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Highlights: 
Insect population dynamics vary between regions, depending on environmental conditions.
Insect population is affected by weather conditions.
Silicon application did not reduce aphid populations in wheat plants in the field.
The hectoliter weight varied between regions and cultivars of wheat.
Sitobion avenae is the most abundant wheat aphid species in Brazilian savannah in Minas Gerais.

Abstract

The area cultivated with wheat has been increasing in the savannahs of the state of Minas Gerais, 
Brazil. Aphids are usually one of the main pests of wheat in many regions of the world; however, 
little is known about the aphid population in this new environment. The southern region of Brazil, 
the main wheat production area, has had several problems as a result of aphids, but aphid populations 
and the resulting impact on wheat production have not been investigated in these new crop production 
areas. Understanding control strategies to manage this insect could be essential for the “Cerrado” wheat 
that is grown in this area. The application of silicon (Si) has the potential to reduce the population 
growth of wheat aphids; however no field studies have been reported. Hence, we evaluated the effect 
of Si fertilization via soil application on the aphid populations and species composition and on yield 
components of wheat in three locations in Minas Gerais; the experiment was repeated simultaneously 
in Uberlândia, at the experimental areas of UFU and IFTM, and in Montes Claros, at the experimental 
area of UFMG, using the cultivars BRS 264 and BRS 394. The aphids first appeared just before wheat 
earing; they were then sampled six times over the course of the study, seven days apart, starting from 
45 days after sowing. The aphid species Sitobion avenae (Fabricius), Schizaphis graminum (Rondani), 
and Rhopalosiphum padi (Linnaeus) were observed in all three locations; S. avenae was the dominant 
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species in all locations. The experimental area of UFU had the highest number of S. avenae aphids per 
tiller for both cultivars, while UFMG had the lowest populations. Aphid populations and wheat yield 
components were not affected by soil Si fertilization. There was no difference in yield as a result of 
location or cultivar, but the location UFU and the cultivar BRS 394 had the greatest average hectoliter 
weight.
Key words: Induced resistance. Sitobion avenae. Triticum aestivum.

Resumo

A área cultivada com trigo tem aumentado no cerrado presente no estado de Minas Gerais. Afídeos 
são frequentemente a principal praga dessa cultura em várias regiões do mundo porém, pouco se sabe 
a respeito de população de afídeos nesse novo ambiente. A região sul do Brasil, principal produtora de 
trigo, relatou vários problemas resultantes da presença de afídeos, mas as populações de pulgões e os 
seus impactos na produção do trigo ainda não foram investigados nesta nova área de produção. Portanto, 
é necessário conhecer a interação sobre pragas, culturas, e paisagens. Entender estratégias de controle 
para gerenciar esse inseto pode ser essencial para o trigo “Cerrado”. A aplicação de silício (Si) tem o 
potencial de reduzir o crescimento populacional de pulgões do trigo, porém não há relatos de estudos 
de campo. Nós avaliamos os efeitos da aplicação via solo de Si sobre populações de afídeos e sobre a 
composição de espécies, além de componentes de produtividade em três localidades em Minas Gerais. 
O experimento foi repetido simultaneamente em Uberlândia, nas áreas experimentais da UFU e do 
IFTM, e em Montes Claros, na área experimental da UFMG, utilizando as cultivares BRS 264 e BRS 
394. Os primeiros pulgões ocorreram antes da formação da espiga, e os mesmos foram amostrados 
seis vezes ao longo do estudo, com sete dias de intervalo, iniciando 45 dias após a semeadura. As 
espécies de afídeo Sitobion avenae (Fabricius), Schizaphis graminum (Rondani) e Rhopalosiphum 
padi (L.) foram observadas nos três locais e S. avenae foi a espécie dominante em todos os locais. A 
área experimental da UFU apresentou o maior número de pulgões de S. avenae por perfilho para as 
duas cultivares, enquanto a UFMG apresentou as menores populações. As populações de afídeos e os 
aspectos de produção do trigo não foram afetados pela fertilização de Si no solo. Não houve diferenças 
de produtividade para a localização ou cultivares, mas a área de UFU e a cultivar BRS 394 tiveram o 
maior peso médio hectolitro. 
Palavras-chave: Indução de resistência. Sitobion avenae. Triticum aestivum.

