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Physiological performance of wheat seeds treated with micronutrients 
and protection products during storage1
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ABSTRACT - Seeds with high quality are one of the important factors to consider in the crops establishment on field. Therefore, 
the physical and physiological quality of wheat seeds treated with mixes of micronutrients including zinc and protective products 
were aimed. The wheat seeds were analyzed in a factorial scheme 5x3x4, with five storage time: 0, 60, 120, 180 and 240 days; three 
micronutrients: micronutrients 1 (1% Mn; 0.1% Mo; 10% Zn); micronutrients 2 (0.3% B; 0.3% Co; 3% Zn) and no micronutrients, 
and four protective products: untreated seeds, polymer (Colorseed He), fungicide carboxin + thiram (Vitavax® Thiram 200 SC) + 
insecticide thiamethoxam (Cruiser® 350 FS) and polymer + fungicide + insecticide. After treatment, the seeds were stored under 
uncontrolled conditions for 240 days and at intervals of 60 days, the germination, accelerated aging and moisture content were 
determined. Wheat seeds untreated and treated with polymer have the best physiological performance during storage, regardless 
micronutrients treatments. The wheat seeds treated with carboxin + thiram + thiamethoxam and polymer + carboxin + thiram 
+ thiamethoxam can be storage up to 120 days, under uncontrolled conditions, regardless micronutrients treatments. The seed 
treatment does not alter the moisture content of wheat seeds.

Index terms: Triticum aestivum L., coating, seeds treatment.

Desempenho fisiológico de sementes de trigo tratadas com micronutrientes e 
produtos protetores durante o armazenamento

RESUMO - Sementes com alta qualidade são importantes no estabelecimento de culturas no campo. Portanto, objetivou-se avaliar 
a qualidade física e fisiológica de sementes de trigo tratadas com micronutrientes contendo zinco combinados a produtos protetores. 
As sementes foram analisadas em esquema fatorial 5x3x4, com cinco períodos de armazenamento: 0, 60, 120, 180 e 240 dias; três 
micronutrientes: micronutrientes 1 (1% Mn; 0,1% Mo; 10% Zn); micronutrientes 2 (0,3% B; 0,3% Co; 3% Zn) e sem micronutrientes; 
e quatro produtos protetores: sementes não tratadas, polímero (Colorseed He), fungicida carboxina + tiram (Vitavax® Thiram 200 SC) 
+ inseticida tiametoxam (Cruiser® 350 FS) e polímero + fungicida + inseticida. Após o tratamento, as sementes foram armazenadas 
em condições não controladas por 240 dias e em intervalos de 60 dias determinou-se a germinação, envelhecimento acelerado e 
teor de umidade. Sementes não tratadas e tratadas com polímero têm o melhor desempenho fisiológico durante o armazenamento, 
independentemente dos tratamentos com micronutrientes. As sementes tratadas com carboxina + tiram + tiametoxam e polímero + 
carboxina + tiram + tiametoxam podem ser armazenadas até 120 dias, em condições não controladas, independentemente dos tratamentos 
com micronutrientes. O tratamento de sementes não altera o teor de umidade de sementes de trigo.

Termos para indexação: Triticum aestivum L., recobrimento, tratamento de sementes.
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Introduction

The purpose of seed storage is to maintain seed quality at 

acceptable levels from the point of physiological maturity in 
the field till next sowing (Labbé and Villela, 2012; Carvalho 
and Nakagawa, 2012). During the storage period, seed quality 



183 J.A. FREIBERG et al.

Journal of Seed Science, v.39, n.2, p.182-188, 2017

may be affected mainly by seed moisture content besides 
environmental conditions, especially temperature and relative 
humidity, as well the presence of insects and microorganisms 
that consume seed reserves and reduce their physiological 
potential (Fessel et al., 2003).  

Procedures such as seed treatment are used to improve 
seed performance and delay losses of vigor and viability during 
storage time. Seed protection can be achieved incorporating 
products as fungicides and insecticides (Bays et al., 2007) 
that reduce the potential transmission of pathogens by seeds, 
and protect the seeds from attack of fungus and insects during 
storage  (Juliatti, 2010). 

