungus. It survives in uncultivated soil for more than two years and
survives on the soil with or without plant residues (Farr and Rosmman 2015;
Lisboa et al. 2016). In our study, two isolates of C. cassiicola were detected in a
seed lot from Carazo and found to be pathogenic. This fungus has been reported
in different crops and countries such as Navy bean (China), Gossypium hirsutum
L (USA) Cucumis sativus L (Mexico), Carica papaya L (Cuba) and Momordica
charantia L (China). Pathogenicity tests and characterization of C. cassiicola
have been topic of the study because it constitutes one of the most important
fungal pathogen responsible to cause target spot disease in soybean crops
(Glycine max L) and cucumber in Brazil under favorable environmental conditions
(Teramoto et al. 2013; Teramoto et al. 2011).
Corynespora leaf spot of Balsam pear (Momordica charantia L)
caused by C. cassiicola is the most destructive disease in Korea but also it can
infect soybean, sesame oi, cucumber and pepper. The pathogen infects fruits
and leaves (Kwon et al. 2005).
Study by Lisboa et al (2016) showed for the first time C. cassiicola
on Pueratria phaseoloides (Fabaceae) causing leaf spot. The symptoms of this
fungus comprising reddish brown leaf lesion, chlorotic leaves, necrotic lesions
and small brown spot with halos. The damages occur mostly in the reproductive
phase. (Brooks 2004). Favorable environmental conditions are needed for
infection and disease development including soil temperature range of 15-20 °C.
In a dry weather, this fungus is not able to infect leaves and roots (Brooks 2004).
The disease cycle is completed in 7-10 days. The efficient dissemination
mechanisms (rain and wind) constitute a vast problem for the control of this
fungus. The conidia infect leaves and stem.
Phenogroup V belong from genus Colletrotichum which comprises
seven isolates of Colletotrichum capsici (Boaco and Matagalpa) and one isolate
of C. gloeosporioides (Boaco) detected in the seed lots. ITS sequences of C.
capsici isolates from Boaco and Matagalpa were identical to each other and to
those from pepper in Malaysia, India, and Mexico (Fig. 6; S1 Table, I). In our
study, C. capsici and C. gloeosporioides caused cankers in inoculated lima bean
seedlings.
Bean anthracnose is caused by Colletotrichum lindemuthianum
(Sacc. & Magnus) Briosi & Cavara and considered one of the most severe
diseases in beans. In navy bean, for instance, infection of 7% of bean seeds is
sufficient to cause statistically significant yield losses (Chen et al. 2013). In the
absence of susceptible host plants, Colletotrichum spp. survive over growing
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seasons as mycelia on infested crop residues as saprophytes, or in infected
seeds (Schwartz and Hall 2005; Chen et al 2013; Yang et al. 2015). Plants can
be infected at any growth stage. Symptoms are more obvious in mature plants
and under moist conditions (Anon 1990; Yang et al. 2015).
C. gloesporioides (teleomorph Glomerella cingulata) is found to be
present in diverse host plants causing several devastating fruit diseases in
tropical regions (anthracnose of citrus, fig, mango, olive and avocado, etc.), but
also infect vegetables, legumes, cereals, grasses, and ornamental plants. C.
gloesporioides is considered saprophytic, endophytic, pathogenic and
cosmopolitan (Farr et al. 2006; Kumar 2014). In addition, this fungus is
considered to be a pathogen of pre-harvest and post-harvest infection
(Chowdappa et al. 2012; Nguyen et al. 2011). In Colombia, anthracnose caused
by C. gloesporioides represents one of the most important disease associated
with tomato and mango crops. In mango crops, losses of 60 % reach of the total
production (Pardo-De la Hoz et al. 2016).
C. capsici (Syd) Butler and Bisby is a fungal pathogen covering a
wide range of different plants growing in tropical areas. There is scarce
information of C. capsici occurring in legume crops, especially in common bean.
However, in a study by Pring et al. (1995) C. capsici was reported to infect
Cowpea (Vigna unguiculata), bean (Phaseolus vulgaris) and betel vibe (Pipper
betle). In cowpea plants C. capsici cause brown blotch. Pring et al. (1995)
determined virulence of three isolates of C. capsici by pathogenicity tests. It was
concluded that all isolates were pathogenic showing symptoms similar to those
in our results (e.g.rotting, soaked lesions). Anthracnose caused by C. capsici
represents the major problem on mature fruits provoking severe pre- and postharvest losses in pepper (Pothita et al. 2005; Sangdee et al. 2011). Anthracnose
lesions on chili fruits are caused by C. capsici and represent one the most
economically important diseases decreasing pepper yields (80-100%) in
Thailand (Than et al. 2008). C. capsici can survive in and/or on seed (Pernezny
et al. 2003).
Studies relating to C. capsici in Capsicum annum. done in Thailand
and India (Sangdee et al. 2011; Deyol et al. 2015) showed high level of
pathogenicity and variability among isolates of C. capsici in chilli. There is not
previous report of C. capsici infecting bean crops in Nicaragua. In this study, C.
capsici is reported for the first time as potential virulent pathogen infecting bean
crop.
Two genera, Penicillium and Aspergillus (phenogroup VI and VII), were
found to be associated with post-harvest losses in ‘INTA Rojo’. Penicillium grew
out from seed beans of all seed lots and caused mild necrotic symptoms on
inoculated bean seedlings. ITS sequences identified the species as P. citrinum.
A survey of seed lots in Taiwan and Ontario also showed several different
Penicillium spp. in surface-sterilized beans, albeit not P. citrinum (Tseng et al.
1995). Four isolates of Aspergillus flavus were obtained from two seed lots
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(Estelí and Matagalpa). All of them caused cankers and mild necrosis on
inoculated bean seedlings, consistent with a previous study that reported
necrosis on roots and stem as well as leaf spots in various legumes caused by
this species (Surendranatha et al. 2011). Post-harvest rotting of cereal grains
and legumes causes large economical losses as it may destroy 10–30% of the
yield—or even higher proportions in developing countries (Agrios 2005).
However, the most worrying aspect about A. flavus is its potential in many
different crops to produce aflatoxins known to be among the most potent
carcinogens of biological origin (Probst et al. 2010). A. flavus is considered as
facultative parasite and saprophyte soil borne fungus responsible to cause
diseases in plants, humans and animals (Amaike and Keller 2011). In legume
crops such as peanut (Arachis hypogaea) A. flavus in the agriculture represent
an important pathogen because is responsible to cause disease oA. flavus infect
grains in the field and usually invade embryos of seeds and decrease
germination of infected seed for planting (Klich M A 2007; Michailides and
Thomidis 2007). A. flavus can produce aflatoxins known to be the most potent
carcinogenic substance of biological origin and found to cause mold on grains
and legumes. (Agrios 2005; Probst 2010). Thereby, damage is related to
agricultural and medical aspects (Gravesen et al. 1994). Commonly, postharvest diseases are associated to infections of A. flavus because aflatoxin
contamination of seeds and also due to this fungus surviving and increasing
under hot and drought conditions (Cotty 1997; Amaike and Keller 2011). The
results suggest that inappropriate crop management in the field and postharvest practices must be responsible for the rather common occurrence of
Penicillium and Aspergillus.
Fungal isolates from phenogroup VIII belong to genus Diaporthe sp. Two
isolates of Diaporthe sp. (synonym Phomopsis sp.) [Webster and Weber 2007],
one each from Boaco and Estelí, were characterized from the common bean
seed lots. When they were used to inoculate lima bean seedlings, white mycelia
developed as described in soybeans that suffer from stem and pod blight
disease following infection with Diaporthe phaseolorum var. sojae/Phomopsis
sojae (Agrios 2005). Furthermore, severe symptoms of necrosis and wilting
developed in the inoculated lima bean seedlings were observed. Diaporthe spp.
are pathogens of many different plant species and cause seed rot, stem cankers,
lesions, and pod blight (Thompson et al. 2015), but in common beans they are
simply endophytes (Santos et al. 2016). Therefore, it is noteworthy that the two
isolates of Diaporthe from seed lot of ‘INTA Rojo’ caused severe disease
symptoms in common bean seedlings. Recently, D. masirevicii and D. miriciae
were found associated with cankers on soybean and mung bean plants in
Australia (Thompson et al. 2015). Analysis of the ITS regions alone is insufficient
to identify the species in the genus Diaporthe (Santos et al 2016). It therefore
seems warranted to further characterize the pathogenic isolates described in
this study using, e.g., multilocus phylogenetic analysis (Santos et al. 2016).
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The genus Diaporthe sp are phytopathogens, endophytes and saprophytes
(Gomes et al. 2013; Udayanga et al. 2011; dos Santos et al. 2015; Thompson
et al. 2015). According to Brooks (2004), Phomopsis sp. has been found in
plants such as the breadfruit tree (Artocarpus altilis) from necrotic spines on fruit
and Carica papaya L. (from stem canker). Species of Phomopsis and Diapothe
are found in soybeans causing pod and stem blight, as also in other pulse crops
(D. phaseolorum, anamorph P. phaseoli) or stem canker and leaf necrosis of
sunflower (D. helianthi, anamorph P. helianthi) (Webster & Weber 2007). This
pathogen causes poor seed quality and low germination. It is responsible for
soybean seed rot. Suitable conditions for causing diseases include high
temperatures (> 20 °C) and moisture.
Pod and stem blight diseases caused by Diaporthe phaseolorum var
sojae (Phomopsis sojae and P. longicolla) in soybean crops occur well on warm
and wet conditions. The infected seeds are showing cracked and shriveled, often
covered with mycelium of white color. If the infection is initiated on pods it can
infect seeds and as a result cause seed decay. The infection process occurs
during or after the yellow pod stage. For this reason, infected seeds are an
important source of primary inoculums (AVRDC, 1990). D. phaseolorum
affecting soybean in susceptible varieties causes yield losses up to 50 % in
Europe and North America (Agrios 2005). In Korea, Phomopsis sp (Diaporthe)
was reported for first time in soybean and found to be pathogenic causing seed
decay (Sun et al. 2013).
In their study, morphological and molecular identification and as well
as pathogenicity tests were conducted. Phomopsis sp (Diaporthe) isolates were
identified and pathogenicity tests on hypocotyls showed symptoms such as
decay, death of inoculated plant and stem canker. Our results suggested
similitude with this study, because Diaporthe sp was found infecting bean seeds
from Nicaragua. The is the first report of Diaporthe sp on common bean (cv.
INTA Rojo) in Nicaragua. Evidence study of Diaporthe sp infecting P. vulgaris in
Nicaragua was not found. However, Diaporthe sp is a seedborne fungus in
soybean and beans (Schwartz et al. 2005).
In literature, no evidence for Diaporthe sp occurring on bean crop
was found. Recently, study done in Australia by Thompson et al. (2015)
identified two new fungal isolates of Diaporthe sp (D. masirevicii and D. miriciae)
taking place on mung bean plants. In Paraguay, seed decay associated with
Diaporthe sp in soybean have been not reported but recently study conducted
by Mengistu et al. (2014) determined that six from 16 isolates obtained from
seeds and pods were pathogenic. The range of infection on pods ranged
between 0 to 80 % while infections on seeds ranged between 0 to 27 %. These
results are good indicators for our study for the similitude because we showed
the importance of this fungus occurring apparently on bean seeds in Nicaragua.
Probably, this pathogen has been present on bean crop in Nicaragua as
unrecognized species due to lack of good diagnosis.
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The strategy using agricultural management for mitigating bean diseases is very
important in order to maintain seed quality. The level of infection caused by
seed-borne pathogenic fungi can be reduced by good crop management that
include the use of certified seed, resistant cultivars, use of potential biological
control, crop rotation biological fertilization and avoiding high plant populations
(White 1999; Sharma et al. 2015). The use of proper fungicide may be helpful
for instance to decrease level of L. theobromae infections. In the field, L.
theobromae can be reduced spraying fungicides such as thiophanate-methyl
and carbendazim which inhibit mycelia growth (Diniz et al. 2014). Both
fungicides are effective in reducing the fungal infection in mango trees by
suppressing the gum exudation, dieback and wilting (Khanzanda et al. 2005).
On the other hand, the use of antagonistic microorganisms increases the
possibility of handling phytopathological problems at very low costs and without
risks to the environment. Antagonists term refers to those organisms that
interfere in the survival or development of soilborne pathogens. In nature, there
is a continuous interaction between potential pathogens and their antagonists
because under natural conditions microorganisms are in a dynamic equilibrium
on the surface of the plants. The possibility to apply this technology should be
studied as an alternative of safe management of phytosanitary problems caused
by soil-dwelling fungi, which parasitize the roots of plants. Trichoderma spp. is
a fungus present in almost all agricultural soils and other habitats such as
decaying wood, plant material, and soil.
Members of the genus Trichoderma, include T. harzianum, and other species
that are part of a healthy soil and can be isolated commonly. Seed treatment
using biological control agent (BCA) has been effective to control seed decline
and seedling with damping off. Biological control appears to be an appropriate
and promising strategy for controlling bean diseases. The efficiency and failure
of biological control agents against to infection will depend on whether those
courts are stationary or motile, nature of infection, pathogens and environmental
conditions (Hall 1996).

