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EFFECT OF DIFFERENT SYSTEMS CONSERVATION
TILLAGE ON TECHNOLOGICAL VALUE OF SUGAR BEET
ROOTS
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Summary. The aim of research was determination of the content of selected constituents
(dry matter, ash, o-aminonitrogen, reducing sugars, Mg, Ca, K), of sugar beet roots grown
under conservation tillage using mulch from straw, winter rye and winter vetch, as well as
two levels of nitrogen fertilization. This experiment was conducted between 2007-2010 at
the Experimental Station of University of Environmental and Life Sciences in Wroclaw.
From among conservation tillage systems of sugar beet, the highest amount of ash was
found in roots grown under rye mulch and the lowest one was found in roots collected from
plots under fore-crop straw mixed with harrow. Sugar beet roots under mustard mulch had
the best technological quality (the lowest amount of a-amino-nitrogen) while the worst
quality was observed under winter vetch mulch.
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INTRODUCTION

Changes introduced by the European Union in legislation concerning sugar industry
consist of, inter alia, reducing prices of sugar beet roots. Moreover, the European Union
becomes a much bigger importer of sugar [Pokorna et al. 2011]. As a result, the necessary
reduction of cultivation costs seem possible through the usage of conservation tillages.
Changes in the technology of cultivation should undoubtedly take place without impair-
ing on technological quality of roots.

The production of sugar beet, in compliance with specifications of the sugar industry,
is characterized by high yield roots, high-sugar content, low molassigenic (non-sugars)
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content which result in considerable amount of sugar being transferred into molasses.
Among nonsugars are: sodium, potassium, invert and a-amino-nitrogen [Ostrowska and
Artyszak 2005]. Fruits and qualitative features of sugar beet depend mostly on optimal
cultivation. In order to reduce costs of production, increase crop yield and improve tech-
nological quality, new and simplified technologies of agriculture are being researched.
One of the methods allowing for limitations of expenditures the usage of conservation
tillage involving sowing in frozen mulch with a stubble catch crop [Lal et al. 1990, Zimny
1999, Nowakowski 2013]. This type of cultivation impacts profitably on soil environ-
ment, which enables earlier sowing and makes deeper rooting easier. There isn’t any
detailed research of conservation tillage with usage of mulch from winter catch crop.
In this technology, mulch is achieved through the desiccation of winter crops with total
herbicides prior to sugar beet being sown.

The aim of research was determination of the content of selected constituents (dry
matter, ash, a-amino-nitrogen, reducing sugars, Mg, Ca, K) of sugar beet roots grown
under conservation tillage using mulch from straw, winter rye and winter vetch, as well
as two levels of nitrogen fertilization.

MATERIAL AND METHODS

This experiment was conducted between 2007 and 2010 at the Experimental Station
of University of Environmental and Life Sciences in Wroclaw as a strict di-factor field
experiment. It was established by split-plot method in three repetitions on good rye soil
complex. The fore-crop for sugar beet was winter wheat. Before the experiment the field
was limed and subsoiled.

During the experiment two factors were taken into consideration. The first factor was
diverse systems of conservation tillage. Traditional conservation tillage (stubble catch
crop — white mustard left until spring, which was, before sowing, mixed using cultivation
unit composed of rotary harrow and string packer) was applied in the first (control) plot.
The Split forecrop straw having been covered by stubble cultivator (object 2), or after
being stirred with spike-tooth harrow was left until spring in mulch (object 3). Rye (ob-
ject 4) and winter vetch (object 5) were cultivated as a winter catch crops on other plots,
where after pre-seed devastation were used as mulch. In the early spring Roundup Energy
450 SL in a dose 2,5 1'ha ' was applied on the objects 2, 3, 4, and 5 in order to neutralize
catch crops and weeds. A cultivation unit, consisting of rotary harrow and string packer
was also applied prior to sowing. The second factor were two levels of nitric fertilization:
A —optimal — 1 N (120 kg-ha™") and B — reduced — 2/3 N (80 kg-ha™").

