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Introduction

Currently, the industrial quality of wheat in Chile 
is extremely important in terms of the wheat 
value and marketing. The gluten content is one 
of the most influential variables in the price of 
the grain, which must meet minimum quality re-
quirements for market and to be competitive. The 
grain quality of wheat is determined by genetic 
factors, the environment and the crop manage-
ment, which includes nitrogen and sulfur as the 

fertilization used in Chile. It has been proven that 
sulfur is essential for the production of proteins, 
as it is a component of amino acids as cysteine ​​
and methionine (Duke and Reisenauer, 1986); 
however, it is unclear whether the application of 
sulfur generates changes in the amount of pro-
tein or only in the proteic composition of gluten 
(Zhao et al., 1999a). Wieser et al. (2004), Tea et 
al. (2005) and Lerner et al. (2006) described that 
sulfur fertilization did not influence the amount 
of total protein comprising gluten or the crude 
protein content of wheat flour, whereas it did 
affect the amount and proportions of individual 
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types of gluten proteins, increasing high-sulfur 
reserve protein concentrations and reducing low-
sulfur proteins.

Most of the sulfur in the mature wheat grain is 
present in proteins as cysteine ​​and methionine 
residues (Byers et al., 1987), and cysteines play an 
important role in the polymerization of glutenin 
subunits and in the formation of the gluten network 
(Dupont and Altenbach, 2003). Wheat storage 
proteins differ in the content of cysteine ​​residues 
and can be classified into proteins with high and 
low sulfur contents. Regarding requirements, 
winter wheat needs 2-3 kilograms of sulfur to 
produce 1 ton of grain under conditions of normal 
sulfur concentrations (McGrath et al., 1996). In 
this sense, Zhao et al. (1997) described that the 
total sulfur absorption by winter wheat varies 
between 15 and 25 kg ha-1 for the production of 
75 to 100 qqm ha-1.

Martin (1997) indicated that, when the sulfur con-
centration available in the soil is greater than 4 mg 
kg-1, the production is not affected. Rodriguez et 
al. (2001) and Alfaro et al. (2006) indicated a level 
of 12 mg kg-1 as critical for wheat, and Mellado 
(2007) described 6 mg kg-1 as the critical soil level 
at a 0 - 20 cm soil depth. Recently, sulfur deficien-
cies in certain soils have been observed due to a 
decrease in sulfur deposition caused by industrial 
atmospheric acid (Flaete et al., 2005), random 
sulfur additions to soils using fertilizers contain-
ing N and P (Hagel, 2000a; Zhao et al., 1995) and 
increased soil removal as a result of higher crop 
yields. Regarding the level of extraction, bread-
making varieties have grain sulfur concentrations 
that are approximately 10% higher than those not 
of bread quality because good-quality varieties 
have higher concentrations of protein (Zhao et al., 
1999c). However, the total absorption is generally 
similar, although bread wheat varieties contain 
more sulfur in their grain, as the non-bread quality 
varieties tend to have higher yields.

Based on the available data, we hypothesized that 
a response of the total gluten content to sulfur ap-

plications is highly unlikely: sulfur fertilization 
does not cause increases in protein and gluten but 
does modify the protein composition. Because 
the Chilean milling industry bears the cost of 
sulfur fertilization in an effort to increase the 
total amount of gluten and not the proportion of 
proteins, proving the above hypothesis would 
result in a significant change in the fertilization 
strategies currently employed, as they would no 
longer be economical. Therefore, the goal of this 
study was to determine the effect of sulfur on the 
yield, protein percentage, gluten, and sedimenta-
tion volume of the grain and the availability of 
nutrients in the soil.

Materials and methods

Two experiments located at the coordinates 
38°50’45’’ S and 72°41’55’’ W, the IX Region, 
Chile, were conducted during the 2005-2006 and 
2007-2008 seasons in a medial, mesic, seric, Typic 
Placandept soil, as described by Mella and Künhe 
(1985), and in the central plain agroclimatic area 
described by Rouanet (1983) as Mediterranean 
cold. For both of the seasons, the experimental 
design consisted of completely randomized blocks 
distributed in plots of 12 m2 (2 x 6 m), with four 
treatments including the control and four replicates. 
The sulfur content of the soil was 12 and 13 mg/
kg-1 for the 2005-2006 and 2007-2008 seasons, 
respectively. Other chemical soil characteristics 
are shown in Table 1.

