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Abstract
The reduction of atmosphere emission of SO2 and the massive use of fertilizers high in nitrogen and phosphorus
resulted in a decrease of the sulphur content in the soil. In durum wheat cultivation, sulphur supply plays a key
role not only for plant growth, but also for grain quality. Sulphur is an essential macronutrient primarily used to
synthesize methionine and cysteine and it is also involved in establishing protein structures by disulphide bonds.
The aim of this study was to evaluate the effect of sulphur nutrition on grain quality and protein composition of
durum wheat cultivars grown under water deficit conditions, typical of Mediterranean areas. To this purpose, in the
2003-2004 and 2004-2005 crop seasons a field trial was carried out by comparing two water regimes (irrigated and
rainfed), two sulphur fertilizer levels and two durum wheat cultivars. Under our experimental conditions, an increase
in protein and gluten content in the rainfed treatment and a positive effect of sulphur fertilization on quality parameters were observed. Few changes were observed in protein composition in response to sulphur fertilization.
Key-words: durum wheat, grain quality, protein composition, sulphur fertilization.

Introduction
Sulphur is an essential nutrient, both for plants
and animals. With other macronutrients, nitrogen, phosphorus and potassium, it is considered
vital for plant growth and development, for resistance to pests and environmental stresses and
for crop yield and quality (Naeem and MacRitchie, 2003).
Plants mainly uptake sulphur as sulphate
through root system and carry it to the leaves.
By means of some enzymatic steps, sulphate is
converted to nutritionally and functionally compounds, such as cysteine, methionine, several
coenzymes, thioredoxins, sulpholipids and vita-

mins (biotin, thiamine) and ferredoxin (Hell,
1997; Hell and Rennenberg, 1998; Saito, 2000).
Moreover, sulphur is involved in the formation
of sulphydryl (SH) and disulphide bonds (SS),
important for stabilization of protein structures
and partially responsible for the viscoelastic
properties of wheat gluten. An environmental
policy leading to reduce SO2 atmospheric emissions, the massive use of nitrogen and phosphorus fertilizers and the introduction of high
yielding crop cultivars resulted in a decrease in
the sulphur content in the soils. Several researches agree on the importance of sulphur as
a limiting factor in wheat production and quality deterioration (Byers and Bolton, 1979; Moss
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et al., 1981, 1983; Wrigley et al., 1984; Castle and
Randall, 1987; MacRitchie and Gupta, 1993;
Zhao et al., 1999a, 1999b; Luo et al., 2000;
Wooding et al., 2000a, 2000b; Wieser et al., 2004;
Lerner et al., 2006).
Depending upon available sulphur levels, the
wheat yield can increase from 0 to 42% (Islam
et al., 1999; De Ruiter and Martin, 2001), usually obtaining the best response with sulphur application between 10 and 20 kg ha-1 (McGrath
et al., 1996), even though higher supplies of sulphur (49-60 kg ha-1) have been reported for
highly calcareous soils in India (Sakal et al.,
1999, 2000). This variation in sulphur requirement is due to soil type, climate and cropping
system (Zhao et al., 1999a). Several greenhouse
and field studies reported that sulphur primarily affects the number of grains per spike indicating that sulphur deficiency increases the mortality of florets or reduces the initiation of florets (Archer, 1974; Islam et al., 1999). Other
yield components such as number of tillers and
thousand grain weight are less affected by sulphur availability unless the deficiency is severe.
In crops with marginal sulphur deficiency, application of the element may actually decrease
thousand grain weight and produce grain with
smaller test weight (Zhao et al., 1997). Grain
sulphur concentrations lower than 1.2 mg g-1
and a grain N:S ratio higher than 17:1 appear
to be critic values for sulphur deficiency with
regard to yield (Randall et al., 1981). Instead
maintaining a N:S fertilizer ratio of 3:1 appears
to be helpful in minimizing detrimental effects
on quality.
Sulphur supply has also a strong influence on
the quality of storage proteins in bread wheat
(Triticum aestivum L.). Sulphur availability
doesn’t alter protein properties such as electrophoretic mobility, but only their relative
amounts (Moss et al., 1981; Wrigley et al., 1980,
1984). Sulphur deficiency during plant growth
results in an increase in the relative amounts of
high molecular weight glutenin subunits (HMWGS) and ω-gliadins (sulphur poor proteins) and
in a decrease of low molecular weight glutenin
subunits (LMW-GS) and α-, β- and γ-gliadins
(sulphur rich proteins), leading to an increase of
HMW/LMW-GS ratio. These changes modify
some functional properties: dough becomes
stronger with increased mixing times, less extensibility and reduced loaf volume (Moss et al.,
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1981; Zhao et al., 1999a, b; Naeem and Mac
Ritchie, 2003).
The knowledge of sulphur nutrition effect on
grain yield, quality and protein composition are
limited in durum wheat (Triticum durum Desf.).
Lerner et al. (2006) reported a significant increase in grain protein content and SDS-sedimentation test following sulphur fertilization, although no changes in rheological parameters
(farinograph energy level, farinograph tolerance
and viscoelasticity of cooked pasta) were observed, presumably due to non-limiting conditions for sulphur availability. Nevertheless several authors suggested S-fertilizer supply even in
regions not deficient in soil S, especially under
conditions of high N, to ensure the synthesis of
S-rich proteins and disulphide-bridge formation
required for gluten (MacRitchie and Gupta,
1993; Shewry and Tatham, 1997; Wrigley et al.,
1980; Lerner et al., 2006). In fact, it’s well known
that disulphide bonds (SS), formed between the
sulphydryl (SH) groups of cysteine residues, play
a key role in determining the structure and properties of wheat proteins (Frater et al., 1960;
Shewry and Tatham, 1997). Monomeric gliadins
form only intra-chain disulphide bonds and contribute mainly to viscosity of dough, while polymeric glutenins have both intra-chain and interchain disulphide bonds and contribute mainly to
dough elasticity (Shewry and Tatham, 1997).
Zhao et al. (1999a) reported a decrease of dough
extensibility related to a reduction of the disulphide groups, probably due to a lower concentration of sulphur in wheat grain.
The aim of this study was to evaluate the effect of sulphur nutrition on yield quality and protein composition of durum wheat cultivars cultivated under different water regimes in a typically Mediterranean environment of South Italy.