4.2. Pathogenicity tests of Fusarium oxysporum and development of
species-specific primers for detection of pathogenic fungi in common bean
(Sub-study II)
Results of pathogenicity tests carried out in two independently repeated
experiments on common bean plants (Figure 4, sub-study II) and vegetable
cultivars (Figure 5, sub-study II) showed that all the 11 F. oxysporum isolates
tested caused severe damage in the seedlings, including symptoms of wilting,
decay and root rot, and whitish-purple mycelia growing on the stalk. Eventually,
infected plants displayed extensive necrotic lesions in the neck and base of the
stem. No symptoms were observed in the mock-inoculated controls.
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The results of developed specific primers revealed specificity for amplification of
the corresponding fungal species.
In this second study, four set of specific primers were designed to
amplify Fusarium spp (F. equiseti, F. chlamydosporum and F. incarnatum);
Corynespora cassiicola; Colletotrichum capsici and Colletotrichum gloesporiodes
from DNA mycelia and infected bean tissues. The primer set PF1F/PF2R for
detection F. equiseti, F. chlamydosporum and F. incarnatum from pure fungal
DNA (cultures) and DNA extracted from infected bean tissues generated an
amplified fragment of 303 bp (Figure 6, sub-study II).
The developed primer set CcasF/CcasR presented in this work was
efficient to detect and amplify a DNA fragment of 177 bp from DNA fungal mycelia
and genomic DNA extracted from infected tissue of C. cassiicola. This fungus C.
casssiicola is an unusual in common bean but regularly found in soybean and
pepper crops. However, even our primer set was tested successful in bean
tissues and from fungal mycelia, it remains to be tested in bean seeds without
previous for detection C. cassiicola in very low concentrations (Viana de Sousa
et al. 2016).
A primer set for detection C. capsici and C. gloeporioides was
precisely developed for this purpose using pure fungal DNA and DNA extracted
from infected bean tissues such as stem and leaves. Consequently, two set of
primers CcapF/CcapR (277 bp) and CgF/CgR (100bp), were developed for
detection of C. capsici and C. gloesporiodes in common bean, respectively. The
specificity of these two primer sets were checked by PCR assay. The results
suggest to us that these two primer sets CcapF/CcapR (277 bp) and CgF/CgR
(100bp) are consistent molecular tools for detection of Nicaraguan isolates of C.
capsici and C. gloesporiodes. Based on a result in our study (sub-study I) these
two species of Colletotrichum were not reported previously in commom bean
which means that these primer sets represent a good valuable approach for
identification of these pathogenic fungi.
Amplification of other fungal species was not observed using the
primers designed for a specific group of fungi indicating that the primers were
suitable to differentiate pathogenic fungi of common beans in Nicaragua.
In addition to our designed primers, two pair of primers were tested
for detection of M. phaseolina and F. oxysporum. The primer pair
MpKF1/MpKR2 (Babu et al. 2007, Table 2, sub-study II) was used to detect
fungal isolates of M. phaseolina surveyed from different geographically locations
in Nicaragua. Nevertheless, only two of a total of seven isolates were amplified
giving an expected product of 350 bp (data not shown). No other tested fungi
such as A. flavus, C. capsici, C. gloesporiodes, C. cassiicola, Diaporthe sp, F.
equiseti, F. oxysporum, L. theobromae and P. citrinum were detected with this
primer pair. Additionally, it was tested the specificity of the pair of primers
designed by Edel et al. (2000) for detection of F. oxysporum. Four isolates of F.
oxysporum obtained from bean plants and one isolate each of F. equiseti, F.
chlamydosporum and C. capsici, all from in Nicaragua, were tested with the
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primer pair PFO2/PFO3 (Table 2, sub-study II). The results showed that only
two isolates of F. oxysporum from Nicaragua were amplified giving a product of
the expected size, whereas no PCR product was obtained from other fungi.

