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Exact field small-plot trials with winter wheat varieties Ludwig and Sulamit (both the quality groups E—elite) in organic farming in
the sugar-beet growing region of Central Bohemia were conducted in the years 2005 and 2006 to test the possibility of increase in
the crude protein content in grain and improvement of baking quality (row spacing 125, 250 and 375 mm, sowing rates 200, 300 and
400 germinating grains per m?) under the change of the stand structure. Statistically significant increase of crude protein content in
wheat grain dry matter by approximately 0.6% was found at widening of row spacing from 125 to 250 mm and by about 1.2% at
widening of row spacing from 125 to 375 mm. So, the variants cultivated in wider row spacings fulfilled the requirement for crude
protein content in grain dry matter of food and baking wheat for minimum 11.5%. Wheat cultivation in wider rows had no negative

impact on the grain yield.
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INTRODUCTION

The most significant differences in quality parameters
of cereals cultivated in conventional and organic farming
usually comprise the differences in the content of crude
protein in grain dry matter. Higher need of nitrogen, par-
ticularly in late vegetation phases, when the grain is creat-
ing and ripening (in conventional agriculture just for this
critical period quality additional nitrogen fertilization is
applied for improvement of technological quality), in or-
ganic system with absence of fertilizers, fast acting, is
a frequent reason of nitrogen deficit that is manifested by
lower accumulation of storage proteins. This worsens pos-
sibilities of food, particularly baking processing (Pru-
gar, 1999).

Other measures should be sought for when wheat is
cultivated ecologically that should have allowed increase
of protein content and hence, improvement of food, baking
quality.

One of the possibilities is the selection of variety. Co-
efficient of heritability is relatively low (H=0.37) (Ka-
dar, Moldovan, 2003) for the protein content. It
follows from it that the rate of influence of this quality trait
by genotype is lower compared with the effect of environ-
ment (Triboi etal, 2000; Bushuk, Bekes, 2002).

However, the selection of a suitable variety in organic
farming is very important input factor. The use of varieties
of the quality group E (elite) (Forster et al., 2004) is
above all a prerequisite of success of cultivation of food,
baking wheat in organic farming, because as reported by
Petr et al. (1998), the varieties with genetically estab-
lished good milling and baking quality preserve these
traits at different cultivation systems, i.e. also at lower
inputs.

Protein production in grains, particularly gluten frac-
tions of gliadins and glutenins, are affected by time and
intensity of irradiation of plants in the stand (Petr etal.,
1987). Therefore, different organisation and structure of
winter wheat stand (wider row spacings and lower seeding
rates) that should allow as best as possible irradiation ben-
efit, are another possibilities of increase in crude protein
content in grain compared with traditional system of wheat
stand establishment in narrow rows, what could provide
irradiation pleasure as the best as possible.

The system of wheat cultivation in wider row spacings
was tested in Germany, where it had been proved that at
wide row spacings not only the protein content is increas-
ing but also the values of sedimentation test. The results
of the tests showed globally that high baking quality can
be achieved using this system (Forster etal., 2004).

Hiltbrunner et al. (2005) performed the similar
research. They reported in their study a statistically sig-
nificant increase in crude protein content in dry matter (by
about 1%) at widening of row spacing from 187.5 to
375 mm. At the same time they add that no decrease in
grain yield was found with increasing row spacing.

Our study was aimed at testing of the grain yields and
quality of winter wheat cultivated in organic farming at
different row spacings and different sowing rates and at
judging of the possibilities of improvement of techno-
logical grain quality using these cultural practices.

MATERIAL AND METHODS

Precise small-plot field trials with two varieties of win-
ter wheat Ludwig and Sulamit (both quality class E) were
conducted in the years 2004/2005 and 2005/2006 on the
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experimental station of the Department of Plant Produc-
tion of CULS Prague in Uhtinéves, in sugar-beet growing
region. The site is situated at 295 m above sea level, aver-
age annual temperature 8.4 °C, average annual sum of
precipitation 575 mm. Clay-loam cambisol with a good
reserve of nutrients has a topsoil deep 25-30 cm. The top-
soil is slightly to medium humus (1.74-2.12%), with neu-
tral response in the whole profile, production potential of
soils 84 points. Weather pattern on experimental station
Uhfinéves in experimental years and long-term average of
temperatures and precipitation are in Table 1.