Materials and methods
Agronomic trial
During 2003-2004 and 2004-2005 crop seasons a
field trial was carried out at Cereal Research
Centre – CRA-CER in Foggia, Italy (41°28’N,
15°32’E and 75 m a.s.l.), on a clay loam soil
(American Soil Survey modified method –
Giardini, 2002) whose chemical and physical
characteristics are reported in Table 1. A splitplot experimental design with three replicates
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Table 1. Principal physical and chemical soil characteristics.

Parameter
Sand
Lime
Clay
Total nitrogen
Assimilable phosphorus (P2O5)
Exchangeable potassium (K2O)
Active limestone
Water pH
Organic matter
Total sulphur
Field capacity (gravimetric analysis)
Permanent wilting point (-1,5 MPa)

Measurement unit
%
%
%
g kg-1
mg kg-1
mg kg-1
g kg-1
%
mg kg-1d.w.
% d.w.
% d.w.

and three factors was carried out, with two water regimes (rainfed and irrigated) in main plots
(spaced with an area of board), two sulphur fertilizer levels (S0 and S1 corresponding to 0 and
90 kg sulphur ha-1, respectively) in plots and two
durum wheat cultivars (Creso and Simeto), chosen among the more cultivated ones in Italy
(D’Egidio et al. 2004; Asciuto and Schimmenti
2006), in sub-plots. Each sub-plot was 20.4 m2.
The sowing dates were November 24th and
December 22nd in 2003 and 2004, respectively,
with a seed density of 350 seeds m-2 in both
years. At sowing date, 92 kg ha-1 of phosphorus
fertilizer (as superphosphate) and 30 kg ha-1 of
nitrogen (as urea) were applied as basal dressing. During stem elongation 60 kg ha-1 of nitrogen, as ammonium nitrate, were applied; sulphur
fertilizer was added as elemental S (Grinver,
87%) on March 16th and April 10th in the 2004
and 2005, respectively.
The irrigation treatment, in both years, consisted in bringing soil moisture up to field capacity, whenever the threshold of 50% of available soil water content was reached.
In Figure 1 ten-day maximum and minimum
temperatures and rainfall for the two crop seasons are reported. As for temperatures, no differences were observed between the mean values of 2003-2004 and 2004-2005 climatic trends
(max Temp. 19.7 vs 19.6; min Temp. 8.9 vs 9.0),
being these values also in agreement with those
reported for a period of twenty-year recorded
in the same area (max Temp. 18.7 °C; min Temp.
7.3 °C, Troccoli et al., 2007).
With regard to rainfall, while no differences
in the total amount of precipitations was observed between the two crop seasons (453.7 mm

