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ABSTRACT – The association of the fungus Stenocarpella maydis with corn seed may cause a reduction of seed germination 
and vigor of the emerged seedlings. This work was carried out in order to evaluate the effects of S. maydis on corn seed quality 
as well as on its early development. To evaluate such effects, seeds of cultivars RB9308YG (C1) and RB9108 (C2) were 
inoculated by the osmotic conditioner technique with two S. maydis isolates for 24(P1), 48(P2), 72(P3) and 96 hours (P4). 
Plants were grown in a room chamber at 20 °C and 25 °C and daily assessed until 28 days after emergence. Seed germination, 
incidence of S maydis, electrical conductivity, speed ​​of emergence index (SEI), initial and final seedling population and dry 
weight of emerged plants, were assessed. The longer the exposition times of the seeds to the fungal colony, the more severe 
negative effects of the pathogens on seed vigor were observed. S. maydis caused reduced seed vigor in the speed of seedling 
emergence in the final stand and early development of corn seedlings.

Index terms: seed pathology, seed quality, ear and stalk rot, vigor test.

Efeitos de Stenocarpella maydis em sementes e na fase inicial de 
desenvolvimento do milho

RESUMO – A associação do fungo Stenocarpella maydis com sementes de milho pode comprometer a germinação de 
sementes e o vigor das plântulas. Este trabalho foi realizado com o objetivo de avaliar os efeitos causados por S. maydis 
sobre a qualidade das sementes de milho bem como no seu desenvolvimento inicial. Para avaliar tais efeitos, sementes 
de milho cultivares RB9308YG (C1) e RB9108 (C2), foram inoculadas com dois isolados de S. maydis, pelo método de 
condicionamento osmótico por 24(P1), 48(P2), 72(P3) e 96 horas (P4). O cultivo foi realizado em câmara de crescimento 
vegetal, sob temperaturas de 20 °C e 25 °C e avaliadas diariamente até 28 dias após a emergência. Avaliou-se a germinação, 
incidência do fungo, condutividade elétrica, índice de velocidade de emergência (IVE), estande inicial e final e peso de 
matéria seca. Foi observado que, quanto maior o tempo de exposição das sementes à colônia fúngica, maiores foram os efeitos 
negativos destes organismos em sementes e plântulas. S. maydis causou redução no vigor das sementes, na velocidade de 
emergência das plântulas, no estande final e no desenvolvimento inicial das plântulas de milho.

Termos para indexação: patologia de sementes, qualidade fisiológica de sementes, podridão do colmo e da espiga, testes de vigor.
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Introduction

Economically important crops such as corn, achieve high 
yields by means of the optimization of yield factors such as 
soil fertility, water availability, erosion control, planting date, 
cultivar, plant population, crop rotation and pest and diseases 
management, among others.

The disease caused by the fungus Stenocarpella maydis 
(Berk.) Sutton can kill the embryo of corn seeds, affect 
germination and seedling vigor, besides causing rot in the 

stem and in the ears. The stem rot interferes with normal 
development of the plant, affecting its functions, causing 
breakage of the stem base, lodging and, consequently, 
premature plant death. The rot of ears can cause reduction 
in yield and quality of harvested grains. It is also known that 
this fungus produces toxin, which affects the economic and 
nutritional value of the product (Krout-Greenberg et al., 2013; 
Snyman et al., 2011; Casa et al., 2006).

The use of infected corn seeds can cause the introduction 
of S. maydis in new growing areas and is an important source 
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of primary inoculum, besides being one of the main vehicles 
for the spread of this pathogen, even far from its place of 
production (Casa et al., 2006). Due to the impacts which it can 
cause when combined with corn seeds, it was framed in the list 
of propositions as Regulated Non-Quarantine Pest (RNQP) in 
Brazil, with a tolerance level of 2% proposed by the Ministry 
of Agriculture (MAPA), for all classes of certified seeds 
(Administrative Regulation No. 47 of  February 19, 2009). 

The objective of this study was to assess the effects 
caused by the fungus S. maydis in association with corn seeds 
on its performance and the initial stage of corn cultivation.

