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Summary

Average grain yield of 3.93 t/ha in Croatia in the last decade (1991–2001) indicates
that winter wheat (Triticum aestivum L.) is still widely grown under extensive production
systems primarily characterized by suboptimal nitrogen fertilization. Therefore, the object
of this research was to evaluate the bread-making quality of grain and flour of different
wheat cultivars as influenced by cropping intensity and foliar nitrogen application at flo-
wering. A field experiment under two cropping intensities, called intensive and extensive
production systems, was conducted in the 1999/2000 growing season at the Faculty of
Agriculture in Zagreb. The use of an intensive production system compared to an extensi-
ve system significantly improved hectolitre weight (1.9 %), protein content (16.9 %), wet
gluten (59.7 %), sedimentation (67.2 %), falling number (7.8 %), water absorption (2.0 %),
dough development time (78.2 %), dough stability (900.0 %), dough resistance (138.1%)
and farinograph quality number (142.8 %), while it had no effect on gluten index, flour
yield and physical grain properties (1000-grain weight, grain length, width and thickness).
Under the intensive system, compared to the extensive production system, only softening
degree decreased by 29.5 %, which also had positive impact on bread-making quality of
wheat. Foliar nitrogen application at flowering additionally improved hectolitre weight
(1.1 %), protein content (6.1 %), wet gluten (11.8 %), sedimentation (16.5 %), water absor-
ption (2.5 %) and dough development time (28.4 %). The findings showed that wheat with
better bread-making quality might be achieved under intensive production systems, parti-
cularly with high nitrogen fertilization rates.
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Introduction

Average grain yield of 3.93 t/ha in Croatia in the
last decade (1991–2001) (1) indicates that winter wheat is
still widely grown under extensive production systems,
primarily characterized by suboptimal nitrogen fertiliza-
tion. Hazen and Ward (2) pointed out that wheat mill-
ing and baking quality is a function of the physical and
chemical traits of grain and flour. Milling quality refers

to the properties important in the process of wheat mill-
ing (3). One of the oldest and most frequently used
criteria for the evaluation of milling quality is hectolitre
weight since it may indicate potential flour yield (4).
However, the results of Altaf et al. (5) showed that
smaller grains had lower flour yield although there
were no significant differences in hectolitre weight be-
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tween bigger and smaller grains for the same wheat
cultivar. Hoshino et al. (6) also found that flour yield im-
proved with increased grain size and that farinograph
properties varied with different grain dimensions. The
authors showed that by milling larger grains greater
flour yield was achieved, although better quality of
flour was obtained by milling smaller grains.

Pushman and Bingham (7) clearly demonstrated
that intensified wheat fertilization with nitrogen re-
sulted in better milling and baking quality through in-
creased hectolitre weight, grain protein content, flour
water absorption and bread volume. Recently, the re-
sults of Johanson (8) have shown that intensive manage-
ment, particularly more intensive nitrogen fertilization,
had a significant influence on grain nitrogen content,
protein composition and falling number. Gooding et al.
(9) also found that nitrogen fertilization positively af-
fected protein content and falling number. According to
McNeal et al. (10), intensive application of nitrogen fer-
tilizers significantly improved flour farinograph proper-
ties and baking quality as a consequence of better water
absorption and bread volume. Furthermore, in research
conducted in England (7) foliar nitrogen fertilization at
flowering resulted in the additional increase of protein
content in wheat grain. The goal of the present research
was to evaluate the bread-making quality of grain and
flour of different wheat cultivars as affected by cropping
intensity and foliar nitrogen application at flowering.

Materials and Methods

Field experiment

A field experiment with a winter wheat (Triticum
aestivum L.)-corn (Zea mays L.)-soybean (Glycine max L.
Merr.) crop rotation was conducted on a silt loam soil
(Typic Udifluvents) at the experimental field of the Fac-
ulty of Agriculture in Zagreb, in northwestern Croatia,

during the 1999–2000 growing season. Three widely
grown winter wheat cultivars (Marija, @itarka and Re-
nan) in Croatia were planted under both intensive and
extensive production systems, which were established
on adjacent plots. Previous crops (corn and soybean)
were also grown at these two production input levels.
The experimental design for each production system
consisted of four replications with two factors arranged
in a randomized complete block in a split-plot design.
Foliar application of nitrogen at flowering vs. none
(non-treated plots) was the whole-plot factor, while
cultivars were the sub-plot factor.