4.3. Viruses detected by small-RNA sequencing and RT-PCR (Sub-study III)
Deep sequencing of the small RNAs was used as a tool to detect seed-borne
viruses. This method was tested in four Nicaraguan cultivars and landraces of
common bean collected from La Compaňía, Carazo and as well as, improved
varieties from three production areas of common bean of Tanzania. The results
of this study using bean samples from Nicaragua and Tanzania indicate to us the
occurrence of endornaviruses similar to PvEV-1 and PvEV-2 characterized
before in common bean cultivar Black Turtle Soup (Okada et al. 2013). Our
results in comparison with those by Okada et al. 2013 suggests major difference
in genome organization of PvEV-1 and PvEV-2 if the putative CPS domain is
found exclusively in PvEV-1 and the methyltransferase domain found only in
PvEV-2.
The occurrence of endornaviruses is vertical via pollination mechanism.
This mechanism to help spread of PvEV-1 and PvEV-2 between common
varieties, breeding lines and new cultivars growing adjacent. It has not been
conducted any study like this in common beans in Nicaragua and Tanzania which
could suggests the occurrence of more endornaviruses. PvEV-1 and PvEV-2
have been reported in bean cultivars from the origin center using RT-PCR.
Based on virus symptoms in bean plants from Nicaragua and Tanzania,
we decided to test bean plants for begomoviruses infection by
universal/degenerate primers (White and Brown 1996). However, begomoviruses
were not detected. Our study, suggest us only the presence of PvEVs. Due to the
efficient replication of PvEV genome in host cells, endornaviruses are not
removed by the antiviral defense. However, they can persist in plants over
generations (Okada et al. 2013; Roossinck M. 2011). Endornaviruses are not
found to be seed-borne viruses but can disrupt physiology of the plant.
Nonetheless, our results in this study suggest that breeding program for
resistance genes defends the new released common bean varieties from the
most common viruses in Nicaragua and Tanzania.
In the case of bean diseases caused by viruses the best approach
to manage these diseases is to use plant resistance and certified seed (healthy
seed). These management strategies help to increase yield and quality of
common bean. Development of bean cultivars with high levels of viral diseases
resistance and genetic improvement has been the goal of many bean-breeding
program in Nicaragua, but little progress has been achieved. In Nicaragua some
bean improved cultivars have been released by conferring resistance or virus
tolerant genes to BCMV, BCMNV and BGYMV. Some of these improved cultivars
with resistance genes are SEM46, SEM52, INTA fuerte sequía, INTA cárdenas,
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INTA Rojo and the breeding line XRAV-404 (Ferrufino et al. 2013; Jiménez 2012;
Jiménez 2013; Jiménez 2014; Beaver et al. 2015). Furthermore, bean viruses
transmitted by insect vectors (aphids, beetles and whiteflies) could be controlled
by cultural practices e.g. crop rotation, weed removal, and early sowing in the
season. These cultural practices help bean plant to reduce the high level of insect
populations (INTA 2002, INTA 2009; Buruchara et al. 2010; Kirchner et. 2014;
Mwaipopo et al. 2017).

5.

CONCLUSIONS AND FUTURE PERSPECTIVES

In the present study detection of seed-borne fungi and viruses infecting bean
crops represents an important goal in the national seed system to produce
healthy seed and certified seed beans. Little knowledge has been available
concerning pathogenic fungi and viruses in common bean in Nicaragua and
Tanzania. Thus, the results described in this thesis help to understand better
pathogenic infection process in beans and gain knowledge of the locally
prevailing seed-borne pathogenic fungi and viruses in bean crops.
First, we can conclude that 133 fungal isolates of seed-associated
fungi were obtained from surface-sterilized beans seeds (cv. INTA Rojo)
surveyed in the main bean productions areas in Nicaragua.
Second, based on pathogenicity tests, we detected 87 pathogenic
fungi which were classified phenotypically to eight distinguishable groups
(phenogroups) based on growth and morphological characteristics and further
identified by analysis of the ITS1 and ITS2 sequences. The seedborne
pathogenic fungi identified in this study were Fusarium spp (F. chlamydosporum,
F. equiseti and F. incarnatum), Macrophomina phaseolina, Lasiodiplodia
theobromae, Corynespora. Cassiicola, Colletotrichum spp (C. capsici and C.
gloeosporioides), Penicillium citrinum, Aspergillus flavus and Diaporthe sp
(Phomopsis). However, the most common fungi among the pathogenic isolates
were Fusarium (F. chlamydosporum, F. equiseti, F. incarnatum), L. theobromae,
P. citrinum, and M. phaseolina.
Third, analysis of emergence and growth of bean seedlings showed
that germination in seed lots of common bean (‘INTA Rojo’) from four bean
production areas in Nicaragua was less than 40% and as low as 16%. Those
seed lots that exhibited better emergence gave rise to a larger proportion of
healthy seedlings, whereas poor emergence was associated with a larger
proportion of seedlings that emerged but were abnormal and/or were affected
by disease-like symptoms.
Four, set of primers were designed for detection of pathogenic fungi
such as Fusarium equiseti, F. chlamydosporum, F. incarnatum, Colletotrichum
capsici, C. gloesporiodes and Corynespora cassiicola. The developed sets of
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primers amplified DNA only from the corresponding target fungi and might be
used to detect those fungi in DNA extracted from fungal mycelia and infected
bean plant tissue.
Five, many of the seed-borne pathogenic fungi detected in ‘INTA Rojo’
were previously unreported in Nicaragua, and reports on occurrence of F.
incarnatum, L. theobromae, C. cassiicola, and Diaporthe, as seedborne
pathogens of common bean are rare elsewhere.
Six, Phaseolus vulgaris endornavirus 1 (PvEV-1) and PvEV-2 were
identified in bean varieties from Nicaragua and Tanzania. No pathogenic,
seedborne viruses were detected in the samples from Nicaragua, but Cowpea
mild mosaic virus was detected in one region in Tanzania. These results suggest
that breeding for resistance and pyramiding resistance genes defends the new
CB varieties from the most common viruses in Nicaragua and Tanzania.
Finally, it is to know that common bean is an important crop around world and
therefore, has a great potential for genetic and pathological component
improvement. Hence, the importance to promote health seeds for keeping good
seed quality and to increase production in Nicaragua and Tanzania. In our study,
many of the seed-borne pathogenic fungi detected in ‘INTA Rojo’ were previously
unreported in Nicaragua. Reports on occurrence of some fungi such as F.
incarnatum, L. theobromae, C. cassiicola, and Diaporthe as seedborne
pathogens of common bean are rare elsewhere. The incidences of the
pathogenic fungi differed between seed lots, which calls for further study to
understand better the basis of differences in seed quality which they are linked to
handling and storage conditions of seed beans.
In addition, our results provide knowledge base by primer design that
will help for seed health inspection and seed certification. However, it is also
important to continue studies on epidemiology, ecology, and control of the
pathogenic fungi and viruses of common bean in the field and to improve control
of the diseases by integrated crop management and use of certified seeds and
resistant varieties.
All bean seed farmers are recommended to improve seed cleaning
and disease control. The national seed system of bean production could
consider testing for seed health from time to time to evaluate efficacy of their
efforts to reduce seed infection.

40

ACKNOWLEDGMENTS
First, I thank my supervisor Professor Jari Valkonen to provide me his support
and guidance during my doctoral studies.
I am grateful to Dr. Aldo Rojas for his valuable advice, help and
encouragement at the beginning of my study.
I would like to express my gratitude all the members of Nicaragua-Finland
Agrobiotechnology and Human Capacity Building Program (NIFAPRO) carried
out jointly by the Nicaraguan Institute of Agricultural Technology (INTA) and
University of Helsinki. They are Prof. Jari Valkonen, Paula Elomaa, Helena
Korpelainen and Dr. Aldo Rojas. All of them together with others joined efforts
to train human capital. All of them, worked very hard for the proposal of
NIFAPRO program. Thus, in a certain way, they are responsible for this work
being done.
I thank the participation of the Ministry of Agriculture, Livestock and Forestry
of Nicaragua (MAGFOR), National University of Agriculture of Nicaragua (UNA),
Ministry of Foreign Affairs of Nicaragua, and Ministry for Foreign Affairs of
Finland in the Steering Committee of NIFAPRO Program.
I want to thank authorities of INTA who were in office during the period 20122014 and who helped me whenever I needed it.
I thank the reviewers appointed by the Faculty, Prof. Paul Vincelli from
University of Kentucky (USA) and Paula Persson, Swedish University of
Agriculture Sciences (Sweden), for their valuable comments and suggestions on
the thesis.
I would like to thank all the co-authors of the article III for their valuable
contributions. I am very grateful to my colleagues and researchers that are
working in the Department of Agriculture and Forestry, KPAT group for their
help, advice and friendship. Thanks to all of you, Eeva, Katrin, Milton, Marjo,
Marcelina, Long, Linping, Mirkko, Yusuf, Veerandra and other for being nice and
friendly people. I enjoyed our conversations, lunches and nights out.
During my doctoral studies I met very nice people and good researchers
such as Jinhui, Deus, Sascha, Mikko, Hanny Elsayed, Shahid, Neema,
Evangelista, Hong, Susana, Eeva (Forestry area), Indian and Tanzania
students.
I am grateful for my friends and family for their support and for
encouraging me to accomplish my dreams (finish my PhD).
Hanna, my dear friend, I want to thank you for your sincere friendship,
support, advice, prays and talks concerning life issues, lunches, scientific
research and the time I have shared with your beautiful family. You have been
more than a friend. Thanks to Harri, Marita, Annika and Taavetti for making me
feel at home. Hanna no matter where I am you will be always in my heart. God
bless you always.

