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Seed treatment and its impact on wheat crop yield potential 1
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ABSTRACT - In the sowing process, the technique of seed treatment may assist in maintaining crop yield potential. This present 
study aimed to assess how wheat seed treatment with two different sources of micronutrients, combined with fungicide + insecticide 
protective treatment and coating with liquid polymer,  may impact  its  vegetative development and grain production. Wheat 
seeds of cultivar Tec Vigore were subjected to three different treatments using micronutrient containing zinc: no micronutrient, 
micronutrient 1 (1% Mn, 0.1% Mo, 10% Zn); micronutrient 2 (0.3% B, 0.3% Co; 3% Zn), where micronutrient treatments 
were combined with different protective  treatments used for seed treatment: untreated seeds, polymer (Color seed He), fungicide 
(Vitavax® Thiram 200 SC) + insecticide (Cruiser® 350 FS) and combination of polymer + fungicide + insecticide. We assessed 
parameters related to crop development, such as seedling emergence, dry matter of root and shoot, tillers, and for physiological 
maturity, we assessed grain yield and hectoliter weight. Seed treatment with micronutrients, polymer, fungicide + insecticide and 
combinations thereof does not reduce emergence and may increase seedling stand, but without influencing wheat grain yield. 

Index terms: fungicide, insecticide, micronutrient, polymer.

Tratamento de sementes e sua influência no potencial produtivo 
da cultura do trigo

 
RESUMO - No processo de semeadura, a técnica do tratamento de sementes pode auxiliar na manutenção do potencial 
produtivo. Objetivou-se com esse trabalho avaliar a influência do tratamento de sementes de trigo com duas diferentes fontes 
de micronutrientes, combinadas aos tratamentos protetores fungicida + inseticida e recobrimento com polímero líquido, no 
desenvolvimento vegetativo e na produção de grãos. As sementes de trigo, cultivar Tec Vigore, foram submetidas a três 
diferentes tratamentos utilizando micronutrientes contendo zinco: sem micronutriente, micronutriente 1 (1% Mn; 0,1% Mo; 
10% Zn); micronutriente 2 (0,3% B; 0,3% Co; 3% Zn), sendo os tratamentos micronutrientes combinados com diferentes 
tratamentos protetores utilizados no tratamento de sementes: sementes sem tratamento, polímero (Color seed He), fungicida 
(Vitavax® Thiram 200 SC) + inseticida (Cruiser®350 FS) e polímero + fungicida + inseticida. Foram avaliados parâmetros 
relacionados ao desenvolvimento da cultura como emergência de plântulas, massa seca de raiz e parte aérea, perfilhos, e na 
maturação fisiológica avaliou-se o rendimento de grãos e o peso do hectolitro. O tratamento de sementes com micronutrientes, 
polímero, fungicida + inseticida e suas combinações não reduz a emergência e pode aumentar o estande de plântulas, mas sem 
efeitos na produtividade de grãos de trigo.

Termos para indexação: fungicida, inseticida, micronutriente, polímero.
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Introduction

Wheat is a significant part of Brazilian population 
diet. The great interest in increasing the productivity 

and competitiveness of Brazilian wheat is justified by 
the socioeconomic importance of wheat culture for the 
sustainability of agricultural properties and the pursuit for 
self-sufficiency in production (Franceschi et al., 2009).
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To  achieve  high agricultural yields it is  paramount  to 
understand factors such as  management  of  crop and 
environment (Mertz et al., 2009). In the sowing process, the 
use of seeds with high physiological and sanitary quality is 
essential for the adequate establishment of the plant. Thus, the 
use of pesticides  through seed treatment may allow  greater 
initial development of crops by providing good plant defense 
conditions (Castro et al., 2008) against insects (Dan et al., 
2012) and fungi (Garcia Júnior et al., 2008). In addition, the 
use of efficient active ingredients can reduce post-emergence 
applications of fungicides (Picinini and Fernandes, 2003) and 
insecticides, reducing production costs and the negative impact 
on the environment. 