For the 2005-2006 season, the Dollinco-INIA 
variety of alternative growth was used, with a 
white awnless spike and red grains. Sowing was 
performed on August 2. All of the experimental 
units received a base fertilization consisting 
of 30 kg N ha-1 as sodium nitrate, 180 kg P2O5 
ha-1 as triple superphosphate, 65 kg K2O ha-1 as 
potassium chloride and 1 kg B ha-1 as Boronat 
32 (Boronatrocalcita, granulated ulexite, Soqui-
mich, Santiago, Chile). The treatments were as 
follows: T1, 0 kg S ha-1; T2, 27 kg S ha-1; T3, 54 
kg S ha-1 and T4, 108 kg S ha-1. Top dressing was 
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applied using sulfate calcium at the Z-22 stage. A 
maximum dose of 108 kg S ha-1 was used based 
on the work reported of Zhao et al. (1999b) who 
found an effect in the wheat quality at the dose 
of 100 kg ha-1.

Sowing for the 2007-2008 season occurred on 
July 19. The basic fertilization applied at plant-
ing consisted of 28 kg N ha-1 as sodium nitrate, 
140 kg P2O5 ha-1 as triple superphosphate, 75 kg 
K2O ha-1 as potassium chloride, and 2 kg B ha-1 
as  Boronat 32. The treatments were as follows: 
T1 (control), 0 kg S ha-1; T2, 9 kg S ha-1; T3, 18 
kg S ha-1 and T4, 36 kg S ha-1. The sulfur was ap-
plied in the furrow, generating a high availability 
in the rhizosphere when using lower doses of S. 
For both of the seasons, the total nitrogen was 
adjusted to 200 kg N ha-1 with 25 SuperNitro ap-
plied equally in two parts, at the Z-22 and Z-31 
developmental stages. The variables evaluated 
were performance, the availability of sulfur in 
the soil and the industrial quality of the grain.

To calculate the yield, 36 linear meters from the 
center of each plot were harvested. The percent-
age of the grain moisture at harvest was deter-
mined, and the grain yield was standardized to 
14% humidity. After verifying the homogeneity 
of variance and normal distribution of data, an 
analysis of variance (ANOVA) was performed us-

ing SPSS (Statistical Package for Social Sciences, 
2004. SPSS Base 12.0 User’s Guide for Windows. 
SPSS Inc., Chicago, Illinois, USA). The means 
were compared using the Tukey test (P≤0.05).

The availability of sulfur in the soil was measured 
for the 2005-2006 season using two samples 
of the soil between rows at the Z-31 and Z-59 
developmental stages (Zadoks et al., 1974). The 
goal was to assess the availability of this nutrient 
during the phenological stages that present the 
highest sulfur concentration. For the 2007-2008 
season, the sampling was conducted within rows 
at harvest (in Z-94), with the goal of assessing S 
availability once the total absorption of the crop 
was completed. For each repetition, five sub-
samples were randomly sampled, totaling twenty 
sub-samples, and were homogenized to obtain 
a sample for each treatment. A PVC (Polyvinyl 
chloride) plastic tube (5 cm in diameter) was 
used to collect the sample at a depth of 0-20 cm. 
The samples were analyzed by the Soil and Plant 
Laboratory of the Institute of Agribusiness at 
the University of La Frontera for soil pH, sum of 
bases, available sulfur extracted with Ca (H2PO4) 
0.01 mol L-1 and aluminum saturation percentage.

The industrial quality of the grain was assessed 
based on a sample of grain, analyzing the total 
protein, wet gluten and SDS sedimentation volume. 
The respective analyses were performed at the 
wheat quality laboratory of the National Institute 
of Agricultural Research, Carillanca Station, ac-
cording to the methods and procedures established 
by the Chilean Norm 1237 (INN, 2000).

