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ABSTRACT- Harvest of maize seeds with high moisture levels has been recommended; nevertheless, after harvest, the ears 
undergo the process of husking and there is a need to assess the compatibility of these processes. The purpose of this study 
was to assess the effects of mechanical husking on the quality of maize seeds collected at high moisture levels. Dent BM 
3061 hybrid maize seeds,  manually collected from the ear, with moisture contents of 45%, 40% and 35%, and a 20/64 round 
sieve were used. The ears were mechanically husked (CWA machine, 312 rpm), dried in a stationary drier at 35 ⁰C until 
reaching 22% moisture, followed by drying at 42 ºC until reaching 12%. Then, they underwent shelling, followed by 
a chemical treatment with Maxin® + K-obiol® + Actellic®. Seed quality was assessed according to the occurrence tests of 
mechanical damage, first count, germination, seedling emergence, emergence speed index, average emergence time, electrical 
conductivity, accelerated aging, cold test, and seed health test at every quarter for 9 months. The mechanical husking affects 
maize seed quality, depending on the degree of seed moisture at harvest and on the material studied. This hybrid’s seeds can 
be collected with seed moisture levels at 40% with the use of mechanical husking.

Index terms: Zea mays, mechanical husking, mechanical damage, early harvest.

Qualidade de sementes de milho colhidas e 
despalhadas com altos teores de água

RESUMO – A colheita de sementes de milho tem sido recomendada com elevados teores de água, no entanto, após a colheita, 
as espigas são submetidas à despalha, sendo necessário avaliar a compatibilidade destes processos. O objetivo foi avaliar os 
efeitos da despalha mecânica na qualidade de sementes de milho colhidas com elevados teores de água. Foram utilizadas 
sementes de milho híbrido BM 3061 dentado, peneira circular 20/64, colhidas manualmente em espigas, com teores de água de 
45%, 40% e 35%, despalha mecânica (despalhadora CWA, 312 rpm), secagem em secador estacionário a 35 ºC até atingirem 
22% de teor de água e posterior secagem a 42 ºC até 12%. Procedeu-se a debulha seguida do tratamento químico 
com Maxin® + K-obiol® + Actellic®. A qualidade das sementes foi avaliada pelos testes de incidência de danos mecânicos, 
primeira contagem, germinação, emergência de plântulas, índice de velocidade de emergência, tempo médio de emergência, 
condutividade elétrica, envelhecimento acelerado, teste frio e teste de sanidade, a cada três meses, durante nove meses. A 
despalha mecânica interfere na qualidade das sementes de milho, dependendo da umidade das mesmas na colheita e do material 
estudado. Sementes desse híbrido podem ser colhidas com teores de água de 40% com utilização da despalha mecânica. 

Termos para indexação: Zea mays, despalha mecânica, danos mecânicos, colheita antecipada.
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Introduction

The maize (Zea mays L.) is a plant of great importance 
to Brazil. In the 2012 harvest, about 73 million tons of grain 
were produced, with growing area of 15.4 million hectares 
and an average yield of 4.4 t.ha-1, which represents an increase 
of 18% compared to previous crop (CONAB, 2012). To 
increasingly reach larger productions, it is extremely important 

to use good quality seed, and in order to do so, the monitoring 
of seed moisture content, maximum dry matter accumulation, 
and appearance of black layer are important aspects. The 
quality of maize seeds can be guaranteed by early harvest, 
due to its less exposure to adverse environmental conditions, 
insect attack, fungus and exposure to a variety of climatic 
factors, such as humidity and temperature, in addition, it 
provides better utilization of the production and processing 
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infrastructure, even if the harvesting of immature seeds occur 
(Vasconcelos et al., 2002). 