Materials and Methods

Origin, multiplication of isolates of S. maydis and profile of 
seeds used

Two isolates of S. maydis were used (CML698 and 
MY2), obtained from the Mycological Collection of Lavras 
(Universidade Federal de Lavras – UFLA) and from Empresa 
Brasileira de Pesquisa Agropecuária em Milho e Sorgo 
(Brazilian Agricultural Research in Maize and Sorghum), 
respectively. All isolates were initially cultured on PDA 
culture medium (20 g of agar, 20 g of dextrose and 200 g 
of potatoes / liter) in Petri dishes and kept in BOD chamber 
at 25 ± 2 °C and a photoperiod of 12 hours. Fragments of 
the PDA medium containing mycelium with 5 days of growth 
were deposited on the leaves of corn seedlings with 10 days. 
From the lesions formed, the isolates were reisolated to 
confirm their identity and pathogenicity and kept in PDA in 
the conditions mentioned above. Cultivar seeds RB9308YG 
(C1) were used, susceptible to S. maydis and RB9108 (C2), 
moderately resistant to S. maydis, with germination of 98% 
and 96%, respectively, and average incidences of 26.5% of 
Fusarium verticillioides and of 12% of Penicillium sp. in both 
lots, assessed according to Brasil (2009a, 2009b). 

Inoculation of the seeds 

For obtaining the corn seeds with different inoculum 
potential, osmotic conditioning methodology was used, 
according to Machado et al. (2012). The procedure consisted 
of initial seed disinfestation using 1% sodium hypochlorite 
for 1 minute followed by rapid washing in autoclaved water 
and dried in a laboratory environment. Colonies of fungi with 
five days of age were obtained from Petri dishes containing 
PDA culture medium, plus solute mannitol, with water 
potential adjusted at -1.4 MPa (Michel and Radcliffe, 1995). 
On fungal colonies were distributed the seeds in single layers, 
always in the same position. The Petri dishes were kept in BOD 

chamber at 25 ± 2 °C and a photoperiod of 12 hours. The seeds 
were exposed to the fungal colony for 24, 48, 72 and 96 hours, 
here called treatments P1, P2, P3 and P4, respectively. After 
each period of exposure the seeds were removed from the Petri 
dishes and dried in a laminar flow chamber for 24 hours.

To assess the effects of S. maydis in the performance of 
the seeds the following tests were conducted:

Germination: was conducted with four replications of 50 
seeds distributed on paper towel moistened with distilled water 
in an amount equal to 2.5 times the weight of the dry paper and 
placed in germination at 25 ± 2 °C. Evaluations were performed 
at four and seven days after sowing, according to criteria 
established by the Rules for Seed Testing (Brasil, 2009a). 
Results were expressed as percentage of normal seedlings. 

Cold test: the methodology described by Miguel et al. 
(2001) was used for cold test on roll paper with soil. Four 
replications of 50 seeds of each lot were distributed on 
two sheets of paper towel and covered with a thin layer of 
soil (about 1 cm) from the area cultivated with corn; then 
the whole was covered with a third sheet and coiled. The 
paper sheets were previously wet with an amount of water 
equivalent to three times their dry weight. The rolls were 
placed in plastic sealed boxes and then kept for three, five and 
seven days, at 10 °C. After the respective periods, the rolls 
were transferred to germination chamber, at 25 °C, for three 
days. Then the counts of normal seedlings were made. Results 
were expressed as mean percentage by lot.

Seed Health test: seeds were sowed on distributed on 
paper substrate moistened in OA medium (20 g of agar and 
30 g Oatmeal. L-1), which is a medium favoring the formation 
of pycnidia (Silva and Juliatti, 2005), in Petri dishes with 15 
cm diameter, with 8 replications of 25 seeds per plate. Then, 
the seeds were placed in a “freezer”, at -20 °C for 24 hours 
and subsequently incubated for 15 days in a growth chamber 
at a temperature of 20 ± 2 °C and photoperiod of 12 hours. 
After this period, the S. maydi’s incidence was checked by 
stereoscopic microscope.