41

Eeva, my friend, thanks for your support, advice, friendship, discussions, coffee
time, dinners in your house and lunches. Thanks for everything my friend.
Minna Rännäli my dear friend, thank you for always believing in me and for your
sincere friendship. You are amazing and adoring person. I do not have words to
describe my gratitude and love for you. You are a good friend. Thanks for your
help, advice, talks and relaxing time together.
Iman and Barham my colleagues and friends. I cannot forget all the
wonderful time that we shared (your office and house). Thanks for all the fun
moments, jokes, good talks and support. Both of you always believing in me and
motivated me to keep going.
My friend Shandra and Inram from India and Paskitan respectively,
thanks for your friendship, your support when I needed, dinner and good
moments.
Thanks to my Nicaraguan and all Latin friends (Daysi, Ocler, Omar,
Hubert, Robert, Katia, Fausto) that I met in Finland. I enjoyed always with all of
you.
My friend Daysi you have been my sister and friend. You are my
family. Thanks a lot for all you support, your follies, jokes because they made me
laugh in the moments that most needed them. Te quiero mucho amiga.
I have been lucky to have a good, sincere and beautiful friend
Yudaisy from Cuba. I do not know my friend how I can express my gratitude for
all your help, friendship and excellent discussions on life. You are funny, honest
and sincere person that I have known. Te quiero mucho amiga.
I am grateful to my friends in Nicaragua (Irene, Martha, Geraldine,
Mayling and Karla) for all your support and advice when I needed it. All you were
always with me despite the distance.
I thank my friend Ing. González for your support, advices and for
giving me courage. Gracias por apoyarme y estar conmigo en todo momento.
Thanks for my siblings, Erika, Ilsa and Joaquin, and my nephews
Alan, Elí and Kester and nieces Mía, Ilse and Fabieli. I love all of you so much.
I also thank my brother-in-law Nelson and César for your support during my
studies and different phase of my life. I appreciate it.
I would like to thank my beloved mother Tomasa Isabel and father
Joaquin Marcenaro for giving me love, support, advice and encouragement me
when I needed it. I love you both.
I am privileged to meet and have a good and lovely person in my life
“Marcel”. Thank you for your patience, love, encouragement, advice and nice
talks. Thanks for your support through difficult times in my life. Thanks for
making me laugh and make my life easier and happier. You are a great person
who is close to my heart. Te quiero mucho.

42

My dear and beloved sister Erika who is my angel, my light, my other existence
and best friend. You have believed in me and encouraged me always. Thanks
for your prayers and blessings to me. I know well that I can always count on your
support. I love you with all my heart. This achievement is yours. God bless you
sister.
Finally, I cannot end my acknowledgements without mentioning my
gratitude to my LORD, the honor and glory to him. This achievement is thanks
to God, because without him nothing is possible.

43

REFERENCES
Abd-Elsalam KM, Aly IN, Abdel-Satar MA, Khalil MS, Verret JA. PCR detection
of Fusarium genus based on nuclear ribosomal-DNA sequence data. African
Journal of Biotechnology. 2003; 2: 82-85.
Agrios GN. Plant pathology, 5th ed. London, UK: Elsevier; 2005.
Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic local alignment
search tool. J Mol Biol. 1990; 215: 403-410.
Alves-Santo F, Ramos B, García MAS, Eslava AP, Díaz-Míngez JM. A DNAbased procedure for in plant detection of Fusarium oxysporum f. sp. phaseoli.
Phytopathology. 2002; 92: 237-244.
Anderson IC, Parkin PI. Detection of active soil fungi by RT-PCR amplification of
precursor rRNA molecules. J Microbiol Methods. 2007; 68: 248-253.
Anon. Manual de diffusion técnica de la soya. Santa Cruz, Bolivia: FUNDACRUZ;
2006. pp. 84-102.
Anon. Vegetable production training manual. AVRDC publication no. 90-328.
ISBN 92-9058-039-9. Shanhua, Tainan: Asian Vegetable Research and
Development Center; 1990.
Aoki T, O'Donnell K, Geiser DM. Systematics of key phytopathogenic Fusarium
species: current status and future. J Gen Plant Pathol. 2014; 80: 189-201.
Arauz LF, Umaña G. Diagnostico e incidencia de las enfermedades pos cosecha
del mango en Costa Rica. Agronomia Costarricence 1986; 10: 89-99.
Arx JA von. The genera of fungi sporulating in pure culture. Vaduz, Germany: AR
Ganter Verlage; 1974.
Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JC, Smith JA, Albright
LM, Coen DM, Varki A. Short protocols in molecular biology: A compendium
of methods from current protocols in molecular biology. New York, USA: John
Wiley & Sons Press; 1995.
Beaver JS, Rosas JC, Porch TG, Pastor-Corrales MA, Godoy-Lutz G, Prophete
EH. Registration of PR0806-80 and PR0806-81 white bean germplasm lines
with resistance to BGYMV, BCMV, BCMNV, and rust. J Plant Registr. 2015; 9:
208-211.
Bi Y, Tugume AK, Valkonen JPT. Small-RNA deep-sequencing reveals Arctium
tomentosum as a natural host of Alstroemeria virus X and a new putative
emaravirus. PLoS ONE 2012; 7: e42758.
Blair MV, Giraldo MC, Buendía HF, Tovar E, Duque MC, Beebe SE. Microsatellite
marker diversity in common bean (Phaseolus vulgaris L.). Theorical and
Applied Genetics. 2006; 113: 100-109.
Blair MW, Rodriguez LM, Pedraza F, Morales F, Beebe S. Genetic mapping of
the bean golden yellow mosaic geminivirus resistance gene bgm-1 and linkage
with potyvirus resistance in common bean (Phaseolus vulgaris L.). Theor Appl
Genet. 2007; 114: 261-271.

44

Booth C. Fusarium equiseti. IMI descriptions of fungi and bacteria, sheet 571.
Wallingford, UK: CAB International; 1978.
Bosch U, Mirocha CJ. Toxin production by Fusarium species from sugar beets
and natural occurrence of zearalenone in beets and beet fibers. Appl Environ
Microbiol. 1992; 58: 3233–3239.
Boysen M, Borja M, Del Moral C, Salazar O, Rubio V. Identification at strain level
of Rhizoctonia solani AG4 isolates by direct sequence of assymetric PCR
products of the ITS regions. Curr Genet. 29: 174-181.
Brooks F. List of plant diseases in American Samoa. Land grant technical report
41. Pago Pago, American Samoa: American Samoa Community College;
2004.
Bryan GT, Daniels MJ, Osbourn AE. Comparison of fungi within the
Gaeumannnomyces-Phialophora complex by analysis of ribosomal DNA
sequence. Appl. Environ. Microbiol. 1995; 61: 681-689.
Caldo RA, Nettleton D, Wise RP. Interaction-dependent gene expression in Mlaspecified response to barley powdery mildew. Plant Cell. 2004; 16: 2514-2528.
Candresse T, Marais A, Sorrentino R, Faurel C, Theill S, Cadot V, et al. Complete
genomic sequence of barley (Hordeum vulgare) endornavirus (HvEV)
determined by next-generation sequencing. Arch Virol. 2016; 161: 741–743.
Carstens EB, Ball LA. Ratification vote on taxonomic proposals to the
International Committee on Taxonomy of Viruses (2008). Arch Virol. 2009;
154, 1181-1188.
Chacón MI, Pickersgill B, Debouck DG. (2004) Domestication patterns in
common bean (Phaseolus vulgaris L.) and the origin of the Mesoamerican and
Andean cultivated races. Theor Appl Genet. 2004; 100: 432-444.
Chaudhary RG, Kaur A. Wilt disease as a cause of shift from lentil cultivation in
Sangod Tehsil of Kota, Rajasthan. Indian J Pulses Res. 2002; 15: 193-194.
Chen Y-Y, Conner RL, Gillard CL, Boland GJ, Babcock C, Chang K-F, Hwang
SF, Chen Y-Y, Conner RL, Gillard CL, Boland GJ, Babcock C, Chang K-F,
Hwang SF, Balasubramanian PM. A specific and sensitive method for the
detection of Colletotrichum lindemuthianum in dry bean tissue. Plant
Disease; 2007; 11271-1276.
Chen YY, Conner RL, Gillard CL. A quantitative real-time PCR assay for detection
of Colletotrichum lindemuthianum in navy bean seeds. Plant Pathol. 2013;
62: 900-907.
Coetzee B, Freeborough MJ, Maree HJ, Celton JM, Rees DJG, Burger JT. Deepsequencing analysis of viruses infecting grapevines: virome of a vineyard.
Virology. 2010; 400: 157-163.
Corpet Florence. Multiple sequence alignment with hierarchical clustering.
Nucleic Acids Research. 1988; 10: 10881-10890.
Delgado G. Nicaraguan fungi: A checklist of hyphomycetes. Mycotaxon. 2011;
115: 534.