Introduction

The element silicon (Si), after it is absorbed 
by plants, is accumulated on leaf surfaces and 
sap-conducting vessels, especially in so called 
“accumulating plants”, such as species of Poaceae 
(Ma & Takahashi, 1990a,b; Marafon & Endres, 
2011). Such Si accumulations sometimes increase 
the plant’s resistance to pest and pathogen attacks, 
and its tolerance to water stress. Silicon also plays 
a role in plant physiological processes and can 
stimulate the production and release of natural 
defense compounds, reducing herbivory by insect 
pests (Keeping, Kvedaras, & Bruton, 2009; A. P. 
Korndörfer, Grisoto, & Vendramin, 2011; Dias 

et al., 2014; Santos, Junqueira, Sá, Zanúncio, & 
Serrão, 2015).

Wheat is a widely consumed product in Brazil. 
Since national production does not meet the demand 
for this crop, the country is a major wheat importer. 
In this context, the development of new wheat 
cultivars adapted to the Brazilian savannah has 
allowed the expansion of wheat production into new 
regions of the country (United States Department 
of Agriculture [USDA], 2017; Farias et al., 2016). 
This increase in national wheat production is due 
to a greater yield of the crop, which has increased 
from 846 kg ha-1 in the 1980s to 2,737 kg ha-1 in 
2016/2017 (Farias et al., 2016; Companhia Nacional 
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do Abastecimento [CONAB], 2017). Such gains are 
due to genetic breeding that has allowed expansion 
of wheat production into the area known as Region 
4, encompassing the southeast and mid-west of 
Brazil. Of these areas, the southeast region has 
played a greater role in increasing wheat production, 
especially areas in the state of Minas Gerais; here, 
the wheat-growing regions are characterized as hot 
and dry, and cultivation is done at greater altitudes, 
using irrigation systems (Fischer, Beyerlee, & 
Edmeades, 2014; Farias et al., 2016).

In order to improve crop production in these 
new regions, the performance of wheat cultivars 
must be assessed, as use of poorly adapted cultivars, 
combined with pest and disease attack, are the main 
factors reducing wheat productivity. In Brazil, the 
aphid species that use wheat as a host plant occur, 
in general, in regions with temperatures ranging 
from 18 to 24 °C, such as southern Brazil, and parts 
of the southeast and mid-west regions (Salvadori 
& Tonet, 2001; Stary, Sampaio, & Bueno, 2007). 
Consequently, wheat-feeding aphids in Brazil are 
best known from the southern region, among which 
the main pest species are Sitobion avenae (Fabricius), 
Schizaphis graminum (Rondani), and Rhopalosipum 
padi (Linnaeus) (Rebonatto, Salvadori, & Lau, 
2015). However, studies identifying the main aphid 
species present in the new areas of wheat expansion 
are lacking. A study done in the savannah region of 
Triângulo Mineiro found the main aphid species in 
wheat fields to be Rhopalosiphum maidis (Fitch), 
R. padi, and S. avenae (Marsaro et al., 2016), but 
no investigation has been done on wheat plants 
themselves, and, thus, little information is available 
on wheat-feeding aphids in Minas Gerais. 

Soil Si fertilization, in the laboratory and the 
greenhouse, has been found to reduce the population 
growth of wheat aphids (Dias et al., 2014). 
However, no field studies on this effect have been 
reported. Hence, this study evaluated the effect of 
soil fertilization with Si on aphid population density 
and species composition, and on the various yield 

components of wheat in different locations in Minas 
Gerais.

