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Abstract
Maize bushy stunt and corn stunt have emerged among the most important diseases of maize in Brazil. To evaluate the single or
dual presence of the phytoplasma and spiroplasma associated with corn stunting diseases, maize samples were collected across
several locations in four Brazilian states. Multiplex PCR was performed for simultaneous detection of the bacteria. Eighty-nine
out of 100 samples were positive with percentage values of 40%, 35%, and 25% for phytoplasma, spiroplasma, and mixed
infections, respectively. Temperature may be an important driver of the prevalence of these mollicutes as phytoplasma prevailed
in areas with mild temperatures and spiroplasma prevailed in warmer areas. These results extend knowledge of factors associated
with corn stunting diseases, such as the potential role of temperature shaping the composition of the regional plant pathogenic
populations.
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Phytoplasmas and spiroplasmas are wall-less plant bacterial
pathogens belonging to Mollicutes. They were discovered
during the late 1960s and the early 1970s, respectively (Doi
et al., 1967; Davis et al., 1972). Although spiroplasmas are
best known to cause diseases in maize (Oliveira and Oliveira
2017) and citrus (Bové et al., 2003), phytoplasmas are asso-
ciated with hundreds of diseases reported around the world in
a large diversity of crops (Bertaccini and Duduk 2009). In
maize, these bacteria are responsible for two major diseases
known as corn stunt, caused by Spiroplasma kunkelii (Davis
et al., 1972) and maize bushy stunt, associated with
‘Candidatus Phytoplasma asteris’ (Lee et al., 1998), enclosed
in the 16SrI-B group. Both stunting types may occur alone or
simultaneously due to the presence of the leafhoppers
Dalbulus maidis and D. elimatus that act as vectors (Nault,
1980).

In Brazil, these diseases were reported for the first time
during the 1970s when they were considered of secondary
importance to maize crops (Costa et al., 1971). Currently,

these diseases cause severe damage to the grain production
in all maize-producing regions and, non-rarely, epidemics
reach 100% incidence that result in total yield loss (Sabato,
2017). Increase of incidence and severity has been likely driv-
en by changes in the production system. In the last three de-
cades, a new practice was introduced and areas commonly
cultivated with maize have been used for soybean planting
(Coelho et al., 2017). In these areas, the sowing time of corn
is delayed till the end of soybean harvest. This kind of system,
known as “second crop season” (“safrinha”, in Portuguese),
which now represents 60% of the Brazilian production,
proved advantageous and became widely adopted in areas
traditionally used for corn production (Sabato, 2017; Coelho
et al., 2017). Even in areas where maize has been cultivated
during the normal season, the second crop extends the time
maize is present in the field during the year. In addition, in
recent years, growers are adopting more intensively irrigation
resources, allowing to obtain two to three grain harvests per
year and, consequently, the maintenance of plants in the area.
This superposition of plants in the field is highly favorable for
the survival of these pathogens as well as their insect vectors.
Therefore, infected leafhoppers can easily move from older to
younger crops, spreading the diseases to other maize areas
(Oliveira et al., 2002, 2015). The longer maintenance of corn
in the field has led to an increase of the vector population,
which found favorable conditions of temperature and host
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plant density throughout the year. These factors contribute to
increase the risk of corn stunting diseases. This scenario ex-
plains recent major outbreaks from 2015 to 2017, which
caused severe yield losses and the difficulty to manage these
diseases (Sabato, 2017, 2018). Since the “second crop season”
is routinely practiced and economically relevant, it is urgent to
extend the knowledge about factors affecting epidemics by
corn stunt complex diseases, such as the presence and distri-
bution of the pathogen, which was the main objective of this
work.

