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1. Introduction
Because of the increasing requirements to environment protection and safe food it is
necessary to increase the use of non-toxic, environment-friendly substances (Malekian et al.,
2011). Vegetable fertilization must correspond to the requirements of ecology, i. e., it is
necessary to fertilize environment less and to increase plant productivity and protection. We
must look for the suitable and optimal fertilization methods and fertilizer types. Growing
foliage needs a lot of nitrogen and root-crops – potassium and phosphorus. Calcium
participates in plant growing, nutrient metabolism and many biochemical and physiological
processes (White et al., 2003; Saure, 2005). Its deficit in reproductive tissues worsens the
quality (Grattan & Grieve, 1998; Porro et al., 2002). The lack of magnesium most often is
observed in acid, light soils. Vegetable production storability is better when it is fertilized
with potassium and calcium at the end of vegetation. Moreover, calcium stops soil
acidification processes (Liet. dirvožemių ..., 1998). It is possible to satisfy the necessity of
calcium and to prevent soil acidification by fertilizing with physiologically nonacid
fertilizers (Аутко, 2004). This may be ammonium nitre, in the composition of which there
are 27 % N (by 13,5 % ammonium – N-NH4+ and nitric – N-NO3-), 6 % calcium (CaO) and
4 % magnesium (MgO) or nitrogen fertilizer with zeolite, in the composition of which there
are 26 % N and a part of dolomite (up to 6 %) is substituted with zeolite. Besides, there are
4.5–5.4 % of calcium (CaO) and 3.1–3.5 % of magnesium (MgO). Calcium and magnesium
are extracted from natural dolomite. They decrease ammonium nitre physiological acidity
and thus balance soil acidity and improve its biological activity. Insertion of zeolite into
calcium ammonium nitre granule improves fertilizer’s physical properties, its friability, also
decreases the wash out of nutrients, especially ammonium nitrogen, potassium and calcium
and improves solubility of non-soluble combinations (Butorac, 2002; Ambruster, 2001;
Ramesh et al., 2011; Uher, 2004; Yolcu et al., 2011). According to the data of many various
counties (Li et al., 2002; Polat et al., 2004; Gül et al., 2005), sorption properties of zeolite
guarantee 15–30 % more economical use of nitrogen ant increase yield, prolong the duration
of nutrient effect and decrease the necessity of often fertilization, especially in the soils,
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which lack nutrients (Lobova, 2000; Beqiraj (Goga) et al., 2008). Moreover, fertilizing with
granular fertilizers most nutrient elements remain in 5–10 cm soil layer. Executing EU
Council directive 91/676/EEB about water protection from the pollution by nitrates used in
agriculture (Nitrates Directive), there are looked for the possibilities to improve nitrogen
fertilizers, improving the conditions of plant nutrition. Rines et al. (2006; Rehakova et al.,
2004) states that zeolite is the suitable means for creating good conditions for plant growing,
being satisfied with less amount of nutrients and water. In 2003 there was started to produce
fertilizer with zeolite, which the main compound is klinoptilolite (Ancuta et all., 2011;
Mažeika et al., 2008).
The possibilities of different nitrogen fertilizers ((calcium ammonium nitre (CAN 27) N90+30),
nitrogen fertilizer with zeolite (N 26 + 6 % zeolite) and zeolite (commercial sign ZeoVit
EcoAgro) 2,5 kg m-1) and ammonium nitre (AN N90+30)) have been investigated.