Moreover, growth regulators, micronutrients and 
biological agents may be used to obtain better seed and 
seedling performance and maximum crop genetic potential 
expression (Menten and Moraes, 2010). Additionally, the 
use of zinc has been associated with improvements in seed 
vigor and germination (Ribeiro and Santos, 1996), once this 
micronutrient acts as an enzymatic activator in lipids and 
proteins metabolic pathways (Prado et al., 2007). Furthermore, 
coat adding a polymer to form a thin layer on the seed surface 
allows better distribution of active ingredients (Baudet and 
Peres, 2004), reduce the amount of chemicals used (Karam et 
al., 2007) and minimize the leaching of these products from 
treated seeds (Avelar et al., 2012).

Pre-storage seed treatment shows up like an alternative to the 
adoption of technologies on wheat seed, but also, in some cases, 
it can harm the seed deterioration rate (Marcondes et al., 2011). 
In this regard, the quality of treated seeds has been evaluated for 
different crops, with positive or no responses obtained for different 
seed treatments. The association of fungicide carboxin + thiram 
with insecticide imidacloprid + thiodicarb reduced germination in 
wheat seeds cultivar BRS Gaivota (Abati et al., 2014). In maize, 
the treatment with insecticide thiamethoxam, at a dose of 1.4 g. 
kg-1 of seeds, did not affected germination after 30 days of storage 
under non-control environmental conditions; however, seed vigor 
evaluated by cold test, reduced significantly in comparison to 
untreated seeds (Bittencourt et al., 2000). Already, wheat seed 
treatment with zinc sulfate, at dosages of 0, 1, 2, 3 and 4 mL. 
kg-1 associated to fungicide (3 mL.  kg-1) and polymer (0.8 
mL. kg-1), did not affected seed viability even after six months of 
storage under non-controlled conditions (Tunes et al., 2012).

Considering the socio-economic importance of wheat 
as commodity (Cunha et al., 2011) and the possibility of 
using different chemical composition for seed treatment it is 
necessary studies that elucidate the physical and physiological 
performance of treated wheat seeds during storage time. 
Thus, it was aimed evaluate the physical and physiological 
quality of wheat seeds treated with different micronutrients, 

and combinations with polymer and fungicide + insecticide 
during storage for 240 days.

Material and Methods

The experiment was carried out at Seed and Grain 
Didactic and Research Laboratory of the Federal Institute 
of Education, Science and Technology of Rio Grande do Sul 
(IFRS - Campus Ibirubá) using wheat seeds, cultivar Tec 
Vigore, genetic category, grown during 2011/2011 season 
with 99% of initial germination and 100% physical purity.

The experimental design was completely randomized in 
a factorial scheme 5x3x4, with five storage time (0, 60, 120, 
180 and 240 days), three micronutrients and four protective 
products, with four replications.

The seeds were subject to three different treatments 
using mixes of micronutrients including zinc: micronutrients 
1 (1% Mn; 0.1% Mo; 10% Zn); micronutrients 2 (0.3% B; 
0.3% Co; 3% Zn) and no micronutrients, and four protective 
products: untreated seeds, polymer (Colorseed He), fungicide 
carboxin + thiram (Vitavax® Thiram 200 SC) + insecticide 
thiamethoxam (Cruiser® 350 FS) and polymer + fungicide + 
insecticide (Table 1).

The application of the treatments occurred through the 
preparation of a solution using products dosages recommended 
by manufacturers: 1.5 mL. kg-1; 1.2 mL. kg-1; 2.5 mL. kg-1 
and 1.0 mL. kg-1 for micronutrients, polymer, fungicide and 
insecticide, respectively. Water was added to the mixing 
solution to a maximum volume of 8 mL. kg-1 of seeds and 
the seeds were treated using plastic bags of 2 kg capacity; 
adding the products to 0.3 kg of seeds and shaking them until 
the complete distribution of the products on the seed surface. 
Subsequently the seeds were dried in the shade then they were 

Table 1. Description of combinations of micronutrients and 
protective products used in wheat seeds treatment.

Micronutrients Protective products 

Micronutrients1 

Polymer 
Fungicide  +  insecticide 
Polymer  +  fungicide  +  insecticide 
Untreated seeds 

Micronutrients 2 

Polymer 
Fungicide + insecticide 
Polymer  +  fungicide  +  insecticide 
Untreated seeds 

No micronutrients 

Polymer 
Fungicide + insecticide 
Polymer  +  fungicide +  insecticide 
Untreated seeds 
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transferred to paper bags and stored under non-controlled 
environmental conditions at Seed and Grain Didactic and 
Research Laboratory. The registers of relative humidity 
and temperature (Figure 1) were obtained from manual 
daily readings of Meteorological Station Ibirubá for the 
months from June to November/2012, and from Automatic 
Ibirubá Station - A883 for the months of December/2012 to 
February/2013 (INMET, 2013).