Material and Methods

The experiment was conducted in three locations 
in the state of Minas Gerais: two in Uberlândia 
(region of Triângulo Mineiro) and one in Montes 
Claros (northern region of Minas Gerais). In 
Uberlândia, the study was carried out at the Capim 
Branco experimental farm of the Universidade 
Federal de Uberlândia (UFU) (18° 52’ 02.88”S; 
48° 20’ 33.65’’W and 822 m altitude) and at the 
experimental area of Fazenda Sobradinho of the 
Instituto Federal do Triângulo Mineiro (IFTM) (18° 
45’ 59.20”S; 48° 17’ 43.94”W and 642 m altitude). 
In Montes Claros, the study was carried out at 
the Fazenda Experimental Professor Hamilton de 
Abreu Navarro (FEHAN) experimental area of the 
Instituto de Ciências Agrárias (ICA), Universidade 
Federal de Minas Gerais (UFMG) (16° 41’ 00.88”S; 
43° 50’ 23.78”W and 626 m altitude). The two 
counties experience a climate classification of Aw, 
according to Köppen (1948)—a tropical climate 
with a rainy season in the summer and a distinct dry 
season in the winter, with annual average rainfall 
above 780 mm and up to 1800 mm.

For Uberlândia, weekly average temperature 
and accumulated temperature data were obtained 
from the weather station at Fazenda Capim Branco 
(UFU), 310 meters from the experiment; the 
other site, IFTM, did not have a weather station 
at the farm. Weather data for Montes Claros 
were obtained at the UFMG weather station, 500 
meters from the experimental site. No rainfall was 
recorded at UFU while 8.25 mm was recorded at 
UFMG. Hence, all three experimental areas were 
irrigated. The average temperature data were used 
to calculate thermal units (degree-day) accumulated 
by the crop above the base temperature. The base 
temperature of wheat shoot growth (3.0ºC) (Porter 
& Gawith, 1999; Luo, 2011) was used in degree-
day calculations (Figure 1).
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Figure 1. Weekly numbers of degrees-days (ºC) accumulated by wheat, from sowing to harvest (01 May to 
30 September 2017), in two production location in the State of Minas Gerais, Brazil: Capim Branco Farm 
at UFU, in the county of Uberlândia, and the experimental area of UFMG in Montes Claros. Data of IFTM 
(Uberlândia county) showed in the graph represent the wheat crop cycle at this location (weeks), but not 
degrees-day accumulated, due the lack of temperature information at this place. S: Sowing, Weeks 7-12: 
Evaluation of aphid population, Si: leaf collection to determine leaf Si content, PM:kernel physiological 
maturation, H: harvest.
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The experiment was conducted simultaneously 
in all three locations. The soil was prepared by 
plowing and disking on 09 May 2017 and soil 
treatments were applied on 10 May 2017, manually 
incorporating AgroSilício Plus® (35% CaO; 10% 
MgO; 10.5% SiO) at 4,700 kg ha-1 for the Si 
fertilization (493.5 kg Si per hectare) treatment 
plots and dolomitic lime Ercal® (37%-38% CaO 
and 8%-10% MgO) at 4,700 kg ha-1 for the plots 
with no Si fertilization treatment to equilibrate 
calcium and magnesium concentrations. Wheat was 
sowed manually 26 days after fertilization, to allow 
the amendments time to react with the soil. Soil 
fertilization was done with 04-30-10 (N, P, K) ratio 
fertilizer in the sowing furrow, at 500 kg ha-1, and 
wheat was sowed at a density of 80 seeds per meter. 
Side dressing with fertilizer was done 20 days after 
sowing, with a 20-0-20 (N, P, K) ratio fertilizer at 
60 kg ha-1.

The experimental design used randomized 
blocks, with two wheat cultivars (BRS 264 and BRS 
394) and the presence or absence of Si as the four 
treatments. Each treatment was replicated six times. 
The choice of cultivars was based on a previous 
study in which the effect of Si fertilization had 
been evaluated for three seasons with the cultivar 
BRS 264 (Oliveira, 2016); this cultivar served as a 
comparison for BRS 394, a more recently released 
commercial variety.