Electrical conductivity (EC): four replications of 50 
seeds were used, previously weighed (accuracy of 0.0001 g), 
immersed in 75 mL of distilled water for 24 hours in BOD 
chamber at 25 ºC. The electrical conductivity of the immersion 
solution was determined by conductivity meter, DIGIMED, 
model 21. The results were expressed in µS. cm-1. g-1 of seeds 
(Krzyzanowski et al.,  1999). 

The experimental designs used for the three tests described 
above were completely randomized (DIC), in a triple factorial 
design 2 x 2 x 4 (2 isolates, 2 cultivars and 4 times of exposure 
to the pathogen). 

To assess the effect of S. maydis in the initial stage of 
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cultivation of corn, the following tests were used:
Speed of emergence index (SEI): one hundred seeds of 

each cultivar of corn (C1 and C2) and for each isolate of S. 
maydis were individually distributed in plastic cups of 200 
mL, containing commercial substrate (Multiplanta trop®), 
arranged in a number of 25 per tray, each tray corresponding to 
a replication. The experiment was conducted in two chambers 
with temperatures adjusted in 20 ± 2 °C and 25 ± 2 °C and 
photoperiod of 12 hours light (daylight NSK T10 40W 6500K 
FL40T10-6 60Hz)/12 hours dark. Daily counts of emergence of 
the plants were carried from the fi rst seedling emergence until 
stabilization of the stand for three consecutive days. The issue 
of the primary leaves was considered as a reference for corn 
seedling emerged.  The seedlings were kept in a growth chamber 
for 28 days after sowing (d.a.s.). The speed   of emergence index 
(SEI) was calculated according to Maguire (1962).

Initial stand and fi nal stand: the stands were recorded at 
fi ve and 28 days after sowing, respectively, and the absolute 
value was converted into percentage.

Plant dry weight: emerged plants at 28 days were cut in 
the base stem region, taken to circulating air oven at 70 °C / 7 
days and subsequently weighed. The results were expressed in 
g.plant-1.

For the evaluation of the speed of emergence index (SEI), 
initial stand, fi nal stand and dry weight, the experimental 
design in randomized block (RBD) was used, in a triple 
factorial design 2 x 2 x 4 (2 temperatures, 2 cultivars and 4 
days of exposure to the pathogen) with four replication per 
treatment. In the evaluations described above, each isolate 
was used as reference for the analysis of other parameters. 
Statistical analyzes were performed with the aid of the 
software Sisvar® version 5.3 (Ferreira, 2011). All analyzes in 
this study were conducted in the triple factorial design. Means 

between treatments were compared by regression by Tukey 
test or Student t test (P ≤ 0.05).

Results and Discussion

Analyses of variance of the effects caused by S. maydis 
in seed performance assessed by germination tests, cold test, 
healthy test and electrical conductivity tests for both cultivars 
and isolates generated no signifi cant triple interaction (p ≤ 
0.05). For EVI, initial and fi nal stands and dry weight under 
the same conditions, the analysis of variance revealed no 
signifi cant triple interaction (p ≤ 0.05).

Eff ect of incidence of S. maydis in the physiological quality of 
corn seed

According to the results observed in germinated normal 
seedlings in the germination test (Figure 1A) and cold test 
(Figure 1B), it was observed that there was little variation 
between isolates combinations / cultivars assessed in both 
assays. The highest percentage of germination occurred at 
the lower inoculum potential in seeds of cultivar C2, which 
were inoculated with isolate MY2 and the lowest percentage 
for all combinations was observed at the higher inoculum 
potential that showed death or malformation of all seeds, 
in some cases. For all isolate / cultivar combinations, there 
was a decrease in seedling percentage when there was an 
increase in the inoculum potential of the seeds, which was 
observed in both tests. These results agree with the ones from 
Boaro et al. (2013) and Costa et al. (2003), who, although 
they had assessed the pathosystems Sclerotinia sclerotiorum 
and Fusarium oxysporum f. sp. phaseoli in bean seeds, 
respectively, also observed a decrease in germination with 
increasing inoculum potential. 
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Figure 1. Percentages of normal seedlings obtained by germination test (A) and cold test (B) for seeds of cultivars C1 
(RB9308YG) and C2 (RB9108) inoculated with isolates of S. maydis – CML698 and MY2 in the inoculum potentials, 
P1 (24 h), P2 (48 h), P3 (72 h), P4 (96 h). 
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One of the most commonly used tests to assess the 
effect of corn seeds has been the cold test, since it favors the 
development of organisms harmful to germination provided 
by the combination of low temperature and high humidity of 
the substrate (Coimbra et al., 2009). Thus, it is possible to 
differentiate seed lots that are more tolerant of these conditions 
and, therefore, more vigorous.  Based on the results of this 
test, it was revealed that S. maydis fungus caused reduction 
in seed performance, because, as there was an increase in the 
inoculum potential, there was a decrease in normal seedlings 
in all isolates / cultivars combinations (Figures 1A and 1B) 
and consequent loss of vigor.

