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Abstract

The research aim was to determine the influence of different organic and mineral fertilization treatments and post-harvest treatments
on the content of nitrogen and crude proteins in the edible part of beetroot (Beta vilgaris var. conditiva). A field trial (2003-2005) was set
up in a hilly part of Croatia according to the Latin square method with four types of fertilization (control, 50 t ha” stable manure, 500
and 1000 kg ha' NPK 5-20-30), while treatments involved harvested fresh beetroot and stored fresh beetroot. The highest dry weighe
(DW) content was determined in climatologically favourable 2004 (average 14.8% DW) and in the treatment with 1000 kg ha! NPK
5-20-30 (15.6% DW) in harvested beetroot. In 2004 and 2005, the highest levels of nitrogen and crude proteins in harvested beetroot
were determined in the treatment with 1000 kg ha’ NPK 5-20-30 (2.41 and 2.43 g N kg in fresh weight and 15.07 and 1521 g crude
proteins kg in fresh weighe, respectively). Regardless of fertilization treatment or studied year, nitrogen and crude protein contents were
higher in stored than in harvested beetroot, by 12% on average. The lowest crude protein content was determined in treacment with
stable manure what confirmed that protein content decreased by organic fertilization. It can be concluded that beetroot lost some water
during the storage period, which increased its content of nitrogen and crude proteins in fresh weight and thus increased the nutritional

quality of beetroot as a functional food.
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Introduction

Nutritional value of vegetables is not only in his energy
content but also in present proteins and minerals (Ekholm
et al., 2007, Lisiewska et al., 2006) that are basis for main-
taining a healthy human organism in well condition (Go-
palan and Tamber, 2003). Owning to high concentrations
of minerals (Petek ez 4/., 2008) and vitamins, beetroot has
a special role in the human diet.

Nitrogen has a great importance as a constituent of
numerous organic molecules in plant such as proteins,
nucleic acids and alkaloids (Bergmann, 1992), and its con-
tent is associated with the leaf relative chlorophyll content
(Horvat ez al., 2011; Lazarevi¢ et al., 2011) which affects
photosynthesis. Nitrogen is the plant nutrient that is of-
ten most limiting to efficient and profitable crop produc-
tion. Inadequate supply of available N frequently results
in plants that have slow growth, depressed protein levels,
poor yield of low quality produce, and inefficient water use
(Mikkelsen and Hartz, 2008).

Plants absorb nitrogen in the form of ions (NH,* i
NO;) through the roots or leaves and incorporate it in
organic matter throughout the whole growing season by

transforming the mineral into an organic form (Berg-
mann, 1992).

The vegetable yield does not increase continuously by
increasing nitrogen fertilization. Excessive doses of nitro-
gen reduce the growth and yield (Wang and Li, 2003).
Wang et al. (2008) report that nitrogen fertilization in-
creases the ratio of acids and sugars and reduces the con-
tent of vitamin C, calcium, magnesium and soluble sugars,
while Feller and Fink (2004) report that nitrogen fertiliza-
tion did not affect the content of soluble substances. In-
creased application of nitrogen reduced the content of dry
matter, potassium, sucrose, vitamin C and fiber in leafy
vegetables, but increased the content of nitrates and caro-
tenes (Sorensen, 1999). Nitrogen is attributed to the role
of one of the most important macronutrients in the for-
mation of yield and quality of vegetables (Sorensen ez 4l.,
1995; Wang et al., 2008). However, nitrogen fertilization
of vegetables aimed at increasing protein levels still attracts
very little attention (Herak Custi¢ ef al., 2009). Lesié ez
al. (2002) state that beetroot contains 0.14 to 2.50% N
in dry weight and Varo ez /. (1980) report 3.3 g N kg in
fresh weight.
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Crude proteins have a considerable role in livestock
(Grbesa, 2004) and human nutrition. However, grains,
meat, milk and soybean are always cited as sources of crude
proteins, mainly in cattle feeding (Grbesa, 2004; Veld-
kamp ez al., 2008).