The experimental units consisted of ten 5 m 
long rows, spaced 0.17 m apart. Evaluations were 
done in the four central rows, excluding from 
sampling 0.5 m at the ends of each row. Thus, the 
plot total area was 8.5 m2, the evaluation area was 
2.72 m2, and the total area of each the experiment 
was 300 m2.
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Observations were made during plant 
development; as soon as aphids were detected, the 
number of aphids in ten randomly selected tillers in 
each plot were estimated. Evaluations were, hence, 
started 45 days after sowing (DAS), at the end of 
the stem extension stage when the sheath of the 
last leaf was completely grown and the ear swollen 
but not yet visible (Large, 1954). Evaluations were 
made once per week for six weeks, at which point 
the plant lost moisture and aphid numbers were 
consequently reduced.

Upon crop maturity, five plants in each plot 
were collected before harvest, dried in a forced-air 
oven and ground to determine Si percentage in the 
vegetable tissue, according to G. H. Korndörfer, 
Pereira and Nolla (2004). Harvest was done 
manually, picking only the heads in the evaluation 
area. At this moment, plant height was measured in 
10 arbitrarily selected plants per plot. Subsequently, 
the heads were threshed, and the kernels separated 
from other materials. Kernel moisture and hectoliter 
weight (g/cm3) were determined using the portable 
moisture analyzer (model G650i), and yield was 
estimated as metric tons (1000 kg) per ha, using 
13% moisture level as the standard.

Data were tested for normality of the statistical 
residues using the Shapiro-Wilk’s test and for 
homogeneity of the variances using Levene’s test. 
Data on leaf Si concentration (%) and plant height 
were log transformed to meet these assumptions 
and analyzed with three-way ANOVA, considering 
wheat cultivars, Si fertilization level, location, and 
their interactions as the independent variables. The 
averages were compared using Tukey’s test at 0.05 
probability. A Mixed Generalized Linear Model 
(GLMM) with a negative binomial distribution and 
logistics link function was adjusted, considering the 

effects of cultivars, silicon, location, and the logistic 
adjustment of dates as fixed factors. The effects of 
collections performed within each location, in each 
block, and with time subdivision were considered 
as random, adopting inflated zero for the dates 
collected (Carvalho, Santana, & Sampaio, 2020). 
The effects considered significant by the deviance 
analysis (X² < 0.05) were compared using the Tukey 
test. For S. graminum, a similar model was adjusted, 
differing in that it did not have a location effect.

Results and Discussion

Leaf silicon content

The interaction among production localities, 
silicon presence, and cultivar was not significant for 
leaf Si content in wheat plants (F = 1.340; df = 2; P = 
0.2722), nor was the interaction between production 
locality and Si (F = 0.325; df = 2; P = 0.7239) or 
that between cultivar and Si (F = 1.118; df = 2; P = 
0.2959). The analysis of the factors alone indicated 
that cultivar (F = 0.023; df = 2; P = 0.8793) did not 
affect leaf Si content, but that both cultivars had 
higher leaf Si contents after soil silicon fertilization 
(F = 6.391; df = 1; P = 0.0151). The application of Si 
in the soil led to a 0.22% increase in Si leaf content 
at UFU, 0.48% at IFTM, and 0.31% at UFMG; the 
increments observed in the current experiment were 
ideal, since increments of 0.35% (Oliveira et al., 
2020) and 0.60% (Boer, Sampaio, & Pereira, 2019) 
in leaf silicon content have been shown to reduce 
aphid population in previous studies. Leaf Si content 
was greater at IFTM than at the other two locations, 
which did not differ from each other (F = 3.605; df 
= 1; P = 0.0353). In the IFTM location, BRS 264 
responded more than BRS 394 to Si application in 
terms of leaf Si content (Figure 2).
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Figure 2. Silicon contents (average ± standard error) of two wheat cultivars with (Si+) or without (Si-) soil Si 
fertilization at 493.5 kg ha-1 in three localities in the State of Minas Gerais, Brazil: Capim Branco farm at UFU and 
experimental area of IFTM in the county of Uberlândia, and the experimental area of UFMG in Montes Claros. 
Averages are different at 0.05 by Tukey’s test, when compared with the same cultivar with or without Si in the same 
planting location. Averages of leaf Si contents were greater at IFTM (P < 0.05) than at the other growth localities.