Just as  fungicides and insecticides, polymers and 
micronutrients can improve the agronomic performance of crops 
through seed treatment.  The use of polymers  improves  seed 
adhesion, distribution,  and coloration  without impairing  its 
quality and performance (Bays et al., 2007). It can also reduce 
leaching of products and improve the sowing ability of seeds 
(Avelar et al., 2012). With regard to micronutrients, Prado et 
al. (2007a) found that zinc seed treatment favored initial seedling 
growth and dry matter production in wheat, as well as Tavares 
et al. (2013b) in wheat seeds treated with micronutrients. 

Many studies have discussed the impact of seed treatment 
on the physiological quality of seeds and  on  the initial 
development of plants, but not much research have focused 
on grain yield and the association of micronutrients, polymer, 
fungicide  and insecticide.  By favoring an adequate initial 
development of plants, the treatment of seeds can allow better 
yields. While studying the coating of seeds with zinc, Tunes et 
al. (2012) have found increased number of grains per spikelet 
and grain weight;  and Tavares et al.  (2013b) obtained an 
increase in grain yield from seeds treated with zinc, boron 
and molybdenum. However, Brzezinski et al. (2015) verified 
that the treatment of seeds with fungicides and insecticides 
did not impact soybean crop yield. 

Therefore, the objective of this  work was to  evaluate 
how  seed treatment with two different sources of 
micronutrients, combined with fungicide + insecticide 
and liquid polymer coating  might affect  the vegetative 
development and grain yield of wheat.

Material and Methods

The experiment was conducted during the 2012 and 2013 
crops, in the experimental area of the   Federal Institute of 
Education, Science and Technology of the state of Rio Grande 
do  Sul  – IFRS, Campus Ibirubá, RS, Brazil.  Seeds were 
submitted to three different treatments using micronutrients 

containing zinc: no micronutrient, micronutrient 1 
(1%  Mn, 0.1% Mo, 10% Zn);  micronutrient  2  (0.3% B; 
0.3% Co; 3% Zn), where micronutrient  treatments were 
combined with different protective treatments used in seed 
treatment: untreated seeds, polymer (Color seed He), fungicide 
(Vitavax® Thiram 200 SC) + insecticide (Cruiser  ® 350 FS) 
and combination of polymer + fungicide + insecticide.

Wheat seeds of cultivar Tec Vigore used in the sowing 
of the 2012 crop were produced in the 2011/2011 crop. 
They belonged to genetic category and presented 99% of 
germination and 100% of purity. In the 2013 crop, the seeds 
of this cultivar, coming from the 2012/2012 crop, belonged to 
genetic category and presented 80% of germination and 93% 
of purity, respectively.

The treatments were applied by preparing the syrup 
according to  manufacturer recommendations. Doses of 1.5 
mL.kg-1; 1.2 mL.kg-1; 2.5 mL.kg-1 and 1.0 mL.kg-1 were used 
respectively for micronutrients, polymer, fungicide, and 
insecticide. Together with the products, water was added 
up to the maximum volume of 8 mL.kg-1. The mixture of 
the products with 0.5 kg of seed was carried out in plastic 
bags with volumetric capacity of 2 kg, and the seeds were 
shaken until completely recoated. The experimental design 
used was in randomized blocks, in a 3x4 factorial scheme 
(micronutrients x protective treatments), totaling twelve 
treatments, with four replications per treatment.

The experiment was carried out in June  2012 and 
2013, through direct sowing, after the soybean culture. 
The  plots consisted of 20  rows  of five meters in length, 
spaced at 0.17 meters. 

The management of the crop,  for  fertilization and 
phytosanitary control, followed the recommendations of the 
Commission of Chemistry and Soil Fertility - RS/SC (2004) 
and the technical information for the control of weeds, diseases 
and pests in wheat crops 2012 and 2013 (EMBRAPA, 2011, 
IAPAR, 2012). 