An option for early harvest is harvesting seeds from the ear, 
without removing the peel and cob. This will extend the harvest 
period, as well as reduce the risk of seeds being contaminated 
by diseases of late season. Oliveira et al. (1997) have reported 
producers’ increasing adoption of harvesting on maize ear, 
to obtain better quality seed, especially for simple and triple-
cross hybrids. The harvesting of the maize seed from the ear 
was carried out for many years with moisture content a little 
lower 35%, as soon as they reached physiological maturity, 
followed by artificial drying. However, studies have shown 
that the maximum values of germination and vigor can occur 
when seeds have high moisture content, even before they have 
reached physiological maturity. Ajayi and Fakorede (2000) 
have also found that maize seeds harvested before full maturity, 
regardless of dry weight, germinate faster than those harvested 
at full maturity.

However, seeds harvested with high moisture content are 
more susceptible to mechanical damage caused mainly by 
machinery during harvest and husking. Oliveira et al. (2005) 
have stated that the mechanical damage caused by the rotation 
of threshing cylinder and moisture content of maize seeds at 
harvest may affect the germination and vigor. For Marchi et 
al. (2006), the progressive increase of the mechanical damage 
of seeds contributes to the decrease of their physiological 
potential and for the increased occurrence of fungi on them. 
Each mechanical damage affecting the seed, however small, is 
cumulative and an integral part of the seed damage (Menezes 
et al., 2002), and may reduce seed quality. 

Another factor causing damage to seeds is drying. Among 
the post-harvest processes, artificial drying is the most relevant 
when dealing with maize seed harvest from ears with high 
moisture content. Despite its advantages, artificial drying has 
been causing damage to seeds, with significant reductions in 
their physiological quality (Roveri José et al., 2005). According 
to these authors the removal of water from the seeds may 
cause chemical, physical and physiological changes, which 
makes the drying process a critical step in the production of 
seeds. Therefore, the initial drying of maize seeds harvested 
with high moisture contents is recommended to be initially 
performed at a lower temperature, 35 °C, since it appears to 
simulate the processes which normally occur to the plant, 
allowing the mechanisms of tolerance to desiccation to 
become active or to be imposed on seeds (Rosa et al., 2000). 
During the natural drying of seeds in the field, they lose 
water gradually, allowing the development of mechanisms of 
tolerance, preparing them to withstand the consequences of 
dehydration (Marcos-Filho, 2005). 

The production process occurs with the preservation of 
seed quality during storage, which is a fundamental aspect to 
be considered.

Thus, the objective of this research was to investigate the 
effects of mechanical husking on the seed quality of maize 
harvested with high moisture content, before and after storage.

Material and Methods

In this research, BM 3061 hybrid maize seeds were used, 
classified as dented, produced by Biomatrix in the city of 
Paracatú - MG, Brazil. The city is located in the northwest 
of the state of Minas Gerais, with geodetic coordinates 17° 
13’ 19” S of latitude, 46 ° 52’ 30” W of longitude, and with 
altitude of 1008 meters. 

A completely randomized design in a factorial 3 x 2 x 
4 were used, which factors were moisture content of seeds 
at harvest (45, 40 and 35%), seed treatment (treated and 
untreated), and periods of storage (0, 3, 6, 9 months), with 
four replicates per treatment.

Ear harvesting was performed manually when the seeds 
had 45, 40, and 35% of moisture content, and the multi-grain 
unit device was used to determine such moisture content. After 
harvest, the husking of ears was conducted with a CWA, 312 
rpm mechanical corn husker. Then, the ears were dried in a 
stationary dryer at 35 °C until seeds reached 22% of moisture 
content, followed by drying at 42 °C until they reached 12%. 
After drying, the seeds were mechanically shelled and treated 
with Maxim® + K-obiol® + Acctelic®, which consisted of 22 L 
of Maxim XL, 700 mL of K-Obiol, 700 mL of Actellic, 4 L of 
dye, 156.6 L of water (in 16 tons of seed).

In the Central Seed Laboratory of the Department of 
Agriculture at the Federal University of Lavras, seeds were 
submitted to manual sieve classification, and the seeds 
retained by a 20/64 round sieve were used for this study. 