The green mass of stubble catch crop amounted: mustard 28 t-ha™!, winter vetch
1,14 tha™', rye 3,72 tha™', and forecrop straw 4,86 t-ha™'. Sugar beet cultivar Jagoda
was sown at 0,18 x 0,45 m span. The sowing was achieved using a mechanic single
seeder, which can be used on average-size farms. Monogerm pelleted beet seed ball
with calibre 3,50-4,75 mm and laboratory germination capacity of 98% were used.
Weeds were fought with a chemical method of divided doses of: Betanal Elite 274 EC
(1 I'ha™), Goltix 700 SC (1 1'ha™") and Kemiron Koncentrat 500 EC (0,2 1-ha™).
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The average crop of roots was 63,4 t-ha™! and average sugar content was 15,2%.

The content of the following substances was determined in the roots’ pulp: sucrose
— polarimetric method, a-aminonitrogen — colorimetric method, soluble ash — short con-
ductometric methods [Butwitowicz 1997] and reducing sugars — with the Lane-Eynon’s
method [Kretowska-Kutas 1993].

Test results were subjected to variance analysis. The significance of differences was
verified by the Duncan test with a level of significance of a = 0,05.

RESULTS AND DISCUSSION

Systems of sugar beet cultivation, nitrogen doses and interaction of both factors did
not have any significant influence on dry matter content in sugar beet roots (Table 1).
Roots cultivated on straw mixed by harrow contained the highest amount of dry matter
(21,7%), whereas roots cultivated on winter rye mulch contained the lowest (20,3%).
Lower nitrogen dose in comparison with the optimal one resulted in higher amount of dry
matter in sugar beet roots. It was verified by Zimny’s and others research [2010], where
roots cultivated on straw were characterized by the highest amount of dry matter. On
the other hand, Buraczynska’s research [2005] indicated that sugar beet roots fertilized
with manure, straw, all catch crops biomass combined with straw and crop residues from
catch crops contained significantly more dry matter than sugar beet roots from the object
without organic fertilization.

The amount of ash in sugar beet roots wasn’t differentiated by experimental factors or
their interaction (Table 1). Sugar beet roots cultivated on mulch from winter catch crops
contained more ash (average 0,83%) than the control object — mulch from mustard, while
sugar beet roots cultivated on straw contained less ash (average 0,70%) than the control
object. After applying nitrogen in a dose of 80 kg-ha™' to sugar beet roots, higher amount
of ash was found than after applying a dose of 120 kg-ha™'. However, opposite results
were achieved by Ostrowska and Kucinska [1998] and Wesotowski and others [2003],
where fertilizing with straw with an addition of nitrogen was conducive for the accumula-
tion of ash in roots. On the other hand, Zimny and others [2010] research indicated , that
using only catch crop contributes to accumulation of ash in roots, while fertilizing with
straw and stubble catch crop reduces the amount of ash in comparison with the control
object (stubble catch crop ploughed down with fall ploughing).

The amount of a-aminonitrogen wasn’t considerably differentiated by experimental
factors or their interaction (Table 2). The highest amount of this molassigenic was charac-
teristic for roots cultivated on winter vetch mulch (average 37,2 mg/100 g) and the lowest
for roots cultivated on mustard mulch (31,0 mg/100 g). After using nitrogen at a dose of
120 kg-ha™' in comparison with a dose of 80 kg-ha™', the difference between the amount
of a-aminonitrogen was 2,1% in favor of the higher dose. Similar results were achieved
by Gutmanski and others [1998] when, by cultivating sugar beet on mixed white mustard
mulch, they achieved roots with very high processing quality compared with traditional
cultivation. On the other hand, Kostka-Gosciniak and others [2000] found that fertiliz-
ing with catch crop caused an increase in the amount of o-aminonitrogen in roots in
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Table 1. Content of dry matter and ash (mean for 2008-2010)
Tabela 1. Zawarto$¢ suchej substancji i popiotu ($rednie z lat 2008-2010)

B. Strochalska, L. Zimny, P. Regiec

Dry matter Ash

Cultivation systems Sucha substancja [%] Popidt [%]
Systemy upraw

ysiemy uprawy IN 3N e IN 3N e

$rednio $rednio
Mustard — Gorczyca 20.54 21.21 20.87 0.77 0.75 0.76
Straw covered by cultivator 2131 2047 20.90 0.67 081 0.74
Stoma przykryta kultywatorem
Straw mixed using harrow 21.40 21.98 21.70 0.75 0.56 0.65
Stoma wymieszana brong
Rye mulch — Zyto — mulcz 19.94 20.66 20.30 0.83 0.92 0.88
i h mulch
Winter vetch mule 2094 2000 2046 0.72 0.84 0.78
Wyka oz. — mulcz
Mean — Srednio 20.82 20.86 - 0.75 0.78 -
LSD, 5 cultivation systems
i n.s n.s

NIR, 5 Systemy uprawy
LSD, s rates of nitrogen
NIR, o5 dawki azotu s s
LSD, s interaction s s
NIR, s interakcja ' ’

n.s. — not significant/réznica nieistotna.