In the 2012 and 2013 crops, parameters related to crop 
development and grain yield were assessed. Seedling emergence 
was determined at 14 and 21 days after sowing (DAS), and 
plant population at 41 DAS. In order to do so, the number of 
seedlings/plants emerged in a linear meter was counted, from 
the average of two linear meters in each replication. 

At seven DAS and 82 DAS, seedlings and wheat plants 
were collected, respectively, for dry shoot mass and seedlings 
were collected for root dry mass at seven DAS. These remained 
at 65 °C in drying oven until constant mass that was expressed 
in grams.plant -1. Plant height was determined by gauging the 
length of 15 plants from the first node at 41DAS. At 41 and 62 
DAS the number of tillers per plant was determined. 
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When reaching the physiological maturity of wheat 
crop we proceeded with the harvesting of six central rows 
consisting of three meters. The grain yield (kg.ha-1) was 
obtained weighing and adjusting the humidity to 13%. We 
determined hectoliter weight (kg.hl-1) by using a container 
of a particular volume, followed by weighing and processing 
the volume in kg.hl-1 according to the official table for cereal 
hectoliter weight.

The data were submitted to analysis of variance and 
test of hypotheses to verify the significance of the effect 
of treatments and interactions.  The Scott-Knott test at 5% 
significance was used to compare means. The analyzes were 
carried out in program R, using the function “ea2” of the easy 
anova package (Arnhold, 2013).

Results and Discussion

The factors micronutrient and protective treatments and 
their interactions were not significant for seedling emergence at 
14 DAS in the 2012 crop (Table 1). At 21 DAS, there was effect 
of micronutrients and protective treatments. Seeds treated with 
micronutrient 2 obtained a larger plant stand in relation to the 
seeds treated with micronutrient 1. The protective treatments 
polymer, fungicide + insecticide and polymer + fungicide + 
insecticide significantly reduced plant stand in relation to the 
untreated seeds.  In soybean,  Conceição  et al.  (2014) found 
that seeds treated with fungicide, insecticide and polymer 
showed higher plant establishment in the field, contrary to the 
results found in this study. However, Pereira et al. (2005), when 
evaluating the action of two polymers associated with fungicide 
and insecticide  treatment,  did not  find  significant differences 
in the emergence speed of corn seedlings.  These authors 
emphasize that the use of polymers can reduce this parameter 
due to the film, which restricts the oxygenation of the seeds. At 
41 days, no significant effect of micronutrient use and protective 

treatments was observed in the plant population. 
In the 2013 crop, there was a significant effect between 

micronutrients and protective treatments (Table 2). At 14 DAS 
(p = 0.001), lower performance was observed in untreated 
seeds without micronutrients, evidencing the importance 
of seed treatment in adequate seedlings establishment.  At 
21 DAS (p = 0.0016) it was observed that the seeds treated 
with polymer had a superior performance in relation to the 
micronutrients, especially to the micronutrient 2. However, 
when the fungicide + insecticide associated to micronutrients 
was used, the emergence of seedlings and the plant population 
(p<0.001) were favored.  Few studies address different 
product associations in wheat seeds, however, in the soybean 

Table 1.	 Seedling emergence at 14 and 21 DAS and plant 
population in the wheat culture submitted to seeds 
treatment with micronutrients and protective 
treatments (fungicide + insecticide and/or polymer), 
in 2012.

Treatments 
Emergence of 

seedlings Plant 
population 

14 DAS 21 DAS 
 Micronutrients 

No Micronutrient 30 a 78 a 88 a 
Micro 1 37 a 73 b 83 a 
Micro 2 40 a 80 a 84 a 

Protective Treatments 
Untreated 36 a 82 a 88 a 
Polymer 33 a 75 b 85 a 

Fungicide + Insecticide 40 a 77 b 87 a 
Polymer + Fungicide + Insecticide 33 a 73 b 81 a 

CV (%) 36.4 9.6 12.4 
 The averages followed by the same letter in the column do not differ among 
themselves by Scott-Knott test (p ≤ 0.05).