The protein content of the grain was determined 
using the Kjeldahl method, according to the Chilean 
Standard No. 513 (INN, 1968), which consists of 
a series of processes based on the removal and 
destruction of organic matter, resulting in only 
nitrogen in the sample, which is ultimately con-
verted into the percentage of protein.

To determine the gluten index, the wet and dry 
gluten, a sample of flour dough was prepared by 

Table 1. Initial soil chemical analysis of an Andisol of 
Freire soil series (0-20 cm depth).

Component

Value

 2005-2006 2007-2008

pH 5.93 5.84

Organic matter (%) 15 15

Olsen-P (mg kg-1) 10 16

K (mg kg-1) 121 129

Al saturation (%) 1.85 0.8

Sum of basic cations (cmol+ kg-1) 5.84 8.75

S (mg kg-1) 12 13
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adding a buffered solution of sodium chloride. The 
sedimentation volume was determined by the micro-
sedimentation method, according to the protocol 
described by Chilean Norm 1237 (INN, 2000).

Results and discussion

Grain yield

At available sulfur levels of 12 and 13 mg kg-1, 
no significant differences in performance were 
observed for the different sulfur doses tested 
(P≤0.05), with an average of 86.7 qqm ha-1 for 
the 2005/06 season and 93.92 qqm ha-1 for the 
2007/08 season. These results are similar to those 
reported by Martin (1997), Rodriguez et al. (2001), 
Alfaro et al. (2006) and Mellado (2007) for the 
critical levels of available sulfur extracted with 
Ca (H2PO4) 0.01 mol L-1. Therefore, at the com-
parable sulfur levels, it would be unlikely to find 
increased grain yield by applying this nutrient.

Because of the relationship between N and S 
nutrition, yield responses to S fertilization often 

depend on the amount of nitrogen fertilizer applied. 
Flaete et al. (2005) found that the yield response 
to S application is generally greater when high 
amounts of N are applied.

The sulfur doses evaluated in this study to increase 
wheat production and industrial quality are within 
the range of the doses used in several other wheat 
studies. Zhao et al. (1999b) used doses of 20 and 
100 kg S ha-1, Luo et al. (2000) applied a single dose 
of 50 kg S ha-1, Hagel (2000b) evaluated soil doses 
of 20, 40 and 60 kg ha-1 S, Engle et al. (2002) used 
doses of 0, 10, 20 and 30 kg S ha-1, and Flaete et 
al. (2005) evaluated doses of 10 and 30 kg S ha-1.

Availability of sulfur in the soil

For both of the seasons, our results indicate that 
the sulfur additions generated increases in the 
nutrient availability in the soil at the different 
stages of development evaluated (Figure 1).

It was observed that the increase of the sulfur 
dose applied at Z-22 was positively correlated to 
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Figure 1. Availability of sulfur in the soil at different growth stages, A: 2005-2006, at Z-00 (initial), Z-31 and Z-59; B: 
2007-2008, at Z-94.
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an increase of this nutrient in the soil, indicat-
ing that calcium sulfate is a good alternative to 
increase the availability of sulfur in the soil. A 
slight decrease in the availability of S between the 
Z-31 and Z-59 stages was also observed, probably 
due to the higher level of extraction of the plants 
as development progressed. In this regard, the 
reproductive period of wheat is the most sensitive 
to S deficiency, evidencing a decrease in the grain 
size under limiting conditions (Zhao et al., 1999a). 
After the furrow sulfur applications in the second 
season, there was a significant increase in the 
sulfur availability measured at harvest, indicating 
that this is a viable alternative fertilization in the 
management of wheat. Comparing the two forms 
of S application normally used for this crop, the 
average increase in the availability of S was 1 mg 
kg-1 for every 6.5 kg of S applied by top dressing 
and 6 kg of S for the furrow application.

Industrial quality of the grain

Table 2 presents the results in terms of the indus-
trial quality of the grain based on the evaluated 
variables and their classification according to the 
Chilean Norm 1237 (INN, 2000). There were no 
differences in any of the quality parameters studied, 
concluding that the applications of sulfur did not 
affect the total content of gluten, the amount of 
protein in the grain, or the sedimentation volume. 