Accumulated degree-days at study sites

Over the 17-week wheat growing period, the 
number of day-degrees accumulated at UFMG 
(Montes Claros) was 2,114 degree-days, while 
at UFU (Uberlândia) it was 2,044 degree-days 
(Figure 1). The time needed for wheat maturation 
differed inversely to the number of day-degrees at 
the sites. Crop development was faster at UFMG, 
where 72 days were required from sowing to 
maturation and 86 days from sowing to harvest, 
than at Uberlândia, where 79 days were needed for 
maturation and 102 days for harvest at UFU and 
100 days for maturation and 117 days for harvest 
at IFTM (Figure 1). 
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Aphid population and species

The aphid species found on wheat at the study 
sites were S. avenae, S. graminum and R. padi. 
Only S. avenae had a high population density at 
all three locations; as such, location as a factor was 
included in the statistical analysis only for this aphid 
species. In contrast, it was possible to analyze the 
number of S. graminum per tiller only at UFMG, 
since this species was found at levels that were too 
low for analysis at the two locations in Uberlândia 
(UFU and IFTM). Individuals of the least common 
species, R. padi, appeared sporadically and at low 
levels; as such, this species was removed from the 
statistical analyses. Both at UFU and IFTM, the 
sum of the populations of S. graminum and R. padi 
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represented approximately 3% of the total aphid 
population per evaluation, while at UFMG the 
population of R. padi represented, on average, less 
than 1% of aphids in total.

There are no previous studies about aphid 
populations on wheat plants in the regions of 
Triângulo Mineiro and northern Minas Gerais; 
nevertheless, R. maidis, R. padi, and S. avenae 
have been capture by yellow traps on wheat fields 
at Triângulo Mineiro (Marsaro et al., 2016). In 
the present study, S. avenae was the main aphid 
species found in wheat plants. In Minas Gerais 
Cerrado the main winter crops are poorly cultivated 
(Castañeda, Figueroa, Fuentes-Contreras, 
Niemeyer, & Nespolo, 2009). This scenario is 
similar to that observed in Rio Grande do Sul 
state, in the southern region of Brazil, where in the 
1970’s, before the increase in oat production areas 
S. avenae was the most abundant pest reported, 
exceeding 90 insects/plant (Rebonatto et al., 2015). 
However, with the increase in winter crop species 
like rye, barley, wheat, triticale, and principally 
oat and corresponding cultivation areas in the 
southern regions of Brazil, R. padi became the 
most important species of aphids on winter crops 
in Rio Grande do Sul, increasing from less than 1% 
in the 1970’s to more than 57% of the total aphids 
in wheat (Lau et al., 2009; Rebonatto et al., 2015). 
In the state of Paraná, the intermediate region 
between Rio Grande do Sul and Minas Gerais 

Cerrado, S. avenae (Zanini, Alves, Menezes, & 
Prestes, 2006; Bortolotto, Menezes, Hoshino, & 
Campos, 2016) or R. padi (Bortolotto, Menezes, & 
Hoshino, 2015) have been reported as the principal 
aphid species in wheat crops.