2. Materials and methods
2.1 Agrochemical properties of soil
Experiments were carried out in calcaric epihypogleyic luvisol of sandy loam on light loam
soil Calcari – Epihypogleyc Luvisols (LVg-p-w-cc). Soil, in which red beet and carrot were
grown, was little nitric (in lay of 0–60 cm 45,0 –48,8 kg ha-1), rich in agile phosphorus (364,4–
411,8 mg kg-1), calcium (7941–8638 mg kg-1) and magnesium (1952–2357 mg kg-1), averagely
rich in agile potassium (154,1 – 165,1 mg kg-1), and there was little amount of humus in it
(1,40–1,54 %). Soil pH 7,2 – 7,6.
2.2 Taking and storage of samples
Hybrid red beet ‘Pablo’ F1 (500 thousand unt. ha-1 of germinable seeds) was grown on flat
surface, carrot cultivar ‘Samson’ (800 thousand unt. ha-1 of germinable seeds) – on furrowed
surface. Sowing scheme – 62 + 8. Work of plant supervision was carried out according to
vegetable growing technologies accepted in LIH. Red beet and edible carrot yield was
gathered, when vegetables reached technical maturity. When harvesting according to the
variants, with three replications, there were taken samples for biochemical investigations
and 12–15 kg samples for root-crop storability investigations. Root-crops were stored in
freezer, under stabile temperature (-1– +2 °C) and relational humidity (85–90 %), in the
storage houses of Institute of Horticulture, LRCAF, Biochemistry and Technology
laboratories. Root-crop storability was inspected after 3 and 7 months, classifying wellpreserved and diseased (rotten, partly rotten and wilted, i. e. not suitable for usage) red beet
root-crops and establishing the natural loss, i. e., drying.
Soil samples for the investigations of agrochemical properties were taken in autumn, after
yield gathering, when the jointed sample according to the variant was created.
2.3 Methods of analysis
Investigations of red beet biochemical composition were carried out at the Laboratory of
Biochemistry and Technology, Institute of Horticulture, LRCAF. There was established: dry
matter – gravimetrically, after drying out at the temperature of 105 ± 2 °C up to the
unchangeable mass (Food analysis, 1986), dry soluble solids – with refractometer (digital
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refractometer ATAGO) (AOAC, 1990a), sugars – by AOAC method (AOAC, 1990b), nitrates
– by potentiometrical method with ion selective electrode (Metod. nurod., ...1990),
carotenoids – spectrophotometrically (Davies, 1976).
Investigations of soil agrochemical composition were carried out in the center of
Agrochemical investigations LAI (now Center of Agrochemical Investigations of LRCAF).
There were established soil agrochemical indices: pHKCl – ISO 10390:2005 (potenciometrical);
agile P2O5 and K2O – GOST 26208-84 (Egner-Riehm-Domingo – A-L), humus – ISO 10694:
1995 (dry burning), calcium and magnesium – SVP D-06 (atomic absorption
spectrometrical), mineral nitrogen – 1M KCl extraction, spectrophotometrical MN-1984.
2.4 Growing cultivars, scheme of experiments, applied fertilizers
Hybrid red beet ‘Pablo’ F1 (500 thousand unt. ha-1 of germinable seeds) was grown on flat
surface, carrot cultivar ‘Samson’ (800 thousand unt. ha-1 of germinable seeds) – on furrowed
surface. Work of plant supervision was carried out according to vegetable growing
technologies accepted in LIH.
Scheme of the experiment:
1.
2.
3.
4.
5.

Without N, Ca, Mg, PK before sowing – background (B – P60K120)
B + calcium ammonium nitre N90 before sowing + N30 at the stage of 4 – 6 leaves (B +
CAN 27 N90 + 30)
B + calcium ammonium nitre with zeolite N90 before sowing + N30 at the stage of 4 – 6
leaves (B + N 26 + 6z N90 + 30)
B + ammonium nitre N90 before sowing + N30 at the stage of 4 – 6 leaves + zeolite (B +
AN N90 + 30 + zeolite).
B + dusting with zeolite* (i. e., root-crops were sprinkled and mixed with zeolite). Rootcrop samples (15 kg each) were taken from the first variant and sprinkled with zeolite
30 kg t-1.

For the background fertilization there was used granular superphosphate and potassium
sulphate. Nitrogen fertilizers were applied in the rates and forms indicated in the scheme. In
the last variant before vegetable sowing there was inserted 2,5 kg m-1 of zeolite. Experiments
were carried out every year in 4 replications in randomized fields, storage investigations – in
3 replications (10–12 kg of vegetables per each) storing them in polypropylene bags. Storing
vegetables, variant with zeolite was added, vegetable samples were taken from background
fertilization (the first variant) and sprinkled (felted up) with zeolite 30 kg t-1. Area of record
plot – 6,2 m2. the analyses of vegetable biochemical composition and soil agrochemical indices
were carried out in 3 replications.
2.5 Mathematical procession
Data significance was evaluated by one-factorial dispersion analysis, using program
ANOVA; the relation among different indices – by correlation-regression analysis; using
program STAT_ENG. Using indicises: r – coreliation coefficient, ** – level of probability 01,
* – level of probability 05.
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2.6 Meteorological conditions
Meteorological conditions in different years of investigation were different: vegetation
period in 2004 was cooler than multiannual and the amount of precipitation bigger than
multiannual average, 2005 was warm and dry, 2006 – hot and humid, 2007 – cool and humid
(table 1). Especially many precipitations fell in August of 2004, 2005 and 2006. Air
temperature was very different. In 2004 and 2006 it was much higher than the multiannual
average, but in 2006 it was even in 2 °C cooler. July of 2005 was especially dry and hot. In
July 2006 precipitations comprised only 40 % of multiannual rate ant the temperature was in
2 °C higher than the multiannual average.