The seeds were subjected to physiological quality tests 
carried out after harvest and at every three months during nine 
months of storage (controlled temperature with an average of 
25 °C and relative humidity of 62%), as described below: 

Occurrence of mechanical damage: it was assessed after 
the homogenization of samples, by using four subsamples of 
100 seeds (400 seeds/treatment). The seeds were immersed 
in an amaranth solution® at 0.1%, for two minutes, and then 
were washed in tap water. The seeds were categorized into 
four levels of damage, and were graded from zero to three, 
in accordance with the methodology of Oliveira et al. (1998), 
where 0 (zero) score represents seeds that visually have no 
damage; 1 represents seeds with surface damage, away from 
the embryonic axis and / or near the point of cob insertion, if 
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in area below 10% of the seed; 2 represents seeds showing 
severe damage anywhere except in the embryonic axis, if in 
area ranging from 10-40% of the seed; 3 represents seeds 
presenting intense damage in the endosperm, with an area 
greater than 40% and / or directly associated with the embryo.

Germination: four subsamples with 50 seeds were sown in 
towel roll paper, moistened with an amount of water equivalent 
to 2.5 times the weight of the dry substrate, and were kept in an 
incubator at 25 °C. The first count was in the fourth day and the 
final count on the seventh day after sowing, and the percentage 
of normal seedlings was determined (Brasil, 2009).

Accelerated aging: the seeds were placed on wire 
screen in plastic gerbox, so as to cover the entire surface 
of the screen without overlapping seeds with 40 mL of 
distilled water on the bottom. These boxes were capped 
and kept in an incubator at 42 °C for 96 hours (Marcos 
-Filho, 1999). Then, the germination test with four 
subsamples with 50 seeds was performed (Brasil, 2009). 
The assessment was made seven days after sowing. The 
results were expressed as mean percentage of normal 
seedlings per treatment (Torres, 2005).

Seedling emergence: the seeds were sown in plastic 
boxes in soil:sand substrate in the 1:3 ratio and field capacity 
set to 60% at 25 °C in a plant growth chamber and 12-hour 
photoperiod. There were four subsamples with 50 seeds per 
treatment and the results were expressed in percentage of 
normal seedlings at 14 days. The speed of emergence index 
was performed by daily recording the emergence of seedlings, 
determined with the formula proposed by Maguire (1962) and 
mean emergence time (Labouriau, 1983).

Soilless cold test: four subsamples with 50 seeds sown in 
towel roll paper, moistened with water, three times the weight 
of the substrate. The rolls were stored in sealed plastic bags, 
and later were subjected to temperature of 10 ºC for seven 
days, followed by growth of seedlings in the germination 
chamber at 25 °C for four days, and then the number of normal 
seedlings was determined (Dias and Barros, 1995).

Electrical conductivity: four subsamples with 50 seeds 
for each treatment were weighed (to the nearest 0.01 g) and 
washed in tap water for two minutes to remove the residue 
from the chemical treatment; the untreated seeds also went 
through the washing process. After that, they were placed in 
plastic cups containing 75 mL of deionized water, and were 
kept in an incubator set at 20 oC for 24 hours. After this period, 
the solutions (with seeds submerged) were slightly agitated 
and the conductivity was measured in Digimed ® CD-20, and 
the results expressed in μS.cm-1.g-1 of seed, according to the 
methodology described by Vieira (1994).

Seed health: the modified method of filter paper with 

freezing was used (Machado, 1988), when 200 seeds 
distributed in eight subsamples of 25 seeds were analyzed.

Data were subjected to analysis of variance with the 
Sisvar ® software at 5% probability by F test (Ferreira, 2011). 
The means were compared using the Tukey test at 5% or 
polynomial regression analysis was performed. No statistical 
analysis of moisture content data was made.

