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Abstract
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No. 5, pp.391-398

Field trials with winter rape (Brassica napus L. var. napus) variety Rasmus were established in Augustin
the years 2002-2004 at the experimental station in Kolitiany which belongs to the Slovak University
of Agriculture in Nitra. In the experiments we explore the effect of supplementary spring topdress-
ing of rape with nitrogen and boron in the BBCH 29-30 stage with regard to the yields of seeds and
their qualitative parameters (TSW, content of oil and crude protein). In the experiment we applied
DAM-390 (solution of ammonium nitrate and urea, 30% N) at a rate of 30kg N/ha and Humix Bér
(humic acids + N, K, B) at a rate of 0.240kg B/ha. The different climate conditions in the respective
years had a significant effect on yields of rapeseed and ranged as follows: 2003: 1.80-2.29 t/ha; 2004:
2.60-3.35t/ha; 2005: 2.45-3.29t/ha. The significant decrease in seed yields in the first year of the ex-
periment was caused namely by the deficit in precipitation in January, February and June 2003 and
high temperatures in May and June in the same year. In terms of the individual years and the three-
year average the application of Humix Bér itself did not significantly improve the yield and qualitative
parameters of seeds compared to the unfertilised control. In a three-year average the application of
the N fertiliser alone or in combination with Humix Bér increased seed yields and the crude protein
content by 22.4-30.7% and 4.0-4.9 rel. %, respectively, compared to the unfertilised control. The sig-
nificantly highest seed yields (2.98t/ha) were achieved when the plants were treated with a combi-
nation of nitrogen and Humix Bér as compared to all the other treatments (2.28-2.79t/ha). The oil
content in seeds increased significantly to 44.1% only when treated with a combined application of
DAM-390 and Humix Boér as against the unfertilised control (42.8%). Fertilisation did not change
the TSW which ranged only between 4.47 and 4.67 g.
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In recent years rapeseed has become the most im-
portant oil-seed plant in Slovakia. Processing its
seeds is of determining significance for the food and
chemical industry. It is linked with the processing of
rapeseed oil for human consumption, as well as for
technical purposes and for the production of bio-
oils and bio-fuels (Rathke et al., 2006).

With regard to its high nutrition requirements,
rapeseed ranks among the most demanding agri-
cultural crops. The results of many scientific works
as well as practical knowledge have confirmed that
the optimal supply of biogenic elements for crops,

especially with regard to nitrogen in plant nutri-
tion (Sidlauskas and Tarakanovas, 2004; Rathke et al.,
2005; Balik et al., 2006; Losak, 2001, 2003), as well as
boron (Wang et al., 1999), is the most determining
factor for the quality and amount of the rape seeds.
Boron is an important nutrient for other oil plants as
well (Losak et al., 2004).

Rape crops are often cultivated on soils low in B
(strongly weathered soils, coarse textured soils, shal-
low soils, thin soils over calcareous soils, volcanic
ash soils) or where plant availability of boron is re-
duced, for example as a consequence of high soil
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pH, liming and/or drought periods during growth.
For this reason boron deficiency in rape crops is
monitored on a worldwide basis (Shorrocks, 1997).

In plants, boron plays an important role especially
in the formation of meristems, processes of polli-
nation and, thus, formation of seed yields. Boron is
also important for the phloem transport of sucrose.
Marschner (2002) demonstrated that it is also neces-
sary for processes of synthesis of cell walls and cy-
tokines and for lignification. It is also necessary for
synthesis of nucleic acids, for incorporation of N
into RNA synthesis and for proteosynthesis (Men-
gel and Kirkby, 2001). Chakraborty and Das (2000)
found out that, in interaction with sulphur, boron
increased the content of oil in seeds.

Symptoms of B deficiency on rapeseed plants did
notappear until the upper parts of the plants formed
pods, with seed development limited to those pods
located on the lower parts of the plant. Also, B defi-
ciency delayed maturity and kept the plants in an in-
determinate stage of growth with flowers forming
up to the time of the first killing frost. Similarly, B-
deficient canola appeared normal in early growth
stages, showed red margins and/or intervenal mot-
tling at bloom stage and had a reduced seed set (Ny-
borg and Hoyt, 1970).

Nowadays the attention focused on exploiting
the stimulating effects of humates in nutrition of
agricultural plants has grown not only in research
works, but also in agricultural practice (Lozek et al.
2001). The sorption capacity and mainly the ion-ex-
change capacity of humus substances have a cru-
cial effect not only on the elution of nutrients from
soil but also on the self-purifying function of soil if
it is contaminated by xenobiotic pollutants, forma-
tion of organo—mineral complexes of soil aggregates
and many other factors that are important for po-
tential soil fertility (KolaF et al., 2008). Humates are
harmless compounds from the toxicological point
of view and with regard to their composition they
are environmentally-friendly. Humates, e.g. calcium,
sodium, ammonium, etc., have stimulating, adsorp-
tion and protection traits and thus it is suitable to
apply them together with plant nutrition and plant
protection means (Vrba, 1987; Lozek et al. 2001).