2003-2004
37
33
30
1.1
105
745
59
8.6
2.0
156
34
13

2004-2005
33
37
30
1.4
70
918
27
8.15
2.2
230
32.5
14.5

and 471.6 mm, in the first and the second year
respectively), there was a different rainfall distribution. The 2003-2004 crop season was characterized by low rainfall before sowing date
(18% soil water content) and by intensive rainfall in December (about 170 mm) and during
grain filling period between May and June
(about 120 mm), so that a single water supply
was necessary on May 17th (504 m3 ha-1). Otherwise in 2004-2005 crop season an intense rain

Figure 1. Ten-day maximum and minimum temperatures
and rainfall in Foggia during 2003-2004 (A) and 20042005 (B) crop seasons. The amount of irrigation (mm)
is indicated with dotted vertical line. The unbroken and
the dotted arrows indicate the sowing and the physiological maturity dates, respectively.
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(166 mm) fell in November leading to a 36%
soil water content at sowing, while the scarcity
of rainfall (11.2 mm) that occurred during grain
filling resulted in the application of four irrigation treatments for a total of 1,674 m3 ha-1 of
water from April to May.
In the first year crop growing cycle and grain
filling period were longer compared to the second year (173 days vs 146 days for crop growing
cycle and 45 days vs 36 days for grain filling period). Also degree days registered during growing
cycle was higher in the first year (2389.3 °C vs
1788.7 °C). Evaporate (E) sum, obtained by class
A pan evaporimeter, was 241 mm in the first year
and 275 mm in the second one.
The crop water deficit, calculated as ratio between effective rain and crop evapotranspiration (Etc = E · Kp · Kc, where Kp = pan coefficient (0.75) and Kc = crop coefficient (ranging
from 0.7 to 1.15), was lower in the first crop season than in the second one (14.7 % vs 34.8 %).
Grain samples were harvested at the physiological maturity on June 21st and June 14th in
2004 and 2005, respectively. Then, grain yield (t
ha-1, standardized at 13% grain humidity), its
main components (thousand grain weight (g)
and kernels number m-2) and some quality parameters (protein and gluten content, SDS sedimentation index, gluten index and yellow index), were evaluated on samples collected in
triplicate on the sub-plot area.
Grain quality parameters
Grain nitrogen concentration was determined
following the standard Kjeldhal method; percentage of protein content was calculated multiplying Kjeldhal nitrogen by 5.7 and was expressed on a dry weight basis. Gluten content
(%) was determined by whole grain analyzer Infratec 1229 with NIT (near infrared radiation
transmittance) technique. Sodium-dodecyl sulphate (SDS) sedimentation test, expressed in
mm, was evaluated according to Dick and Quick
(1983). Gluten index was calculated as ICC 155
standard method by Glutomatic 2200; yellow index, at last, was determined by Chroma-Meter
CR-200 reflectance colorimeter (Minolta).
Gluten proteins two-dimensional (2D) electrophoresis analysis
Gluten proteins (gliadins and glutenins) were
extracted according to Hurkman and Tanaka
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(2004) and then, quantified using the Biureto assay with BSA (albumin bovine serum) as standard. Samples containing 200 µg of protein were
loaded on each IEF gel.
ImmobilineTM DryStrips pH 3-10 L, 13 cm,
were used to perform first dimension electrophoresis after rehydration with a buffer containing 8M Urea, 2% Triton X-100, 0.28 % DTT,
0.5% IPG buffer 3-10 (Amersham Pharmacia
Biotech) and Bromophenol-blu. The first dimension was performed using the IPGphorTM
Isoelectic Focusing System (Amersham Pharmacia Biotech) according the following steps:
rehydration occurred in 12 h at 20 °C, isoelectric focusing performed at 500 V for 1h, 1000 V
for 1h, 5000 V for 2 h and 8000 V for 4 h, as
reported in Ferrante et al. (2006).
The separation in the second dimension was
carried out with an SE 600 apparatus (HoeferTM). Strips were equilibrated and then, loaded
on 18 x 16 cm vertical polyacrylamide SDSPAGE gels (T 12%, C 1.28%), 1 mm thick. Separation was performed at 30 mA per gel at 10
°C and stopped after the tracking dye ran off
the gel. Staining was performed according to
Neuhoff et al. (1988) with destaining in tap water. A molecular weight marker (10-200 kDa,
Amersham) was added. Three replicates were
performed for each grain sample. Protein spots
were analyzed by ImageMaster 2D Platinum 6.0
software (Amersham). T-test analysis of spot
volume were performed using JMP statistical
software.
Statistical analysis
After testing variance homogeneity in the studied characters by Bartlett’s test, data of the two
years were analyzed together, using the ANOVA procedure of M-stat C statistical package
(Crop Soil Sciences Department Michigan State
University). The significant differences among
the mean values were calculated following
Tukey test (Steel et al., 1997). Principal component analysis (PCA) was performed only on
technological variables using JMP statistical
software, version 3.2.5, SAS Institute Inc., 1999.
Data set consisted of 48 samples and 5 variables
(protein content, gluten content, SDS sedimentation test, gluten index and yellow index).
Among the 5 factors obtained by the system,
the first two were chosen and subjected to variance analysis.
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Results
Yield and quality parameters
From variance analysis relative to yield and its
components, the effect of year (A) and water
regime (B) was highly significant for all characters, the effect of cultivar (D) highly significant on yield and thousand kernel weight, while
sulphur level (C) didn’t show any significant effect. As for the two way interactions only AB
and AD showed a significant effect on the yield
characters (Fig. 2). In particular, a general decrease in yield and kernel number m-2 in the second year was observed. Due to irrigation, a significant increase in yield and its components
was observed only in the second year. In AD
interaction cultivars were statistically different
for yield and thousand kernel weight, respectively in the second and the first year, with
Simeto showing the highest values than Creso.
As for the quality variables, the effect of year
(A) and cultivar (D) was always significant, sulphur level (C) showed a significant effect on
SDS sedimentation test, gluten content and
gluten index, while water regime (B) only on
SDS sedimentation test. The two way and three
way interactions were always significant for
most of the characters analyzed. Since also
ABCD interaction showed a significant effect
on some of the quality characters it was reported in Figure 3.
A general increase in all technological parameters was observed in the second year.
Sulphur supply showed a significant effect