Results and Discussion

The results of the analysis of variance showed that 
there were significant effects on the isolated factors, 
moisture content at harvest and storage period for the 
parameters of germination, speed of emergence index and 
mean emergence time. The seedling emergence test was not 
significant in any of the factors studied. The interaction of 
the factors moisture content at harvest and storage period 
was significant for the parameters first count, electrical 
conductivity, and occurrence of the fungus Penicillium sp., 
for which there was also an interaction between moisture 
content at harvest and seed treatment (U x T) and seed 
treatment and storage period (T x E). For the parameters 
accelerated aging, cold test and occurrence of Fusarium 
sp. and Aspergillus sp., it was observed a triple interaction 
of factors moisture content at harvest, seed treatment and 
storage period (U x T x E).

With regard to the mechanical damages, it was observed 
that the hybrid had higher resistance to serious damage, with 
minor damage occurring predominantly (Note 1) (Figure 1). It 
was also noted that the higher the moisture content at harvest, 
the higher the occurrence of damage considered to be severe 
(Note 3). The occurrence of severe damage to seeds harvested 
at 35 and 40% moisture content was practically the same. This 
high occurrence of mechanical damage was caused mainly 
on the steps of husking and threshing, since seeds with high 
moisture content are more susceptible to mechanical damage. 
This result was also confirmed by Andrade et al. (1999) who 
found that in bean seeds, moisture content and mechanization 
in harvesting are important factors that determine how severe 
mechanical damage is to seeds.

According to the germination, speed of emergence 
index (SEI) and mean emergence time (MET), Table 1, for 
seeds harvested with 45% moisture content were inferior to 
those harvested at 40 and 35% moisture content. For seeds 
harvested with 40% of moisture content their quality was 
equal or superior to those harvested at 35%. This fact can be 
explained by the higher occurrence of mechanical damage to 
seeds harvested at higher moisture contents, which resulted in 
the loss of seed quality.
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Figure 1. Occurrence of mechanical damage on dent BM 3061 
hybrid maize seeds harvested at different moisture 
contents and classified into scores 0, 1, 2 and 3.

Table 1. Mean values of germination (G), speed of emergence 
index (SEI) and mean emergence time (MET) of 
BM 3061 hybrid maize seeds, harvested at different 
moisture contents.

Moisture Content G (%) SEI (%) MET (%) 
45% 96 b 11 b 6 b 
40% 99 a 12 a 3 a 
35%   98 ab 11 b   4 ab 

CV (%) 2.43 3.87 3.85 
 Means followed by the same letters in the column do not differ by Tukey test 

at 5% probability.

The storage period negatively affected seed germination, 
regardless of moisture content and seed treatment. Such 
decreased germinability is related to the occurrence of 
mechanical damage occurring in the husking process, 
especially the latent damage that arise during storage, which 
led to further deterioration of seeds.

The SEI and MET tests showed that seed vigor was 
reduced with storage (Figure 2); similar results were found 
by Souza et al. (2009) with sorghum seeds. According to 
these authors, both decreased germination and vigor, as 
seeds are harvested with higher moisture content, may be 
due to two factors. The first factor is deterioration, which is 
closely associated with the moisture content of seeds, where 
increased moisture content can cause an acceleration of 
deterioration with decreased speed of germination, growth 
and development of seedlings (Delouche, 2002). The second 
factor is the degree of mechanical injuries that can increase 
with increased seed moisture, which has been confirmed by 
Oliveira et al. (1997) when studying mechanical damage 
in maize seeds. Araújo et al. (2002) stated that the storage 
period of agricultural products damaged by impact is an 
important factor, considering that the damage suffered by 
them will worsen as time goes by, affecting the storage 
potential of the product.
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Figure 2. Regression curves of results for speed of emergence index (SEI) and mean emergence time (MET) of BM 3061 hybrid 
maize seeds, harvested at different moisture contents, throughout storage.