No interaction was detected among the factors 
date, location, cultivar, and Si fertilization on the 
number of S. avenae per tiller (Fchisq = 0.0614; df 
= 2; Pchisq = 0.9698). In contrast, the interactions 
among cultivar, date, and location (Fchisq = 6.3216; 
df = 2; Pchisq = 0.0424) and among locale and date 
(Fchisq = 33.6117; df = 2; Pchisq = 5.027-8) were 
significant. Silicon (Figures 3A, 3B, and 3C) did 
not affect the density of the S. avenae population 
(Fchisq < 0.0001; df = 1; Pchisq = 0.9966). At UFMG, 
densities of S. graminum per tiller showed no 
interaction effects among evaluation date, cultivar, 
and presence of Si fertilization (Fchisq = 3.176; df = 
5; Pchisq = 0.6728), nor among evaluation date and 
Si (Fchisq = 0.568; df = 5; Pchisq = 0.9894) or cultivar 
and Si (Fchisq = 0.008; df = 1; Pchisq = 0.9296). The 
factors Si (Fchisq = 0.001; df = 1; Pchisq = 0.9822) and 
cultivar (Fchisq = 5.752; df = 1; Pchisq = 0.0165) did 
not affect populations of S. graminum per tiller. On 
the other hand, date (Fchisq = 52.395; df = 5; Pchisq = 
4.5-10) affected population density. The population 
peak of S. graminum at UFMG occurred before 
wheat flowering (5.12 ± 1.11) and was 6.83 times 
bigger than the average of the other evaluations 
(0.75 ± 0.01) (Figure 3D).
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Figure 3. Number of Sitobion avenae and Schizaphis graminum (average per tiller) in wheat plants with (Si+) or 
without (Si-) soil Si fertilization at 493.5 kg ha-1 in three production locations in the State of Minas Gerais, Brazil. (A) 
S. avenae at Capim Branco farm, UFU, Uberlândia. (B) S. avenae at experimental area of IFTM, Uberlândia. (C) S. 
avenae at the experimental area of UFMG, Montes Claros. (D) S. graminum at the experimental area of UFMG, Montes 
Claros. Wheat plant phenological stages were as follows—Stage 10: in “boot”, on July 7th; Stage 10.5: flowering, on 
August 10th; Stage 11: ripening, on August 24th.
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or S. graminum feeding on wheat plants. Previous 
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populations of these two aphid species (Basagli, 
Moraes, Carvalho, Ecole, & Gonçalves Gervásio, 
2003; Gomes, Moraes, Santos, & Goussain, 2005; 
Dias et al., 2014). However, no previous field 
studies were available to serve as a comparison for 
our study. Silicon fertilization has been found to 
promote greater activity of plant defense systems, 
forming and releasing secondary compounds which 
can reduce potential insect population growth 

(Chérif, Asselin, & Bélanger, 1994; Basagli et al., 
2003; Gomes et al., 2005; Mendonça, Tavares, 
Brunes, Monzón, & Villela, 2013; Ye et al., 2013).

The trial at UFU was the only one in which aphid 
populations (Figure 3 and Figure 4) reached the 
economic threshold of 10 aphids per spike (Fronza, 
Campos, & Riede, 2008). Before the ears began to 
swell, temperatures were mild i.e., within the ideal 
range (between 18 and 24 ºC) for aphid, including 
S. avenae, development in both Uberlândia and 
Montes Claros (Asin & Pons, 2001; Conti, Bueno, 
Sampaio, & Sidney, 2010; Conti, Bueno, Sampaio, 
& Lenteren, 2011; Sampaio et al., 2017). In 
contrast, heat accumulation was greater at UFMG, 
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reducing time needed for the growth of wheat plants 
and grain maturation (Figure 2). Besides having a 
direct effect on the aphids, the greater heat levels 
at this site shortened the wheat cycle, which could 
have resulted in less time for the aphids to find 

and colonize the plant (during the vegetative stage 
of wheat) and increase its population (during the 
reproductive stage of wheat) (Nicol & Wratten, 
1997; Gianoli, 2000; Silva et al., 2013). 