Summary of production treatments is presented in
Table 1. The intensive system involved ploughing at
30–32 cm, fertilization with 194 kg/ha N including three
top-dressing applications (54, 27, and 27 kg/ha N at
growth stages 22, 24 and 31, respectively, while the re-
maining 86 kg/ha N was added during the basal fertil-
ization) (11), 130 kg/ha P, 130 kg/ha K, and high input
of crop protection chemicals (herbicides, fungicides and
insecticides). The extensive production system consisted
of ploughing at 20–22 cm, fertilization with 59 kg/ha N
including one top-dressing application with 27 kg/ha N
at growth stage 24 (while the remaining 32 kg/ha N
was added during the basal fertilization), 104 kg/ha P
and 104 kg/ha K. Weeds were controlled with less effec-
tive herbicides, while none of the fungicides and insecti-
cides was applied in the extensive system. At seeding,
plots consisted of 10 rows 11 cm apart and 7.0 m in
length. Foliar application of N (30 kg/ha) was applied
at flowering (GS 65) as an aqueous spray of urea, but it
was not included in the above measurements because it
represents an independent factor in the research.

Hectolitre weight was determined from two grain
samples taken at harvest from each plot using standard
procedures. Average 1000-kernel weight was deter-
mined by counting and weighing two 100-kernel sam-
ples. Average kernel length, kernel width and kernel
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Table 1. Summary of agricultural practices and operations for winter wheat cropping under
intensive and extensive production systems

Intensive production system Extensive production system

Basal fertilization 500 kg/ha N-P-K 8:26:26 400 kg/ha N-P-K 8:26:26

100 kg/ha urea (46 % N)

Ploughing depth 30–32 cm 20–22 cm

Seeding rate 770 seeds/m2 770 seeds/m2

Planting date 20 Oct. 1999 20 Oct. 1999

Top – dressing 54 kg/ha N at GS 22

27 kg/ha N at GS 24 27 kg/ha N at GS 24

27 kg/ha N at GS 31

Herbicide amidosulfuron (25 g/ha a.i.) 2,4-D (1.0 kg/ha a.i.)

bromoxynil (225 g/ha a.i.) at GS 24

at GS 24

Fungicide tebuconazol (250 g/ha a.i.) –

at GS 60

Insecticide lambda cihalotrin (5 g/ha a.i.) –

at GS 60

Harvest date 4 July 2000 4 July 2000

GS, growth stage



thickness were calculated from 25 individual kernels for
each grain sample.

Laboratory analyses
For the assessment of bread-making quality the

grain samples taken at harvest from each plot were
milled on a Brabender Quadrumat Jr. Experimental Mill.
Because this mill has a very short dressing surface the
weights of the fine offal and flour fractions were com-
bined to assess flour yield (7). Total protein (N � 5.7),
sedimentation value (Zeleny sedimentation test) and
falling number were determined using standard proce-
dures (12). Wet gluten and gluten index were deter-
mined by Perten Glutomatic 2200 System (Perten Instru-
ments AB, Stockholm, Sweden, ICC 155). Water absorp-
tion, dough development time, dough stability, soften-
ing degree and farinograph quality number were deter-
mined with the Brabender Farinograph (ICC No 115/1).
Farinogram evaluation was made according to Schweiz
(SLMB) using Brabender Programloader Software (13).

Statistical analysis
Data were analyzed using the PROC MIXED proce-

dure of SAS (14). The analysis of variance was made us-
ing production system, foliar N application and cultivar
considered fixed. The mean values of separation were
calculated using the LSD values if the F-test was signifi-
cant at P=0.05. Direct relationships among grain and
flour quality traits were analyzed with simple Pearson
correlation coefficients.

Results and Discussion

Grain quality

Cropping intensity had no significant effect on
1000-grain weight (Tables 2a and 2b) or grain dimen-
sions (length, width and thickness). However, it is inter-
esting to note that 1000-grain weight, grain length,
width and thickness had on average slightly lower val-
ues under extensive production system, while hectolitre
weight showed an opposite trend (Tables 3a and 3b).
The improvement of hectolitre weight under an inten-
sive production system was demonstrated by Varga et
al. (15) in their previous research. Although absolutely
and relatively small, significantly higher hectolitre
weight was found under the intensive system, which
averaged 81.5 kg/hL compared to 81.0 kg/hL in the ex-
tensive production system. These results clearly demon-
strate that hectolitre weight may vary depending not
only on 1000-grain weight and grain shape but also on
grain texture, as was also shown by Pushman and Bing-
ham (7). Hectolitre weight negatively correlated (r =
–0.31*) with grain length, but was strongly positively
correlated (r = 0.61**) with grain thickness (Tables 4a
and 4b). Schuler et al. (3) also found a negative correla-
tion between hectolitre weight and grain length. Among
cultivars, @itarka had the shortest (5.81 mm) and the
thickest (3.09 mm) grain (Tables 5a and 5b). Conse-
quently, the highest average hectolitre weight (82.7
kg/hL) was determined for this cultivar, which was
higher than for Renan (80.9 kg/hL) and Marija (80.1
kg/hL). Although average hectolitre weight was signifi-