Rembiatkowska (2007) reports that quantity of crude
proteins is lower in organic than in conventional crops.
Mikkelsen and Hartz (2008) report that inadequate sup-
ply of available N frequently results depressed protein
levels in plant, and generally, protein content increases
with nitrogen uptake (Brandt and Molgaard, 2001). For
protein levels, it has been reported that organically grown
cereals, especially wheat, can have comparable protein lev-
els with conventional ones but generally have somewhat
lower levels of protein than the conventional ones (Lairon,
2009). However, in environments rich in readily assimila-
ble nitrogen, i.e. conventional systems, the metabolism of
plants changes in the direction of intensive production of
nitrogen-containing compounds such as free amino acids,
proteins and alkaloids (Hallmann and Rembiatkowska,
2012).

It is worth mentioning that vegetables are not a negli-
gible source of crude proteins, especially given the fact that
considerable amounts of vegetables should be consumed
daily. In literature there are a very little data about crude
proteins in beetroot. Herak Custié ez 4. (2009) report that
red head chicory contains up to 259 g kg’ crude proteins
in dry weight. Lesi¢ ez al. (2002) state that beetroot, as a
functional food, contains 11-20 g kg crude proteins in
fresh weight, root celery 7-20 g kg™, carrot 5-12 gkg™' and
radishes 5 to 15.5 gkg. Wybenga and Lehr (1958) report
the value of 131-214 g kg™ crude proteins in beetroot dry
weight and Varo ez 4l. (1980) 20.63 g kg” crude proteins
in fresh weight of beetroot.

Literature report following dry weight of beetroot:
14.7% (Lisiewska ez 4l., 2006) and 14.0-14.6% (Wold et
al., 2008).
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The present research aim was to determine the influ-
ence of different organic and mineral fertilization treat-
ments and post-harvest treatments on the content of ni-
trogen and crude proteins in the edible part of beetroot
(Beta vulgaris var. conditiva).

Materials and methods

A field fertilization trial with beetroot (Beta vulgaris
var. conditiva), cultivar ‘Bikor), was laid out in Braljevica
and Hrvatsko Polje (Croatia) (Fig. 1) from 2003 to 2005
according to the Latin square method with four treatments
(unfertilized control, 50 t ha'! stable manure, and 500 and
1000 kg ha' NPK 5-20-30).

Untreated beetroot seed was sown directly into soil and
harvested only once after 90 days. Plant spacing was 0.07 m
x 0.40 m; the main plot area was 12 m”. Average mass of 1
beetroot in 2003, 2004 and 2005 was 121,230 and 200 g,
respectively. Beetroot was stored 45 days at 5°C in a fridge
without light. Dry homogenized samples of plant mate-
rial (105°C) were analyzed in triplicate and the results are
presented as mean values. Nitrogen was determined by the
Kjeldahl method (AOAC, 1995). Crude proteins were
calculated according to the following formula: %N x 6.25
(Vaji¢, 1964). Investigations were performed on soil with
soil reaction (pH) of 6.1-6.6, with low to moderate humus
and nitrogen content, poor in phosphorus and low to rich
potassium content (‘Tab. 1).

The closest meteorological station for Brasljevica is Jas-
trebarsko and for Hrvatsko Polje is Otocac. The total pre-
cipitation throughout the year 2003 (Dia. la) were 766
mm, which is less than a multi annual average (935 mm,
Tab. 2). Mean daily air temperature during the period of
beetroot growing were 19-23°C and were higher for 2 to
4°C in comparison to multi annual average (Tab. 2). Year
2003 was relatively unfavourable for beetroot growing be-
cause of the lack of precipitation and poor ratio between

Fig. 1. Map of Croatia with highlighted locations of investigation (Brasljevica and Hrvastko Polje)
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Tab. 1. Chemical properties of investigated soils

. % AL - mg 100 g*
Year, location  pH
humus N PO. KO
2003, Brasljevica 6,5 2,17 0,12 0,1 6,0
2004, Hrvatsko Polje 6,1 2,65 0,13 L5 15,3
2005, Hrvatsko Polje 6,6 3,10 0,16 62 32,8

temperature and precipitation. In year 2004 (Dia. 1b)
weather conditions during the growing season was favour-
able for beetroot growing thanks to the reserves of soil
water before the growing as well as to the rain during the
first half of the growing period. Total precipitation during
the year was 1238 mm, which is 133 mm higher than the
multi annual average (1105 mm, Tab. 2). Temperatures
were lower than in 2003 and the ratio between tempera-
ture and precipitation was good and had favourable influ-
ence on the growth and development of beetroot. During
the beetroot growing period of 2005 (July-September),
total precipitation was 423 mm (Dia. 1c) and was higher
for 198 mm than the multi annual average (225 mm, Tab.
2). Temperatures were favourable for the growth of beet-
root. Generally, according to precipitation and tempera-
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ture data for the growing period, the year 2003 was dry,
2004 was optimal and 2005 was humid.