Experimental station Uhfinéves is certified for con-
ductance of experiments by organic growing, experiments
are carried out according to the IFOAM (International
Federation of Organic Agriculture Movement) principles
and Methodological Instruction for ecological agriculture
of the Ministry of Agriculture of the Czech Republic, with-
out fertilizers and pesticides. Experiments were carried out
by the method of randomised blocks in three replications;
average size of experimental plot was 10 m’. Three row
spacings were used in the trial: 125, 250 and 375 mm and
three sowing rates — 200, 300 and 400 germinating grains
per m’. Red clover was a forecrop. Experiments were two
times harrowed by weeder-mulcher during spring vegeta-
tion, experimental variants with row spacing 250 and 375
mm were cultivated two times by Martinek’s thrust how.

After harvest of the trials the yield was determined and
crude protein was determined in grain dry matter (Czecho-
slovak Standard CSN ISO 1871) and Zeleny’s sedimenta-
tion test (CSN ISO 5529).

Yield results and results of the quality evaluation were
statistically assessed by analysis of variance of multiple
classification (ANOVA) in the program Statgraphics Plus,
version 5.1, with calculation of the testing criterion F. Sig-
nificance of differences between means of varieties, years,
sowing rates and rows was verified by LSD test on the
level of significance a = 0.05.

RESULTS AND DISCUSSION

The main criterion of our study was to test whether it
is possible to achieve increase in crude protein content in
wheat grain dry matter in wider row spacing, and hence to
reach better technological, baking quality.

In both evaluated years the increase of crude protein
content in grain dry matter was found with increasing row
spacing. In 2005 at the row spacing of 250 mm higher
content of crude protein by 0.67% was recorded, whereas
at the row spacing of 375 mm this value was higher by
1.47 compared to variant with traditional narrow row spac-
ing of 125 mm. In 2006 at row spacing of 250 mm crude
protein content increased compared to narrow row spacing
by 0.47%, in the variant with row spacing of 375 mm it
was by 0.9% (Table 2). In the both evaluated years the
variants with the widest row spacing fulfilled the require-
ment for crude protein content in grain dry matter of wheat
of food baking quality 11.5% (Czechoslovak Standard
461100-2), in 2006 this requirement was fulfilled also in

row spacing of 250 mm. In total the crude protein content
in grain dry matter in 2006 was significantly higher com-
pared with the previous year; the reason was probably an
extraordinary dry and warm July of 2006 (Table 1). The
fact that protein content in wheat grain should be affected
also due to the water stress in the period of grain formation
and ripening are demonstrated in their studies by Hubik
(1995) and Zhao etal. (2005).

It follows from the values of the tested criterion F'
(Table 3) that the crude protein content in grain dry matter
was in both evaluated years affected the most by row spac-
ing (however, in 2005 the effect of row spacing was man-
ifested more expressively), followed by the effect of vari-
ety on the crude protein and on average of both evaluated
years the year was also manifested statistically signifi-
cantly. On the contrary, sowing rate was not affected sta-
tistically significantly by the crude protein content.

The above-mentioned results are in congruency with
the conclusions made by Forster et al. (2004) and
Petr etal. (1987) that by different stand structure, which
occurs during cultivation in wider row spacing, it is pos-
sible to support the synthesis of proteins in grain of wheat
in organic farming.

These pieces of knowledge are supported also by the
results of evaluation of different components in dry matter
of above-ground biomass of plants (Table 4), from which
a certain trend is visible testifying on slightly better nutri-
tional state of plants cultivated in wider row spacing com-
pared to the variants with traditional narrow row spac-
ing.

A significant role for food, baking use is played not
only by amount but also by quality of proteins. The qual-
ity of protein complex in view of baking utilisation is very
well characterised by Zeleny’s sedimentation test.

The Czechoslovak standard 46 1100-2 gives 30 ml as
a bottom limit of Zeleny’s test of food and baking wheat.
It is evident from our results (Table 2) that both evaluated
varieties Ludwig and Sulamit much exceeded this value.
With an increase of row spacing also in the case of Ze-
leny’s test increased the values of food and baking wheat
that reached the evaluated varieties also in the variants
cultivated in traditional narrow rows.

It is apparent from the values of testing criterion F'
(Table 3) that the values of Zeleny’s test were affected in
both evaluated years the most by variety, followed by row
spacing that was applied more in 2005 than in the follow-
ing year. The effect of the sowing rate and the year on the
Zeleny’s test was statistically insignificant. These results
giving evidence of prevailing genotype dependence of
Zeleny’s test are in accord with e.g. conclusions made by
Matuz (1998)and Kadar, Moldovan (2003).

