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ABSTRACT: The aim of this study was to evaluate the influence of nitrogen (N) fertilization, environment and 
cultivars on the protein concentration, sodium dodecyl sulfate sedimentation test (SDSS) volume and falling 
number in wheat. The experimental design was a randomized blocks in split plot scheme with four repetions. 
Four wheat genotypes were evaluated under six N managements in four enviroment (subplots). The wheat 
genotypes evaluated were IPR Catuara TM, BRS Gaivota, Quartzo and CD 120. Protein concentration, SDS 
sedimentation test, falling number and grain yield were evaluated. Combined analysis of variance for the four 
environment was performed and means were compared by Tukey test at p ≤ 0.05. The environmental effect 
is greater than the genotype and N effects on protein concentration. The increase in protein concentration 
reduces grain yield of the cultivars tested. SDSS and falling number in wheat are influenced by the interaction 
between cultivar and environment and also by the N management. The protein concentration of grain has 
low influence on SDS sedimentation volume, so the topdressing N management has less accentuated effect on 
this response variable. The falling number does not vary among cultivars when the environment is suitable 
to pre-harvest sprouting. The use of topdressing N influences the falling number in wheat.
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Manejo de nitrogênio, cultivares e ambientes de cultivo
na qualidade de grãos de trigo

RESUMO: O objetivo deste estudo foi de avaliar a influência da adubação nitrogenada, do ambiente e cultivares 
no teor de proteínas, o volume de sedimentação com dodecil sulfato de sódio (SDSS) e no número de queda 
em trigo. O delineamento experimental foi em blocos ao acaso em esquema de parcelas subdivididas, em 
quatro repetições foram avaliadas cultivares de trigo IPR Catuara TM, BRS Gaivota, Quartzo e CD 120 em 
seis manejos do nitrogênio em quatro ambientes. Foram realizadas as avaliações do teor de proteínas, teste de 
sedimentação com dodecil sulfato de sódio, número de queda e produtividade de grãos. Foi realizada análise 
de variância conjunta para os quatro ambientes e as médias foram comparadas pelo teste de Tukey, p ≤ 0,05. 
O efeito do ambiente é superior ao efeito de nitrogênio e de cultivares sobre o teor de proteínas. O incremento 
no teor de proteínas reduz a produtividade de grãos das cultivares. O SDSS e o número de queda em trigo 
são influenciados pela interação entre cultivar e ambiente e também pelo manejo do nitrogênio. O teor de 
proteínas no grão tem baixa influência sobre o volume de sedimentação com dodecil sulfato de sódio, logo o 
manejo do nitrogênio em cobertura apresenta efeito menos acentuado para essa variável resposta. O número 
de queda não varia entre cultivares quando o ambiente é propício à germinação na espiga. A utilização de 
nitrogênio em cobertura influência o número de queda em trigo.
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Introduction

There are several variables denoting the technological 
quality in wheat, which are influenced by the interaction 
between genotype and environment and by crop management 
(Denčić et al., 2011; Freo et al., 2011; Pinnow et al., 2013).

Protein concentration in wheat grains is one of the most 
important variables in the analysis of quality attributes and is 
influenced by edaphoclimatic conditions such as temperature 
and availability of water and nutrients (Garrido-Lestache et 
al., 2004; Hrušková et al., 2006). High temperatures during the 
grain filling period increase protein concentration, but reduce 
protein functionality (Gooding et al., 2003; Labuschagne et 
al., 2009). These effects lead to changes in gluten strength and 
also in the sodium dodecyl sulfate sedimentation test (SDSS) 
(Tahir et al., 2006). Likewise, the minimum temperature is a 
factor influencing flour yield determination, falling number, 
gluten strength and SDSS (Guarienti et al., 2004).

Plant nutritional status also affects the industrial quality 
of wheat. Higher nitrogen (N) availability generally leads 
to higher protein concentration in wheat grains (Boehm et 
al., 2004). However, the increase in protein concentration 
and gluten strength may be higher when N fertilization is 
performed in specific phases, adopting the splitting of N doses 
along the development of the wheat plant (Fuertes-Mendizábal 
et al., 2010).

Delayed N fertilization in wheat is often criticized, because 
the accumulated protein may not be functional, leading to 
insignificant gains in terms of gluten strength. In addition, 
the industrial quality of wheat for brazilian genotypes is not 
usually measured by the protein concentration in the grains 
(Vázquez et al., 2012). The present study aimed to evaluate 
the influence of N fertilization, environment and cultivars 
on protein concentration, SDSS and falling number in four 
wheat cultivars.