The focus of this study is on the influence of pro-
ductive fertilising of rapeseed with nitrogen and bo-
ron applied in phase BBCH (29-30) on seed yields
and qualitative parameters.

MATERIALS AND METHODS

The field study including nutrition experiments
was carried out in late August between 2002 and
2004 in Kolifiany at the experimental station of
the University’s agricultural enterprise in Nitra with
the rapeseed (Brassica napus L. var. napus.) variety Ras-
mus on loamy brown soil in 4 repetitions; the size
of the experimental plots was 90m? and the sowing
rate was 60,000 germinating seeds. Agrochemical
characteristics of the soil before laying out the ex-
periments are shown in Table I. The characteristics
of weather conditions in 2002-2005 are presented as
follows: precipitation (% of the long-term average) in
Table IT and temperatures (deviations from the long-
term average) in Table ITI (Koznarové and Klabzuba,
2002). The influence of topdressing of rapeseed with
nitrogen and boron applied in phase BBCH (29-30)
on the yield of the seeds and qualitative parameters
was evaluated. Autumn fertilising was carried out at
a rate of 20kg N.ha!, 40kg P.ha' and 160kg K.ha!
in the form of ammonium-dihydrogenphosphate
and potassium chloride every year. Regenera-
tion fertilising was conducted in spring (7 March
2003, 4 March 2004 and 10 March 2005) at a rate of
50kg N.ha! with fertilizer LAD (ammonium nitrate
with dolomite). Topdressing of rapeseed with nitro-
gen and boron was carried out later in March (25
March 2003, 23 March 2004 and 30 March 2005) in
phase BBCH (29-30). Fertilisers such as Humix bo-
ron (humic acids 3%, nitrogen 1%, potassium (K,0)
min. 1.8%, pH value = 7-8, boron 40 000 mg/kg, zinc
290mg/kg, copper 95mg/kg, manganese 42 mg/kg,
iron 40mg/kg, density 1.2g/cm’) and DAM-390
(liquid fertiliser-ammonium nitrate and urea, 30%
N, density 1.3 g/cm?®) were used. The treatments of
the experiment are shown in table IV. The crops
were harvested with a combine-harvester. Standard
methods were used to analyse the soil and plant ma-
terial. The influence of treatments with fertilisers
on the yield of the seeds, mechanical and chemi-
cal traits of the seeds was assessed after harvest.
The yield parameters were evaluated with statistical
methods, the analysis of variance (ANOVA) and sig-
nificance of the differences between years and treat-
ments with the LSD test (o. = 0.05).

RESULTS AND DISCUSSION
Crop nitrogen use efficiency is related to climate
conditions, soil properties and interaction between
nutrient elements. Brassica plants also need a high

I: Agrochemical characteristics of the soil before the establishment of the experiments to a depth of 0.3 m

Soil analysis 2002/2003 2003/2004 2004/2005
PpH/KCI 6.70 6.62 6.68
N,, (mg/kg) 9.6 8.8 14.5
P Mehlich IT (mg/kg) 36.0 35.3 38.5
K Mehlich IT (mg/kg) 155.0 172.0 185.0
Content of C% Tjurin (%) 1.77 1.85 1.89
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level of boron in soils (Stangoulis et al., 2000). Dif-
ferent climatic conditions statistically significantly
influenced the yield of rapeseed in the individual
years of the experiment. The highest yield was
gained in experimental years 2003/2004 (the ave-
rage from all treatments was 2.97t/ha), when precip-
itation was favourable from February till May with
suitable temperature average against the long-term
standard what had a positive effect on the produc-
tion process (Tab. II). The years 2004/2005 were at
the level of a 30-year standard, i.e. both temperature
and precipitation averages, and the obtained ave-
rage yield of the seeds was 2.85t/ha. In 2002/2003
the yields decreased significantly (the average yield
was 2.03 t/ha), when the weak intensity of precipita-
tion (January, February, March, June) and high tem-
perature in May and June negatively influenced
the final production of the seeds (Tab. V). It was dis-
covered that the climatic conditions significantly af-
fected yield formation of the selected agricultural

crops (Hubik, 1995; Ducsay and LoZek, 2004; Istan-
bulluoghu, 2010).