Statistical data analyses were performed using the SAS
8.2 System (2002-2003).

Results and discussion

The highest dry weight (DW) content (Tab. 3) was
determined in climatologically favourable 2004 (14.8%
DW on average) and in treatment with 1000 kg ha' NPK
5-20-30 (15.6% DW) in harvested beetroot possibly due
to the favorable ratio of temperature and precipitation,
which is according to some authors considered as a favor-
able value (Lisiewska ez 4/., 2006; Wold ez al., 2008). In
dry 2003 and humid 2005, dry weight was statistically sig-
nificantly higher in stored than in harvested beetroot. Al-
though Sorensen (1999) reported that increased nitrogen
application reduces the dry matter content, in this study
it was not found. In 2004 and 2005 the highest dry mat-
ter content (15.6, or 7.3%) was determined at fertilization
with 1000 kg NPK ha™, thus by increasing the nitrogen
fertilization. Dry weight content by manure fertilization
in all three years had the lowest value compared to other
fertilizer treatments probably because of the small quanti-

a Walter climate diagram, Jastrebarsko, year 2003 b Walter climate diagram, Otogac, year 2004
150 50 150 50
130 20 130 ©
: 110 110
; 90 30 : E 90 30 :
e oo E 30 10 E
1o lI ///\l{:llllll III 0 10.|| I Lia IIII 1 I_ II I|
ST bl Tl b TR TR M o M FEE LB EREEL LA EnnnaEEs
0, Ma Apr may | Jun ul avg | sep oct wou | pec TP S0 e v or o " sug . oct | nov | pee T710
‘ S preciiation(mm) - Temperoture (.C)‘ ‘-Prsnp\tatmn (mm) —— Temperature ('q‘
C Walter climate diagram, Otoéac, year 2005
150 50
10 40
£ 110
£ w ER
i " H
£ 9 | 3
Y 10 &
1, I
A ) 1 P P P I P
0T an | kb | war apr | may | wun Jul Aug | sep ot | nov | pec T
‘-Preclpltatlun (mm) ——Temperature ('c)‘
Dia. 1 (a, b and c). Walter climate diagrams for meteorological stations Jastrebarsko and Otocac
Tab. 2. Multi annual (1961-1991) climate data for meteorological stations Jastrebarsko and Otodac
Months Jan Feb Mar  Apr  May  Jun Jul Aug Sep Oct  Nov  Dec
Jastrebarsko
T™P* 54 51 60 70 74 100 78 87 105 92 88 76
AMT™ -0,4 1,1 5.9 10,6 15,6 18,7 20,7 20,2 15,6 10,8 49 0,9
Otocac
T™P* 79 68 75 89 86 77 47 81 127 113 137 127
AMT™ 10 01 39 89 141 178 197 190 139 105 50 0,1

“TMP - total month precipitation (mm); **AMT - average month temperature("C)
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Tab. 3. Dry weight (in %) in harvested and stored beetroot according to different fertilization treatments

% Dry Weight
2003 2004 2005 Average

Treatment  Harvested Stored Harvested Stored Harvested Stored Harvested Stored
Control 7.1a" 10.2 14.7 145 73 10.8 9.7 11.8
Manure 62b 112 13.9 135 6.3 9.9 8.8 11.6
NPK500* 6.7 ab 10.9 15.0 12.8 7.0 9.9 9.6 112
NPK1000* 6.9 ab 9.8 15.6 15.1 7.3 10.8 9.9 11.9
Average 67B 10.5A 14.8 14.0 70B 104 A 9.5 11.6

*NPK 500 - 500 kg ha! NPK 5-20-30; NPK1000 - 1000 kg ha! NPK 5-20-30; “Factor level means accompanied by different lecters are significantly different, with error
<0.05 according to Tukey’s HSD test. Small letters refer to fertilization trearments. Capital letters refer to average values of harvested and stored beetroot

Tab. 4. Nitrogen content (in % N, in dry weight) in harvested and stored beetroot according to different fertilization treatments