45

Dhingra OD, Sinclair JB. Variation among isolates of Macrophomina phaseolina
(Rhizoctonia bataticola) from the same soybean plant. Phytopathology. 1972;
62: 1108.
Dickman MB. Colletotrichum. In: Kronstad JW, editor. Fungal pathology.
Dordrecht, The Netherlands: Kluwer Academic Publishers. pp. 127-147.
Diepeningen AD van, Hoog S de. Challenges in Fusarium, a trans-kingdom
pathogen. Mycopathologia. 2016; 181: 161-163.
Ding SW, Voinnet O. Antiviral immunity directed by small RNAs. Cell. 2007; 130:
413-426.
Diniz Cavalcante R, Waléria Guerreiro L, Brainer Martins R, Tovar-Pedraza JM,
Saraiva Câmara MP. Thiophanate-methyl sensitivity and fitness in
Lasiodiplodia theobromae populations from papaya in Brazil. Eur J Plant
Pathol. 2014; 140: 251-259.
Dixon LJ, Schlub RL, Pernezny K, Datnoff LE. Host specialization and
phylogenetic diversity of Corynespora cassiicola. Phytopathology 2009; 99:
1015-1027.
Domsch KH, Gams W, Anderson TH. Compendium of soil fungi. Vol. I and II.
London, UK: Academic Press; 1980.
Dugan FM, Lupien SL, Osuagwu AN, Uyoh EA, Okpako E, Kisha T. New records
of Lasiodiplodia theobromae in seeds of Tetrapleura tetraptera from Nigeria
and fruit of Cocos nucifera from Mexico. J Phytopathol. 2016; 164: 65-68.
Echavez-Badel R, A Perdomo. Characterization and comparative pathogenicity
of two Macrophomina phaseolina isolates from Puerto Rico. J Agric Univ
Puerto Rico. 1991; 75: 19-421.
Edel V, Steinberg C, Gautheron N, Alabouvette C. Evaluation of restriction
analysis of polymerase chain reaction (PCR)-amplified ribosomal DNA for the
identification of Fusarium species. Mycological Research. 1997; 101: 179187.
Edel V, Steinberg C, Gautheron N, Alabouvette C. Populations of nonpathogenic
Fusarium oxysporum associated with roots of four plant species compared to
soil borne populations. Phytopathology. 1997; 87: 693-697.
Edel V, Steinberg C, Gautheron N, Alabouvette C. Ribosomal DNA-targeted
oligonucleotide probe and PCR assay specific for Fusarium oxysporum.
Mycological Research. 2000; 104: 518-526.
FAOSTAT online database. 2014. Available: http://faostat3.fao.org/faostatgateway/go/to/browse/G1/*/E.
Farr DF, Rossman AY. Fungal databases. Agricultural Research Service, United
States Department of Agriculture: Systematic mycology and microbiology
laboratory. Available: http://nt.ars-grin.gov/fungaldatabases/.
Ferrufino A. Catálogo de semillas de granos básicos. Variedades de arroz, frijol,
maís y sorgo liberadas por el INTA. Managua, Nicaragua: Instituto
Nicaragüense de Tecnología Agropecuaria (INTA); 2013.

46

Flores-Estévez N, Acosta-Gallegos JA, Silva-Rosales L. Bean common mosaic
virus and Bean common mosaic necrosis virus in Mexico. Plant Dis. 2003; 87:
21-25.
Ford R, Banniza S, Photita W, Taylor PW. Morphological and molecular
discrimination of Colletotrichum truncatum causing anthracnose on lentil in
Canada. Australasian Plant Pathology. 2004; 33: 559-569.
Freeman S, Minz D, jurkevitch E, maymon M, Shabi E. Molecular analysis of
Colletotrihum species from Almond and other fruits. Phytopathology. 2000;
90: 608-614.
Frischmuth T, Zimmat G, Jeske H. The nucleotide-sequence of abutilon mosaicvirus reveals prokaryotic as well as eukaryotic features. Virology. 1990; 178:
Fuentes AL, Anderson PK. First report of southern bean mosaic virus in
Nicaragua. Plant Dis. 1990; 74, 938.
Fukuhara T, Koga R, Aoki N, Yuki C, Yamamoto N, Oyama N, et al. The wide
distribution of endornaviruses, large double-stranded RNA replicons with
plasmid-like properties. Arch Virol. 2006; 151: 995-1002.
Gallitelli D. The ecology of Cucumber mosaic virus and sustainable agriculture.
Virus Res. 2000; 71: 9-21.
Gamez R. Los virus del frijol en Centro América. III. Razas del virus del mosaic
común del frijol de El Salvador y Nicaragua. Turrialba, Costa Rica: IICA CIDIA
Printshop; 1973.
Gao LL, Knogge W, Delp G, Smith FA, Smith SE. Expression patterns of defenserelated genes in different types of arbuscular mycorrhizal development in
wild-type and mycorrhiza-defective mutant tomato. Molecular Plant Microbe
Interaction. 2004; 17: 1103-1113.
Garrido-Ramirez ER, Sudarshana MR, Gilbertson RL. Bean golden yellow
mosaic virus from Chiapas, Mexico: Characterization, pseudorecombination
with other bean-infecting geminiviruses, and germplasm screening.
Phytopathology. 2000; 90: 1224-1232.
Goswami RS, Dong Y, Punja ZK. Host range and mycotoxin production by
Fusarium equiseti isolates originating from ginseng fields. Can J Plant Pathol.
2008; 30: 155-160.
Graham PH, Ranalli P. Common bean (Phaseolus vulgaris L.). Field Crop Res.
1997; 53: 131-146.
Grill LK, Garger SJ. Identification and characterization of double-stranded RNA
associated with cytoplasmic male sterility in Vicia faba. PNAS. 1981; 78: 70437046.
Guo KF, Syn J, Zhao SF, He L. Black spot disease of Chinese jujube (Ziziphus
jujaba) caused by Fusarium incarnatum in China. Plant Dis. 2016; 100: 529.
Hall R. Compendium of bean diseases. St. Paul, Minnesota, USA: APS Press;
1991.
Henrique FH, Morais Carbonel SA, Fumiko Ito M, Ribeiro Gonçalves JG, Ramos
Sasseron G, Chiorato AF. Classification of physiological races of Fusarium
oxysporum f. sp. phaseoli in common bean. Plant Protect. 2015; 74; 84-92.
47

Hillocks RJ, Madata CS, Chirwa R, Minja EM, Msolla S. Phaseolus bean
improvement in Tanzania 1959-2005. Euphytica. 2006; 150: 225-231.
Hirano Y, Arie T. PCR-based differentiation of Fusarium oxysporum ff. sp.
lycopersici and radices-lycopersici and races of F. oxysporum f. sp.
lycopersici. Journal Genetic Plant Pathology. 2006; 72: 273-283.
Hord MJ, García A, Villalobos H, Rivera C, Macaya G, Roossinck MJ. Field
survey of Cucumber mosaic virus subgroups I and II in crop plants in Costa
Rica. Plant Dis. 2001; 85: 952-954.
Hull R. Southern bean mosaic virus. CMI/AAB Descriptions of Plant Viruses no.
408. Kew and Wellesbourne, England: Commonwealth Mycological Institute
and Association of Applied Biologists; 2004.
Hutvagner G, Simard MJ. Argonaute proteins: key players in RNA silencing.
Nature Rev. Mol. Cell Biol 2008; 9: 22-32.
INTA (Instituto Nicaragüense de Tecnología Agropecuaria). Guía tecnológica
para el cultivo de granos básicos. Nicaragua: Revista Press; 2002.
INTA (Instituto Nicaragüense de Tecnología Agropecuaria). Guía tecnológica
para el cultivo de granos básicos. Nicaragua: Revista Press; 2002. 2016; 65:
691-703.
International Committee on Taxonomy of Viruses. Genus Endornavirus. 2016.
http://www.ictvonline.org/virusTaxonomy.asp
ISTA (International Seed Testing Association). International rules for seed
testing. Seed Sci Technol Suppl. 27; 1999.
Jiménez O, Korpelainen H, Rojas A, Elomaa P, Valkonen JPT. Genetic purity of
the common bean seed generations (Phaseolus vulgaris L. cv. ‘INTA ROJO’)
as tested with microsatellite markers. Seed Sci Technol. 2012; 40: 73–85.
Jiménez OR, Korpelainen H. Microsatellite markers reveal promising genetic
diversity and seed trait associations in common bean landraces (Phaseolus
vulgaris L.) from Nicaragua. Plant Genet Resources Charact Utiliz. 2012; 10:
108-118.
Jiménez OR, Korpelainen H. Preliminary evaluation of F1 generation derived
from two common bean landraces (Phaseolus vulgaris) from Nicaragua.
Plant Breed. 2013; 132: 205-210.
Johansen E, Edwards MC, Hampton RO. Seed transmission of viruses: current
perspectives. Annu Rev Phytopathol. 1994; 32, 363-386.
Kamel A Abd-Elsalam, Ibrahim N Aly, Mohmed A Abdel-Satar, Mohmed S Khalil,
Joseph A Verreet. PCR identification of Fusarium genus based on nuclear
ribosomal-DNA sequence data. African Journal of Biotechnology. 2003; 2(4):
82-85.
Karkashian J, Ramos-Reynoso ED, Maxwell DP, Ramírez P. Begomoviruses
associated with bean golden mosaic disease in Nicaragua. Plant Dis. 2011;
95: 901-906.
Khankhum S, Sela N, Osorno JM, Valverde RA. RNAseq analysis of
endornavirus-infected vs. endornavirus-free common bean (Phaseolus
vulgaris) cultivar Black turtle soup. Front. Microbiol. 2016; 7: 1905.
48