Table 2.	 Seedling emergence at 14 and 21 DAS and plant population in the wheat culture submitted to seeds treatment with 
micronutrients and protective treatments (fungicide + insecticide and/or polymer), in 2013.

Protective 
treatments 

Seedling emergence 
14 DAS 

Seedling emergence 
21 DAS Plant population 

Micronutrients 
N/M* M1 M2 N/M M1 M2 N/M M1 M2 

NT* 52 Bb 95 Aa 82 Aa 53 Bb 97 Aa 85 Aa 57 Bb 92 Aa 79 Aa 
P 98 Aa 83 Ba 69 Ba 99 Aa 83 Ba 70 Ba 98 Aa 77 Ba 65 Bb 

F+I 68 Bb 95 Aa 97 Aa 72 Bb 96 Aa 100 Aa 65 Bb 90 Aa 96 Aa 
P+F+I 93 Aa 95 Aa 87 Aa 96 Aa 97 Aa 88 Aa 91 Aa 98 Aa 84 Aa 

CV (%) 17.2 17.4 16.7 
 *Untreated (NT), polymer (P), fungicide (F), insecticide (I), no micronutrients (N/M), micronutrients (M). 

The averages followed by the same letter, uppercase in the line and lowercase in the column, do not differ among themselves by Scott-Knott test (p ≤ 0.05). 
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Table 3.	 Shoot dry mass and root dry mass at seven DAS in the wheat culture submitted to seeds treatment with micronutrients 
and protective treatments (fungicide + insecticide and/or polymer), in 2012.

Protective treatments 
Shoot dry mass (g.plant-1) Root dry mass (g.plant-1) 

Micronutrients 
N/M M1 M2 N/M M1 M2 

NT* 0.308 Aa 0.293 Aa 0.260 Aa 0.100 Aa 0.100 Aa 0.100 Aa 
P 0.263 Aa 0.218 Bb 0.273 Aa 0.087 Aa 0.088 Aa 0.105 Aa 

F+I 0.278 Aa 0.300 Aa 0.235 Ba 0.098 Aa 0.100 Aa 0.073 Bb 
P+F+I 0.285 Aa 0.243 Ab 0.268 Aa 0.110 Aa 0.085 Aa 0.100 Aa 

CV (%) 12.6 16.0 
 *Untreated (NT), polymer (P), fungicide (F), insecticide (I), no micronutrients (N/M), micronutrients (M). 

The averages followed by the same letter, uppercase in the line and lowercase in the column, do not differ among themselves by Scott-Knott test (p ≤ 0.05).

Table 4.	 Shoot dry mass and root dry mass at seven DAS in 
the wheat culture submitted to seeds treatment with 
micronutrients and protective treatments (fungicide + 
insecticide and/or polymer), in 2013.

Treatment  Shoot dry mass  
(g.plant-1) 

Root dry mass 
(g.plant-1) 

No Micronutrient  0.325 a 0.074 a 
Micro 1 0.263 b 0.061 b 
Micro 2 0.252 b 0.059 b 

Protective treatments 
NT* 0.251 a 0.062 a 
P 0.290 a 0.065 a 
F + I 0.310 a 0.070 a 
P + F + I 0.270 a 0.060 a 

CV (%) 26.8 20.8 
 *Untreated (NT), polymer (P), fungicide (F), insecticide (I).

The averages followed by the same letter in the column do not differ among 
themselves by Scott-Knott test (p ≤ 0.05).

crop, Avelar et al. (2015) found that the use of liquid polymer 
with micronutrients containing Co and Mo did not affect the 
seedlings emergence. 