Month

2004

2005

2006

2007

Multi
annual

2004

2005

2006

2007

Multi
annual

May

11,1

11,3

12,6

11,2

12,3

46,2

65,4

74,0

104,4

50,7

June

13,7

14,9

16,3

15,1

15,9

77,4

66,6

13,8

72,2

71,2

Jule

16,4

19,1

19,3

15,2

17,3

50,4

3,8

30,2

173,6

75,3

August

17,3

14,7

17,5

16,6

16,7

118,2

109,4

173,4

42,8

78,4

September

10,1

14,2

14,5

10,6

12,1

36,2

46,5

83,0

57,8

58,7

Average

13,7

14,8

16,0

13,7

14,9

65,7

58,3

74,9

90,2

66,9

Table 1. Meteorological conditions during vegetation period. Data of Babtai
agrometeorological station, iMETOS prognostication system

3. Results and discussion
3.1 Yield of red beet and carrot
Data of investigations carried out in various countries with various plats show that nitrogen
is the factor, which determines the growth and productivity of plant most of all (Scholberg
et al., 2000; Babik & Elkner, 2002; Tei et al., 2002; 2001; Rubatzky et al., 1999; Malnou et al.,
2008). Nevertheless, nitrogen induced environmental damage such as nitrate pollution and
wasting fossil fuel (Fustec et al., 2009). Red-beet productivity, independently of their
cultivars and types, also increases applying nitrogen fertilizers (Ugrinovic, 1999; Staugaitis
& Tarvydienė, 2004). According to our data of investigations carried out at the Institute of
Horticulture, LRCAF, in 2004–2007, red beet yield increased averagely 2,1 times (Fig. 1),
using nitrogen fertilizers (N90+30), independently from fertilizer form, in comparison with
the yield obtained when red-beet were fertilized only with phosphorus and potassium
fertilizers (P90K120). The yield of edible carrot increased 14 % (Fig. 2). The output of
marketable red-beet yield increased averagely 19,0 %, carrot – 3,5 %. The output of
marketable yield is important parameter, which determined fertilizer suitability and
corresponds to one of the main requirements of the optimal yield – high output of marketable
yield (Suojala, 2000; Zalatorius & Viškelis, 2005). Marketable red-beet yield after fertilizing
with ammonium nitre increased by 22,6 t ha-1 or in 93,4 % in comparison with this of red-beet
grown without nitrogen fertilizer; after fertilizing with ammonium nitre plus zeolite – 28,7 t
ha-1 or 2,1 times. There was obtained the bigger marketable yield after fertilizing with
ammonium nitre and inserting zeolite, because the output of marketable yield was better in
3,3 %. Fertilizing carrots both with ammonium nitre and ammonium nitre with zeolite there
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LSD05 yield 3,5,

60
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79,6

78,6

76,1

50
Yield, t ha

output 3,5

65,6

40
30

46,8

20

54,7

52,9

24,2

10
0
Background
P120K180,

90
80
70
60
50
40
30
20
10
0

Output, %

was obtained equal yields. Using nitrogen in both variants, marketable carrot yield increased
6,0 t ha-1 or 12,3 %; fertilizing with ammonium nitre and zeolite the output of marketable yield
increased 2,0 %. The data of foreign scientists show that fertilizing with calcium ammonium
nitre the yield increases. When malty barley was fertilized with calcium ammonium nitre,
dependently on soil granulometrical composition, the biggest additional yield was obtained
after scattering 112.5–137,5 kg ha-1 N (Conry, 1997). According to the data of Zdravkovic et al.
(1997), carrot fertilized with manure produced 48,4 t ha-1, with calcium ammonium nitre – 41,5
t ha-1 and mixture – 41,5 t ha-1 of yield. Sorbtional properties of zeolite, according to the data of
many investigators (Challinor et al. 1995; Ilsildar, 1999; Li et al., 2002; Polat et al., 2004),
guarantee 15–30 % more economical nitrogen usage, prolong the duration of nutrients action
and decreases the necessity of often fertilization. Natural zeolites are nature’s own slow
release fertilizers (Li, 2003; Середина, 2003).