Khankhum S, Valverde RA, Pastor-Corrales MA, Osorno JM, Sabanadzovic S.
Two endornaviruses show differential infection patterns between gene pools
of Phaseolus vulgaris. Arch Virol 2015; 160: 1131–1137.
Koning G, Hamman B, Eicker A, Van de Venter HA. First report of Fusarium
equiseti on South African soybean cultivars. Plant Dis. 1995; 79: 754.
Kontra L, Csorba T, Tavazza M, Lucioli A, Tavazza R, Moxon S, et al. Distinct
effects of p19 RNA silencing suppressor on small RNA mediated pathways in
plants. PLoS Pathog. 2016; 12: e1005935.
Kreuze J, Perez A, Univeros M, Quispe D, Fuentes S, Barker I, et al. Complete
viral genome sequence and discovery of novel viruses by deep-sequencing of
small RNAs: A generic method for diagnosis, discovery and sequence of
viruses. Virology. 2009; 388: 1-7.
Kuninaga S, Natsuaki T, Takeuchi T, Yososawa R. Sequence variation of the
rDNA ITS regions within and between anastomosis groups of Rhizoctonia
solani. Curr Genet. 32: 237-243.
Kwon JH, Jee HJ, Park CS. Corynespora leaf spot of balsam pear (Momordica
charantia L.) caused by Corynespora cassiicola in Korea. Plant Path J. 2005;
21: 164-166.
Larena I, Salazar O, González V, Julián MC, Rubio V. Design of a primer for
ribosomal DNA transcribed spacer with enhanced specificity for
ascomycetes. Journal of Biotechnology. 1999; 75: 187-194.
Lefebvre A, Scalla R, Pfeiffer P. The double-stranded RNA associated with the
'447' cytoplasmic male sterility in Vicia faba is packaged together with its
replicase in cytoplasmic membranous vesicles. Plant Mol Biol. 1990; 14: 477490.
Lehtonen MJ, Ahvenniemi P, Wilson PS, German-Kinnari, Valkonen JPT.
Biological diversity of Rhizoctonia solani (AG-3) in a Northern potatocultivation environment in Finland. Plant Pathol. 2008; 57: 141–151.
Li S, Hartman GL. Molecular detection of Fusarium solani f. sp. glycines in
soybean roots and soil. Plant Pathology. 2003; 52: 74-83.
Lima JS, Moreira RC, Cardoso JE, Cardoso JE, Valentim Martins MV, Pinto
Viana FM. Caracterizacão cultural, morfológica e patogênica de
Lasiodiplodia theobromae associado a frutíferas tropicais. Summa
Phytopathologica. 2013; 39: 81-88.
Lin YH, Chang JY, Liu ET, Chao CP, Huang JW, Chang PFL. Development of a
molecular marker for specific detection of Fusarium oxysporum f. sp. cubense
race 4. European Journal Plant Pathology. 2009; 123: 353-365.
Lin YJ, Chen KS, Chang JY, Wan YL, Hsu CC, Huang JW, Chan PLL.
Development of the molecular methods for rapid detection and differentiation
of Fusarium oxysporum and F. oxysporum f. sp. niveum in Taiwan. New
Biotechnology. 2010; 27: 409-418.
Lisboa WS, Macedo DM, Silva M, et al. First report of Corynespora cassiicola on
Pueraria phaseoloides (tropical kudzu). Australasian Plant Dis. Notes. 2016;
11: 17.
49

Liu J, Li H, Zhou G. Specific and rapid detection of Camellia oleifera
Anthracnose pathogen by nested-PCR. African Journal of Biotechnology. 2009;
8: 4056-1061.
Llave C. Virus-derived small interfering RNAs at the core of plant-virus
interactions. Trends Plant Sci. 2010; 15: 701-707.
Machado AR, Pinho DB, Oliviera Saulo A.S. de, Pereira Olinto L. New
occurrences of Botryosphaeriaceae causing black root of cassava in Brazil.
Trop. Plant Pathol. 2014; 39: 464-470.
Mancini V, Murolo S, Romanazzi G. Diagnostic methods for detecting fungal
pathogens on vegetable seeds. Plant Pathol. 2016; 65: 691-703.
Mancini V, Murolo S, Romanazzi G. Diagnostic methods for detecting fungal
pathogens on vegetable seeds. Plant Pathology. 2016; 65: 691-703.
Manter DK, Vivanco JM. Use of the ITS primers, ITS1F and ITS4, to characterize
fungal abundance and diversity in mixed-template samples by qPCR and
length heterogeneity analysis. Journal of Microbiological Methods. 2007; 71:
7-14.
Marcenaro D, Valkonen JPT. Seedborne pathogenic fungi in common bean
(Phaseolus vulgaris cv. INTA Rojo) in Nicaragua. PLoS ONE. 2016; 11:
e0168662.
Marchler-Bauer A, Lu S, Anderson JB, Chitsaz F, Derbyshire MK, DeWeeseScotts C, et al. CDD: a conserved domain database for the functional
annotation of proteins. Nucl Acid Res. 2011; 39: D225-D229.
Marques MW, Lima NB, Morais MA Jr, Barbosa MAG, Souza BO, Michereff SJ,
et al. Species of Lasiodiplodia associated with mango in Brazil. Fungal
Diversity. 2013; 61: 181-193.
Martin KJ, Rygiewicz P. Fungal-specific PCR primers developed for analysis of
the ITS region of environmental DNA extract. BCM Microbiology. 2005; 5: 28.
doi:10.1186/1471-2180-5-28.
Martínez de la parte E, Cantillo Pérez T, García D. Hongos asociados a semillas
de Phaseolus vulgaris L. cultivadas en Cuba. Biotecnología Vegetal. 2014;
14: 99-105.
Martinez-Garnica M, Nieto-Munoz F, Hernandez-Delgado S, Mayek-Perez N.
Pathogenic and genetic characterization of Mexican isolates of Fusarium
solani f. sp phaseoli (Burk.) Snyd. & Hans. Revista de la Facultad de
Agronomia de la Universidad del Zulia. 2014; 31: 539-557.
Maule AJ, Wang D. Seed transmission of plant viruses: a lesion in biological
complexity. Trends Microbiol. 1996; 4: 153-158.
Melgarejo TA, Lehtonen MT, Fribourg CE, Rännäli M, Valkonen JPT. Strains of
BCMV and BCMNV characterized from lima bean plants affected by deforming
mosaic disease in Peru. Arch Virol. 2007; 152: 1941-1949.
Melotto M, Afanador L, Kelly JD. Development of a SCAR marker linked to the I
gene in common bean. Genome. 1996; 39: 1216–1219.
Mink GI, Keswani CL. First report of cowpea mild mottle virus on bean and mung
bean in Tanzania. Plant Dis. 1987; 71: 55.
50