only in the second year; an increase in SDS sedimentation test values in Creso and Simeto and
in gluten index values only in Creso was observed for S1 level in the irrigated treatment.
As for water regime, a significant effect was
observed in both years but only for Creso. In
the rainfed condition, in the first year, a decrease in gluten index was recorded in S1 level; on the contrary, an increase in protein content, gluten content and gluten index in the second year was observed for S0 level.
No differences between the two cultivars
were observed in the first year for main parameters. In the second year Creso generally
showed higher protein and gluten content; on
the contrary, Simeto showed higher values than
Creso for gluten and yellow index.
Some of the quality characters were highly
correlated each other. In particular, positive correlations between protein content and gluten
content (0.9**) and gluten index (0.3*) were observed. Also SDS-sedimentation test was highly
correlated to gluten content and gluten index
(0.4**), while yellow index was positively correlated to protein content (0.3*) and gluten index (0.6**).
Due to the high correlations observed among
quality parameters and in order to have a general view of quality response under the different environmental conditions, principal component analysis (PCA) was performed on all the
quality characters evaluated. Among the 5 factors obtained by the system, the first two were
responsible for 81% of the total variance (Tab.

Figure 2. Effect of year x water regime (AB) (a) and year x cultivar (AD) (b) interaction on yield parameters.
Different letters indicate significant differences at 0.05 (small letters) and 0.01 (capital letters) P levels according to Tukey test.
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Figure 3. Effect of year x water regime x sulphur level x cultivar (ABCD) on quality parameters.
S0: 0 kg ha-1 sulphur level; S1: 90 kg ha-1 sulphur level. Different letters indicate significant differences at 0.05 P levels according
to Tukey test.

164

Ital. J. Agron. / Riv. Agron., 2009, 4:159-170

Table 2. Correlation matrix between original variables and
first two PCA factors.