Figure 4. Number of Sitobion avenae (average [rate] ± standard error) per tiller in two wheat cultivars (I - BRS 264; 
II - BRS 394), in three production locations in the State of Minas Gerais, Brazil: Capim Branco farm at UFU and 
experimental area of IFTM in the county of Uberlândia, and the experimental area of UFMG in Montes Claros. The 
averages of the three location are different from each other (P < 0.05, Tukey test); averages of the cultivars at UFMG 
are different (P < 0.05, Tukey test) when compared to each other.
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In this study, independent of the cultivar, the greatest populations of the aphid S. avenae per tiller 

(13.526 ± 1.477 and 10.538 ± 1.167) (Figure 3 and Figure 4) was in UFU, followed by IFTM (3.133 ± 0.406 

and 2.856 ± 0.371), and, finally, UFMG (0.738 ± 0.130 and 1.212 ± 0.201) (Figure 3 and Figure 4). 
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In this study, independent of the cultivar, the 
greatest populations of the aphid S. avenae per tiller 
(13.526 ± 1.477 and 10.538 ± 1.167) (Figure 3 and 
Figure 4) was in UFU, followed by IFTM (3.133 ± 
0.406 and 2.856 ± 0.371), and, finally, UFMG (0.738 
± 0.130 and 1.212 ± 0.201) (Figure 3 and Figure 4).

The average number of S. avenae per tiller 
was not different between the cultivars at UFU 
(F = 5.808; df = 2; P = 0.0609) and at IFTM (F = 
1.323; df = 2; P = 0.3021). However, at UFMG, the 
cultivar BRS 264 supported fewer S. avenae than 
BRS 394 (F = 8.420; df = 1; P = 0.0337). However, 
in another study, the cultivar BRS 264 has been 
found to be more susceptible to S. avenae than BRS 
254, Embrapa 22, and BRS Timbaúva (Silva et al., 
2013). Thus, it can be inferred that BRS 394 too is 
susceptible to S. avenae, since the populations of 
this aphid presented very similar numbers in both 
cultivars in two of the three cultivation localities.

Plant height and yield

The interaction among the factors location, 
cultivar, and Si fertilization (F = 1.038; df = 2; P = 
0.3627) was not significant for plant height, nor was 
that between location and cultivar (F = 0.115; df = 
2; P = 0.8920), location and Si status (F = 0.645; 
df = 1; P = 0.5293) or cultivar and Si status (F = 
1.599; df = 2; P = 0.2126) (Figure 5). However, 
significant results were obtained for the interaction 
between height and location (F= 42.373; df = 1; P< 
0.0001), in which wheat grown at UFU had smaller 
averages, followed by those grown at UFMG, while 
the tallest plants were obtained at IFTM (Figure 
5). Wollenweber, Porter and Schellberg (2003) 
observed that temperatures over 25 °C reduced 
plant height and biomass accumulation in wheat 
plants due to a reduction in carbon assimilation.

Figure 5. Plant height (average ± standard error) of two wheat cultivars, with (Si+) or without (Si-) soil Si fertilization 
at 493.5 kg ha-1 in three production location in the State of Minas Gerais, Brazil: Capim Branco farm, at UFU and 
experimental area of IFTM, in the county of Uberlandia, and at the experimental area of UFMG, in Montes Claros. 
Averages of the three cultivation locations differ from each other (P<0.05, Tukey’s test).
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There was no interaction between productivity (t ha-1) among location, cultivar, and Si (F = 1.472; 
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There was no interaction between productivity (t 
ha-1) among location, cultivar, and Si (F = 1.472; df 
= 2; P = 0.2403), or between location and cultivar 
(F = 0.865; df = 2; P = 0.4278), location and Si (F 
= 0.774; df = 2; P = 0.4672), cultivar and Si (F = 
0.001; df = 2; P = 0.9935), or the factors alone: 
cultivar (F = 0.548; df = 1; P = 0.4630), silicon (F 
= 1.947; df = 1; P = 0.1698), or location (F = 2.178; 
df = 1; P = 0.1251). Average yield was 2.30 ± 0.12 t 
ha-1 for treatments without Si fertilization and 2.52 ± 
0.08 t ha-1 for treatments with Si fertilization, which 
was still below the national average of 2.74 t ha-1 
(CONAB, 2017). Cultivar BRS 264 was released 
with an expected productivity of 6.7 t ha-1 (Albrecht 
et al., 2007) and, in the county of Coromandel, Minas 
Gerais, 120 km away from Uberlândia and 400 km 
away from Montes Claros, yields of 6.5 t ha-1 have 
been recorded (Alvarenga, Soares, & Santos, 2009); 
these amounts are both about 3.25 times greater than 
that obtained at UFU, which had the greatest yield 
in this study. Wheat yield did not respond to any of 
the factors analyzed, including silicate fertilization. 
In contrast, Mendonça et al. (2013), in controlled 