B + CAN N90 + B + N 26 + 6z N90 B + AN N90 + 30
30
+ 30
+ zeolite 2,5 kg
fertilization
m-2

without N, Ca,
Mg (B)

marketable yield

output of marketable yield

Fig. 1. Influence of fertilizers with prolongation effect on productivity of red beet. Babtai,
2004–2007

70
60
50
40
30
20
10
0

69,8

68,4

55,0

49,0

Background

71,4

57,6

71,2

55,1

80
70
60
50
40
30
20
10
0

B + CAN N90 + 30 B + N 26 + 6z N90 B + AN N90 + 30 +

P120K180, without
N, Ca, Mg (B)

output 5,3

output, %

yield, t ha

-1

LSD05 yield 2,6,

+ 30

zeolite 2,5 kg m-2

fertilization
marketable yield

output of marketable yield

Fig. 2. Influence of fertilizers with prolongation effect on productivity of edible carrot.
Babtai, 2004–2007
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Grecian scientists (Samartzidis et al., 2005) state that zeolite doesn’t have positive influence
on rose productivity. Zeolite efficiency is influenced by the size of granules. 3–5 mm zeolite
granules are of the biggest sorption susceptibility. According to Russian investigators
(Ryakhovskaya & Gainatulina, 2009), the use of zeolites allows reducing the basic fertilizer
dose by 25 % and growing annual grasses without fertilizers in the second and thirds years
after it application. Introduction of zeolite in our investigations positively influenced the
increase of marketable yield output. The data of Siberian peat investigations show that the
presence of zeolite in granule, when fertilizing in all directions, didn’t produced additional
yield, but fertilizing locally increased yield 9–13 %, in comparison with yield, obtained
fertilizing only with the granular mixture of peat-mineral fertilizers (Алексеева et al., 1999).
The data of Polish investigators showed that nitrogen fertilizer with DMPP nitrification
inhibitor is suitable as nitrogen fertilizer, equal to ammonium and calcium nitrates and more
effective than ammonium sulphate (Kolota et. al., 2007). The data of the carried out
experiments showed that the biggest red beet and carrot yields and the bigger output of the
marketable yield, than this obtained fertilizing with other nitrogen fertilizers, was obtained
applying nitrogen fertilizer with zeolite (N 26 + 6c N90+30).
3.2 Storage of red beet and carrot crop-root
Vegetable storability is influenced by climatic conditions, soil, cultivars, fertilization, forms of
fertilizers and the time of harvesting (Suojala, 2000; Sakalauskas et al, 2004; Rożek et al., 2000).
In order to preserve vegetables it is important to keep the suitable temperature, humidity and
to create suitable conditions for breathing (Raju et al., 2010; Workneh et al., 2011; Badelek et al.,
2002; Kołota et al., 2007). One of the most valuable red beet farm properties is uncomplicated
their growing, good biochemical composition and good storability (Petronienė & Viškelis,
2004). Important property of red beet, which improves their storability, is their thicker skin
and root-crop ability to pass to the state of tranquility (Аутко, 2004). Round root-crops of red
beet is stored better than cylindrical root-crops. The output of marketable production, when
growing red beet without nitrogen fertilizers after short-time storing (3 months) comprised
82,6 %, after long-time storing (7 months) – 59,5 %, and losses correspondingly – 17,4 % and
40,5 % (Fig. 3). Additional fertilizing with nitrogen fertilizers the output of marketable red beet
production after short-time storing increased averagely 6,3 %, after long-time storing – 21,7 %.
The amount of marketable production, suitable for realization increased correspondingly 19,1 t
ha-1 or 94,6 % and 17,3 t ha-1 or 2,2 times. Red beets, fertilized with nitrogen fertilizer with
zeolite, were preserved best of all both after 3 and 7 months. The amount of marketable
production after 3 months storage, in comparison with this one of red beet fertilized with
calcium ammonium nitre, increased 7,3 t ha-1 or 17,7 %; in comparison with this one of red beet
fertilized with ammonium nitre with zeolite – 2,3 t ha-1 or 5,1 %. After long-time storage the
amount of marketable production increased correspondingly 8,4 t ha-1 or 26,5 % and 3,3 t ha-1
or 9,1 %. Red beet root-crops sprinkled with zeolite were stored very well. After short-time
storage the output of marketable production, in comparison with this one of red beet grown
without nitrogen fertilizers, increased 8,6 %, i. e., storing the same amount of marketable yield
as in the background variant there was obtained 1,5 t ha-1 more marketable production. After
long-time storage the output of marketable production increased 35,5 %, i. e., it was obtained
4,7 t ha-1 more of marketable production than storing red beet root-crops fertilized only with
phosphorus and potassium fertilizers. It is thought that red beet root-crop storability was
improved by zeolite ability to hold up humidity.
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LSD05 production I 2,84, II 2,40;
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27,5