Morales F, Niessen I. Comparative responses of selected Phaseolus vulgaris
germplasm inoculated artificially and naturally with bean golden mosaic virus.
Plant Dis. 1988; 72: 1020-1024.
Morales FJ, Castaño M. Seed transmission characteristics of selected bean
common mosaic virus strains in differential bean cultivars. Plant Dis. 1987; 71:
51-53.
Munimbazi C, Bullerman LB. Molds and mycotoxins in foods from Burundi. J Food
Protection. 1996; 59: 869-875.
Myers JR, Mink GA, Mabagala R. 2000. Surveys for bean common mosaic virus
in East Africa. Annual Report of Bean Improvement Cooperative and National
Dry Bean Council Research Conference, p. 13-14.
Naseri B, Mousavi SS. Root rot pathogens in field soil, roots and seeds in relation
to common bean (Phaseolus vulgaris), disease and seed production. Int J
Pest Management. 2008; 61: 60-67.
Navas M, Subero LJ. Efecto de cinco fungicidas sobre Corynespora cassiicola
(Berk & Curt). Wei en semilla de ajonjolí (Sesamun indicum L). Revista
Facultad de Agronomia (Maracay). 2015; 21: 121-127.
Njau PJR, Lyimo HFJ. Incidence of bean common mosaic virus and bean
common mosaic necrosis virus in bean (Phaseolus vulgaris L.) and wild
legume seedlots in Tanzania. Seed Sci Technol. 2000; 28: 85-92.
Okada R, Kiyota E, Sabanadzovic S, Moriyama H, Fukuhara T, Saha P, et al.
Bell pepper endornavirus: molecular and biological properties and occurrence
in the genus Capsicum. J Gen Virol. 2011; 92: 2664-2673.
Okada R, Yong CK, Valverde RA, Sabanadzovic S, Aoki N, Hotate S, et al.
Molecular characterization of two evolutionally distinct endornaviruses coinfecting common bean (Phaseolus vulgaris). J Gen Virol. 2013; 94: 220-229.
Okoth S, Siameto E. Suppression of Fusarium spp. in a maize and beans
intercrop by soil fertility management. J Yeast Fungal Res. 2010; 1: 35-43.
Othman Y, Hull R. Nucleotide sequence of the bean strain of southern bean
mosaic-virus. Virology. 1995; 206: 287-297.
Palukaitis P, García-Arenal F. Cucumber mosaic virus. CMI/AAB Description of
Plant Viruses No 400. Kew and Wellesbourne, England: Commonwealth
Mycological Institute and Association of Applied Biologists; 2003.
Pasquali M, Piatti P, Gullino ML, Garibaldi A. Development of a real-time
Polymerase Chain Reaction for the detection of Fusarium oxysporum f. sp.
basilica from Basil seed and roots. Journal Phytopathology. 2006; 154: 632636.
Pei You M, Colmer TD, Barbetti MJ. Salinity drives host reaction in Phaseolus
vulgaris (common bean) to Macrophomina phaseolina. Func Plant Biol. 2011;
38: 984-992.
Prester L. Indoor exposure to mould allergens. Arh Hig Toksikol 2011; 62: 371380.

51

Probst C, Schulthess F, Cotty PJ. Impact of Aspergillus section Flavi community
structure on the development of lethal levels of aflatoxins in Kenyan maize
(Zea mays). J Appl Microbiol 2010; 108: 600-610.
Prophete E, Demosthenes G, Godoy-Lutz G, Porch TG, Beaver JS. Registration
of PR0633-10 and PR0737-1 red mottled dry bean germplasm lines with
resistance to BGYMV, BCMV, BCMNV, and common bacterial blight. J Plant
Registrations. 2014; 8: 49-52.
Punithalingam E. Botrydiplodia theobromae. CMI descriptions of pathogenic fungi
and bacteria no. 519. Kew, England: Commonwealth Mycological Institute.
1976.
Punithalingam E. Plant diseases attributed to Botryodiplodia theobromae Pat.
Bibliotheca Mycologica Series; J Cramer; 1980.
Qi YX, Zhang X, Pu JJ, Xie YX, Zhang HQ, Huang SL, Li SL, Zhang H. Nested
PCR assay for detection of Corynespora leaf fall disease caused by
Corynespora cassiicola. Australasian Plant Pathology. 2009; 38: 141-148.
Ramdial H, Hosein F, Rampersad SN. First report of Fusarium incarnatum
associated with fruit disease of bell peppers in Trinidad. Plant Dis. 2016; 100:
526.
Rodriguez AA, Menezes M. Identification and pathogenic characterization of
endophytic Fusarium species from cowpea seeds. Mycopathology. 2005;
159: 79-85.
Rojas A, Kvarnheden A, Marcenaro D, Valkonen JPT. Sequence analysis of
Tomato leaf curl Sinaloa virus and Tomato severe leaf curl virus: phylogeny
for New World begomoviruses and detection of recombination. Arch Virol.
2005; 150: 1281-1299.
Rojas MR, Gilbertson RL, Russell DR, Maxwell DP. Use of degenerate primers
in the polymerase chain reaction to detect whitefly-transmitted geminiviruses.
Plant Dis. 1993; 77: 340–347.
Roossinck MJ, Sabanadzovic S, Okada R, Valverde RA. The remarkable
evolutionary history of endornaviruses. J Gen Virol. 2011; 92: 2674-2678.
Roossinck MJ. Metagenomics of plant and fungal viruses reveals an abundance
of persistent lifestyles. Front Microbiol. 2005; 5: 767.
Rosado AWC, Machado AR, Freire FCO, Pereira OL. Phylogeny, identification,
pathogenicity of Lasiodiplodia associated with postharvest stem-end rot of
coconut in Brazil. Plant Dis. 2016; 100: 561-568.
Salgado MHF Schwartz and MA Brick. Inheritance of resistance to a Colorado
race of Fusarium oxysporum f. sp. Phaseoli in common beans. Plant Disease.
1995; 79: 279-281.
Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: A laboratory manual, 2nd
ed., vol. 3, apendices B.11 and B.23. Cold Spring Harbor, New York: Cold
Spring Harbor Laboratory Press; 1989.
Santalla M, Casquero PA, Ron AM de. Yield and yield components from
intercropping bush bean cultivars with maize. J Agr Crop Sci. 1999; 183: 263269.
52

Santalla M, Fueyo MA, Rodino A, Montero I, de Ron A. Breeding for culinary and
nutritional quality of common bean (Phaseolus vulgaris L.) in intercropping
systems with maize (Zea mays L.). Biotech Agronomy Soc Environm. 1999; 3:
225–229.
Santos TT dos, Souza T de, Queiroz CB de, Araújo EF de, Pereira OL, Queiroz
MV de. High genetic variability in endophytic fungi from the genus Diaporthe
isolated from common bean (Phaseolus vulgaris L.) in Brazil. J Appl
Microbiol. 2016; 120: 388-401.
Schwach F, Vaistij FE, Jones L, Baulcombe DC. An RNA-dependent RNA
polymerase prevents meristem invasion by potato virus X and is required for
the activity but not the production of a systemic silencing signal. Plant Physiol.
2005; 138: 1842-1852.
Schwartz HF, Steadman JR, Hall R, Forster RL. Compendium of bean diseases.
Minnesota, USA: The American Phytopathological Society; 2005.
Seguin J, Otten P, Baerlocher L, Farinelli L, Pooggin MM. MISIS: A bioinformatics
tool to view and analyze maps of small RNAs derived from viruses and
genomic loci generating multiple small RNAs. J Virol Methods. 2014; 195; 12022.
Segundo E, Carmona MP, Sáez E, Velasco L, Martín G, Ruiz L, et al. Occurrence
and incidence of viruses infecting green beans in south-eastern Spain. Eur J
Plant Pathol 2008; 122: 579-591.
Seifert K. Fusarium interactive key (Fuskey). Canada: Agriculture and Agri-Food
Canada; 1996.
Sela N, Luria N, Dombrovsky A. Genome assembly of Bell pepper endornavirus
from small RNA. J. Virol. 2012; 86: 7721.
Sengooba TN, Spence NJ, Walkey DGA, Allen DJ, Lana AF. The occurrence of
bean common mosaic virus in wild and forage legumes in Uganda. Plant
Pathol. 1997; 46: 95-103.
Sexton ZF, Hughes T, Wise KA. Analyzing isolate variability of Macrophomina
phaseolina from a regional perspective. Crop Protect. 2016; 81: 9-13.
Shang HH, Zhong J, Zhang RJ, Chen CY, Gao BD, Zhu HJ. Genome sequence
of a novel endornavirus from the phytopathogenic fungus Alternaria
brassicicola. Arch Virol. 2015; 160: 1827–1830.
Sharma M, Ghosh R, Pande S. Dry root rot [Rhizoctonia bataticola (Taub.)
Butler]: an emerging disease of chickpea - where do we stand? Arch
Phytopathol Plant Protect. 2015; 48: 797-812.
Sharma Sapna. New host for LTR retrotransposom CGRET of phytopathogenic
fungus Colletotrihum gloesporioides. Journal of Internationl Academic
Research For Multidisciplinary. 2016; 4: 2320-5083.
Shimomoto Y, Kiba A. Multiplex polymerase chain reaction discriminate which
eggplant isolates of Corynesporta cassiicola are virulent to sweet pepper.
Journal Genetic Plant Pathology. 2015; 81: 226-231.