cantly higher under the intensive production system,
cropping intensity had no impact on flour yield, as was
also shown by McNeal et al. (10). Interestingly, hectolitre
weight, which is considered to be an indicator of the po-
tential flour yield (4), negatively correlated (r = –0.44**)
with flour yield in our research. Similar results were ob-
tained by Schuler et al. (3), while Hook (16) and Baker
and Golumbic (17) found a poor positive correlation be-
tween hectolitre weight and flour yield. Foliar nitrogen
application at flowering had no effect on flour yield, de-
spite the fact that it significantly increased hectolitre
weight, which averaged 81.7 kg/hL (Table 3a), com-
pared to 80.8 kg/hL in non-treated plots. Pushman and
Bingham (7) also failed to find any effect of foliar nitro-
gen application at flowering on flour yield. Moreover,
foliar nitrogen application at flowering had no impact
on 1000-grain weight, grain length, width and thickness
(Table 2a). Flour yield significantly varied depending on
the cultivar. The highest average flour yield was found
for cultivar Renan (71.5 %), which had the longest (6.76
mm) and the widest (3.47 mm) grain (Table 5a). Schuler
et al. (3) also showed a positive correlation between
flour yield and grain width, but a negative one between
flour yield and grain length. The smallest flour yield
was obtained from cultivar @itarka (67.6 %), which was
characterized by the shortest (5.81 mm) grain length.
These results are in accordance with Altaf et al. (5), who
also pointed out that specific grain dimensions of wheat
cultivars might have a significant influence on flour
yield.

Cropping intensity significantly affected grain pro-
tein content (Table 2a). Under the intensive system,
wheat cultivars had on average 11.55 % of protein com-
pared to 9.88 % in the extensive production system, a
relatively high increase of 16.9 % (Table 3a). Numerous
authors (18–21) have obtained improved grain protein
content due to more intensive nitrogen fertilization. Fo-
liar nitrogen application at flowering additionally in-
creased protein content by 6.1 % and averaged 11.03 %
compared to 10.40 % on non-treated plots. Similar re-
sults on protein content increase due to late nitrogen ap-
plication at flowering were obtained by Finney et al. (4)
and Pushman and Bingham (7). The interaction between
two different production intensities (Production system
– PS) and foliar nitrogen application during flowering
(Foliar N–N) was not significant (NS) for the protein
content in grain (Table 2a), which indicated that foliar
nitrogen application at flowering resulted in similar
grain protein increase under both production systems.
Grain protein significantly varied depending on the
cultivar. The highest protein content was found in culti-
var Renan (11.08 %) (Table 5a), followed by @itarka
(10.76 %) and Marija (10.30 %). However, an interaction
between cropping intensity and cultivar was found (Ta-
ble 2a), indicating that cultivars responded differently to
various cropping intensity levels. Thus, under the exten-
sive system all cultivars had similar protein content,
while significant differences among cultivars were only
found in the intensive production system (Table 5a).
These results indicate that the differences among culti-
vars for grain protein are more evident under intensive
production systems.
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Flour quality

The use of the intensive production system signifi-
cantly increased wet gluten, which averaged 25.8 %
compared to 16.2 % under the extensive system, a very
high relative increase of 59.7 %. Similar results were ob-
tained by Gyori and Szilagyi (21). Moreover, foliar nitro-
gen application at flowering additionally increased wet
gluten, which averaged 22.7 % compared to 19.3 % on
non-treated plots. However, a significant interaction be-
tween cropping intensity (intensive and extensive pro-
duction systems (PS)) and late nitrogen application (Ta-
ble 2b) showed that foliar nitrogen application at
flowering had greater impact under the extensive sys-
tem where wet gluten increased by 5.4 % compared to a
smaller increase of 2.0 % under the intensive production
system (Table 3b). The quantity of wet gluten is a char-
acteristic cultivar trait (Table 2b). @itarka had the high-
est wet gluten (24.4 %) despite the fact that this cultivar

did not have the highest grain protein (Tables 5a and
5b). Then followed cultivar Renan with 21.8 %, and fi-
nally Marija with only 16.8 % of wet gluten. Although a
strong positive correlation (r = 0.82 %**) existed be-
tween wet gluten and protein content, these results
clearly demonstrate that the cultivar with the highest
grain protein may not necessarily have the highest wet
gluten. The absence of cropping intensity � cultivar and
foliar nitrogen application � cultivar interactions (Table
2b) showed that all cultivars used in this experiment si-
milarly improved wet gluten under the intensive produc-
tion system and foliar nitrogen application at flowering.