After treatment it was determined the seed moisture 
content and the physiological quality was evaluated by the 
following tests: germination, first count of germination and 
accelerated aging. The same tests were repeated at 60, 120, 
180 and 240 days of storage, as procedure below:

Moisture content - the moisture content of the seeds was 
determined by the oven method at 105±3 °C (Brasil, 2009).

Germination - performed by four replicates of 50 seeds 
using Germitest® paper, soaked in distilled water until 2.5 
times of the paper weight was achieved. The rolls were kept 
in a chamber at 20±2 °C for eight days, the germination was 
evaluated at eight days after sowing and the results expressed 
as percentage of normal seedlings according to the Rules for 
Seed Testing (Brasil, 2009).

First count of germination – it was accomplished together 
with the germination test, with counting carried on the fourth 
day after sowing (Brasil, 2009).

Accelerated aging - the seeds were uniformly distributed 
in a single layer, on a screen inside plastic boxes containing 
40 mL of distilled water in the lower part. The boxes were 
maintained in an incubator B.O.D., adjusted to 43 °C for 
48 hours (Fanan et al., 2006), then the germination was 
performed. The results were expressed as percentage of 
normal seedlings on the fourth day after sowing.

The data were submitted to variance analysis and 

hypothesis testing to verify the significance of the effect of 
time, micronutrient, protective products and interactions. 
When significant difference was found the means were fitted 
to a polynomial model using regression or compared by 
Tukey, according to the significance at the 0.05 level, using 
the statistical software Winstat.  

Results and Discussion

There was no significant interaction for storage x 
micronutrients x protective products in any of the evaluated 
parameters (Table 2), which demonstrates that the micronutrients 
used did not affect the protective products during storage. 
On the other hand, there was significant interaction between 
storage x protective products in the germination and first count 
of germination evaluations, evidencing that the associations 
of the protective products can affect differently seed quality 
during storage. For accelerated aging, only the main effect of 
protective products was observed (Table 2). All parameters 
presented the main effect for storage.

The seed moisture content did not presented significant 
difference between the treatments. The moisture content, 
initially 13.7, showed a tendency to achieve hygroscopic 
equilibrium with the air of the storage site, fitting into a 
quadratic model (Figure 2). There was a reduction of 0.8% 
in the first 60 days of storage and a reduction of 0.3% in the 
following 60 days until 120 days when the seeds achieved 
hygroscopic equilibrium with the relative humidity between 
60 and 70%. After 120 days an increasing of the relative 
humidity average caused, once again, to seed moisture content 
a new hygroscopic equilibrium. This behavior is caused 
by water potential difference between seeds and storage 
environment in different air temperature and relative humidity 
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Figure 1. Average of maximum and minimum temperature (°C) measured monthly after wheat seed treatment and stored under 
uncontrolled environmental conditions for 240 days. Ibirubá 2012-2013.
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Table 2. Variance analysis of moisture content (MC), germination (GERM), first count of germination (FCG) and accelerated 
aging (AA) in wheat seeds of cultivar Tec Vigore submitted to micronutrients and protective products and stored for 
240 days.

Source of variation Degree of 
Freedom 

Calculated F Value 
MC GERM FCG AA 

Storage (S)1 4   88.43* 281.73* 653.19* 213.97* 
Protective products (PP)2 3   0.30   12.83*   36.81*   52.88* 

Micronutrients (M)3 2   0.22 0.4   0.03    1.16 
S x PP 12 12.34     2.39*     2.82*    0.89 
M x PP 6   0.78   0.48   1.65    0.98 
S x M 8 12.25   0.52   1.37    0.21 

S x M x PP 24   0.50   0.32   0.53    0.46 
Residue 180 - - - - 

C.V. (%) 3.4 4.0 5.2 16.0 
 1Storage: 0, 60, 120,180 and 240 days after seed treatment. 