There was significant interaction between moisture 
content and storage period for the tests of first count and 
electrical conductivity (Figure 3). In the first count test, the 
germination of seeds harvested at 45% moisture content was 
lower when compared to seeds harvested at 40 and 35%, and 
the germination of seeds harvested at 40% moisture content 
was higher than the other throughout the storage period. 
Increased moisture content produced higher occurrence of 
damage to seeds, which probably accelerated deterioration, 
thereby reducing the biosynthesis mechanisms and the 

production of energy (Delouche, 2002). The reduction in 
germination of seeds harvested with 45% moisture content 
can also be associated with higher occurrence of Aspergillus 
spp., since, according to Menezes et al. (2008), this fungus in 
the seeds can negatively affect germination. Seeds harvested 
with higher moisture content had greater occurrence of 
damage and thus showed higher electrical conductivity due to 
the disruption of cell membranes, which can also be justified 
by any damage caused by drying. Maybe seeds harvested with 
high moisture contents had not yet developed mechanisms of 
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desiccation tolerance, because with advancing stages of maturity, 
the development and structural organization of cell membranes 
occur, which explains the decrease in electrical conductivity with 
reduced moisture content of seeds (Faria et al., 2004).

According to the results of the accelerated aging test 
(Figure 4), a more rapid reduction of seed vigor was noted 
for untreated seeds, compared to treated seeds throughout 

the storage period. Seed vigor of seeds harvested with 40 and 
45% moisture content was similar throughout the storage 
period, whereas for seeds harvested with 35% moisture 
content, seed vigor reduced sharply in the same period. 
Silva and Silva (2000) have found that the accelerated aging 
conditions favor the development of some microorganisms, 
thus reducing their potential.
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Overall, untreated seeds resisted to the stress of the cold 
test better than treated seeds, throughout the storage period 
(Figure 5). Untreated seeds, harvested at 35% moisture 
content, had higher quality changes, whereas for the treated 
seeds, the highest quality changes occurred for those harvested 
with 45% moisture content. Bewley and Black (1994) have 
explained that in addition to easily losing germination and 
vigor during storage, seeds with mechanical damage become 
more vulnerable to the effects of chemical treatment.

According to Faria et al. (2002), maize seed can be 
harvested from LL-3 (milk line 3) with moisture contents 

ranging from 41 to 50% depending on the hybrid under 
study. However, husking was performed manually, which 
consequently did not cause mechanical damage. In this 
research, the limitation of the harvesting of maize seeds with 
high moisture content was determined by the occurrence of 
mechanical damage during the process of husking.

Regarding the sanitary quality of seeds, seed treatment 
was effective in controlling Fusarium moniliforme (Figure 6). 
During storage, there was a reduction in the occurrence of 
such pathogen, because it is a field fungus, and thus, it loses 
its pathogenicity during storage, which was also observed 

35%   Y=97.8**-0.44**X; R²= 98.39%

40%   Y=100**-0.63**X; R2 = 96.07%

45%   Y=97.85-1.22X; R2 = 82.56%

35%   Y=16.54**-2.37**X+0.20**X2; R²= 84.26%

40%   Y=20.14**-3.06**X+0.25**X2; R2 = 85.83%

45%   Y=28.77**-4.22**X+0.34**X2; R2 = 81.57%

35%   Y= 59**-17.25**X+4.75**X²-0.33**X³; R²=100%

40%   Y=82**- 1.25*X; R²= 97.40%

45%   Y= 72.4**-3.12**X; R2 = 68.01%

35%   Y= 95.5**-1.67**X R²=95.45%

40%   Y= 94.4

45%   Y= 89.4 

El
ec

tri
c 

co
nd

uc
tiv

ity
 (μ

S.
cm

-1
.g

-1
)

Period (months)
Period (months)

Fi
rs

t c
ou

nt
 (%

)

Period (months) Period (months)

A
cc

el
er

at
ed

 a
gi

ng
 (%

)

A
cc

el
er

at
ed

 a
gi

ng
 (%

)