Material and Methods

The experiments were carried out in the field during two 
agricultural years in two wheat-producing regions of the 
Paraná state: i) Londrina (23º 22’ 9” S, 51º 10’ 13” W; 549 m 
of altitude) and; ii) Pato Branco (26º 9’ 58” S; 52º 42’ 22” W; 
749 m of altitude). Both localities have a predominant Cfa 
climate and soil classified as Oxisol. The locality of Londrina 
is in the region of value of cultivation and use (VCU) 3 (hot, 
moderately dry and low), while Pato Branco is located in the 
region of VCU 2 (moderately hot, humid and low).

The cultivars tested were IPR Catuara TM, BRS Gaivota, 
Quartzo and CD 120. The environments were coded as: 
environments E1 (Londrina 2011) and E2 (Londrina 2012), 
and environments E3 (Pato Branco 2011) and E4 (Pato Branco 
2012). The cultivar IPR Catuara TM belongs to the Improver 
class (average alveograph energy (W) of 340 10-4 J), of early 
cycle and originated from LD 875/IPR 85. The cultivar BRS 
Gaivota belongs to the Bread class (average W of 290 10-4 J), 
medium cycle and originated from BR 35/Klein H 2860 U 
12100//Sonora 64/BR 23. The cultivar Quartzo belongs to 
the Bread class (average W of 270 10-4 J), medium cycle and 

originated from Onix/Avante. The cultivar CD 120 belongs to 
the Basic class (average W of 111 10-4 J), medium cycle and 
originated from RUBI/CD 105.

Soil chemical characteristics at 0-20 cm layer (Table 1). The 
experimental design used was randomized blocks in split plot 
scheme, with four repetitions. Four wheat cultivars (main plot) 
were tested under six forms of N management (subplots) in 
four environments (locality and year grouped).

Sowing was mechanically performed in the no-tillage 
system on soybean straw in both localities. Each experimental 
unit consisted of six rows spaced by 0.17 m with seven meters 
in length and observation area of 5.1 m²; the distance between 
each subplot was 1 m. Seeds were treated with Imidacloprid 
(Gaucho FS) at dose of 70 mL (commercial product) for every 
100 kg of seeds. Basal fertilization was 300 kg ha-1 of the 10-30-10 
formulation in Londrina, whereas 350 kg ha-1 of the 08-20-20 
formulation in Pato Branco. Plant density was 330 plants m-2 
in all environmental conditions.

The forms of N management were: N1 – without topdressing 
N; N2 – 60 kg ha-1 of N in the form of urea applied at tillering; 
N3 – 80 kg ha-1 of N in the form of urea, applying 60 and 
20 kg ha-1 at tillering and booting, respectively; N4 – 100 kg ha-1 
of N in the form of urea, applied at 60 and 40 kg ha-1 at tillering 
and booting, respectively; N5 – 80 kg ha-1 of N, applied at 60 
kg ha-1 of N in the form of urea at tillering and 20 kg ha-1 of N 
in the form of ammonium sulfate at booting; N6 – 100 kg ha-1 
of N, applied at 60 kg ha-1 of N in the form of urea at tillering 
and 40 kg ha-1 of N in the form of ammonium sulfate at booting.

In the E1 environment, after N fertilization, the experiment 
was irrigated with a water depth of approximately 15 mm. 
The other crop managements, such as the control of weed, 
insects and diseases, were performed according to the 
technical recommendations for wheat cultivation. The climatic 
conditions of each of environment are shown in Figure 1.

The accumulated precipitation was approximately 320 and 
540 mm in the environments E1 and E2, respectively (Figure 
1). However, in the year 2012 there was precipitation of 200 
mm in only one day, during the heading of the crop, followed 
by a dry period until the harvest. In the environments E3 and 
E4, the accumulated precipitations were approximately 1050 
and 515 mm, and in E4 there was a long period of drought. 
For temperature, there was a greater variation between the two 

Table 1. Chemical characteristics of 0-20 cm soil layer of 
different environments

1 Environment E1 (Londrina 2011), E2 (Londrina 2011), E3 (Pato Branco 2011) E4 (Pato 
Branco 2012)
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S – Sowing; AN – Anthesis; HM – Harvest maturity. Source: IAPAR, 2011-2012

Figure 1. Precipitation and minimum and maximum temperature for the environments E1 – Londrina 2011 (A), E2 – Londrina 
2012 (B), E3 – Pato Branco 2011 (C) and E4 – Pato Branco 2012 (D)

sites (Londrina and Pato Branco). Such considerable variation 
in precipitation and temperature between the environments 
leads to changes in the quality of wheat produced.