Table 2. Content of harmful nitrogen and reducing sugars (mean for 2008-2010)

Tabela 2. Zawarto$¢ azotu a-aminowego i cukrow redukujacych (Srednie z lat 2008-2010)

Cultivation systems
Systemy uprawy

N-0-NH, mg/100 g

Reducing sugars

Cukry redukujace [%]

IN 3N e IN ;3N e
$rednio $rednio
Mustard — Gorczyca 324 29.6 31.0 0.37 0.19 0.28
Straw covered by cultivator
Stoma przykryta kultywatorem 31.7 33.6 327 0.20 0.29 0.25
Straw mixed by harrow 348 353 35.1 0.24 0.24 0.24
Stoma wymieszana brona
Rye mulch — Zyto — mulcz 339 339 33.9 0.14 0.20 0.17
Winter vetch mulch 352 39.2 37.2 031 0.27 0.29
Wyka ozima — mulcz
Mean — Srednio 33.6 343 - 0.25 0.24 -
LSD, s cultivation systems
n.s ns

NIR o5 Systemy uprawy
LSD, s rates of nitrogen
NIR, o5 dawki azotu ns 0.05
LSD, s interaction s s
NIR, s interakcja ’ ’

n.s. — not significant/réznica nieistotna.
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comparison with fertilizing with just straw. Zimny and others [2010] research proved that
roots harvested from no-tillage (forecrop straw left until spring), intensively protected,
were characterized by the best technological quality (the lowest amount of a-aminonitro-
gen). Moreover, Nowakowski and Szymczak-Nowak [2007] proved that forecrop straw
in comparison with manure, led to a significant reduction of a-amino-nitrogen amount in
sugar beet roots.

The amount of reducing sugars was significantly differentiated by doses of nitrogen
(Table 2). Sugar beet roots contained much higher amount of reducing sugars (0,25%)
after applying nitrogen in a dose of 120 kg-ha™! in comparison with a dose of 80 kg-ha™'.
Cultivation systems and interaction of both experimental factors didn’t have any consid-
erable influence on the amount of reducing sugars, however. In sugar beet roots cultivated
on winter vetch mulch the highest amount of reducing sugars (0,29%) was found, whereas
the lowest amount (0,17%) was found in sugar beet roots cultivated on rye mulch. Sugar
beet roots cultivated on straw contained, on average, 0,25% reducing sugars. Similar
results were achieved by Zimny and others [2010], where the lowest amount of reducing
sugars characterized sugar beet roots cultivated by no-tillage method (forecrop straw left
until spring).

The relation between each of harmful non-sugars and the amount of sucrose affects
the technological quality, since the efficiency of sugar can be significantly reduced with
their high amount, despite the rather high amount of sucrose in roots. That is the reason
why the results of the amount of ashes, a-aminonitrogen and reducing sugars were pre-
sented as per 100 g of sucrose (Fig. 1-3).

Cultivation systems, doses of nitrogen and their interaction had no impact on the
amount of water-soluble ash per 100 g in pulp (Fig. 1). Roots collected from plots
cultivated on rye mulch had the highest amount of water-soluble ash — 5,5 g/100 g of
sucrose while roots from plots cultivated on straw mixed by harrow had the lowest
(3.8 g/100 g sucrose). A dose of 120 kg-ha™' nitrogen led to a reduction of water-soluble

[g]

55
> 76 i 47 16 i
4 3,8
3
2
1
0 0
0 _— _— _— _— _— _—
1N 2/3N LSD - NIR mustard  straw. +cult.  straw. + rye vetch LSD - NIR
gorczyca st. + kult. + harr. 7yto wyka
st. + brona

Fig. 1.  Content of ash per 100 g sucrose
Rys. 1. Zawartos¢ popiotu w g/100 g sacharozy
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ash per 100 g sucrose in pulp in comparison with a dose of 80 kg-ha™'. The difference
between them is 0,2 g/100 g of sucrose.