32,6

II 3,14

31,0

-1

40

losses I 3,77,

lossess, %

60

ha

marketable production, t

To store carrot is more difficult than other root-crop vegetables. It is very important for them
temperature and humidity during storage (Suojala, 2000; Fikseliova et al., 2010). Carrot rootcrop have thin cover tissue (4–8 layers of periderma, when this one of potatoes – 9–11
layers), which during yield gathering with mechanical means very often is injured. That is
why water is evaporated more intensively (Аутко, 2004). Carrots quickly wilt, and wilted are
less resistant to diseases, but small mechanical injures root-crop is able to “heal up”.
Meteorological conditions during the last two weeks before gathering have big influence on
carrot storability (Fritz & Weichmann, 1979). Our data showed, that storing carrot for short
time (up till New Year) marketable production comprised averagely 46,6 t ha-1, and after longtime storage (up till May) – 38,5 t ha-1 (Fig. 3). Storage losses correspondingly were 12,3 % and
27,4 %, i. e., carrots, suitable for realization comprised averagely 87,7 % and 72,6 %.

30
17,4

20
10

19,4
13,2
40,6 31,6

20,0 14,4

12,0

13,2
46,0 36,5

48,1 39,6

0
fertilization

45
40
35
30
25
20

15
10,3 10
21,7 19,5
5
0

B + dusting
Background B + CAN N90 + B + N 26 + 6z B + AN N90 +
zeolite*
30
N90 + 30
30 + zeolite 2,5
(P120K180,
kg m-2
without N, Ca,
marketable production I
marketable production II
Mg -B)
losses I
losses II

LSD05 production I 4,7, II 5,9;

losses I 2,4, losses II 2,3

50
33,6

40
ha

-1

marketable production, t

60

30

28,4

47,2

42,2

32,5

14,1
37,2

46,0

47,0

14,6

12,7
41,2

39,5

40

20
14,3
42,0

6,1

0
fertilization

50

30

28,3

50,3

13,9

20
10

32,4

losses, %

Fig. 3. Influence of fertilizers with prolongation effect on amount marketable production
and persistence of red beet crop-root.

10
0

Background B + CAN N90 + B + N 26 + 6z
(P120K180,
without N, Ca,
Mg -B)

30

B + AN N90 +

B + dusting

30 + zeolite 2,5
zeolite*
kg m-2
marketable production I
marketable production II
losses I