The following evaluations were carried out: a) grain 
yield (GY), determined after mechanical harvesting of the 
observation area, based on the grain mass in each experimental 
unit estimated in kg ha-1, at 13% moisture content; b) protein 
content (%), determined by near-infrared reflectance 
(NIR) spectrophotometry. The NIR calibration curves were 
constructed in the Ecophysiology Laboratory of the Instituto 
Agronômico do Paraná (IAPAR); c) SDSS test (mL), according 
to the methodology proposed by Dick & Quick (1983); d) 
falling number, which aims to verify the alpha-amylase enzyme 
activity in order to detect damage caused by germination in 
the ear, determined using 7 g of whole flour, corrected to 
14% moisture, in duplicate, and the results were expressed in 
seconds.

A combined analysis of variance (ANOVA) for the four 
environments was carried out for all evaluations performed. 
When significant effects were observed, means were compared 
by Tukey test at p ≤ 0.05. Associations between the response 
variables of interest were analyzed using Pearson’s correlation 
at p ≤ 0.05.

Results and Discussion

The low values of the coefficient of variation indicate that 
the inferences made are reliable and indicate high experimental 
precision. Nitrogen was the main cause of variation for the 
SDSS and FN tests, whereas for protein concentration the effect 
of the environment was more pronounced (Table 2).

The environment influenced the protein content (PC) of 
the cultivars IPR Catuara TM and Quartzo at all managements 
of N fertilization, whereas the PC of the cultivars BRS Gaivota 
and CD 120 was not influenced by the environment, regardless 
of the N managements (Table 3). N fertilization did not 
significantly influence the PC of the cultivars BRS Gaivota 
and Quartzo in any of the environments. The concentration 
of proteins in wheat grains, especially glutenins, is one of the 
most important variables in the analysis of quality attributes in 
wheat (Pirozi et al., 2008). The protein content was influenced 
by the interaction of cultivars x nitrogen x environments (C × 
N × E) (Tables 3 and 4).

For the cultivars IPR Catuara TM and CD 120, the effect of 
N management on PC is variable between each environment, 
and the PC of the cultivar CD 120 was not influenced by N 
management when cultivated in Londrina (environments E1 
and E2). On the other hand, the PC of the cultivars BRS Gaivota 
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Table 2. Analysis of variance for protein content (PC), sodium dodecyl sulfate sedimentation (SDSS) test and falling number 
(FN) of four wheat cultivars in six forms of nitrogen management and four environments

S.V. – Source of variation; DF – Degrees of freedom; CVa (%) and CVb (%) – Coefficients of variation for plot and subplot, respectively; The values in parenthesis correspond to p-value

Lowercase letters compare environments and uppercase letters compare N managements for 
the same cultivar; Means followed by the same letter do not differ by Tukey test at p ≤ 0.05
¹E1 - 2011 and E2 – 2012 (Londrina); E3 - 2011 and E4 – 2012 (Pato Branco)
²N1 (without topdressing N); N2 (60 kg of N ha-1 in the form of urea at tillering); N3 (60 
kg of N ha-1 at tillering and 20 kg of N ha-1 at booting in the form of urea); N4 (60 kg of N 
ha-1 at tillering and 40 kg of N ha-1 at booting in the form of urea); N5 (60 kg of N ha-1 in the 
form of urea at tillering and 20 kg of N ha-1 in the form of ammonium sulfate at booting) 
and N6 (60 kg of N ha-1 in the form of urea at tillering and 40 kg of N ha-1 in the form of 
ammonium sulfate at booting)

Table 3. Comparison of means for protein content - PC 
(%) under six nitrogen managements and four cultivation 
environments in four wheat cultivars

Table 4. Comparison of means for protein content – PC (%) 
under six forms of nitrogen management and four wheat 
cultivars in four cultivation environments