Except the quality of production in cultivation of or-
ganic wheat in wider row spacings, it is necessary to pay
attention to the grain yields.

It is evident from the values of testing criteria /' (Table
3) that the grain yield was the most affected by the sowing
rate in 2005, in 2005 the effect of variety prevailed; on
average of the both evaluated years 2005-2006 the yield
was affected the most by variety, followed by the sowing
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Table 1. Weather pattern on the experimental station Uhfinéves in the years 2004-2006 and long-term average of temperatures and precipitation

2004-2005 2005-2006 Long-term average
Average daily Average sum of Average daily Average sum of Average daily Average sum of
temperature (°C) | precipitation (mm) | temperature (°C) | precipitation (mm) | temperature (°C) | precipitation (mm)
September 14.1 48 15.8 50 14.0 49
October 8.8 40 10.1 11 8.6 41
November 34 36 34 18 3.2 34
December -0.6 35 0.1 38 -0.5 34
January 23 33 —4.6 19 -2.1 28
February -1.2 44 -1.1 29 -0.8 27
March 3.1 12 2.5 48 3.4 31
April 11.1 18 10.6 47 8.2 46
May 14.7 52 14.2 95 13.4 65
June 17.4 59 18.5 84 16.3 74
July 19.2 132 23.8 12 18.2 74
August 17.4 65 16.8 116 17.5 72

Table 2. Analysis of variance for the grain yield, crude protein content in grain dry matter and Zeleny’s sedimentation test (LSD, a = 0.05)

2005 2006 2005/2006
5 D,. Signifi- 5 D, Signifi- 5 D,. Signifi-
cance cance cance
Grain yield
. Ludwig 6.02 0.38 A 6.32 0.41 A 6.19 0.30 A
Variety .
Sulamit 5.38 B 4.93 B 5.15 B
) 125 5.62 0.46 AB 5.66 0.49 A 5.67 0.37 AB
Row spacing 250 5.46 A 5.50 A 5.48 A
(mm)
375 6.02 B 5.71 A 5.86 B
Sowing rate 200 4.95 0.46 A 5.21 0.51 A 5.11 0.39 A
(germinating 300 5.94 B 5.75 AB 5.84 B
. 2
grains per m’) 400 6.21 B 591 B 6.06 B
2005 5.69 0.28 A
Year
2006 5.64 A
Crude protein content
. Ludwig 10.73 0.37 A 11.13 0.59 A 10.93 0.33 A
Variety .
Sulamit 11.19 B 12.21 B 11.70 B
] 125 10.25 0.46 A 11.21 0.71 A 10.73 0.40 A
Row spacing 250 10.92 B 11.68 AB 11.30 B
(mm)
375 11.72 C 12.11 B 11.92 C
Sowing rate 200 11.11 0.42 A 11.77 0.74 A 11.44 0.45 A
(germinating 300 10.95 A 11.67 A 11.31 A
. 2
grains per m’) 400 10.83 A 11.56 A 11.20 A
2005 10.96 0.32 A
Year
2006 11,67 B
Sedimentation test Zeleny
. Ludwig 40.94 3.78 A 40.66 2.38 A 40.83 2.21 A
Variety )
Sulamit 48.94 B 49.30 B 49.08 B
) 125 41.75 4.63 A 44.98 2.85 AB 43.33 2.68 A
E;’X)Spacmg 250 43.67 A 43.29 A 4348 A
375 49.42 A 46.67 B 48.04 B
Sowing rate 200 47.42 4.82 A 45.40 2.92 A 4638 272 A
(germinating 300 44.08 A 44.67 A 44.38 A
. 2
grains per m’) 400 4333 A 44.88 A 44.10 A
2005 44.94 2.19 A
Year
2006 44.95 A

X — average values of grain yields (t.ha’l), crude protein content in grain dry matter (%) and sedimentation Zeleny’s test (ml), D, — minimum sig-
nificant difference, differences between average values denoted by the same letters are not statistically significant
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Table 3. Effects of different factors (variety, row spacing, sowing rate, year) on yields, crude protein content in grain dry matter and Zeleny’s sedi-

mentation test (ANOVA, calculated values of testing criterion F)