In contrast to grain protein and wet gluten, gluten
index showed the opposite pattern of response since it
was slightly higher in the extensive system (94.2 %)
compared to the intensive production system (89.8 %).
Therefore, a poor negative correlation existed between
gluten index and protein content (r = –0.20), as was also
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Table 2a. Analysis of variance for winter wheat grain and flour quality traits

Source of
variation

n-1 1000-grain
weight

Grain
length

Grain
width

Grain
thickness

Hectolitre
weight

Flour yield Protein
content

Sedimenta-
tion value

Production
system (PS)

1 NS NS NS NS *** NS *** ***

Rep/ PS 6 – – – – – – – –

Foliar N (N) 1 NS NS NS NS *** NS ** ***

PS × N 1 NS NS NS NS * NS NS NS

Pooled error (a) 6 – – – – – – – –

Cultivar (C) 2 *** *** *** *** *** *** *** ***

PS × C 2 NS NS ** NS * *** ** *

N × C 2 NS * NS * NS NS NS NS

PS × N × C 2 NS NS NS NS NS NS NS NS

Pooled error (b) 24 – – – – – – – –

* significant at P = 0.05 level
** significant at P = 0.01 level
*** significant at P = 0.001 level
NS not significant

Table 2b. Analysis of variance for winter wheat grain and flour quality traits

Source of
variation

n-1 Wet
gluten

Gluten
index

Falling
number

Water
absorption

Dough
develop-

ment time

Dough
stability

Dough
resistance

Softening
degree

Farinograph
quality number

Production
system (PS)

1 *** NS ** *** *** *** *** *** ***

Rep/ PS 6 – – – – – – – – –

Foliar N (N) 1 *** NS NS *** *** NS NS * NS

PS × N 1 * NS NS NS *** NS NS ** NS

Pooled error (a) 6 – – – – – – – – –

Cultivar (C) 2 *** *** *** *** *** *** *** *** ***

PS × C 2 NS NS *** NS *** *** *** NS ***

N × C 2 NS NS NS NS *** ** NS NS NS

PS × N × C 2 NS NS NS NS *** ** NS NS *

Pooled error (b) 24 – – – – – – – – –

* significant at P=0.05 level
** significant at P=0.01 level
*** significant at P=0.001 level
NS not significant



found by Jurkovi} et al. (22). Foliar nitrogen application
at flowering also failed to show any effect on gluten in-
dex (Table 2b). The highest average gluten index was
found for cultivar Renan (96.3 %), followed by Marija
(94.3 %), while @itarka, the cultivar characterized by the
highest wet gluten (Table 5b), had a significantly lower
gluten index than these two cultivars (85.4 %). Conse-
quently, a negative correlation (r = –0.51**) between glu-

ten index and wet gluten existed (Table 4b), as was also
reported by Jurkovi} et al. (22) and ]uri} et al. (23). The
absence of production system � cultivar interaction indi-
cated that gluten quality was a characteristic cultivar
trait regardless of various cropping intensity levels.

Sedimentation value significantly improved under
the intensive system by 67.2 % and averaged 33.6 cm3
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Table 3b. Average grain and flour quality traits of winter wheat cultivars grown under extensive (EPS) and intensive (IPS) produc-
tion systems

Production
system

Foliar N at
flowering

Wet
gluten

Gluten
index

Falling
number

Water
absorption

Dough develop-
ment time

Dough
stability

Dough
resistance

Softening
degree

Farinograph
quality number

% % s % min min min BU no.