Lowercase letters compare the effect of cultivars for the same environment; Means followed 
by the same letter do not differ by Tukey test at p ≤ 0.05
¹E1 – 2011 and E2 - 2012 (Londrina); E3 – 2011 and E4 – 2012 (Pato Branco)
²N1 (without topdressing N); N2 (60 kg of N ha-1 in the form of urea at tillering); N3 (60 
kg of N ha-1 at tillering and 20 kg of N ha-1 at booting in the form of urea); N4 (60 kg of N 
ha-1 at tillering and 40 kg of N ha-1 at booting in the form of urea); N5 (60 kg of N ha-1 in the 
form of urea at tillering and 20 kg of N ha-1 in the form of ammonium sulfate at booting) 
and N6 (60 kg of N ha-1 in the form of urea at tillering and 40 kg of N ha-1 in the form of 
ammonium sulfate at booting)

and Quartzo were not influenced by the N management in 
any of the environments. For the cultivation in Londrina 
(environments E1 and E2), the cultivar BRS Gaivota had the 
highest PC, regardless of the N management, significantly 
differing only from the cultivar. On the other hand, in Pato 
Branco (environments E3 and E4), the PC did not differ 
between cultivars in any of the N managements. Despite 
the positive effect of N on PC, it was observed that there is a 

different capacity to accumulate proteins in the grains among 
the cultivars, as reported by Ercoli et al. (2011).

The results observed in PC variability due to the environment 
have already been reported in the literature and can be explained 
by variations in temperature and rainfall (Singh et al., 2010). 
Vázquez et al. (2012) reported that the environmental effect 
on protein content variability was significantly higher than 
the genotypic effect. Indeed, higher temperature and low 
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precipitation during grain filling in the E4 environment caused 
an increment in PC. This relationship between climatic variables 
and PC is quite uncertain, because some results such as those 
obtained by López-Bellido et al. (2001) indicate that excessive 
precipitation during protein accumulation in the grains results 
in increment in PC. However, there are authors who indicate 
that PC increases under low precipitation conditions (Garrido-
Lestache et al., 2004).

Rao et al. (1993) claim that the mechanism regulating protein 
content is complex and that the effects of precipitation and 
temperature are not consistent in all places or years. Despite 
the protein increase under drought conditions, it should be 
pointed out that the increment of protein content in grains may 
not always result in higher quality of baking because, usually, 
there is an increment in the synthesis of gliadins (Hajheidari 
et al., 2007). These protein subunits do not have significant 
contribution to gluten strength. Although the previous crop 
in this study was soybean in all environments, it should be 
emphasized that the analysis of PC also depends on the C/N 

ratio of the straw (Pinnow et al., 2013). Thus, under conditions 
that limit N availability, it was observed that there is a reduction 
in the protein synthesis in the grains and increment of starch. 

Protein content was negatively correlated (r = -0.90) with 
wheat grain yield (Figure 2). Previous studies have reported 
negative relationship between grain yield and PC (Guarda et 
al., 2004; Šíp et al., 2013), concomitant increase in PC and grain 
yield (Pinnow et al., 2013) and lack of correlation (Bordes et 
al., 2008). Therefore, the correlation between grain yield and 
PC depends on factors such as environment, genotype and 
cultural practices (Pinnow et al., 2013; Šíp et al., 2013), so a 
generalization for this association is not possible.

Among the various tests to evaluate the technological 
suitability of flour, the SDSS test is a reliable, low-cost, quick 
test which requires little labor, so it can be used in the initial 
phases of genetic improvement (Oelofse et al., 2010).

In the sodium dodecyl sulfate sedimentation (SDSS) test, 
the cultivar IPR Catuara TM showed a significant difference 
only between the environments E1 and E3 (Table 5). The 
SDSS for the cultivars BRS Gaivota and CD 120 increased in 

Figure 2.  Pearson’s correlation (r) at p ≤ 0.05 probability level for grain yield vs. protein concentration – PC (A), protein 
concentration and sodium dodecyl sulfate sedimentation volume – SDSS (B)

Lowercase letters compare in the row and uppercase letters compare in the column; Means followed by the same letter do not differ by Tukey test at p ≤ 0.05
¹E1- 2011 and E2 - 2012 (Londrina); E3 – 2011 and E4 - 2012 (Pato Branco)
²N1 (without topdressing N); N2 (60 kg of N ha-1 in the form of urea at tillering); N3 (60 kg of N ha-1 at tillering and 20 kg of N ha-1 at booting in the form of urea); N4 (60 kg of N 
ha-1 at tillering and 40 kg of N ha-1 at booting in the form of urea); N5 (60 kg of N ha-1 in the form of urea at tillering and 20 kg of N ha-1 in the form of ammonium sulfate at booting) 
and N6 (60 kg of N ha-1 in the form of urea at tillering and 40 kg of N ha-1 in the form of ammonium sulfate at booting)