The proportional increase in the percentage of infected 
cells in relation to seed inoculum potential can be realized 
by assessing the incidence of the pathogen on inoculated 
seeds (Figure 2). This correlation was evident in all isolate / 
cultivar combinations. For isolate CML698 minimal average 
incidences occurred of 57.5% for P1, 60% for P2, 71.5% for 
P3 and 73.5% for P4. For isolate MY2 were observed the 
incidences of 55.5%, 68.5%, 57.5% and 79%, respectively for 
the same potentials. The incidence observed for this species is 
a reflection of the fact that S. maydis is the pathogen with high 
infective and destructive capacity in corn seeds.

Among the several purposes of the technique of osmotic 
conditioning, well discussed by Machado et al. (2012), stands out 
for the possibility of genetic materials assessment for resistance 
to a particular pathogen, since such a method allows the fungal 
colony contact with the seeds for different times without the 
radicle protrusion. In this study, the small difference between the 
cultivars in relation to the incidence of S. maydis, observed in the 
healthy test, showed that despite the commercial corn hybrids 
being rated as to their resistance to stalk and ear rot (Casa et al., 
2006; Denti et al., 2002), in practice little difference was observed 
between the strength of the materials considered susceptible (C1) 
and moderately resistant (C2), which in fact, according to Tembo 
et al. (2013), is still a challenge for breeders. Based on the results 
of the assessment of incidence, it was also possible to infer that 
24 hours of exposure to fungal colony would be enough for 
50% of the seeds are infected, which can be useful not only for 
assessment of materials, but also to assess seed treatment, among 
other purposes. 

The results observed in the electrical conductivity tests, 
also an indicator of vigor, demonstrated the impairment of the 
structures of the seeds when exposed to S. maydis (Figure 3). 
With the increase in seed inoculum potential, there is the loss 
of integrity of the cell membranes system and the reduction 
of the respiratory and biosynthetic activities, being these 
some of the early events in the process of deterioration. The 
high values observed in P4 reflect the negative effect caused 

by the fungus in the seed membrane system, which allowed 
greater electrolyte leaching. This fact was also observed from 
the first inoculum potential, but less intense. Moreover, the 
decrease in germination and vigor is directly proportional to 
the increased release of solutes, indicating that the evaluation 
of the conductivity by the weight method was also efficient 
for determine the vigor (Oliveira et al., 2012).
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Figure 2.	 Incidence of  S. maydis (isolates CML698 and MY2) 
in corn seeds of the cultivars C1 (RB9308YG) and 
C2 (RB9108) in the inoculum potentials P1 (24 h), 
P2 (48 h), P3 (72 h), P4 (96 h). 

Figure 3.	 Average values of electrical conductivity obtained 
from corns seeds of cultivars C1 (RB9308YG) 
and C2 (RB9108), inoculated with S. maydis 
(isolates CML698 and MY2) at different inoculum 
potentials (P1-24 h, P2-48 h, P3-72 h, P4-96 h). 
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potential in seeds, where minor damage to the plants was 
observed at the lowest potentials, P1 and P2, and the opposite 
was true at the higher potential, P3 and P4. However, 
among isolates, cultivars and temperatures, differences 
were observed. The speed of emergence index decreased 
as it increased the inoculum potential in each treatment 
with the isolates of S. maydis. The highest rates observed 
were of 2.26 in combination C1/CML698/P1/25 °C, and of 
3.58 in combination C1/MY2/P1/25 °C. The lowest rates 