N90 + 30

losses II

Fig. 4. Influence of fertilizers with prolongation effect on amount marketable production
and persistence of carrot crop-root. Babtai, 2004–2008.
The amount of carrot, fertilized with nitrogen fertilizers, marketable production after shorttime storage increased on the average 5,4 t ha-1 or 12,9 %, after long-time storage– 7,5 t ha-1 or
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23,0 %. The results of storage investigations showed that carrots, fertilized with nitrogen
fertilizer with zeolite, were preserved best of all. The amount of marketable production after
short-time storage, in comparison with this one of carrot grown without nitrogen fertilizers,
increased 8,1 t ha-1 or 19,2 %. Storing carrot till spring (7 months), storage losses decreased
from 33,6 % up to 28,4 % and it was obtained additionally 8,7 t ha-1 carrot marketable
production. Carrot root-crop sprinkling with zeolite very improved their storability (from
86,1 % to 93,9 %, and after long-time storage from 66,4 % to 85,7 %). The amount of
marketable production, in comparison with this one of carrot grown without nitrogen
fertilizers, increased correspondingly 3,8 t ha-1 or 9,0 % and 9,5 t ha-1 or 29,2 %.
3.3 Quality of red beet and carrot crop-root
Mineral fertilization is one of the most important and effective factors influencing
metabolism and at the same time yield quality. Plants assimilate nutrients, which they
receive with mineral and organic fertilizers (Lairon, 2010). Their concentration in vegetables
changes dependently on many factors: vegetable type and cultivar (Montemurro et al., 2007;
Rożek et al., 2000), soil, meteorological conditions (Rubatzky et al., 1999; Suojala, 2000; Jalali,
2008). Too intensive fertilization, especially with nitrogen, can cause unsuitable increases in
some plants of nitrates, sugars and decreases of dry soluble solids, ascorbic acid (vitamin C),
calcium and magnesium (Wang et al., 2008; Sorensen, 1999), therefore, it is very important
not to delay fertilization and to use suitable fertilizers (Petronienė & Viškelis, 2004). Fresh
red beet root-crops accumulate 16–22 % of dry matter, 10–16 % of sugars, 9–32 mg% of
vitamin C, small amounts of other vitamins (B1, B2, PP), and the color of root-crop depends
on the amount of betain (Аутко, 2004). According to the data of investigations carried out in
Lithuanian, meteorological conditions, cultivar and soil influence red beet root-crop
biochemical composition more than fertilizers (Staugaitis & Dalangauskienė, 2005;
Tarvydienė & Petronienė, 2003; Butkuvienė et al., 2006). Lithuanian investigators
(Petronienė & Viškelis, 2004a) indicate that the amounts of dry soluble solids in red beet
root-crops can be 8,3–16,2 %, these of sugars – 4,98–12,6 %, ascorbic acid – 9,0–31,2 %,
betanins – 39,9–96,7 mg 100 g-1, nitrates – 272–2322 mg kg-1. Our investigations showed that
after yield gathering the amounts of dry matter and dry soluble solids in red beet root-crop
growing them without nitrogen fertilizers were correspondingly 14,4 % and 12,3 % (Fig. 5).
The least amounts of dry matter and correspondingly dry soluble solids were found in rootcrops, fertilized with nitrogen fertilizer with zeolite (11,9 and 11,7 %). Precipitation
positively influenced the amounts of dry matter (r = 0,73**), dry soluble solids (r = 0,69**)
and sugars (r = 0,83**) and decreased the amount of nitrates (r = -0,59*). Temperature effect
was opposite (correspondingly rdm = - 0,73**, rdss = -0,64**, rsugars = -0,75**, rnitrates = 0,60*). In the
stored vegetable, similarly as during the growth, constant metabolism takes place. Vegetable
storage and nutrient losses depend on its intensity. When vegetables are stored in low
temperature and suitable humidity, breathing and all the biochemical processes slow down.
The most suitable temperature for the storage of root-crop vegetables is from -1 to +2 °C,
relational humidity – 85–95 % (Аутко, 2004; Petronienė & Viškelis, 2004). According to the
data of Polish investigators (Badelek et al., 2002), the least amount of non marketable red
beet root-crop and the best their quality are when in storing houses +2 °C temperature is
kept and the size of red beet doesn’t have influence on the storage. According to the data of
German investigators (Henze & Bauman, 1979), humidity during storage has bigger
influence on red beet root-crop preservation than temperature. Red beets are stored better
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SM, DSS, %, after
harvest

13,7

12,3
12,7

13,5

DSS st 0,21

12,7

12,3
14,4

DSS h 0,40

11,9
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12,0
11,8 12,8

11,9

14,4
12,2

11,7

14
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12,3 12
12
13,5
11
11

storage

LSD05 DM h 0,28, DM st 0,19
13,7
13,6

16
14
12
10
8
6
4
2
0

DM, DSS, % after

when relational humidity is more than 95 %. Data of our investigations show that during
red beet storing the amounts of dry matter in root-crops, in comparison with amounts
during yield gathering, decreased fertilizing with nitrogen fertilizer with zeolite and storing
red beet, grown without nitrogen fertilizers, sprinkled with zeolite; it increased fertilizing
with calcium ammonium nitre and ammonium nitre with zeolite. The amounts of dry
soluble solids in all the fertilization variants increased. According to Lithuanian
investigators (Karklelienė et al., 2007), the amounts of dry soluble solids after storage
depend on genetype. Red beet cultivar ‘Kamuoliai 2’ was distinguished for the bigger
amount of dry soluble solids. Genetype also influence the amount of sugars in red beet rootcrops (Karklelienė et al., 2009). The amount of sugars, according to Petronienė & Viškelis
(2004a), influences root-crop nutritional properties and procession. Red beets, which have
more sugars, are distinguished for better taste properties. Growth conditions influence the
amount of sugars too. In the investigations the amounts of sugars didn’t fluctuate in wide
limits (Fig. 6).

Background B + CAN N90 B + N 26 + 6z B + AN N90 + B + dusting
fertilization(P120K180,
+ 30
N90 + 30
30 + zeolite
zeolite*
without N,
Ca, Mg - B)

2,5 kg m-2

after harvest DM
after storage DM

after harvest DSS
after storage DSS

Fig. 5. Influence of fertilizers with prolongation effect on content of dry matter and dry
soluble solids in red beet crop-root. Babtai, 2004–2008.
LSD05 harvest 0,28
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8,4 9,0

7,9

8,7

8,1 8,6

8
6
4
2
0

Background
fertilization(P120K180,
without N,
Ca, Mg - B)