Differences among the treatments in the indivi-
dual years correspond to the differences in terms of
average three-year values (Tab. V). Nitrogen applied
in the form of topdressing in treatment 3 resulted
in a statistically significant increase in seed yield
in comparison with the unfertilised control (treat-
ment 1) and with the application of boron (treat-
ment 2). The seed yield of treatments fertilised with
boron (2.41t/ha) was not affected significantly in
comparison with the control treatment (2.28t/ha).
In their experiments with foliar applications of bo-
ron to rape Karamanos et al. (2003) reached the same
conclusions. Treatment with joint foliar applica-
tion of nitrogen and boron (2.98t/ha) statistically
significantly increased the yields in comparison
with all the other treatments (tab. V). Moradi-Tele-
fat et al. (2008) achieved the same results; rapeseed
yields were the highest with the highest rate of ni-
trogen (250kg N/ha) and boron (10kg B/ha) applied

IV: Treatments of nutrition and average rates of nitrogen and boron on production fertilising of rapeseed in years from 2003 to 2005

Rate of nitrogen and boron

Treatment Characteristics of fertilisation Form of fertilisation for topdressing (kg/ha)
N B

1 Unfertilised - - -

2 Additional fertilizing with boron Humix boron' trace 0.240

3 Additional fertilizing with nitrogen DAM - 3902 30 -

4 Additional fertilizing with boron and nitrogen DAM - 390 + Humix boron 30 0.240

L humic acids 3 %, nitrogen 1%, potassium (K,0) min. 1.8 %, pH value = 7-8, boron 40 000 mg/kg, zinc 290 mg/kg, copper
95 mg/kg, manganese 42 mg/kg, iron 40 mg/kg, density 1.2 g/cm’
Zammonium nitrate and urea (liquid fertilizer, 30% N, density 1.3 g/cm’?)

V: Theinfluence of fertilisation on the yield of rapeseed seeds (variety Rasmus)

Seed yields ( t/ha) 3-year average
Treatments
2003 2004 2005 3-year average rel. %
1 1.80a 2.60 a 2.45a 2.28 a 100.0
2 1.83a 2.79 a 2.62a 2.41a 105.7
3 2.20b 3.12b 3.05b 2.79b 122.4
4 2.29¢ 335¢ 3.29c¢ 298¢ 130.7

Treatments with different letters (a, b, ¢) in the columns show statistically significant differences at o. = 0.05

VI The influence of fertilisation on uptake of nutrients by seeds of rapeseed, variety Rasmus (Koliiiany, average of 2003-2005)

treatment of Nutrient uptake by winter rape seed (kg/ha)
nutrition N P K Ca Mg S
1 74.94 9.86 13.18 9.25 5.44 8.40
2 79.22 10.53 13.94 9.85 5.89 8.99
3 93.17 12.71 16.33 12.01 7.00 11.33
4 99.80 13.82 17.65 13.13 7.71 12.49
Relative reference %
1 100 100 100 100 100 100
2 105.7 106.8 105.8 106.5 108.2 107.0
3 124.3 128.9 123.9 129.8 128.6 134.9
4 133.2 140.2 133.9 141.9 141.7 148.7
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to the soil. Malhi et al. (2003) discovered that boron
application increased grain yields, dry matter and
boron absorption. In addition, the increase of grain
yields resulting from boron application was due to
the increased grain number per silique (Stangoulis
etal., 2000).

Applied nitrogen and boron in phase BBCH
(29-30) positively affected the uptake of the main
macro elements (N, P, K, Ca, Mg, S) by the seeds of
tested plants from all treatments (treatment 2 to
4), (Tab. VI). Yang-Yuen et al. (1999) found out that
the influence of nitrogen and magnesium applica-
tion positively affected the formation of the rape-
seed yield and its nutrients balance.

Joint nitrogen and boron nutrition as production
fertilising of winter rape positively affected the se-
lected parameters of seed quality. The seed oil con-
tent (44.1%) was the highest in treatment 4 where
nitrogen was applied in combination with boron
as compared with the unfertilised control (42.8% of
oil). Nuttal et al. (1987) observed that boron along
with nitrogen increased grain oil. Porter (1993) re-
ported that boron application maximised canola
yields. Therefore it seems that boron application re-
sults in efficient utilisation of nitrogen in canola and

maximises oil yield. High rates of nitrogen usually
decrease the oil content in rape seed (Lo3dk, 2001;
Moradi-Telefat et al., 2008).