The amount of a-aminonitrogen per 100 g of sucrose was not considerably differen-
tiated by experimental factors or their interaction (Fig. 2). Roots cultivated on mustard
mulch (0,19 g) contained the lowest amount of a-aminonitrogen, whereas roots cultivated
on winter vetch mulch — the highest amount (0,23 g). The amount of a-amino-nitrogen
in roots cultivated on the object with straw covered using a cultivator and the object with
straw mixed using harrows was the same — 0,20 g/100 g of sucrose. After applying doses
of nitrogen (120 and 80 kg-ha™'), the difference between the amount of a-aminonitrogen
per 100 g of sucrose in sugar beet roots was insignificant and amounted to 0,01 g/100 g
of sucrose.

(gl

0,25
0,23
0.2 0,21 02 02 0,21
0,2 ‘ 0,19 ’ ’
0,15
0,1
0,05
0 0 °
1IN 2/3N LSD - NIR mustard straw. + straw. + rye vetch LSD —NIR

gorczyca +cult. +harr. 7yto wyka
st. + kult. st +brona

Fig. 2. Content of harmful nitrogen per 100 g sucrose
Rys. 2. Zawarto$¢ azotu szkodliwego w g/100 g sacharozy

Although the amount of reducing sugars per 100 g of sucrose wasn’t significantly
differentiated by cultivation systems and doses of nitrogen, a crucial difference was ob-
served with the interaction of both experimental factors (Fig. 3). The lowest amount of
reducing sugars (1,06 g) was found in roots cultivated on rye mulch and the highest
amount (1,86 g) in roots cultivated on winter vetch mulch. The amount of reducing sugars
in roots cultivated on forecrop straw accounted for, on average, 1,49 g/100 g of sucrose.
After applying doses of nitrogen, the difference between amounts of reducing sugars per
100 g of sucrose in sugar beet roots reached 5,7%. The lowest amount of reducing sugars
(0,91 g) was found in roots cultivated on rye mulch after applying nitrogen at a dose of
120 kg-ha™', whereas the highest amount (2,32 g) in roots cultivated on mustard mulch,
also after applying nitrogen at a dose of 120 kg-ha ™.

Analysis of the amount of magnesium in sugar beet roots confirmed the importance of
applied cultivation systems’ impact on magnesium’s quantity (Table 3). The highest amount
of magnesium (35,84 mg/100 g) was characteristic for roots cultivated on straw mixed by
harrow, the lowest amount (26,18 mg/100 g) — for roots cultivated on mustard mulch; the
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[e]
2 1,86
18
16
14
12 1,06
1 0,93
038
06
04
0.2
0 0
N 2/3N LSD—-NIR mustard straw. + straw. + rye vetch LSD—NIR interaction
gorczyca +cult. +harr. 7yto wyka interakcja
st.+kult. st +brona
Fig. 3.  Content of reducing sugars per 100 g sucrose
Rys. 3. Zawarto$¢ cukrow redukujacych w g/100 g sacharozy
Table 3. Content of Mg, K and Ca [mg/100 g] (mean for 2008-2010)
Tabela 3. Zawartos¢ Mg, K i Ca [mg/100 g] (Srednie z lat 2008-2010)
L Mg K Ca
Cultivation systems
Systemy uprawy IN 23N el 23N el 23N el
$rednio $rednio Srednio
Mustard — Gorczyca 26,84 2552 2618 226,1 2063 2162 31,17 31,33 3125
Straw covered by cultivator 3y 3¢ 50 14 2976 1655 160.6 1631 3294 3260 3277
Stoma przykryta kultywatorem
Straw mixed by harrow 3580 3588 3584 1941 1757 1849 28,07 3624 32,16
Stoma wymieszana brong
Rye mulch — Zyto — mulcz 2672 33,75 3023 1969 192,8 1949 2741 30,54 28,97
Winter vetch mulch 3221 29,64 3093 1874 1825 1849 3143 2891 30,17
Wyka ozima — mulcz
Mean — Srednio 30,59 30,58 - 194,0 183,6 - 30,20 31,92 -
LSD, ys cultivation systems 542 s s
NIRO’05 systemy uprawy
LSD, s rates of nitrogen s s s
NIR o5 dawki azotu ’ ' ’
LSD, s interaction s s ns

NIR, g5 interakcja

n.s. — not significant/r6znica nieistotna.