B + CAN N90 B + N 26 + 6z B + AN N90 +
+ 30

N90 + 30

after harvest

30 + zeolite
2,5 kg m-2

B + dusting
zeolite*

after storage

Fig. 6. Influence of fertilizers with prolongation effect on content of sugars in red beet croproot. Babtai, 2004–2008.
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Fertilizing with nitrogen fertilizers the amounts of sugars decreased insignificantly (on the
average 0,3 % unt.). They were equal both fertilizing with calcium ammonium nitre and
nitrogen fertilizer with zeolite. The amount of sugars depended on the amounts of dry
matter (r = 0,50*) and dry soluble solids (r = 0,57**). After storage the amounts of sugars in
red beet root-crops slightly increased (from averagely 8,1 % to 8,7 %). The biggest amount of
them was in red beet root-crops fertilized with nitrogen fertilizer with zeolite. Polish
investigators (Roźek et al., 2000) indicate that during root-crop storage the amounts of soluble
sugars and nitrated decrease, but the amounts of phenols increase. Our data showed that
sugar amount negatively correlates with nitrate amounts (r = -0,56*) (Fig. 7). Klotz et al. (2004)
indicated that sugar beet sucrolytic activities change little during storage, regardless of
storage temperature, length of storage. Polish investigators (Szura et al., 2008) indicate that
the type of nitrogen fertilizer doesn’t influence the amounts of dry matter, sugar, phenols and
ammoniac nitrogen (NH4) and proteins, phosphorus, potassium and magnesium, and that
fertilizes with nitrification inhibitor (Entec 26) decreases nitrate amounts. Nitrates, as Lairon
(2010) states, are absorbed through roots and naturally accumulate in plants, where later on
are used for amino acid synthesis. Even fertilizers rich in nitrogen, especially of organic origin,
when there are high soil mineral level, do not accumulate much nitrates and their
accumulation also depend on meteorological conditions, plant cultivars and yield gathering
time. Some scientist affirm that nitrate amount increases when nitrogen amount increases in
the soil, plants suffer stress (shade, drought, etc.) and additionally fertilizing with leaf fertilizer
or applying combined fertilization on soil surface and through leaves (Alexandrescu et al.,
2000). The data of statistic analysis of our investigations indicate that when the amount of
mineral nitrogen in the soil increases, its amount in root-crop increases also (r = 0,51*).

nitrates, mg kg

-1

2500

LSD05 harvest 117,1;

2023,3

2000
1500

storage 43,3

2123,5

2103,3
1607,8

1728,9 1807,0
1398

2023,3
1596,5

1536,9

1000
500
0

Background B + CAN N90 B + N 26 + 6z B + AN N90 + B + dusting
fertilization (P120K180,
+ 30
N90 + 30
30 + zeolite
zeolite*
without N,
2,5 kg m-2
Ca, Mg - B)
after harvest
after storage

Fig. 7. Influence of fertilizers with prolongation effect on content of nitrates in red beet croproot. Babtai, 2004–2008.
Field vegetables, gathered later on, as indicate Amr & Hadidi (2001), accumulate fewer
nitrates. The influence of nitrogen fertilizers on nitrogen and nitrate amount in root-crops
isn’t big, but may be important to other properties (Haworth, 1966). Petronienė & Viškelis
(2004a) state that the amount of nitrates in red beet increases additionally fertilizing during
vegetation, therefore it is important do not delay fertilization. The amount of nitrates can
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fluctuate from 388–4 880 mg kg-1, fertilizing red beet PK or growing them without fertilizer,
and reach even 6 480 mg kg-1, fertilizing them NPK. Influence of fertilizers, in comparison
with the influence of meteorological conditions was smaller, and the forms and rates of
fertilizers didn’t influence nitrate amount (Staugaitis & Dalangauskienė, 2005). In our
investigations nitrate amount, when red beet weren’t fertilized, was 2023,3 mg kg-1 and
fertilizing with nitrogen fertilizers didn’t influenced the increase of nitrate amount, even
though fertilizing with calcium ammonium nitre and ammonium nitre with zeolite their
amount was bigger (Fig. 7). The least nitrate amounts both after red beet gathering and after
storing were in the root-crops of red beet fertilized with nitrogen fertilizer with zeolite. In
red beet root-crops, which were sprinkled with zeolite, nitrate amount was 3,9 % bigger
than this in red beet fertilized with nitrogen fertilizer with zeolite, but smaller than after
fertilization with nitrogen fertilizer or in red beet grown without nitrogen fertilizer. Polish
investigators (Kołota et al., 2007) indicate that fertilizer with nitrification inhibitor (Entec 26)
tends to decrease nitrate amounts. According to some investigators (Montemurro et al.,
2007), the bigger amount of nitrates in the soil also increases nitrate concentration in plants.
Staugaitis (1996) affirms that during storage, because of physiological processes in rootcrops, nitrate amount increases, when before storage there are little amount of them (not
more than 95 mg kg-1), and decreases when there are more of them. Other investigators
indicate that zeolite application in substrate prolongs the time of substrate use and
guarantee the bigger and stabile biomass yield and smaller nitrate amount in it (Geodakian,
Erofeeva, 1996).
There can be in carrot, as Аутко (2004) indicate, 8–12 % of dry matter, 6–8 % of sugars, 9–12
mg% of carotene, also potassium and microelements – boron and iodine. According to
Holden et al. (1999), raw carrot roots contain on average 12 % of dry matter, 4.5 % of sugars,
2.0 % of dietary fiber, 5.7 mg·100 g-1 of β-carotene, 5.9 mg·100 g-1 of vitamin C. According to
Ayaz et al. (2007), amounts of dry matter fluctuated in wide limits – from 6,40 % to 11,43 %;
nitrates – from 8,1 mg kg-1 to 509 mg kg-1. The data obtained in the investigations
correspond to the indicated (Fig. 8, 9, 10).