Protein
Gluten
SDS
Gluten index
Yellow index
% of total variance

Factor 1

Factor 2

0.94
0.98
0.44
0.14
0.12

0.15
0.05
0.34
0.96
0.95

53

28

Factor 2

2). In particular, factor 1, explaining 53% of total variance, was highly correlated to protein
and gluten content, while factor 2, explaining
28% of total variance, was correlated to gluten
and yellow index. SDS sedimentation test was
equally correlated to both the factors. On the
basis of this result we considered factor 1 as a
“protein quantity” indicator and factor 2 as a
“protein quality” indicator.
The year x water regime x sulphur level x cultivar (ABCD) interaction, derived from the
ANOVA of the two factors, was graphically represented on a cartesian plane with factor 1 on
x-axis and factor 2 on y-axis (Fig. 4).
Figure 4 showed an increase in factor 1 (protein quantity) and factor 2 (protein quality) in
the second year with respect to the first one.
Differences among treatments (sulphur level
and water regime) and between cultivars were
observed only in the second year. Sulphur fer-

Factor 1

Figure 4. Year x water regime x sulphur level x cultivar
(ABCD) interaction, derived from the variance analysis
of the PCA two factors.
White symbols: 2003-2004 crop season; Black symbols: 20042005 crop season; Cross signed symbols: rainfed regime; No
signed symbols: irrigated regime; Small symbols: 0 kg ha-1 sulphur level; Large symbols: 90 kg ha-1 sulphur level; Circle: Creso; Square: Simeto.

tilization determined an increase in protein
quality in Creso, mainly in the irrigated treatment, and a decrease in protein quantity in the
rainfed one. Less noticeable differences were
obtained between S levels in Simeto.
As for water regime in both cultivars, a significant increase in factor 1 in the rainfed treatment was observed. Only for Creso in the S0
level a slight increase in protein quality in the
rainfed regime was also observed.
Finally as for cultivars performance, Simeto
showed higher technological quality and Creso
the higher protein content under all the experimental conditions.
Protein composition
Protein composition of storage proteins was evaluated by two-dimensional (2D)- electrophoresis
analysis only on cultivar Creso that showed higher
differences between sulphur levels and water
regimes treatments in the second year (Fig. 5).
The 2-D gels were highly reproducible and
showed well-resolved spots without streaking. On
each gel about 150 spots were detected.
Between sulphur levels in irrigated treatment, 3 protein spots, all belonging to low molecular weight region, showed significant differences in spot volumes. In particular, spot 290
and 321 were more expressed in S0 level and
spot 444 in S1 (Fig. 5 A and C). The correlation
between gluten index and spot volume showed
a high and negative coefficients for S0 more expressed spots (-0.8* and -0.9** for 290 and 321,
respectively) and high and positive correlation
for S1 more expressed spot (0.8* for 444).
Between sulphur levels in rainfed treatment,
no statistically significant differences were observed in protein spot volumes.
Only in S0 treatment significant differences
in protein composition between water regimes
were observed. In particular, 5 spots increased
in rainfed regime: one belonging to high molecular weight region (77) and 4 belonging to low
molecular weight region (222, 267, 430, 457). Also in irrigated treatment 5 spots significantly increased all belonging to low molecular weight
region (211, 257, 333, 461, 487) (Fig. 5 A and B).
A high and positive correlation between gluten
index and the volume of the spot more expressed in rainfed condition and high and negative correlation for the spot more expressed in
irrigated treatment was observed.
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Figure 5. Gluten proteins two-dimensional (2D) gel electrophoresis of Creso.
A: S0 level in irrigated treatment; B: S0 level in rainfed treatment; C: S1 level in irrigated treatment; D: S1 level in rainfed treatment. Arrows indicate spots showing quantitative differences among studied thesis.