% N, in Dry Weight

2003 2004 2005 Average
Treatment Harvested Stored Harvested Stored Harvested Stored Harvested Stored
Control 324 2.56 1.44 1.69 3.10ab 221 2.59 2.15
Manure 3.42 2.56 1.46 1.70 3.17 ab 2.15 2.68 2.14
NPK500* 3.18 2.75 1.49 1.83 3.02b 2.32 2.56 2.30
NPK1000* 3.26 277 1.55 1.68 3.34a 2.18 272 221
Average 328 A 2.66B 1.48 1.73 3.16 221 2.64 2.20

*NPK 500 - 500 kg ha NPK 5-20-30; NPK1000 - 1000 kg ha' NPK 5-20-30; **Factor level means accompanied by different letters are significantly different, with error
<0.05 according to Tukey’s HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of harvested and stored beetroot

Tab. 5. Nitrogen content (in g N kg™, in fresh weight) in harvested and stored beetroot according to different fertilization

treatments
g N kg, in fresh weight
2003 2004 2005 Average

Treatment Harvested Stored Harvested Stored Harvested Stored Harvested Stored
Control 2.31 2.60 2.12 2.45 226 2.39 223 2.48
Manure 2.11 2.88 2.03 2.30 1.99 2.13 2.04 2.44
NPK500* 2.14 3.00 223 2.34 2.12 2.28 2.16 2.54
NPK1000* 226 2.70 2.41 2.54 2.43 2.35 2.37 253
Average 220B 280 A 2.20 2.41 220 229 2.20 250

*NPKS500 - 500 kg ha' NPK 5-20-30; NPK1000 - 1000 kg ha' NPK 5-20-30; *Factor level means accompanied by different letters are significantly different, wich error
<0.05 according to Tukey’s HSD test. Small letters refer to fertilization trearments. Capital letters refer to average values of harvested and stored beetroot

ties of active substances (mineral elements) which are es-
sential for the synthesis of organic compounds.

In 2004 and 2005, the highest contents of nitrogen
and crude proteins (Tab. 4, 5 and 6) were determined in
harvested beetroot in the treatment with 1000 kg ha™
NPK 5-20-30 (2.41 and 2.43 g N kg in fresh weight and
15.07 and 15.21 g crude proteins kg™ in fresh weight, re-
spectively), which is in agreement with literature data
(Lesi¢ ez al., 2002, Varo et al., 1980). Regardless of the fer-
tilization treatment or trial year, average values of nitrogen
and crude proteins were higher (in 2003 significantly) in
stored than in harvested beetroot, by 14% on average.

In all three years of investigation the lowest crude
protein content was determined in treatment with stable
manure what confirmed that protien content production
decreased by organic fertilization (Lairon, 2009; Mikkels-
en and Hartz, 2008; Rembialowska, 2007) as well as that

plant accumulate more proteins with adequate nitrogen
supply (Brandt and Molgaard, 2001).

These data are even more valuable given the fact that
beetroot is the most consumed root vegetable, in compari-
son with other root vegetables, during the whole year as
fresh, cooked or canned.

Conclusions

The highest content of crude proteins in fresh weight
was obtained in 2004 and 2005 in fertilization treatment
with 1000 kg ha NPK 5-20-30. In general, the crude pro-
tein content was higher in stored beetroot because of its
decreasing water content (12% average loss) which, among
other things, is one of the factors that can increase the nu-
tritional quality of beetroot as a functional food.
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Tab. 6. Crude protein content (in g crude proteins kg™, in fresh weight) in harvested and stored beetroot according to different

fertilization treatments

g crude proteins kg”, in fresh weight

2003 2004 2005 Average
Treatment Harvested Stored Harvested Stored Harvested Stored Harvested Stored
Control 14.43 16.23 13.22 15.29 14.15 14.92 13.94 15.48
Manure 13.19 18.01 12.66 14.38 12.45 13.34 12.77 15.24
NPK500* 13.37 18.75 13.96 14.61 13.25 14.27 13.53 15.88
NPK1000* 14.13 16.90 15.07 15.89 15.21 14.68 14.80 15.82
Average 13.78 B* 17.47 A 13.73 15.04 13.76 14.30 13.76 15.61

*NPK500 - 500 kg ha' NPK 5-20-30; NPK1000 - 1000 kg ha'! NPK 5-20-30; “Factor level means accompanied by different letters are significantly different, with error
<0.05 according to Tukey’s HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of harvested and stored beetroot
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