conditions in Pelotas, Rio Grande do Sul, observed 
that Si fertilization at 1,720 kg ha-1 significantly 
increased the kernel number and yield of the wheat 
cultivar Fundacep Horizonte.

There were no significant interactions among 
any of the three factors for hectoliter weight of 
wheat (F = 0.911; df = 2; P = 0.4095), nor between 
the interactions of locality and Si (F = 0.070; df = 
2; P = 0.9329), locality and cultivar (F = 1.765; df 
= 2; P = 0.1828) or cultivar and Si (F = 2.369; df 
= 2; P = 0.1308) (Table 1). The factor Si by itself 
(F = 0.184; df = 1; P = 0.6697) was not significant 
for hectoliter weight. However, it can be stated that 
UFU presented the greatest averages of hectoliter 
weight (F = 34.089; df = 1; P < 0.0001) and that the 
hectoliter weight was greater for the cultivar BRS 
394 than for cultivar BRS 264 (F = 11.175; df = 1; 
P = 0.0017) (Table 1). Hectoliter weight is the unit 
used for wheat at the Stock Exchange Market and 
has the base value of 78 kg hl-1, which, in this study, 
was surpassed only by cultivar BRS 394 grown at 
UFU (80.49 ± 0.06 kg hl-1).

Table 1
Hectoliter weight (kg hl-1) (average ± standard error) of two wheat cultivars with (Si+) or without (Si-) soil Si 
fertilization at 493.5 kg ha-1 in three localities in the State of Minas Gerais, Brazil: Capim Branco farm at UFU 
and experimental area of IFTM, in the county of Uberlândia, and the experimental area of UFMG in Montes 
Claros

Locality Silicon
Cultivar

BRS 264 BRS 394 Average

UFU
Si+ 76.25 ± 0.54 81.03 ± 0.18

78.81 ± 0.07 a
Si- 78.03 ± 0.33 79.95 ± 0.15

IFTM
Si+ 71.35 ± 0.56 74.48 ± 0.46

73.22 ± 0.05 b
Si- 71.75 ± 0.36 75.30 ± 0.37

UFMG
Si+ 70.76 ± 1.11 73.34 ± 0.24

72.03 ± 0.07 b
Si- 72.81 ± 0.16 71.22 ± 0.50

Average 73.49 ± 0.12 B 75.89 ± 0.11 A

Different letters, capital-case in the rows and lower-case in the final column, are different according to Tukey’s test at 0.05 
probability.
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Conclusions

The aphid S. avenae was the main aphid species 
found colonizing wheat plants in Uberlândia and 
Montes Claros, reaching the economic threshold 
only in Uberlândia. The aphids S. graminum and 
R. padi were also found at low population levels 
in wheat in all study locations. Silicon fertilization 
did not induce resistance in wheat to the aphid S. 
avenae, nor interfere with wheat yield. There were 
no yield differences for localities or cultivars; 
however, the location UFU and the cultivar BRS 
394 had the higher average hectoliter weight. 
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