2Protective products: untreated, polymer, fungicide + insecticide and polymer + fungicide + insecticide.
3 Micronutrients: no micronutrients, micronutrients 1 and micronutrients 2.
* p value < 0.01

Figure 2. Relative humidity and moisture content of wheat 
seeds cultivar Tec Vigore after treatment with 
micronutrients and protective products at 0, 60, 120, 
180 and 240 days of storage.
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all treatments had germination above 90% until 120 days 
of storage, with the best results presented by the polymer 
and untreated seeds which remained above 95%. After 180 
days, treatment polymer + fungicide + insecticide (85%) 
had a greater reduction in germination when compared to 
the treatments polymer, untreated seeds and fungicide + 
insecticide (90, 88 and 87%, respectively). After 240 days of 
storage no treatments showed germination percentage above 
80%, with greater reductions observed in treatments polymer 
+ insecticide + fungicide (74%) and untreated seed (74%).  To 
first count of germination (Table 3 and Figure 4), all protective 
products resulted in percentage less than 90% at zero time. 
Untreated seeds and seeds treated with polymer showed the 
higher percentage of normal seedlings in the storage times 
evaluated. The treatments fungicide + insecticide and polymer 
+ fungicide + insecticide reduced to 75 and 72% of normal 
seedlings at 180 days, and 55 and 49% to 240 days what was 
10% lower than the treatments with better performance.

The results of germination and first count of germination 
showed that none of the used sources of micronutrients 
containing zinc was harmful to the seed quality during 
storage for up to 120 days. However, the treatments fungicide 
+ insecticide and polymer + fungicide + insecticide showed 
phytotoxic effect, with lower percentage than both untreated 
and polymer coated seeds. To Tunes et al. (2012) wheat 
seeds treated with different doses of Zinc sulfate associated 
with fungicide, polymer and water to a solution volume of 
12 mL. kg-1 seed, did not reduce germination after treatment 
and storage for six months under uncontrolled conditions of 
air temperature and relative humidity. Matos et al. (2013) 
noted that hybrids corn seeds treated with carbendazim + 

(Marcos-Filho, 2005). In this study, the treated seeds stored 
under uncontrolled conditions of the environment, responded 
to the elevation of relative humidity. Similarly, Bittencourt 
et al. (2000) reported a moisture content reduction in maize 
seeds, as a function of the low relative humidity values 
during 30 days of storage with difference of 0.5% between 
thiamethoxam seed treatment and untreated seeds at first 
15 days of storage. However, Tunes et al. (2016) observed 
that the moisture content of wheat seeds was not influenced 
by treatment with different doses of zinc sulfate (ZnSO4) 
+ fungicide (carboxin + thiram) + polymer applied using a 
syrup spray volume of 15 mL. kg-1, and stored for six months 
under non-controlled environmental conditions.

In relation to seed germination (Table 3 and Figure 3), 
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Table 3. First count of germination and germination in wheat seeds of cultivar Tec Vigore submitted to micronutrients and 
protective products and stored for 240 days.

Treatment 
Storage (days) 

0 60 120 180 240 
First count of germination 

Untreated   85 Aa*   87 Aab 90 Aa 88 Aa   54 Bab 
Polymer 87 Aa 90 Aa 90 Aa 88 Aa 58 Ba 
Fungicide + insecticide 85 Aa   85 Abc 84 Ab 81 Ab 52 Bb 
Polymer + fungicide + insecticide 85 Aa 83 Ac 84 Ab 81 Ab 45 Bc 

Germination 
Untreated 97 Aa   95 Aba   94 Aba   92 Bab 72 Cb 
Polymer 96 Aa 95 Aa 95 Aa 93 Aa 79 Ba 
Fungicide + insecticide 96 Aa   94 Aba   91 BCb 89 Cb   76 Dab 
Polymer + fungicide + insecticide 95 Aa   93 Aba 90 Bb 89 Bb 72 Cb 

 *Means followed by the same capital letter on the rows or lower case on the columns are not significantly different (Tukey 0.05 level of significance). 
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Figure 3. Wheat seed cultivar Tec Vigore germination after 
treatment with micronutrients and protective products at 
0, 60, 120, 180 and 240 days of storage, (NT: untreated 
seeds; P: polymer; F+I: fungicide + insecticide; P+F+I: 
polymer + fungicide + insecticide).  
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Figure 4. Wheat seed cultivar Tec Vigore first count of 
germination after treatment with micronutrients 
and protective products at 0, 60, 120, 180 and 240 
days of storage (NT: untreated seeds; P: polymer; 
F+I: fungicide + insecticide; P+F+I: polymer + 
fungicide + insecticide). 