difference between these objects amounted to 27%. The amount of magnesium in sugar beet
roots cultivated on rye mulch and winter vetch mulch was quite similar — 30,58 mg/100 g on
average. Doses of nitrogen and interaction of both experimental factors had no considerable
impact on the content of magnesium in sugar beet roots. The amount of magnesium in sugar
beet roots was the same — 30,59 mg/100 g after applying doses of nitrogen.
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Potassium is a component, which has a negative impact on processing quality of sug-
ar beet roots [Nowakowski 2004]. The highest amount of potassium cumulated was in
sugar beet roots cultivated on mustard mulch (216,2 mg/100 g), while the lowest amount
(163,1 mg/100 g) was in roots cultivated on straw covered using a cultivator with the dif-
ference between them being insignificant, though. Doses of nitrogen had no considerable
impact on the amount of potassium. Gutmanski and Nowakowski [1994] didn’t observe
any considerable impact of increasing doses of nitrogen on potassium content in roots,
either. In our own research no significant interaction of the mentioned factors was ob-
served. However, it was noticed that roots cultivated on straw covered using cultivators
with the application of nitrogen at a dose of 80 kg-ha™' contained the lowest amount of
potassium.

The impact of both experimental factors on the amount of calcium in sugar beet roots
was slight, ambiguous and statistically not proved. The lowest amount of this element
(average 28,97 mg/100 g) was found in roots cultivated on rye mulch and the highest
amount (average 32,46 mg/100 g) was in roots cultivated on forecrop straw. The differ-
ence between the amount of calcium in sugar beet roots after applying doses of nitrogen
(120 and 80 kg-ha™!) was 1,72 mg/100 g.

CONCLUSIONS

1. A comparison of the conservation tillage systems of sugar beet roots showed that
the highest amount of ash was found in roots cultivated on rye mulch (0,88%) while the
lowest (0,65%) was found in roots collected from a plot cultivated with forecrop straw
mixed using harrows.

2. After applying nitrogen at a dose of 120 kg-ha™', the amount of reducing sugars
was significantly higher than after applying a dose of 80 kg-ha™'.

3. Sugar beet roots cultivated on mustard mulch had the best technological qual-
ity (the lowest amount of a-aminonitrogen — 31,0 mg/100 g), while those cultivat-
ed on winter vetch mulch had the worst (the highest amount of a-aminonitrogen
37,2 mg/100 g).

4. Applying different conservation tillage systems caused a change in the amount
of magnesium. Sugar beet roots cultivated on straw mixed using harrows had the high-
est amount of magnesium (35,84 mg/100 g), while roots cultivated on mustard mulch
had the lowest (26,18 mg/100 g) — the difference between these objects counted 27%.

5. Applying doses of nitrogen at 120 kg/ha and 80 kg/ha did not result in any
considerable changes in the content of magnesium, potassium and calcium in sugar
beet roots.
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WPLYW ROZNYCH SYSTEMOW UPRAWY KONSERWUJACEJ NA WARTOSC
TECHNOLOGICZNA KORZENI BURAKA CUKROWEGO

Streszczenie. Celem niniejszej pracy byto okreslenie zawartosci wybranych substancji
(sucha substancja, popiol, azot a-aminowy, cukry redukujace) w korzeniach buraka cu-
krowego uprawianego metoda konserwujaca z wykorzystaniem mulczu ze stomy, zyta
i wyki ozimej oraz z zastosowaniem dwoch poziomdw nawozenia azotowego. Sciste
doswiadczenie polowe realizowano w latach 2007-2010 w Rolniczym Zaktadzie Do-
$wiadczalnym Uniwersytetu Przyrodniczego we Wroctawiu. Sposrod poréwnywanych
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systemow uprawy konserwujacej buraka cukrowego najwigcej popiotu stwierdzono
w korzeniach uprawianych na mulczu z zyta, najmniej w korzeniach uprawianych na
stomie przedplonowej wymieszanej brona. Najlepsza jakoscia technologiczna (najmniej-
sza zawartos¢ azotu a-aminowego) charakteryzowaty sig buraki uprawiane na mulczu
Z gorczycy, a najgorsza — uprawiane na mulczu z wyki ozime;j.

Stowa kluczowe: burak cukrowy, uprawa konserwujaca, warto$¢ technologiczna korzeni
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