The results of shoot dry mass of wheat seedlings at seven 
DAS, 2012 crop, were significant for micronutrient interaction 
and protective treatments (p = 0.0296) (Table 3). When 
micronutrient 2 was applied with fungicide + insecticide, 
there was a reduction of approximately 20% in shoot dry 
mass and 27% in root dry mass compared to their association 
with micronutrient 1. The association of micronutrient 1 with 
protective treatments polymer and polymer + fungicide + 
insecticide reduced the shoot dry mass. The micronutrients 
used contain manganese, molybdenum, boron, cobalt and zinc. 
Zinc acts as an enzymatic activator in metabolic routes of lipids 
and proteins (Prado et al., 2007b), aiding in cell elongation, 
providing greater growth, increase in the photosynthetic 
area and consequently increasing the biomass of seedlings 
(Funguetto et al., 2010). The higher percentage of zinc present 
in micronutrient 1 may have contributed to these results. Ohse 
et al. (2012) observed a 31.63% increase in shoot fresh mass 
of corn plants submitted to seeds treatment with 0.86 g.kg-1 
of Zn. These same authors observed a decreasing in root 
fresh phytomass with the increase in zinc doses, suggesting a 
probable toxicity due to the excess of the micronutrient. In the 
2013 crop, only the effect of micronutrients (p = 0.0192) was 
observed, with root and shoot dry mass values ​of the seeds 
without micronutrients higher than those obtained with their 
use (Table 4). The effects of the application of micronutrients 
in seeds are related to the adequate supply of this one by the 
soil, to the doses and forms of application. In the corn crop, 
Prado et al. (2007b) obtained an increase in dry matter of root, 
shoot and total dry matter, when the zinc micronutrient was 
applied in the form of zinc oxide (50% Zn), and a decrease 
when used in the form of zinc sulfate (20% Zn). In sorghum, 
Yagi et al. (2006) verified that different doses of zinc did not 
affect the accumulation of dry matter of root and shoot; and 

in wheat the zinc application in seeds did not influence the 
shoot dry mass (Orioli Júnior et al., 2008). Likewise, in the 
2012 and 2013 crops no significant differences were observed 
for shoot dry mass of plants at 82 DAS (Tables 5 and 6). Plant 
height at 41 DAS only showed a significant effect of protective 
treatments (p = 0.019) in the 2013 crop (Table 6), where seeds 
treated with polymer + fungicide + insecticide showed a plant 
height 10% higher compared to untreated seeds. 

In the 2012 harvest, there was a significant effect between 
micronutrient and protective treatments for the number of 
tillers at 62 DAS (p = 0.017) (Table 7). Seeds treated with 
fungicide + insecticide associated with micronutrient 1 
provided the smallest number of tillers. Seeds treated only 
with micronutrient 2 associated with polymer provided the 
formation a number of tiller 50% lower in relation to fungicide 
+ insecticide associated to this micronutrient. In rice, Oliveira 
et al. (2001) found that the treatment with fungicides allowed 
the formation of a larger number of tillers in relation to the seeds 
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Table 5.	 Number of tillers at 41 DAS, plant height at 41 DAS 
and shoot dry mass at 82 DAS in the wheat culture 
submitted to seeds treatment with micronutrients 
and protective treatments (fungicide + insecticide 
and/or polymer), in 2012.

Treatments Tillers Plant height 
(cm) 

Shoot dry mass 
(g.plant-1) 

Micronutrients 
No Micronutrient 1.1 a 16.0 a 0.97 a 
Micro 1 0.8 a 15.5 a 1.01 a 
Micro 2 1.0 a 14.7 a 0.99 a 

Protective treatments 
NT* 0.9 a 14.6 a 0.98 a 
P 0.9 a 16.1 a 1.03 a 
F + I 1.0 a 14.7 a 0.98 a 
P + F + I 1.2 a 16.3 a 0.97 a 

CV (%) 43.7 20.7 22.1 
 *Untreated (NT), polymer (P), fungicide (F), insecticide (I).
The averages followed by the same letter in the column do not differ among 
themselves by Scott-Knott test (p ≤ 0.05).

Table 6.	 Plant height at 41 DAS and shoot dry mass at 
82 DAS in the wheat culture submitted to seeds 
treatment with micronutrients and protective 
treatments (fungicide + insecticide and/or 
polymer), in 2013.

