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Introduction
Diaporthe/Phomopsis (DP) is a fungal complex, hemi-biotroph that affects more than 900 

hosts including cultivated and uncultivated species, native forests, fruits and weeds; they can 
also survive in seeds and stubble [6,7]. The trends and progress in biology, interactions with 
different hosts and bio-taxonomic adaptations since 1912 have already been summarized and 
published by several authors [1, 8-13]. The binomial specific generic: Diaporthe phaseolorum 
(Cooke& Ellis) Sacc. (Teleomorph, perfect sexual form, Dp) - Phomopsis phaseoli (Desmaz.) Sacc 
(anamorph, imperfect asexual form, Pp) and the independent species P. longicolla T.W. Hobbs 
(asexual form, imperfect o anamorph (Plo) of a teleomorph still unknown) [8,9] have been 
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Abstract
Diaporthe/Phomopsis (DP) is a fungal complex, hemi-biotroph that affects more than 900 hosts including 
cultivated and uncultivated species, native forests, fruits and weeds; they can also survive in seeds and 
stubble. The pathogenic plasticity of DP has been transmitted by seeds and expanded to different agro-
ecosystems causing the inoculum to introduce a primary infection in disease-free batches of Argentina 
and diverse regions of the world. This situation prompted the necessity to characterize the pathogenic 
variability of Dp in the soybean-producing area of Argentina as a first step in developing effective 
strategies for incorporating Soybean Stem Canker (SSC) and Soybean Stem Blight (SSB) resistance into 
soybean germplasm. Collection of Diaporthe/Phomopsis isolates from different agro-environments has 
achieved some advances, such as: i) morphological determination and the first molecular validation 
into the identity of this fungal complex in Argentina, ii) detection and report that D. phaseolorum var. 
meridionalis (Dpm) and D. phaseolorum var. caulivora (Dpc) coexistence in the soybean producing area 
(32 to 34° SL), and iii) detection of variability in the virulence of different isolates of Dpm and Dpc when 
interacting with soybean genotypes carrying different resistance genes to SSC. This information explained 
the pathogenic results obtained, which showed that the soybean resistance genes that were effective 
against Dpm, were not for var. caulivora isolates [1]. To the four resistance genes to CTS-Dpm that were 
identified in soybean germplasm (Rdm1-4), a new gene was later determined as Rdm5 [2]. On the other 
hand, a major resistance gene of simple Mendelian inheritance to SSC-Dpc, named Rdc1, was detected and 
identified by classic genetic improvement and molecular assistance [3]; without discarding the possibility 
of another gene or genes that are associated with the assayed ones, which could of contributed to the 
resistance to SSC in soybean [4]. Respect to the Soybean Stem Blight (SSB) disease, caused by P. longicolla 
(Plo), it was possible to determine the first SSB resistance gene (Rpsb1) to SSB, carried by one of the 
resistant genotypes, without ruling out the possibility of carrying another associated genes [5]. These 
advances provide understanding about the effectiveness of the strategies applied and perspectives of 
plant improvement aimed at incorporating resistance to diseases in soybean.
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identified. The pathogenic plasticity of DP has been transmitted 
by seeds and expanded to different agro-ecosystems causing the 
inoculum to introduce a primary infection in disease-free batches of 
Argentina [14-16] and other countries of America [17-22], Europe, 
Asia and Africa [9,11,23]. Thus, DP has limited the production and 
quality of dry [16,24] and soybean fresh grain (edamame) [25] 
as crops and seeds of diverse native species of Argentina [26]. Dp 
complex interacting with Soybean causes two main pathologies: 
Soybean Stem Canker (SSC) and Soybean Stem and Pod Blight 
(SSB). SSC may be caused by D. phaseolorum var. meridionalis 
(Dpm) [2,8,27-30], and Dp var. caulivora (Dpc) [8,10,21,27,31-34]. 
Likewise, new reports have pointed out that D. aspalathi, previously 

cited as a pathogen of Aspalathus laminari by van Rensburg [13], 
was reported as a pathogen of soybean by Bruner et al. [35]. These 
results, according to taxonomic and biological concepts [7,8,36], 
would allow defining such D. aspalathi isolates as D. phaseolorum 
f. sp. aspalathi, a novel pathogenic variant to the soybean crop and 
belongs to a sub-specific taxon of D. phaseolorum. This conceptual 
framework introduces a different taxonomic perspective for the 
assigned denomination as an independent species of Diaporthe. 
Whilst SSB disease is caused by D. phaseolorum var. sojae (Dps) 
associated to P. longicolla (Plo), producing also seed decay in the 
reproductive stages of a soybean crop [7,8,11,23] (Figure 1-4).