These results are based on the fact that S affects 
the proportion of individual types of proteins 
present in the grain and not the quantity, which 
is measured by the percentage of protein and wet 
gluten (Zhao et al., 1997b). Our findings are in 
agreement with the results described by several 
authors that S nutrition has an effect on the com-
position of the grain storage proteins but not on 
their total content (Zhao et al., 1997b, Zhao et 
al., 1999c; Wieser et al., 2004; Tea et al., 2005).

From these results, the following can be con-
cluded: (1) Sulfur applications did not produce 
significant changes in the grain yield of wheat 
in soils with initial sulfur levels of 12 and 13 
mg kg-1 and did not cause increases in the total 
content of protein and gluten or the sedimenta-
tion volume. (2) All of the doses and forms of 
sulfur tested generated increases in the nutrient 
availability in the soil with respect to the control. 
(3) In the Andisol soil used, it was possible to 
increase the sulfur availability at a 0 - 20 cm 
depth to 1 mg kg -1 for every 6 to 6.5 kg S ha-1 
applied (as calcium sulfate) to the furrow and 
as top dressing, respectively. (4) Considering 
that the value of wheat in the Chilean market is 
influenced mainly by the total content of gluten 
and not by the proportion of proteins in the 
gluten, the use of sulfur fertilization to alter the 
ratio of proteins that form gluten does not have 
an economic benefit for the producer.

Table 2. Effect of treatments on industrial wheat quality parameters and classification according to NCH 1237. 

Treatment

Parameter

 Wet gluten (%) Protein (%) Sedimentation (ml)

Season 2005-2006
Basic Fertilization
Basic. Fert. + 27 kg S ha-1

Basic. Fert. + 54 kg S ha-1

Basic. Fert. +108 kg S ha-1

32.4 strong
32.3 strong
32.7 strong
32.5 strong

12.8 strong
12.7 strong
12.8 strong
12.8 strong

43.5 extra
45.2 extra
43.8 extra
44.5 extra

Season 2007-2008
Basic Fertilization
Basic Fert. + 7 kg S ha-1

Basic Fert. + 17.5 kg S ha-1

Basic Fert. + 37.5 kg S ha-1

24.8 soft
22.2 soft
24.3 soft
24.5 soft

9.6 intermediate
9.3 intermediate
9.5 intermediate
9.6 intermediate

27.2 regular
   24.8 soft

26.4 regular
26.4 regular
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Resumen

Luis E. Herrera, H. Pinilla y H. Sanhueza. 2012. Efecto de la fertilización azufrada en 
la producción y calidad industrial del trigo (Triticum aestivum). Cien. Inv. Agr. 39(1): 
193-199. Se realizaron dos experimentos de fertilización en trigo durante las temporadas 2005-
2006 y 2007-2008,  en un suelo Medial, mesic, Seric Placandepts, para determinar el efecto 
del azufre en el rendimiento del grano, porcentaje de proteína, contenido de gluten, volumen 
de sedimentación y la disponibilidad del nutriente en el suelo. En la temporada 2005/2006 los 
tratamientos  consistieron en una fertilización base más azufre,  0 kg S ha-1 (T1); + 27 kg S ha-1 
(T2); + 54 kg S ha-1 (T3) y + 108 kg S ha-1(T4). En 2007/2008 los tratamientos de fertilización 
fueron base 0 kg S ha-1 (T1),  9 kg S ha-1 (T2); 18 kg S ha-1 y 36 kg S ha-1 (T4). Los resultados 
no mostraron diferencias (P<0.05) en el rendimiento de grano para los todos los tratamientos 
evaluados. No se  registraron incrementos en ninguna de las variables de calidad industrial 
medidas. Se observaron aumentos en la disponibilidad de azufre en el suelo. Las aplicaciones 
de azufre en suelos con 12 y 13 mg kg-1 no generaron incrementos en  rendimiento, contenido 
de proteína, gluten, y volumen de sedimentación.

Palabras clave: Triticum aestivum, calidad del trigo, azufre, gluten.
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