EPS Non-treated 13.8 95.7 330 59.6 1.3 0.1 1.3 142 20

Foliar N 18.5 92.6 335 61.4 1.4 0.1 1.5 128 27

IPS Non-treated 24.8 91.2 356 61.2 1.9 1.2 3.2 97 56

Foliar N 26.8 88.5 361 62.3 2.8 0.7 3.5 98 58

LSD (0.05)† NS§ NS NS NS 0.15 NS NS 7.2 NS

LSD (0.05)‡ 0.21 8.4

Average EPS 16.2 94.2NS 333 60.5 1.3 0.1 1.4 135** 23

Average IPS 25.8** 89.8 359** 61.7** 2.4** 0.9** 3.3** 97 57**

Average Check 19.3 93.5NS 343 60.4 1.6 0.6NS 2.2 119* 38

Average Urea 22.7** 90.5 348NS 61.8** 2.1** 0.4 2.5NS 113 42NS

† LSD values for comparing mean values within production systems
‡ LSD values for comparing mean values across production systems
§ not significant production system � foliar N interaction at P=0.05
* significant at P=0.05 level
** significant at P=0.01 level
NS not significant

Table 3a. Average grain and flour quality traits of winter wheat cultivars grown under extensive (EPS) and intensive (IPS) produc-
tion systems

Production
system

Foliar N at
flowering

1000-grain
weight

Grain
length

Grain
width

Grain
thickness

Hectolitre
weight

Flour
yield

Protein
content

Sedimentation
value

g mm mm mm (kg/hL) % % cm3

EPS Non-treated 43.9 6.21 3.43 3.02 80.3 69.7 9.52 17.4

Foliar N 44.7 6.21 3.39 3.02 81.6 70.0 10.24 22.7

IPS Non-treated 43.9 6.17 3.39 2.99 81.2 69.7 11.27 32.1

Foliar N 43.8 6.17 3.39 3.00 81.8 68.9 11.83 35.0

LSD (0.05)† NS§ NS NS NS 0.46 NS NS NS

LSD (0.05)‡ 0.42

Average EPS 44.3NS 6.21NS 3.41NS 3.02NS 81.0 69.8NS 9.88 20.1

Average IPS 43.8 6.17 3.39 2.99 81.5** 69.3 11.55** 33.6**

Average Non-treated 43.9 6.19 NS 3.41NS 3.01NS 80.8 69.7NS 10.40 24.8

Average Foliar N 44.2NS 6.19 3.39 3.01 81.7** 69.4 11.03** 28.9**
† LSD values for comparing mean values within production systems
‡ LSD values for comparing mean values across production systems
§ not significant production system � foliar N interaction at P=0.05
* significant at P=0.05 level
** significant at P=0.01 level
NS not significant



compared to 20.1 cm3 under the extensive production
system. Web and Sylvester-Bradley (20) also found that
nitrogen fertilization significantly increased sedimenta-
tion of two winter wheat cultivars. Moreover, foliar ap-
plication of nitrogen at flowering brought about an ad-
ditional increase in sedimentation, which averaged 28.9
cm3 compared to 24.8 cm3 on non-treated plots. The ab-
sence of an interaction between cropping intensity and
late nitrogen application (Table 2a) indicated that the in-
crease in sedimentation due to foliar nitrogen applica-
tion at flowering was similar under both production

systems. On average, Renan had the highest sedimenta-
tion value (31.5 cm3), followed by @itarka (27.3 cm3) and
finally Marija (21.7 cm3), an identical response to that
for grain protein. Consequently, a strong positive corre-
lation (r = 0.87**) existed between sedimentation and
protein content, as was also reported by ]uri} et al. (23)
and Stickler et al. (24). In addition, a strong positive cor-
relation was found between sedimentation and wet glu-
ten (r = 0.89**). Gyori and Szilagy (21) and Jurkovi} et al.
(22) also found a positive correlation between wet glu-
ten and sedimentation value.
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Table 4a. Simple correlation coefficients among winter wheat grain and flour quality traits