thiram + micronutrients (100 mL a.i.100 kg-1 of seeds) had an 
increment on germination percentage when compared to non-
treated seeds for all periods assessed during storage for six 
months.  Simularly, Rufino et al. (2013) observed that wheat 
seeds, BRS Guamirim, treated with polymers or fungicides 
showed higher first count of germination than seeds without 
treatment, however, no significantly difference was verified in 
seeds treated with zinc or zinc + polymer. In the other hand, 
Marini et al. (2011) verified that wheat genotypes had different 
percentage of first count of germination and germination, with 
reductions of normal seedlings in seeds treated with fungicide 
Carboxin + Thiram, from 270 mg.L-1 dose. 

The loss in seed physiological quality may be due to 
the interaction between either seeds or seedlings with the 

chemicals applied on the seed surface when germination test 
was performed using the paper towel substrate. In the same 
way, the addition of products by seed treatment can increase 
seed moisture. In this case, the higher seed moisture content 
and storage conditions, such as high temperature and relative 
humidity, potentiate seed deterioration (Marcos-Filho, 2005).

In relation to accelerated aging was observed a reduction 
rate of 10%, in each three months of storage interval 
approximately (data not shown). Regardless of storage  and 
micronutrient application, the treatment polymer and untreated 
seeds showed a better performance (13% higher) compared 
to seeds treated with fungicide + insecticide and polymer + 
fungicide + insecticide (Figure 5) which contrast with Rufino 
et al. (2013) when they found that germination of wheat 
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seeds treated with fungicide (Fludioxinil + Metalaxyl-M) after 
exposure to accelerated aging for 72 hours at 41 °C was higher 
when compared to the treatments polymer, polymer + zinc and 
seeds without treatments. However, Fessel et al. (2003) observed 
reductions in vigor of corn seeds, evaluated by accelerated aging 
for 72 hours at 42 ºC and using increasing dosages of fungicide 
and insecticide, mainly after twelve months of storage.

The reduction in viability and vigor is a natural process 
caused by aging of the seeds. Seed deterioration is an inevitable 
and irreversible process and the rate of deterioration during 
the storage time is influenced by seed moisture content, air 
relative humidity and temperature (Kapoor et al., 2011). The 
pronounced effect of deterioration of seeds, mainly after 180 
days treatment, is related to the long period of exposure to 
adverse conditions of temperature and humidity.  Furthermore, 
the effect phytotoxic of the products used in treat seed may 
also have reduced the seed viability. This effect was observed 
by Vanin et al. (2011) in sorghum seeds treated with different 
insecticides, with higher phytotoxicity caused by acephate than 
thiamethoxam and thiamethoxam + thiodicarb after 30 days of 
storage. According Tonin et al. (2014), the use of insecticide 
thiamethoxam, reduced vigor of corn seeds stored for 270 days 
in an environment with and without temperature and humidity 
control. Deuner et al. (2014) also observed greater reduction in 
vigor of corn seeds over the storage period for the treatments 
containing the insecticide thiamethoxam. In the same way, 
Silva et al. (2011) showed a marked reduction in the vigor 
and germination of treated rice seeds with fungicide carboxin 
+ thiram and stored in hermetic packages for a period of 240 
days. This effect corroborates with the results found for seed 
moisture content, germination and vigor, evidencing that the 

reduction in seed viability was also associated with higher seed 
moisture content and chemical treatment.

In this sense, the use of high quality seeds allows high 
agronomic performance and it is fundamental for the crops 
establishment. In addition to the high quality, the incorporation 
of products through treatment and seed coating can improve 
their performance and allow the storage of wheat seeds without 
reducing their potential germination for up to 120 days.

Conclusions

Wheat seeds untreated and treated with polymer have 
the best physiological performance during storage, regardless 
micronutrients treatments. 

The wheat seeds treaded with carboxin + thiram + 
thiamethoxam and polymer + carboxin + thiram + thiamethoxam 
can be storage up to 120 days, under uncontrolled conditions, 
regardless micronutrients treatments.

The seed treatments do not maintain seed quality for 240 days.
The seed treatment does not alter the moisture content 

of seeds.
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after treatment with micronutrients and protective 
products at 0, 60, 120, 180 and 240 days of storage. 
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