Surveys were conducted during 2017, and total of 110
samples were collected from plants exhibiting symptoms of
stunting present in corn crops grown at distinct geographic
areas of the Brazilian territory (Fig. 1; Table 1). The DNA
was extracted from the leaves, according to a CTAB protocol
(Doyle and Doyle, 1990) and used as template in multiplex

PCR reaction mixture. The primers pair CSSF2/CSSR6
(Barros et al., 2001) was employed to detect spiroplasma
and the primers R16F2n/R16R2 (Gundersen and Lee, 1996;
Lee et al., 1993) for phytoplasma detection. The reaction was
performed in a final volume of 25 μL containing 1 μL diluted
DNA (50 ng); 18.7 μL sterilized water; 0.25 μL each primer
(0.4–1.0 μM); 2 μL solution 2.5 mM each dNTP; 2.5 μL
buffer 10X PCR and 0.17 μL Amplitaq 5 U μL−1. Multiplex
PCR was conducted by 35 cycles following the program: 15 s
(30 s for the first cycle) at 94 °C, 15 s at 50 °C, and 15 s at
72 °C (5min for final cycle). Independent analyses of negative
samples using multiplex were performed with direct simple
PCR for each of the two pathogens. The PCR products were
analyzed by electrophoresis through a 1% agarose gel follow-
ed by staining in Sybr safe (Thermo Fisher Scientific) and
visualized using a UV transilluminator. DNA from plants

Fig. 1 Map of Brazil showing the
geographic locations of the areas
where the symptomatic corn
plants were sampled for detection
of spiroplasmas and
phytoplasmas. Sample 1: state of
Bahia (BA); samples 2, 3, and 4:
state of Goiás (GO); samples 5, 6,
and 7: state of Minas Gerais
(MG); samples 8, 9, and 10: state
of São Paulo (SP)

Table 1 Number of plant samples
positive for the presence of
phytoplasmas and spiroplasmas,
alone or in mixture, associated
with maize bushy stunt and corn
stunt, respectively. In parenthesis,
the total number of plants

Sampling locations Phytoplasma-infected Spiroplasma-infected Mixed-infected

Rio Verde (Goiás) 4 (14) 3 (14) 4 (14)

Campo Alegre (Goiás) 1 (7) 2 (7) 1 (7)

Goiatuba (Goiás) 2 (10) 4 (10) 4 (10)

Patrocínio (Minas Gerais) 3 (10) 2 (10) 2 (10)

Sete Lagoas (Minas Gerais) 13 (17) 0 (17) 0 (17)

Janaúba (Minas Gerais) 3 (19) 8 (19) 6 (19)

Mococa (São Paulo) 5 (11) 1 (11) 3 (11)

Casa Branca (São Paulo) 2 (6) 1 (6) 1 (6)

Paranapanema (São Paulo) 2 (5) 1 (5) 1 (5)

Luis E. Magalhães (Bahia) 1 (11) 9 (11) 0 (11)
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experimentally inoculated by the insect vector D. maidis with
maize bushy stunt phytoplasma and corn stunt spiroplasma
were used as positive control, and sterilized water served as
negative control of reaction.

The multiplex PCR generated amplicons indicating the pres-
ence of phytoplasma and/or spiroplasma in 89 samples (Table 1).
Phytoplasma and spiroplasma were identified in agarose by
bands corresponding to the expected fragments of approximately
1200 bp and 500 bp, respectively (Fig. 2). Identical results were
obtained for the positive controls, but no amplification occurred
for the negative control (Fig. 2). The samples were tested nega-
tives even after direct PCR for each pathogen.

Single infection by phytoplasma was found in 40% of the
positive samples, while 35% of the symptomatic plants were
infected only by spiroplasma. Both pathogens were simulta-
neously detected in 25% of the plants that exhibited symp-
toms. They were absent in 21 symptomatic samples.

The presence of single or mixed infection of phytoplasma
and spiroplasma was variable across the sampled areas
(Table 1; Fig. 3). In particular, the prevalence of phytoplasma
was greater than spiroplasma in most of the sampled areas.
However, spiroplasma prevailed in fields located in Campo

Alegre, Goiatuba, Janaúba, and Luís EduardoMagalhães. The
occurrence of mixed infection was detected in most of the
sampled areas, except those located in Sete Lagoas and Luís
Eduardo Magalhães (Table 1; Fig. 3).

The multiplex PCR showed to be a simple and rapid tool to
confirm the identity of the pathogens, since the symptoms
induced by phytoplasma and spiroplasma may vary according
to the corn genotype, the climatic condition, the period of
sowing, and the infected vector population (Sabato, 2017).
The tool allowed detecting the presence of the pathogens in
80% of the symptomatic samples. The failure to detect these
prokaryotes in 20% of symptomatic plants can be mainly due
to uneven distribution and age of the host during the infection
(Oliveira et al., 2002).