Treatment Plant height 
(cm) 

Shoot dry mass 
(g plant-1) 

Micronutrient 
No Micronutrient 21.0 a 1.1 a 
Micro 1 20.6 a 1.1 a 
Micro 2 20.9 a 1.1 a 

Protective treatments 
Untreated 19.7 b 1.0 a 
Polymer 20.8 a 1.0 a 
Fungicide + Insecticide 21.0 a 1.2 a 
Polymer + Fungicide + Insecticide 21.9 a 1.1 a 

CV (%) 7.5 24.3 
 The averages followed by the same letter in the column do not differ among 

themselves by Scott-Knott test (p ≤ 0.05).

Table 7.	 Number of tillers at 62 DAS in the wheat culture 
submitted to seeds treatment with micronutrients 
and protective treatments (fungicide + insecticide 
and/or polymer), in 2012.

Protective treatments 
Micronutrients 

No micronutrient Micro 1 Micro 2 
NT* 1.1 Aa 1.2 Aa 0.7 Ab 
P 0.8 Aa 0.8 Aa 0.7 Ab 
F + I 1.0 Aa 0.5 Ba 1.4 Aa 
P + F + I 0.8 Aa 0.9 Aa 1.3 Aa 

CV (%) 40.3 
 *Untreated (NT), polymer (P), fungicide (F), insecticide (I).

The averages followed by the same letter, uppercase in the line and lowercase 
in the column, do not differ among themselves by Scott-Knott test (p ≤ 0.05). 

that did not receive phytosanitary treatment. Orioli Júnior et 
al. (2008) observed that the zinc application in seed treatment 
did not affect the number of tillers of wheat, confirming the 
results obtained in 2013 harvest, when the number of tillers at 
62 DAS did not different between   treated seeds, or not, with 
micronutrients (Table 9). 

The average yield of wheat at  the  2012  crop  (2.563 
kg  ha-1)  was higher than the average registered  in the 
state  (1.860 g ha-1) (CONAB, 2013). There was  significant 
effect to micronutrients (p = 0.048) and protective treatments 
(p<0.001), but the interaction between these factors was not 
significant (Table 8). In relation to micronutrients, the addition 
of micronutrient 1 reduced average grain productivity by 
12.1% compared to treatments without micronutrients.  The 
highest percentage of zinc present in micronutrient 1 did not 
increase productivity in seeds treated only with this product, 
and reduced grain yield by 26% compared to untreated 
seeds. In white oats culture, Tavares et al. (2013a) obtained an 
increase of productivity in seeds coated with zinc products.  
Funguetto et al. (2010) also observed increase in the number 
of grains per panicle and grain weight per plant from white 
oats seeds treated with zinc (dose of 0.77 g kg-1 of seed) and 
fungicide (3 mL kg-1) associated with polymer CF Clear® (200 
mg kg-1) and dye (4 mL kg-1). Polymer treated seeds significantly 
reduced grain yield, reaching a 26% lower yield compared to 
the combination polymer with fungicide + insecticide, which 
showed the highest yield. Balardin et al. (2011) did not find 

any impact on seed treatment with different combinations of 
insecticide and/or fungicide under normal rainfall conditions.
However, when exposed to the adverse conditions of water 
stress, seeds treated with abamectin + thiamethoxam + 
fludioxonil + mefenoxan + thiabendazole showed grain yield 
57.4% higher than the untreated seeds.

In the 2013 crop, no influence of seed treatment on 
productivity was observed (Table 9). These results agree with 
Conceição et al. (2014), who did not observed effect of seed 
treatment with fungicide (Carbendazin + Thiram), insecticide 
(Imidacloprid + Thiodicarb), micronutrient (Mo 12%, Co 
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Table 8.	 Grain productivity and hectoliter weight in the wheat culture submitted to seeds treatment with micronutrients and 
protective treatments (fungicide + insecticide and/or polymer), in 2012.