53

Silvestro LB, Stenglein SA, Forjan H, Dinolfo MI, Arambarri AM, Manso L, et al.
Occurrence and distribution of soil Fusarium species under wheat crop in
zero tillage. Spanish J Agr Res. 2013; 11: 72-79.
Singh SP, Morales FJ, Miklas PN, Terán H. Selection for bean golden mosaic
resistance in intra- and interracial bean populations. Crop Sci. 2000; 40; 1565–
1572.
Singh SP, Schwartz HF. Breeding common bean for resistance to diseases: A
review. Crop Sci. 2010; 50: 2199-2223.
Singh SP, Terán H, Muňoz CG, Takegami JC. Two cycles of recurrent selection
for seed yield in common bean. Crop Science. 1999; 39: 391-397.
Slippers B, Wingfield MJ. Botryosphaeriaceae as endophytes and latent
pathogens of woody plants: diversity, ecology and impact. Fungal Biol Rev.
2007; 21: 90–106.
Smith KL. Peppers. In: Precheur RJ, editor. Ohio Vegetable Production Guide.
Columbus Ohio: Ohio State University Extension; 2000. pp. 166-173.
Su G, Suh SO, Schneider W, Russin JS. Host specialization in the charcoal rot
fungus, Macrophomina phaseolina. Phytopathology. 2000; 91: 120-126.
Surendranatha REC, Sudhakar C, Eswara RNP. Aflatoxin contamination in
groundnut induced by Aspergillus flavus type fungi: a critical review. Int J Appl
Biol Pharmaceutical Tech. 2011; 2: 180-192.
Tamura K, Dudley J, Nei M, Kumar S. Molecular evolutionary genetics analysis
software version 4.0 (MEGA 4). Mol Biol Evol. 2007; 24: 1596-1599.
Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. MEGA5:
Molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Mol Biol Evol 2011;
28: 2731-2739.
Tapia-Tussell R, Quijano-Ramayo R, Cortes-Velazquez A, Lappe P, LarqueSaavedra A, Perez-Brito D. PCR-based detection and characterization of the
fungal pathogens Colletotrichum gloesporioides and Colletotrichum capsici
causing anthracnose in papaya (Carica papaya L.) in the Yucatan Peninsula.
Molecular Biotechnology. 2008; 40: 293. doi:10:1007/s12033-008-9093-0.
Teramoto A, Machado TA, Dos Santos LM, Volf MR, Meyer MC, Cunha MG da.
Reacão de cultivares de soja à Corynespora cassiicola. Trop Plant Pathol.
2013; 38: 68-71.
Terashima Y, Ogiwara K, Kojima K, et al. Primers based on specific ITS
sequences of rDNAs for PCR detection of two fairy ring fungi of turfgrass,
Vascellum pratense and Lycoperdon pusillum. Mycoscience. 2002; 43: 261265.
Thompson JD, Higgins DG, Gibson TJ. Clustal W: improving the sensitivity of
progressive multiple sequence alignment through sequence weighting,
position-specific gap penalties and weight matrix choice. Nucl Acids Res.
1994; 11: 4673-4680.

54

Thompson SM, Tan YP, Shivas RG, Neate SM, Morin L, Bissett A, et al. Green
and brown bridges between weeds and crops reveal novel Diaporthe species
in Australia. Persoonia. 2015; 35: 39-49.
Torres-Calzada C, Tapia-Tussell R, Quijano-Ramayo A, Martin-Mex R, RojasHerrera R, Higuera-Ciapra I, Perez-Brito, D. A species-specific polymerase
chain reaction assay for rapid and sensitive detection of Colletotrichum
capsici. Molecular Biotechnology. 2011; 49: 48. doi:10.1007/s12033-0119377-7.
Tryphone MT, Chilagane LA, Protas D, Kusolwa PM, Nchimbi-Msolla S. Marker
assisted selection for common bean diseases improvements in Tanzania:
Prospects and future needs. In: Andersen B, editor. Plant breeding from
laboratories to fields. Intech; 2013. pp. 121-147. DOI:10.5772/52823.
Tseng TC, Tu JC, Tsean SS. Mycoflora and mycotoxins in dry bean (Phaseoulus
vulgaris) produced in Taiwan and in Ontario, Canada. Microbiology. 1995;
36: 229-234.
Valkonen JPT, Koponen H. Seed borne fungi of Chinese cabbage (Brassica
pekinensis), their pathogenicity and control. Plant Pathol. 1990; 39: 510-516.
Vallejos EC, Astua-Monge G, Jones V, Plyler TR, Sakimaya NS, Mackenzie SA.
Genetic and molecular characterization of the I locus of Phaseolus vulgaris.
Genet Soc America. 2006; 172: 1229-1242.
Valverde RA, Gutierrez DL. Transmission of a dsRNA in bell pepper and evidence
that it consists of the genome of an endornavirus. Virus Genes. 2007; 35: 399403.
Viana de Sousa M, Da Silva Siqueira C, Da Cruz Machado J. Conventional PCR
for detection of Corynespora cassiicola in soybean seeds. Journal of Seed
Science. 2016; 38: 085-091.
Walcott RR. Detection of seedborne pathogens. Hort Technol. 2003; 13: 40-47.
Waller JM, Lenné JM, Waller SJ. Plant pathologist’s pocketbook. Wallingford, UK:
CAB International; 2002.
Wang H, Qi M, Cutler AJ. A simple method of preparing plant samples for PCR.
Nucleic Acids Research. 1993; 21: 4153-4154.
Wang Q, Cuellar W, Rajamäki ML, Hirata Y, Valkonen JPT. Combined
thermotherapy and cryotherapy for virus eradication: relation of virus
distribution, subcellular changes, cell survival and viral RNA degradation in
shoot tips to efficient production of virus-free plants. Mol Plant Pathol. 2008; 9:
237-250.
Webster J, Weber RWS. Introduction to fungi. New York: Cambridge University
Press; 2007.
White DG. Compendium of corn diseases. Minnesota, USA: The American
Phytopathological Society; 1999.
White TJ, Bruns T, Lee S, Taylor JW. Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics. In: PCR protocols: A guide to
methods and applications. Innis MA, Gelfand DH, Sninsky JJ, White TJ.
editors. New York, USA: Academic Press Inc; 1990. pp. 315-322.
55

White TJ, Bruns T, Lee S, Taylor JW. Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics. In: PCR protocols: A guide to
methods and applications. Innis MA, Gelfand DH, Sninsky JJ, White TJ.
editors. New York, USA: Academic Press Inc; 1990. pp. 315-322Graham PH,
Ranalli P. Common bean (Phaseolus vulgaris L.). Field Crop Res. 1997; 53:
131-146.
Worrall EA, Wamonje FO, Mukeshimana G, Harvey JJW, Carr JP, Mitter N. Bean
common mosaic virus and Bean common mosaic necrosis virus:
Relationships, biology, and prospects for control. Adv Virus Res. 2015; 93: 1–
46.
Wortmann CS, Kirkby RA, Eledu CA, Allen DJ. 2004. Atlas of common bean
(Phaseolus vulgaris L.) production in Africa. Publication no. 297. Cali,
Colombia: Centro Internacional de Agricultura Tropical (CIAT).
Wyatt SD, Brown JK. Detection of subgroup III geminivirus isolates in leaf extracts
by degenerate primers and polymerase chain reaction. Phytopathology. 1996;
86: 1288–1293.
Wyllie TD. Charcoal rot. In: Sinclair JB, Backman PA, editors. Compendium of
soybean diseases. Minnesota, USA: The American Phytopathological
Society; 1988. pp 30-33.
Yang HC, Hartman GL. Methods and evaluation of soybean genotypes for
resistance to Colletotrichum truncatum. Plant Dis. 2015; 99: 143-148.
Zerbino DR, Birney E. Velvet: Algorithms for de novo short read assembly using
de Bruijn graphs. Genome Res. 2008; 18: 821-829.
Zhang Z, Zhang J, Wang Y, Zheng X. Molecular detection of Fusarium
oxysporum f. sp. niveum and Mycospharella melonis in infected plant tissues
and soil. FEMS Microbiology Letters. 2005; 249: 39-47.
Zheng Y, Gao S. Padmanabhan C, Li R, Galvez M, Gutierrez D, et al.
VirusDetect: An automated pipeline for efficient virus discovery using deep
sequencing of small RNAs. Virology. 2017; 500: 130–138.

56

REPRINTS OF ORIGINAL PAPERS