TGW GL GW GT HW FY P S

1000-grain weight (TGW) 0.71** 0.72** 0.72** 0.31* 0.31* 0.25 0.44**

Grain length (GL) 0.71** 0.64** 0.22 –0.31* 0.63** 0.15 0.28

Grain width (GW) 0.72** 0.64** 0.67** 0.04 0.22 –0.02 0.16

Grain thickness (GT) 0.72** 0.22 0.67** 0.61** –0.15 0.08 0.20

Hectolitre weight (HW) 0.31* –0.31* 0.04 0.61** –0.44** 0.37** 0.42**

Flour yield (FY) 0.31* 0.63** 0.22 0.15 –0.44** 0.09 0.06

Protein content (P) 0.25 0.15 –0.02 0.07 0.37** 0.09 0.87**

Sedimentation value (S) 0.44** 0.28 0.16 0.20 0.42** 0.06 0.87**

Wet gluten (WG) 0.31* –0.03 0.07 0.34* 0.68** –0.20 0.82** 0.89**

Gluten index (GI) 0.07 0.45** 0.18 –0.23 0.57** 0.58** –0.20 –0.22

Falling number (FN) –0.18 0.23 –0.14 0.58** 0.42** 0.44** 0.39** 0.31*

Water absorption (WA) 0.45** –0.17 0.18 0.71** 0.93** –0.33* 0.46** 0.53**

Dough development time (DDT) 0.35* 0.17 0.17 0.29* 0.47** 0.04 0.73** 0.80**

Dough stability (DS) 0.36* 0.28 0.02 0.02 0.17 0.31* 0.60** 0.63**

Dough resistance (DR) 0.43** 0.27 0.11 0.18 0.37** 0.21 0.80** 0.85**

Softening degree (SD) –0.09 –0.28 –0.04 0.24 0.01 –0.14 –0.71** –0.77**

Farinograph quality number (FQN) 0.38** 0.23 0.12 0.16 0.40** 0.16 0.82** 0.88**

* significant at P = 0.05 level
** significant at P = 0.01 level

Table 4b. Simple correlation coefficients among winter wheat grain and flour quality traits

WG GI FN WA DDT DS DR SD FQN

1000-Grain weight (TGW) 0.31* 0.07 –0.19 0.45** 0.35* 0.36* 0.43** –0.09 0.39**

Grain length (GL) –0.03 0.45** 0.23 –0.17 0.17 0.28 0.27 –0.28 0.23

Grain width (GW) 0.07 0.18 –0.14 0.17 0.17 0.02 0.11 –0.04 0.12

Grain thickness (GT) 0.34* –0.23 –0.58** 0.71** 0.29* 0.02 0.18 0.24 0.16

Hectolitre weight (HW) 0.68** –0.57** –0.42** 0.93** 0.47** 0.17 0.37** 0.01 0.40**

Flour yield (FY) –0.20 0.58** 0.44** –0.33* 0.04 0.31* 0.21 –0.14 0.16

Protein content (P) 0.82** –0.20 0.39** 0.46** 0.73** 0.60** 0.80** –0.71** 0.82**

Sedimentation value (S) 0.89** –0.22 0.31* 0.53** 0.80** 0.63** 0.85** –0.77** 0.88**

Wet gluten (WG) –0.51** 0.08 0.76** 0.78** 0.51** 0.77** –0.61** 0.81**

Gluten index (GI) –0.51** 0.40** –0.56** –0.26 0.01 –0.15 0.02 –0.18

Falling number (FN) 0.08 0.40** –0.39** 0.27 0.32* 0.36* –0.58** 0.31*

Water absorption (WA) 0.76** –0.56** –0.39** 0.56** 0.26 0.48** –0.05 0.46**

Dough development time (DDT) 0.78** –0.26 0.27 0.56** 0.38** 0.82** –0.45** 0.74**

Dough stability (DS) 0.51** 0.01 0.32* 0.26 0.38** 0.84** –0.43** 0.73**

Dough resistance (DR) 0.77** –0.15 0.36** 0.48** 0.82** 0.84** –0.53** 0.88**

Softening degree (SD) –0.61** 0.02 –0.58** –0.05 –0.45** –0.43** –0.53** –0.66**

Farinograph quality number (FQN) 0.81** –0.18 0.31* 0.46** 0.74** 0.73** 0.83** –0.66**

* significant at P=0.05 level
** significant at P=0.01 level



The use of an intensive production system resulted
in higher falling numbers, which averaged 359 s com-
pared to 333 s under the extensive production system
(Table 3b). An almost linear increase in falling number
due to more intensive nitrogen fertilization rates was
shown by Gooding et al. (9). However, foliar nitrogen
application at flowering had no effect on falling number
(Table 2b). Falling number significantly varied depend-
ing on the cultivar. Marija had the highest average fall-
ing number (364 s), with Renan slightly lower (355 s),
and @itarka the lowest (319 s) (Table 5b). However,
these results showed that all cultivars had low amyloly-

tic activity due to falling numbers higher than 300 s. The
significance of cropping intensity � cultivar interaction
was found (Table 2b) since only cultivars @itarka and
Renan increased the falling number under the intensive
production system (Table 5b). Marija showed the oppo-
site response since slightly smaller falling number was
determined for this cultivar under the intensive system
in comparison with the extensive production system.
Web and Sylvester-Bradley (20) also found that some
cultivars failed to significantly improve the falling num-
ber under more intensive nitrogen fertilization.