Our results confirm the influence of the temperature on the
prevalence of spiroplasma or phytoplasma reported previously
(Oliveira et al.; 2007, 2015; Sabato et al., 2013). Spiroplasma
was prevalent in warmer (25 to 30 °C) areas, such as those of
Luís Eduardo Magalhães and Janaúba where the mean average
temperature in the last 30 years was above 24 °C during the
corn crop season. In contrast, phytoplasma was predominant in
areas of mild temperatures, ranging from 18 to 22 °C. Among

Fig. 2 DNA fragments amplified with multiplex PCR. Columns 1 and 2
represent samples infected by phytoplasmas; Columns 3 and 4 represent
samples infected by spiroplasmas. Columns 5 and 6 represent samples

with mixed infection. Letters +F and +E represent positive controls for
phytoplasma and spiroplasma, respectively. Signal (-) and letter M
represent negative control (water) and 1Kb Plus DNA Ladder
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Fig. 3 Incidence level (%) of
samples infected with
phytoplasma, spiroplasma, and
both pathogens, sampled in
distinct geographic locations
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these areas, the highest prevalence of phytoplasmawas found in
Sete Lagoas where mild temperatures are prevalent. The find-
ings of the present study are in agreement with those reported in
Mexico where phytoplasmas were more frequently found in
areas of high altitude with milder temperature, located in the
southeast region (Pérez-López et al., 2016). In contrast, results
from another survey showed that spiroplasmas were present in
leafhopper adults collected in low-elevation sites where normal-
ly occur higher temperatures (Moya-Raygoza et al., 2007).
Accordingly, Nault (1980) showed a predominance of plants
with symptoms induced by the spiroplasma at low altitudes,
while plants displaying symptoms associated with the phyto-
plasma were found mainly at high-elevation areas. These state-
ments reinforce the findings of the present study that evidenced
the effects of lower and higher temperatures on the geographic
distribution of both bacteria in areas cultivated with maize.

Interestingly, the prevalence of mixed infection increased
when compared with data from almost two decades ago in
Brazil. In 2002, surveys showed that only 5.8% of sampled
plants were infected with both pathogens (Oliveira et al., 2002),
while the results here presented showed that 25% of the symp-
tomatic plants were infected. This notable increase is likely asso-
ciated with the increased adoption of the “second crop season”
and use of irrigation, practices that have routinely been adopted
by maize growers. The presence of plant hosts during several
months of the year favors the population of insect vectors, which
have higher chances to acquire and disseminate both types of
pathogens. However, it would be interesting to evaluate, in a
future study, the reduction of crop yields caused by only one of
the pathogens and the level of damage present in the mixed
infections. The results generated in the present study contribute
to extend the understanding of this relevant pathosystem, mainly
in relation to the influence of the temperature in the geographic
distribution of the pathogens.

Acknowledgments The researchwas supported by the Brazilian National
Council for Scientific and Technological Development (CNPq) Project
303296/2014-3.

Author contributions All authors were involved with the elaboration of
the research project. Material and data collection were performed by SRG
and EOS; analyses and interpretation were conducted by SRG and IPB.
The manuscript was initially written by SRG and complemented by EOS
and IPB. All authors read and approved the final manuscript.

References

Barros TSL, Davis RE, Resende RO, Dally EL (2001) Design of a poly-
merase chain reaction for specific detection of corn stunt
spiroplasma. Plant Disease 85:475–480

Bové JM, Renaudin J, Saillard C, Foissac X, Garnier M (2003)
Spiroplasma citri, a plant pathogenic mollicute: relationships with
its two hosts, the plant and the leafhopper vector. Annual Review of
Phytopathology 41:483–500

Bertaccini A, Duduk B (2009) Phytoplasma and phytoplasma diseases: a
review of recent research. Phytopathologica Mediterranea 48:355–
378

Coelho AM, Landau EC, Sabato EO (2017) Épocas de semeadura do
milho e incidência de doenças causadas por molicutes. In: Oliveira
E, Oliveira CM. Doenças em milho: Insetos vetores, Molicutes e
Vírus. Embrapa Informação Tecnológica, p 271