Figure 1: Soybean stem canker by Diaporthe phaseolorum var. meridionalis (Dpm).
a) internal symptom. 
b) external symptom (canker) covered by pycnidia (anamorph signs) of Dpm. 
c) solitary perithecia (left) and perithecium with basal asco-carpus (teleomorph fruit body) (right). 
d) asci and ascospores emerged from perithecia; 
e) colonies of Dpm.

Figure 2: Soybean stem canker by Diaporthe phaseolorum var. caulivora (Dpc).
a)	 symptoms	in	the	field.
b)	 undefined	cankers	in	stems	(symptoms).
c) color and mycelial texture of Dpc colonies (left) and pycnidia (anamorph fruit body) scattered in the colonies 

(right).
d) bundles of perithecia (teleomorph fruit body) associated to crop residues.
e) perithecia grouped under the epidermal cell layer; 
f) perithecia grouped and forming vessels.
g) asci and ascospores emerged from perithecia of Dpc.
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Figure 3: Soybean stem and pod blight by Diaporthe phaseolorum var. sojae (Dps).
a) stems and pods with blight symptoms and covered of pycnidia (anamorph fruit body).
b) color and mycelial texture of Dps colonies showing stromatic areas scattered in the Petri dishes.
c) colonies of Dps isolated from infected seeds.
d) d and e seeds covered with mycelium and mature pycnidia with drops or gutules of alpha and beta conidia.
e) f- perithecia of Dps formed on symptomatic stems.

Figure 4: Soybean stem and pod blight by P. longicolla (Plo).
a) color and mycelial texture of Plo colonies (above).
b) stromatic areas scattered in the colony (bellow). 
c) c-e typical bundles of pycnidia (anamorph fruit body) of Plo, showings their beaks delivering alpha conidia 

as drops or gutules.
d) f-colony of P. longicolla obtained from infected seeds with the fungus.

Characterization of Diaporthe /Phomopsis - Glycine 
Max Interactions

The situation prompted the necessity to characterize the 
pathogenic variability within Diaporthe/Phomopsis (DP) in the 
soybean-producing area of Argentina as a first step for developing 
effective strategies to incorporate of SSC and SSB resistance into 
the soybean germplasm. A collection of DP isolates obtained from 

different agro-environments allowed the first advances [10,37] to 
be related to the following aspects: 

i) the morphological determination and first molecular 
validation of the identity of this fungal complex in Argentina, 

ii) detection and report of Dpm and Dpc coexistence in the 
soybean producing area (32 to 34° SL) [4,24], and 
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iii) detection of variability in the virulence of different Dpm 
and Dpc isolates when interacting with soybean genotypes 
carrying different SSC resistance genes, demonstrating genetic 
variability in both varieties [29,38,39].

Inheritance of Resistance Genes to SSC Caused by 
Dpm

Analysis of the inheritance of resistance genes to SSC, during 
the 1980s and 1990s in the USA, determined the existence of 
four independent and single-inherited dominant genes. These 
non-allelic genes were named: Rdc1 and Rdc2, present in the 
cultivar (cv.) Tracy M [40-43]; Rdc3 and Rdc4, present in the 
cvs. Crockett and Dowling, respectively [40]. The Rdc4 gene was 
also identified in cv. Hutcheson [41]. However, according to the 
bibliographic revisions [1,9,11], the selection and incorporation of 
CTS resistance genes was carried out based on the inoculation of 
isolates of greater virulence obtained from different states in the 
southern USA (responsible for southern canker by Dpm) [10,41-
43]. This information explained the pathogenic results obtained, 
which showed that the soybean resistance genes that were effective 
against Dpm, were not for var. caulivora isolates. The above strongly 
suggested that genes for resistance to Dpm were different from 
genes for resistance to Dpc. Therefore, it was proposed to rename 
the genes Rdc1, Rdc2, Rdc3 and Rdc4, as Rdm1, Rdm2, Rdm3 and 
Rdm4, respectively; and among them, the higher level of resistance 
to SSC by Dpm was conferred individually by genes Rdm3 or Rdm4 
[10].