327B. VARGA et al.: Wheat Grain and Flour Quality, Food Technol. Biotechnol. 41 (4) 321–329 (2003)

Table 5a. Grain and flour quality traits of winter wheat cultivars grown under extensive (EPS) and intensive (IPS) production
systems

Production
system

Cultivar 1000-grain
weight

Grain
length

Grain
width

Grain
thickness

Hectolitre
weight

Flour
yield

Protein
content

Sedimenta-
tion value

g mm mm mm (kg/hL) % % cm3

EPS Marija 37.9 5.96 3.32 2.89 79.9 70.6 9.84 15.6

@itarka 44.6 5.83 3.39 3.11 82.3 68.5 9.86 21.3

Renan 50.4 6.82 3.51 3.08 80.7 70.5 9.95 23.4

IPS Marija 38.0 6.00 3.35 2.89 80.2 68.6 10.77 27.8

@itarka 44.1 5.80 3.40 3.07 83.1 66.7 11.67 33.4

Renan 49.4 6.70 3.43 3.02 81.2 72.6 12.22 39.6

LSD (0.05)† NS§ NS 0.049 NS 0.29 1.39 0.48 2.30

LSD (0.05)‡ 0.057 0.37 1.26 0.49 2.03

Average Marija 38.0 5.98 3.33 2.89 80.1 69.6 10.30 21.7

@itarka 44.4 5.81 3.39 3.09 82.7 67.6 10.76 27.3

Renan 49.9 6.76 3.47 3.05 80.9 71.5 11.08 31.5

LSD (0.05) 0.56 0.076 0.035 0.027 0.20 0.99 0.340 1.63
† LSD values for comparing mean values within production systems
‡ LSD values for comparing mean values across production systems
§ not significant production system � cultivar interaction at P=0.05

Table 5b. Grain and flour quality traits of winter wheat cultivars grown under extensive (EPS) and intensive (IPS) production
systems

Production
system

Cultivar
Wet

gluten
Gluten
index

Falling
number

Water
absorption

Dough
development

time
Dough

stability
Dough

resistance
Softening

degree

Farinograph
quality
number

% % s % min min min BU no.

EPS Marija 12.0 99.0 369 57.9 1.1 0.1 1.2 136 18

@itarka 20.0 84.9 296 63.4 1.5 0.1 1.6 148 27

Renan 16.5 98.6 333 60.3 1.4 0.1 1.4 122 24

IPS Marija 21.5 89.6 359 59.0 1.5 0.2 1.7 92 36

@itarka 28.8 86.0 341 64.3 2.6 0.8 3.4 108 56

Renan 27.1 93.9 376 61.8 3.0 1.9 4.9 92 78

LSD (0.05)† NS NS 19.4 NS 0.20 0.43 0.41 NS 7.7

LSD (0.05)‡ 18.8 0.24 0.45 0.55 7.9

Average Marija 16.8 94.3 364 58.4 1.3 0.1 1.4 114 27

@itarka 24.4 85.4 319 63.8 2.1 0.4 2.5 127 42

Renan 21.8 96.3 355 61.1 2.2 1.0 3.2 107 51

LSD (0.05) 1.03 4.50 13.8 0.46 0.14 0.31 0.29 5.8 5.4
† LSD values for comparing mean values within production systems
‡ LSD values for comparing mean values across production systems



Flour water absorption significantly improved un-
der the intensive system and averaged 61.7 % compared
to 60.5 % under the extensive production system (Table
3b). Pushman and Bingham (7) and McNeal et al. (18)
also reported higher water absorption due to increased
nitrogen fertilization rates. Moreover, foliar nitrogen ap-
plication at flowering resulted in additional increases in
water absorption, which averaged 61.8 % compared to
60.4 % on non-treated plots, as was also found by
McNeal et al. (18). The absence of an interaction between
cropping intensity and late nitrogen application (Table
2b) indicated that foliar nitrogen application at flower-
ing resulted in a similar increase in water absorption
under both production systems. @itarka had the highest
average water absorption (63.8 %), followed by Renan
(61.1 %), while Marija had the lowest (58.4 %), an identi-
cal response as for wet gluten (Table 5b). Consequently,
a strong positive correlation (r = 0.76**) existed between
these two traits (Table 4b), which is in accordance with
findings by Jurkovi} et al. (22).