Discussion
As for yield and quality parameters, the two
years were statistically different showing the
first one the higher yield values and the second
one the better technological performance (Fig.
2 and 3). The yield differences observed between the two years were probably due to the
better rainfall distribution, the longer duration
of crop cycle and grain filling and the lower crop
water deficit occurred in the first year with respect to the second one (Fig. 1). The better grain
quality observed in the second year might be
probably due to water deficit occurred during
grain filling. Moreover in this year also an effect of water regime was observed due to the
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higher crop water deficit recorded mainly in
grain filling period (Fig. 1 and 3). In particular
in rainfed condition a decrease in yield and its
components (Fig. 2) and an increase in protein
and gluten content were recorded. These results
are in agreement with previous literature; in fact
it is known that yield reduction that generally
occurs under water stress conditions, is generally associated with an increase in protein content
(Fig. 2 and 4) (Rao et al., 1993; Rharrabti et al.,
2003a; Garrido-Lestache et al., 2005; Guttieri et
al., 2005; Flagella, 2006).
Also a slight improvement in protein quality
(Fig. 4) due to an increase in gluten index (Fig. 3)
in the rainfed condition was observed only for
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Creso in the S0 level. This result is in accordance
to Gooding et al. (2003), Labuschagne et al.
(2006) and Ercoli et al. (2008), who reported
that post-anthesis water stress, like that occurred in the rainfed condition of the second
year (Fig. 1), improved grain quality. Also
Rharrabti et al. (2003b) reported that total water input during grain filling negatively affects
durum wheat grain quality. Furthermore
Ottman et al. (2000) found that effects of irrigation frequency during grain filling on durum
wheat grain quality are inconsistent.
As for S fertilization an affect on the technological parameters was observed only in the
second year when later sulphur application
might have improved its assimilation as observed by grain sulphur content (0.14% vs
0.19% total S content in the first and in the second year, respectively, data not shown). In fact
due to the later sowing date of the second year
sulphur was supplied when temperature conditions might have been more favourable for sulphur assimilation (Fig. 1).
Sulphur fertilization positively affected SDS
sedimentation test for both cultivars in irrigated treatment and gluten index only in Creso
(Fig. 3 and 4). These results were in agreement
with Zhao et al. (1999a) and Naeem and
MacRitchie (2003), who reported an increase in
technological performance following sulphur
supply. In our experimental conditions no significant effects of S fertilization on protein and
gluten content were observed. Contrasting are
the results in literature on the effect of sulphur
fertilization on protein content. In fact Randall
et al. (1981) reported that an increase in applied
S may increase, decrease or have no effect on
protein content, depending upon the grain S status and the N supply. Moreover, also Zhao et
al. (1999a) and Naeem and MacRitchie (2003),
showed that sulphur availability does not alter
total protein content.
At last, as for cultivar performance Creso
showed lower yield values consistent with a
higher protein and gluten content, while Simeto showed the best technological performance
(Fig. 4). These results are in agreement with
Borghi et al. (1995), D’Egidio et al. (2000) and
Flagella et al. (2002) who reported that cultivar
Simeto, tested in different locations, shows a
higher pasta-making quality.
As for storage protein composition, evaluat-

ed by 2DE analysis on Creso in the second year,
most of the over-expressed protein spots in rainfed regime and under sulphur fertilization, belong to low molecular weight region. A key role
of LMW-GS for technological quality of durum
wheat is reported in literature (D’Ovidio and
Masci, 2004; Peña and Pfeiffer, 2005), while contrasting are the data on the role of HMW-GS
(Porceddu et al., 1998; Ammar et al., 2000; Peña,
2000; Flagella, 2006). Few data are available in
the literature on the effect of drought on durum wheat protein composition (Panozzo et al.,
2001; Triboï et al., 2003; Hajheidari et al., 2007).
Moreover as for sulphur fertilization, it’s well
known that it caused an increase of sulphur rich
proteins, mainly low molecular weight proteins,
like low molecular weight glutenin subunits
(LMW-GS) and α-, β- and γ-gliadins (Zhao et
al., 1999a and Naeem and MacRitchie, 2003).
The improvement in technological quality might
be due not only to changes in protein composition, but also to thiol-disulphide changes in
wheat grain proteins. In fact Zhao et al. (1999b)
and Tea et al. (2004) observed sulphydril groups/
disulphide bonds modifications following up sulphur fertilization.
In conclusion the results presented in this
study showed that environmental conditions
considerably affected yield, protein content and
technological parameters. In particular, only in
the second year, characterized by a higher crop
water deficit, it was possible to observe differences between sulphur levels, water regimes and
cultivars. Sulphur fertilization positively affected technological characters as gluten index and
SDS sedimentation test in both cultivars, even
if Creso showed more marked differences than
Simeto.
As for water regime in rainfed condition a
decrease in yield and its components and an increase in protein and gluten content were
recorded. Only for Creso in the S0 level a slight
increase in protein quality due to an increase of
gluten index was observed.
As for cultivar performance Simeto showed
the best technological values, but in Creso the
effects of S level and water regime were more
evident.
A preliminary study of gluten protein composition in Creso, performed by two-dimensional gel electrophoresis, revealed three differential expressed protein spots between S level,
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all belonging to low molecular weight region,
and 10 differential expressed protein spots between irrigated and rainfed conditions, 1 belonging to high molecular weight region and 9
to low molecular weight region.
Further investigations are required to explain
subunit identity by mass- spectrometry and to
elucidate the role of the redox state of thiol
groups in relation to durum wheat technological quality.
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