Variability and Physiological Races in Dpm and 
Dpc Germplasm, Causal Agents of SSC

Pathogenicity trials also demonstrated the presence of 
physiological races in fungal germplasm of both varieties: Dpm 
[29] and Dpc causal agent of SSC [38,39]. On the other hand, the 
presence of two cultivars carrying the Rdm4 gene (Hutcheson 
and Dowling) allowed infer another virulence gene expressed 
in physiological races, which were virulent to Rdm4 only in the 
Dowling background. The fact that some Dpm isolates showed a 
different degree of compatibility when interacting with the same 
resistance gene in different backgrounds (e.g., Rdm4 gene in 
Dowling or in Hutcheson) suggested the existence of another gene 
or genes that are associated with the assayed ones, which could 
contribute to the resistance to SSC in soybean. Later, Chiesa et al. 
[2] identified a new gene, the Rdm5, linked to Rdm4 in Hutcheson 
cv., located at the Rdm4-5 locus; but Rdm (Rdm1-5) genes were 
not effective against SSC caused by Dpc [10]. Furthermore, the 
selection pressure given by the incorporation of Rdm genes for the 
resistance to SSC caused by Dpm in the soybean producing area, 
which promoted the expansion of the SSC disease caused by Dpc 
in Argentina [21,25,38]. Consequently, the SSC by Dpc gradually 
became one of the most important soybean diseases [38,39,44] 
because Rdc resistance genes had not been identified in the soybean 
germplasm and hence were not available for breeding programs.

Inheritance of Resistance Genes to SSC Caused by 
Dpc

In this context, the objective in this step of research was 
to identify and characterize the inheritance of Rdc genes for 

resistance to SSC-Dpc through classical Mendelian analysis, along 
with the assistance of specific molecular makers. Results obtained 
from specific and diverse interactions between Dpc16 and soybean 
genotypes demonstrated that G13 and G4 were, respectively, 
the most stable genotypes among the selected R and S parents. 
Thus, derived populations from F1, validated as hybrids and 
heterozygous by SNP, were selected to continue the analysis of the 
Rdc gene/s inheritance [44]. The chi-square goodness of fit test 
verified that phenotypic segregation of the complete F3 population 
adjusted to a 5:3 ratio (healthy resistant plants: dead susceptible 
plants) and phenotypic characterization of F2:3 families (Progeny 
Test) allowed to infer the genotypic ratio (1RR: 2Rr: 1rr) in the 
previous F2 individual population. Results obtained by classic 
genetic improvement and molecular assistance contributed to the 
detection and identification of a major resistance gene of simple 
Mendelian inheritance to SSC-Dpc, which was named Rdc1. Based 
on the updated bibliography revision, this was the first report on 
inheritance of Rdc resistance genes to SSC caused by Dpc [33].

Inheritance of Resistance Genes to SSC Caused by 
Dpc by Cuantitative Genetic Methods

Previous results showed that some populations from crosses 
of the same soybean genotype, carrying the Rdc1 gene, with 
other susceptible parents adjusted to Mendelian segregation after 
relaxing the required threshold of dead plants to qualify F2:3 
families as phenotypically resistant [44]. Thus, the need arose to 
apply quantitative genetic methods that would allow validating 
the results obtained from the Mendelian genetics approach, 
detecting variations from eventual modifying genes in order to 
define strategies for the improvement in populations that are 
generated. The results validated G13 as a carrier of the Rdc1 gene, 
whose presence showed medium to high heritability. Further, in a 
population derived from G13 at least four segregating genes were 
detected for the incidence parameter of SSC by Dpc [4,44,45].

Inheritance of Resistance Genes to SSB Caused by 
Plo

Soybean Stem Blight (SSB) is caused by P. longicolla (Plo) 
and the binomial D. phaselorum var. sojae (Dps) (P. phaseoli var. 
sojae) [7]. In recent years, some soybean genotypes carrying 
Rpsd genes that confer resistance to soybean seed decay, caused 
by the same agents that cause SSB, have been reported. However, 
it was not known whether the Rpsd genes were also effective for 
Soybean Stem Disease (SSB). Therefore, in this case, the objective 
was the characterization of various soybean genotypes, carriers 
of Rpsd genes and others of interest, in order to evaluate their 
behavior against local strains of Phomopsis (Pps and Plo) that 
caused SSB, detecting eventual resistance genes (Rpsb) and 
determining their mode of inheritance. For this, effective crosses 
were obtained between differential genotypes (R and S) at SSB [5], 
and their respective F1 (molecularly validated by SNP) in order 
to continue the breeding program with segregating stable F2 and 
F3 populations. Through inoculations, the reaction against SSB of 
the parents, the F1, F2 individuals and the F3 plants distributed in 
the F2:3 family (Progeny Tests) were characterized. Through the 
observed phenotypic ratios, it was possible to infer the expected 
genotypic ratios in the F2 parents, allowing the identification of 
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the first SSB resistance gene (Rpsb1) to SSB, carried by one of the 
resistant genotypes, without ruling out the possibility of carrying 
other associated genes [46-48].

These advances provided an understanding about the 
effectiveness of the strategies applied and perspectives of plant 
improvement aimed at incorporating resistance to diseases in 
soybean crops.
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