280Quality of maize seed harvested and husked

Journal of Seed Science, v.35, n.3, p.276-283, 2013



by Martins-Filho et al. (2001). These authors have noted that 
after the storage of soybean there was decreased occurrence 
of fungi, which can mainly be associated with loss of 
viability of the existing inoculum as surface contaminant in 
the form of spores. Seed moisture content at harvest was 
also significant for the occurrence of Fusarium sp. during 
this period. Higher occurrence of the fungus was observed 
on seeds harvested with higher moisture content, a result 

that is contrary to that of the literature, where higher levels 
of the fungus are found in seeds that were kept longer in 
the field, exposed to harsh weather conditions and to the 
attack of microorganisms, and thus harvested with lower 
moisture content (Deshpande and Kulkarni, 1991). Probably 
the highest rate of mechanical damage to seeds harvested at 
45% moisture content facilitated the entry of the pathogen, 
thus increasing the occurrence of the fungus.
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Seed treatment was effective in reducing the occurrence 
of Penicillium sp.  during storage (Figure 7 A). Regarding the 
significant interaction of the factors moisture content of seeds 
at harvest and storage period (Figure 7 B), there was reduction 
in the occurrence of this fungus in seeds harvested at 45% 
moisture content over the entire study period. However, in 
seeds harvested with 40% moisture content, there was a trend 
towards increased occurrence of the fungus. As for seeds 
harvested at 35% moisture content, the occurrence was lower 
from the sixth month of storage on.

In untreated seeds, the moisture content did not affect 
the occurrence of the Penicillium sp. For treated seeds, its 
occurrence was greater in seeds harvested at 45% moisture 
content, probably because of their greater susceptibility to 
mechanical damage, which may have favored the action of 
this fungus. No difference was found for the occurrence of 
this fungus in seeds harvested at 35 and 40% moisture content. 

It was observed that the occurrence of Aspergillus sp. 
provided no major variations among seeds harvested at 
different moisture contents (Figure 8), however, the highest 

35%   Y=98.5**-3.81X=1.17X²-0.10X³; R²= 100%

40%   Y= 98.4

45%   Y= 94.5

35%   Y= 96.25

40%   Y= 96.75

45%   Y=96.5**-5.31*X+1.47**X²-0.15*X³; R²=100%

35%   Y= 47.3**-5.23**X; R² = 85.42%

40%   Y= 67.13**-19.55**X+1.46**X2; R2 = 89.43%

45%   Y=72.88**-21.13**X+1.60**X²; R2 = 95.43%

35%   Y=43.35**-15.14**X+1.28**X2; R2 = 99.96%
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occurrence of this fungus was observed in seeds harvested at 
45% moisture content, and that seed treatment has reduced 
the occurrence of this fungus, keeping it at lower levels 
during storage. However, the gradual increase of mechanical 
damage to seeds, as moisture content increased at harvest, has 

contributed to the reduction of seed physiological potential 
and to the increased occurrence of fungi. Similar results 
were found by Marchi et al. (2006) who have studied the 
relationship among mechanical damage, chemical treatment 
and occurrence of pathogens in maize seed. 
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Figure 7. Regression curves of mean occurrences of Penicillium sp. in BM 3061 hybrid maize seeds for the interaction of factors 
storage period and seed treatment (A) and storage period and moisture content at harvest (B).
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Figure 8. Regression curves of mean occurrences of Aspergillus sp. in BM 3061 hybrid maize seeds for the interaction of factors: 
storage period and moisture content at harvest for untreated seeds (A) and treated seeds (B).

Conclusions

The husking process can affect the quality of maize seeds, 
depending on their moisture content at time of harvest.

The harvesting of Dent 3061 hybrid maize seeds, of 20/64 
round sieve, can be made in advance and when they reach 
moisture contents of 40%, by mechanical husking.

The gradual increase of mechanical damage to seeds, as 
moisture content increased at harvest, has contributed to the 
reduction of seed physiological potential and to the increased 
occurrence of fungi during storage.
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