2005
Grain yield Crude protein content Zeleny’s test
F % F % F %
Variety 1.85% 22.87 0.95* 12.37 288.00** 53.76
Row spacing 0.98" 12.11 6.49%* 84.50 191.03%* 35.66
Sowing rate 5.26%* 65.02 0.24" 3.13 56.69" 10.58
2006
Variety 8.23%x* 82.88 3.58%* 48.38 315.53%* 89.80
Row spacing 0.15" 1.51 3.69%* 49.86 3417 9.72
Sowing rate 1.55% 15.61 0.13" 1.76 1.67" 0.48
2005/2006
Variety 9.50%* 58.35 4.97*%* 27.22 601.45%* 74.26
Row spacing 0.88" 5.41 8.76%* 47.97 171.73%* 21.20
Sowing rate 5.87%%* 36.06 0.29" 1.59 36.50" 4.51
Year 0.03" 0.18 4.24%* 23.22 0.20" 0.03

** statistical significance o = 0.01, * statistical significance o = 0.05, n = statistically insignificant

Table 4. The content of different elements in dry matter of above-ground biomass of plants (samples of plants taken on 29 April, 2005 and

on 28 April, 2006 — shooting)

Content of different elements in dry matter of above-ground part of biomass of plants (%)

N K Ca Mg
) Ludwig 4.67 0.46 3.87 0.69 0.14

Variety )
Sulamit 4.76 0.45 3.93 0.65 0.13
125 4.30 0.43 3.62 0.65 0.13
Row spacing (mm) 250 4.93 0.47 3.98 0.62 0.14
370 4.92 0.47 4.10 0.68 0.14
Sowing rate 200 4.82 0.47 3.92 0.68 0.14
(germinating grains 300 4.68 0.45 3.86 0.65 0.13

2
per m’) 400 4.64 045 3.91 0.68 0.14
2005 4.70 0.47 3.80 0.62 0.15
Year

2006 4.73 0.44 4.00 0.73 0.12

rate. Row spacing did not affect the yield statistically sig-
nificantly and the effect of years was also insignificant.
Detailed similar evaluation of significance of differences
between different varieties, sowing rates and rows using
LSD test is documented by the effect of variety on the
grain yield in different experimental years and in average
of both the years as well. Row spacing affected grain
yields in 2006 insignificantly; in 2005, on the contrary, the
effect of row spacing was significant. In both years the
highest yield was found at the widest rows (375 mm). The
highest yield in both experimental years was recorded at
the highest sowing rate (400 germinating grains per mz);
the difference between sowing rates 300 and 400 germi-
nating seeds per m’, however, was statistically insignifi-
cant (Table 2).

In cultivation in wider row spacing, particularly 375
mm, a strong competition between plants and reduction of
the cumber of plants during vegetation are manifested. So,
it can be said that in congruency with conclusions made

by Forster etal. (2004), in wheat cultivation in wider
row spacings lower sowing rates can be applied (approxi-
mately 300 grains per mz) than are usually applied in
wheat cultivation in traditional narrow row spacings, with-
out significant impact of this reduction of sowing rate on
the grain yield.
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Vliv péstovani ekologické pSenice v SirSich Fadcich na vynos a jakost zrna.

Scientia Agric. Bohem., 39, 2008: 1-5.

V ptesnych polnich maloparcelkovych pokusech s odridami ozimé pSenice Ludwig a Sulamit (ob¢ jakostni skupi-
na E — elitni) vedenych v ekologickém zplisobu péstovani v fepatské oblasti stiednich Cech v letech 2005 a 2006 jsme
provétovali, zda 1ze docilit pii zméné struktury porostu (Sitka fadka 125, 250 a 375 mm, vysevky 200, 300 a 400 kli-
¢ivych obilek na m’) zvyseni obsahu N-latek v zrnu a zlepSeni pekaiské jakosti.

Bylo zjisténo statisticky prikazné zvyseni obsahu N-latek v susiné zrna pSenice o cca 0,6 % pfi rozsifeni mezirad-
kové vzdalenosti ze 125 mm na 250 mm a o cca 1,2 % pfi rozsifeni mezitadkové vzdalenosti ze 125 mm na 375 mm.
Varianty péstované v SirSich fadcich tak splnily pozadavek na obsah N-latek v susin¢ zrna pSenice potravinaiské peka-
renské min. 11,5 %. Péstovani pSenice v §irsich fadcich pfitom nemélo negativni dopad na vynos zrna.

ekologické zemédélstvi; ozima pSenice; Siroké fadky; obsah N-latek; Zelenyho sedimentacni test, vynos zrna
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