PT* 
Productivity (kg.ha-1) Hectoliter weigth (kg.hl-1) 

Micronutrients 
N/M M1 M2 Average N/M M1 M2 Average 

NT 3066.4  2273 2717.8 2685.7 a 81.0 Aa 80.3 Aa 79.5 Aa 80.3 
P 1919.8  2309.8 2211.8 2147.1 b 79.4 Ba 78.5 Bb 81.4 Aa 79.7 
F+I 2676.1 2389.6 2474.6 2513.4 a 79.3 Aa 80.2 Aa 80.4 Aa        80 
P+F+I 3317.9 2675.3 2720.3 2904.5 a 78.9 Aa 81.0 Aa 79.4 Aa 79.8 
Average     2745.1 A     2411.9 B     2531.2 B 2562.7 79.7 80 80.2 79.9 

CV (%) 14.4 1.6 
 *Protective treatments (PT), Untreated (NT), polymer (P), fungicide (F), insecticide (I) no micronutrients (N/M), micronutrients (M).

The averages followed by the same letter, uppercase in the line and lowercase in the column, do not differ among themselves by Scott-Knott test (p ≤ 0.05). 

Table 9.	 Number of tillers, grain productivity and hectoliter weight in the wheat culture submitted to seeds treatment with 
micronutrients and protective treatments (fungicide + insecticide and/or polymer), in 2013.

Treatment Tillers  
41 DAS 

Tillers 
62 DAS 

Productivity  
(kg.ha-1) 

Hectoliter weight  
(kg.hl-1) 

No Micronutrient 1.9 a 2.9 a 3383.1 a 68.4 a 
Micro 1 1.3 b 2.8 a 3370.6 a 68.8 a 
Micro 2 1.1 b 2.4 a 3368.8 a 68.2 a 

Protective treatments 
Untreated 1.4 a 2.9 a 3385.3 a 68.0 a 
Polymer 1.6 a 3.0 a 3453.1 a 68.3 a 
Fungicide + Insecticide 1.7 a 2.6 a 3318.3 a 69.2 a 
Polymer + Fungicide + Insecticide 1.1 a 2.4 a 3340.0 a 68.5 a 

CV (%) 47.9 27.9 10.3 2.5 
 The averages followed by the same letter in the column do not differ among themselves by Scott-Knott test (p ≤ 0.05).

1% and B 1%) and polymer in soybean grain productivity, 
although treatment has provided higher protection for the 
seeds and seedlings on field. Ávila et al. (2006) also do 
not report effect of corn seed treatment with fungicide and 
insecticide, and that received micronutrients (20.0% Zn, 3.0% 
B, 1.0% Mg and 1.0% Mo) at the time of sowing.

Results for hectoliter weight in the 2012 crop show the 
interaction between protective treatments and micronutrients 
(p = 0.0142) (Table 8). The combination of micronutrient 
1 with polymer reduced the weight of the hectoliter, but did 
not differ from the seeds treated only with polymer. When the 
polymer was added to the micronutrient 2, the highest value 
of the hectoliter weight was obtained. According to the official 
classification standard for grain or meal yield (Brasil, 2010), the 
average weight of the hectoliter obtained in the 2012 harvest 
was higher than the minimum established for type 1 wheat.

In the 2013 crop, there was no effect of seed treatment 
(Table 9) on hectoliter weight.  The value of hectoliter 
weight was less than the weight for classification “out of 

type” (<72).  The rainfall precipitation has been indicated 
as the main factor that reduces the hectoliter weight, either 
negatively by the water excess in the period of physiological 
maturation and/or by the water deficit in the other phases 
of the wheat crop (Guarienti  et al., 2005).  Therefore, grain 
quality in the 2013 crop may have been affected by adverse 
climatic conditions in the maturation and harvesting phase, 
when more rainfall occurred in the wheat crop. 

Conclusions

Treatment of seeds with micronutrients (1%  Mn, 0.1% 
Mo, 10% Zn and 0.3% B, 0.3% Co; 3% Zn), polymer (Color 
seed He), fungicide (Vitavax® Thiram 200 SC) + insecticide 
(Cruiser® 350 FS) and its combinations do not reduce plant 
emergence and may increase seedling stand. 

The use of seed protection products does not increase the 
wheat grain yield.
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