The use of the intensive production system resulted
in a significantly improved dough development time
(78.2 %), dough stability (900.0 %) and dough resistance
(138.1 %). McNeal et al. (10) also found an increase in
dough development time and dough stability under
more intensive production systems. Dough develop-
ment time, dough stability and dough resistance posi-
tively correlated with wet gluten content (Table 4b), as
was also found by Jurkovi} et al. (22). Moreover, the in-
tensive production system brought about the decrease
in softening degree by 29.5 %, which also had a positive
effect on bread-making quality of wheat. Consequently,
significantly higher farinograph quality numbers have
been found under the intensive system, which averaged
57 compared to 23 in the extensive production system, a
high relative increase of 142.8 %. Foliar nitrogen appli-
cation at flowering additionally increased dough devel-
opment time by 28.4 %, while it had no impact on
dough stability and dough resistance (Table 2b). Softe-
ning degree significantly decreased due to foliar nitro-
gen application at flowering and averaged 113 Bran-
brender units (BU) compared to 119 BU on non-treated
plots (Table 3b), which also resulted in a small improve-
ment in farinograph quality number.

Conclusions

The use of an intensive production system signifi-
cantly increased hectolitre weight (1.9 %), protein con-
tent (16.9 %), wet gluten (59.7 %), sedimentation (67.2
%), falling number (7.8 %), water absorption (2.0 %),
dough development time (78.2 %), dough stability (900.0
%), dough resistance (138.1 %) and farinograph quality
number (142.8 %) compared to an extensive system,
whereas the intensive system had no effect on gluten in-
dex, flour yield and physical grain properties (1000-
-grain weight, grain length, width and thickness). Only
softening degree decreased by 29.5 % under the inten-
sive system compared to the extensive production sys-
tem, which also had a positive impact on flour quality.
The differences in protein content between cultivars
were evident only under the intensive system, while all

cultivars had similar protein contents in the extensive
production system. Moreover, grain protein (9.88 %)
and wet gluten (16.2 %) were below the minimum re-
quirements for wheat bread-making quality under the
extensive production system. Foliar nitrogen application
at flowering additionally increased hectolitre weight (1.1
%), protein content (6.1 %), wet gluten (11.8 %), sedi-
mentation (16.5 %), water absorption (2.5 %) and dough
development time (28.4 %) in comparison with non-trea-
ted plots. Flour yields significantly varied depending on
the specific grain dimensions of the cultivars. The find-
ings clearly demonstrated that desirable level of bread-
-making quality of wheat in Croatia might be achieved
only under an intensive production system, particularly
at high nitrogen fertilization rates.
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Utjecaj agrotehni~kih mjera na kakvo}u

p{eni~nog zrna i bra{na

Sa`etak

Prosje~ni prinos zrna od svega 3,93 t/ha u razdoblju od 1991. do 2001. godine upu}uje
na to da se ozima p{enica (Triticum aestivum L.) u Hrvatskoj jo{ uvijek uglavnom uzgaja u
ekstenzivnim uvjetima proizvodnje, tj. uz nedovoljnu gnojidbu du{ikom. Stoga je svrha tih
istra`ivanja bila utvrditi utjecaj intenziteta proizvodnje i folijarne primjene du{ika u fazi
cvatnje na kakvo}u zrna i bra{na raznih sorata p{enice. Dva intenziteta proizvodnje (inten-
zivna i ekstenzivna) primijenjena su na pokusnom polju u vegetacijskoj sezoni 1999/2000.
na Agronomskom fakultetu u Zagrebu. Intenzivna proizvodnja, u usporedbi s ekstenziv-
nom, statisti~ki je zna~ajno pove}ala hektolitarsku masu (1,9 %), udjel proteina (16,9 %),
vla`noga glutena (59,7 %), sedimentacijsku vrijednost (67,2 %), upijanje vode (2,0 %), vrije-
me razvoja tijesta (78,2 %), njegovu stabilnost (900,0 %), otpor tijesta (138,1 %) i farinograf-
ski broj kakvo}e (142,8 %), a nije bitno utjecala na glutenski indeks, prinos bra{na i fizikalne
osobine zrna (masu 1000 zrna, njegovu du`inu, {irinu i debljinu). Intenzivnom proizvod-
njom smanjen je samo stupanj omek{avanja zrna (29,5 %), {to je pobolj{alo pekarsku kak-
vo}u bra{na. Folijarna prihrana du{ikom u fazi cvatnje dodatno pove}ava hektolitarsku
masu (1,1 %), udjel proteina (6,1 %), vla`noga glutena (11,8 %), sedimentaciju (16,5 %),
upijanje vode (2,5 %) i vrijeme razvoja tijesta (28,4 %). Rezultati istra`ivanja pokazuju da
se ve}a pekarska kakvo}a p{enice mo`e ostvariti samo intenzivnom proizvodnjom, u pr-
vom redu primjenom velikih doza du{i~nih gnojiva.
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