were 0 for combination C1/CML698/P4/20 °C and 0.04 
for combination C1/MY2/P4/20 °C. Although this study has 
shown that lower temperatures impaired more the seed vigor of 
corn infected with S. maydis, regardless of cultivar or isolate, it 
is important to consider other ideal temperature ranges for the 
development of S. maydis.  According to the literature, 23 and 
28 °C are ideal for faster growth of mycelium, 28 and 33 °C are 
ideal for spore germination (Casa et al., 2007) and 28 °C ideal 
to produce pycnidia (Kuhnem et al., 2012).
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Figure 4. Speed of emergence index of corn plants, cultivars C1 (RB9308YG) and C2 (RB9108) from seeds inoculated with 
isolates of Stenocarpella maydis (A-CML698 and B-MY2) in the inoculum potentials P1 (24 h), P2 (48 h), P3 (72 h), 
P4 (96 h) cultivated at 20 °C and 25 °C. 

Seeds with low SEI, when taken to the fi eld, may have 
slower emergence, allowing the action of other factors and 
impairment of stand establishment. Therefore, such seeds are 
considered less vigorous than those with high levels of SEI 
(Matos et al., 2013).

According to the results of the initial stand (Figures 
5A and B), cultivars / temperature combinations had 
the same tendency, considering each isolate assessed. 
However, statistical differences were observed between 
the potentials of inoculum for each isolate. In seeds 
inoculated with CML698 and MY2, in the lower 
potential (P1) in cultivar C1, kept in a temperature of 
20 °C, the highest emergence was found (40% to 50%), 
having occurred, in the higher potential (P4), the lowest 
emergences (0 to 1%).

It was observed that the final stand (Figures 5 C and 
D) followed a similar pattern to the initial stand, as to 
the different effects caused by the inoculum potentials. 
By results obtained with the isolates of S. maydis, it is 
possible to notice a difference between CML698 and MY2 
for potential P1 and cultivar C2, under a temperature of 
20 °C, being 46% and 81%, respectively. However, the 

lowest values of final stand were similar among isolates, 
ranging 0-1%, in the potential P4, cultivar C1, grown at 
20 °C. 

In similar studies with other pathosystems, decreases 
in the SEI and in the initial and fi nal plant stands were 
observed. In the three variables occurred inversely 
proportional results to the inoculum potentials imposed by 
the different contact times of the seeds with the pathogens 
(Araújo et al., 2006; Botelho et al., 2013; Moraes and 
Menten, 2006; Sartori et al., 2004). 

According to information from the literature, the 
association fungi and seeds can reduce germination, 
plant population and can causes epidemic (Solorzano and 
Malvick, 2011; Machado, 2000).

When assessing the effect of inoculum potentials 
in the dry matter of inoculated plants from seeds, the 
results also followed the same trend as the other variables 
considered (Figure 6). In the treatments with lower 
potentials, plants of cultivar C2 were observed with at 
most 16 g of dry matter. The lower results were noticed 
for cultivar C1 in potential P4, recording plants with 0.16 
g of dry matter on average. 
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harmful effects caused by this pathogen on corn seeds. These 
effects are directly related to the level of infection, triggering 
damage to the infected seeds, as observed in the treatments 
with potentials P3 and P4. But it is important to consider that 
isolate, genotypes and environmental conditions such as light 
and temperature can influence all variables studied (Kuhnem et 
al., 2012; Casa et al., 2007). According to Araújo et al. (2006), 
the inoculum potential should not be used as one factor to 
determine the healthy quality of the seed and one should take 
into consideration factors related to the environment and the 
intrinsic factors to biology of host and pathogen. 

Conclusions

The presence of S. maydis in corn seeds under different 
inoculum potentials negatively and progressively influenced 
the seeds germination and integrity of their membranes.

The incidence of S. maydis in the seeds increased 
gradually with increasing the inoculum potential. 

S. maydis caused reduction in seed vigour speed  of 
emergence, final stand and in early development of the corn 
seedlings.
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