Costa AS, Kitajima EW, Arruda SC (1971) Moléstias de vírus e de
micoplasma no milho em São Paulo. Revista da Sociedade
Brasileira de Fitopatologia 4:39–41

Davis RE, Worley JF, Whitcomb RF, Ishijima S, Steere RL (1972)
Helical filaments produced by a mycoplasmalike organism associ-
ated with corn stunt disease. Science 176:521–523

Doi Y, Teranaka M, Yora K, Asuyama H (1967) Mycoplasma or PLT
grouplike microrganisms found in the phloem elements of plants
infected with mulberry dwarf, potato witches’ broom, aster yellows
or pawlonia witches’ broom. Annals of Phytopathological Society
Japan 33:259–266

Doyle JJ, Doyle JL (1990) Isolation of plant DNA from fresh tissue.
Focus 12:13–15

Gundersen DE, Lee IM (1996) Ultrasensitive detection of phytoplasmas
by nested-PCR assays using two universal prime pairs.
Phytopathologia Mediterranea 35:144–151

Lee IM, Hammond RW, Davis RE, Gundersen DE (1993) Universal ampli-
fication and analysis of pathogen 16S rDNA for classification and iden-
tification of mycoplasmalike organisms. Phytopathology 83:834–842

Lee IM, Gundersen-Rindal DE, Davis RE, Bartoszyk IM (1998) Revised
classification scheme of phytoplasmas based on analyses of 16S
rDNA and ribosomal protein gene sequences. International Journal
of Systematic and Evolutionary Microbiology 48:1153–1169

Moya-Raygoza G, Palomera-Avalos V, Galaviz-Mejia C (2007) Field
overwintering biology of Spiroplasma kunkelii (Mycoplasmatales:
Spiroplasmataceae) and its vector Dalbulus maidis (Hemiptera:
Cicadellidae). Annals of Applied Biology 151:373–379

Nault LR (1980) Maize bushy stunt and corn stunt: a comparison of
disease symptoms, pathogen host ranges, and vectors.
Phytopathology 70:659–662

Oliveira E, Carvalho RV, Duarte AP, Andrade RA, Resende RO, Oliveira
CM, Recco PC (2002) Molicutes e vírus em milho na safrinha e na
safra de verão. Revista Brasileira de Milho e Sorgo 1:38–46

Oliveira E, Santos JC, Magalhães PC, Cruz I (2007) Maize bushy stunt
phytoplasma transmission by Dalbulus maidis is affected by
spiroplasma acquisition and environmental conditions. Bulletin of
Insectology 60:229–230

Oliveira E, Ternes S, Vilamiu R, Landau EC, Oliveira CM (2015)
Abundance of the insect vector of two different mollicutes plant
pathogens in the vegetative mayze cicle. Phytopathogenic
Mollicutes 5:117–118

Oliveira CM, Oliveira EO (Eds.) (2017) Corn diseases: vectors,
mollicutes and vírus. 1 Ed. Embrapa, Brasília

Pérez-López E, Olivier CY, Luna-Rodríguez M, Rodríguez Y, Iglesias
LG, Castro-Luna A, Dumonceaux TJ (2016) Maize bushy stunt
phytoplasma affects native corn at high elevations in Southeast
Mexico. European Journal of Plant Pathology 145:963–971

Sabato EO (2017) Enfezamentos do milho in: Oliveira EO, Oliveira CM
(Ed.) Doenças em milho: insetos vetores, molicutes e vírus.
Embrapa Informação Tecnológica. Pp.12-24

Sabato EO (2018) Manejo do risco de enfezamento e da cigarrinha do
milho. Embrapa Milho e Sorgo, Circular Técnica 226:17

Sabato EO, Galvão SR, Landau EC (2013) Effects of environmental
temperature on the corn stunt spiroplasma disease. Acta
Phytopathologica Sinica 43:203

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

155Trop. plant pathol.  (2021) 46:152–155


	Occurrence and distribution of single or mixed infection of phytoplasma and spiroplasma causing corn stunting in Brazil
	Abstract
	References