The content of crude protein in seeds (Tab. VII) in-
creased significantly to 23.2% after the application of
nitrogen fertilisers and to 23.4% in combination with
boron as against the other treatments (22.3-22.5%).
However no significant differences were observed
between treatments 3 and 4. It was confirmed that
nitrogen increased the protein content in rape sced
(Moradi-Telefat et al., 2008). Yet in experiments with
boron applications Moradi-Telefat et al. (2008), Kara-
manos et al. (2003) discovered that boron had no sig-
nificant effect on grain oil and protein percentage.

The 1000 seeds weight (tab. VII) ranged between
4.47g (unfertilized treatment) and 4.67g (treat-
ment 4) with no significant differences among
the varieties. Also Moradi-Telefat et al. (2008) indi-
cated the insignificant effect of boron application
on the TSW of rape, but in their experiments ni-
trogen fertilisation significantly increased the TSW.
Siaudinis and Lazauskas (2009) referred about
the negative correlation between the rate of yield
and the thousand-seed weight (r = -0.85).

VIL: The influence of fertilisation on some qualitative parameters of rapeseed seeds, variety Rasmus (Koliiany, average of

2003-2005)
1 - -
Treatment g/;) Crudei 0}z)l‘otem 1000 se;egc} weight
1 42.8a 223 a 447 a
2 43.2 ab 22.5a 4.53a
3 43.7 ab 23.2b 4.60 a
4 44.1 be 23.4b 4.67 a
Relative reference (%)

1 100.0 100.0 100.0
2 100.9 100.9 101.3
3 102.1 104.0 102.9
4 103.0 104.9 104.5

Treatments with different letters (a, b, ¢) in the columns show statistically significant differences at o = 0.05

SUMMARY

As the results showed it is apparent that in order to achieve the required yields of rape seed and its
quality the effect of nitrogen is decisive and irreplaceable. The synergic effect of boron is evident
only when combining topdressing with nitrogen fertiliser; it was reflected in the highest seed yields,
oil content and crude protein content in the seeds. The most valuable component of the Humix Bér
fertiliser is the relatively high content of boron (4%) because rape plants require ca 200-300g B/ha.
The combined application of Humix Bér and liquid nitrogen fertiliser can be recommended for
spring productive fertilisation of rape.

SOUHRN
Efekt hnojeni dusikem a bérem na vynos a kvalitu fepkového semene

Polni pokusy s ozimou fepkou (Brassica napus L. var. napus) odrtidy Rasmus byly zalozeny v mésici
srpen v letech 2002-2004 na experimentaln{ stanici v Koliflanech, kterd patii Slovenské polnohos-
podaérské univerzité v Nitfe. V pokusech byl sledovan vliv jarnfho folidrniho p¥ihnojeni fepky du-
sikem a bérem ve fazi BBCH 29-30 s ohledem na vynos semene a jeho kvalitativni parametry (HTS,
obsah oleje a hrubého proteinu). Do experimentu byl zafazen DAM-390 (roztok dusi¢nanu amon-
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ného a mocoviny, 39% N) v ddvce 30kg N/ha a Humix Bér (huminové kyseliny + N, K, B) v ddvce
0,240kg B/ha.

Vymnos fepkového semene byl pritkazné ovlivnén v jednotlivych letech ptisobenim odlisnych kli-
matickych podminek a kolisal nasledovné&: 2003: 1,80-2,29t/ha; 2004: 2,60-3,35t/ha; 2005: 2,45-
3,29t/ha. Pritkazny pokles vynosu semene v prvnim roce experimentu byl zap¥i¢inén p¥edevsim de-
ficitem srazek v mé&sicich leden, tinor, bfezen a Eerven 2003 a vysokymi teplotami vzduchu v kvétnu
a ¢ervnu téhoz roku.

Z hlediska individudlnich let i t¥fletého priméru se samotnd aplikace Humix Bér neprojevila sig-
nifikantné na nértistu vynosové-kvalitativnich parametrti semene oproti nehnojené kontrole. Apli-
kaci jak samotného dusikatého hnojiva, tak v kombinaci s Humix Bér byl vynos semene i obsah hru-
bého proteinu zvy3en v priméru 3 let 0 22,4-30,7%, resp. o0 4,0- 4,9 rel. % v porovnani s nehnojenou
kontrolou. U varianty s kombinaci dusiku a Humix Bér bylo dosazeno pritkazné nejvysstho vynosu
semene (2,98t/ha) oproti viem ostatnim variantdm (2,28-2,79t/ha). Obsah oleje v semeni byl pri-
kazn€ zvysen pouze pii spole¢né aplikaci DAM-390 a Humix Bér na 44,1% oproti nchnojené kont-
role (42,8 %). HTS se vlivem hnojeni neménila a kolisala v izkém rozpéti 4,47- 4,67 g.

fepkové semeno, pihnojeni, dusik, bér, vinos semene, HTS, olej, hruby protein
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