Table 5. Comparison of means for sodium dodecyl sulfate sedimentation (SDSS) test and falling number of four wheat cultivars 
grown in four environments and mean of the effect of topdressing nitrogen fertilization

Protein content (%)
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the environments E3 and E4. Similarly, the E4 environment 
promoted the highest SDSS for the cultivar Quartzo. In the 
environments E1, E2 and E3, the worst performance was that 
of the cultivar Quartzo. On the other hand, no significant 
difference was observed in the SDSS between the cultivars in 
the E4 environment. Regarding the forms of N management, 
it became evident that the N doses of 80 and 100 kg ha-1 (urea 
or ammonium sulfate) increase SDSS, differing significantly 
from the control (without topdressing N).

The treatments with topdressing N did not differ in relation 
to the SDSS test. Ozturk & Aydin (2004) reported that an 
increase in sedimentation in the SDSS test due to water deficit 
can be explained by an increase in PC, mainly due to the higher 
N accumulation rates and lower carbohydrate accumulation 
rates. Therefore, the environmental effect on the SDSS can be 
misinterpreted because changes in the environment alter PC, 
and any change in PC invariably has influence on SDSS.

In the Pearson’s correlation analysis between SDSS and 
PC, all cultivars, except IPR Catuara TM, showed significant 
correlation (Figure 2). Results observed by Oelofse et al. (2010) 
indicate that SDSS is influenced by PC, but the magnitude of the 
effect varies according to the genotype. The correlation between 
SDSS and PC of the cultivar Quartzo was high (r = 0.98).

The SDSS value reflects the quality of the protein (gluten 
strength), but it can be influenced by PC (Oelofse et al., 
2010; Li et al., 2013). Considering that PC tends to increase 
under abiotic stress (Li et al., 2013), changes in SDSS value 
influenced by changes in PC were expected in the present study. 
Indeed, there was an increment in the SDSS values when the 
environments are compared. However, the SDSS values of the 
cultivars IPR Catuara TM, BRS Gaivota and CD 120 were less 
influenced by protein content.

The increments observed in SDSS (IPR Catuara TM, BRS 
Gaivota and CD 120) cannot be associated only with changes 
in PC. Therefore, the differences in the trends of these cultivars 
in relation to SDSS may have been influenced by possible 
differences in the proportions of gluten proteins accumulated 
under the different environmental conditions (Li et al., 2013).

The results for the falling number (FN) demonstrate 
that, regardless of the cultivar, the E4 environment led to the 
lowest value for characteristic (Table 5), resulting from the 
occurrence of rains close to the harvest (Figure 1). The cultivar 
IPR Catuara TM showed the highest FN for the cultivation 
in Londrina (environments E1 and E2), whereas in the E3 
environment the cultivar BRS Gaivota had the highest FN; in 
the E4 environment, the FN was not significantly influenced 
by cultivars. 

The FN was positively influenced by the application of 
ammonium sulfate at the booting stage (NS), differing from 
the treatments that received only urea. However, the FN did 
not differ from that of the control (N1) in any of the forms 
of N management. According to Kindred et al. (2005), the 
effect of N on the FN is not frequent, but these authors 
observed a significant effect. The same authors claim that the 
observed effect of N on the FN is a characteristic that depends 
on interaction between genotype and N doses. Therefore, 
depending on the set of genotypes, it is possible to observe 
more pronounced effects of N on the FN.

Conclusions

1. Protein content in wheat is influenced by the interaction 
between cultivars, nitrogen management sources and by the 
environmental conditions.

2. The protein content of the cultivars BRS Gaivota 
and Quartzo is not influenced by the topdressing nitrogen 
management in any of the evaluated environments.

3. Sodium dodecyl sulfate sedimentation volume and 
falling number in wheat are influenced by the interaction 
between cultivar and environment and also by the nitrogen 
management.

4. The falling number is not different between cultivars 
when the environment is conducive to pre-harvest sprouting.

5. Topdressing nitrogen management influences the falling 
number.
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