DM, DSS,% after
harvest

10,0
8,0
6,0

LSD05 DM h 0,24,
DM st h 0,24;
11,0
11,1
10,2
9,1
9,0
9,2

4,0

8,9

2,0

10,7

10,9

11,0

8,7

DSS h 0,24,
10,5
9,0

10,8
9,1

12,0
10,0
8,0

10,7
8,8

DSS st 0,10

6,0

11,0
8,9

8,9

0,0

4,0
2,0

DM, DSS, % after
storage

12,0

0,0
Background B + CAN N90 B + N 26 + 6z B + AN N90 + B + dusting

(P120K180,
fertilization without N,
Ca, Mg - B)

+ 30

N90 + 30
after harvest DM
after storage DM

30 + zeolite
2,5 kg m-2

zeolite*
after harvest DSS
after storage DSS

Fig. 8. Influence of fertilizers with prolongation effect on content of dry matter and dry
soluble solids in carrot crop-root. Babtai, 2004–2008.
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Important carrot quality indices are big amount of sugars and carotenoids, especially βcarotene, and small amount of nitrates (Gajewski et al., 2009). Their amounts depend on
growth conditions, genetype and fertilization (Arscott & Tanumihardjo, 2010). During
growth period meteorological conditions in our investigations little influenced the changes
of biochemical indices in root-crops, with the exception of nitrates. Differentiated soil
fertilization with nitrogen doesn’t significantly influence the amount of dry matter and dry
soluble solids, carotenoids, nitrates and phenols in carrot root-crops (Pokluda, 2006;
Pekarskas & Bartaševičienė, 2009; Karklelienė et al., 2007a). The amounts of dry soluble
solids can increase when yield gathering is delayed (Suojala, 2000). Data of investigations
show that the amounts of dry matter and dry soluble solids fluctuated in very narrow limits
and fertilization with nitrogen little influenced their changes (Fig. 8). Both after carrot yield
gathering and after storage in root-crops of carrots fertilized with nitrogen their amounts
were smaller in comparison with the amounts in the root-crops grown without nitrogen
fertilizer. After storage dry matter content in carrot changed in general, depending on kind
of storage and variety, and β-carotene content was affected as well. Cold storage showed
lower loss (13,57–14,28 %) compared to cellar (20–27,3 %) (Fikselová et al., 2010).
Investigation data show that in carrot root-crops fertilized with nitrogen fertilizer with
zeolite after storage were was slightly bigger amount of dry soluble solids than there was
after yield gathering and fertilization with the investigations nitrogen fertilizers didn’t have
influence.
Growth and storage conditions, genetype influence sugar (Seljasen, et al., 2011) and carotene
(Fikseliová et al., 2010; Gajewski et al., 2007, 2010) amounts in carrot root-crops. When
growing carrot cultivar ‘Samson’, as data of our investigations show (Fig. 9), there were 6,2–
6,4 % of sugars, 12,8–13,2 mg% of carotenes and fertilization with the investigated nitrogen
fertilizers had little influence on sugar and carotene amounts. After carrot storage sugar and
carotene amounts, in comparison with the amounts after yield gathering, little changed.
According to polish investigators (Roźek et al., 2000), storing root-crops the amounts of dry
sugars and nitrates decrease, but the amounts of phenols increase. Fikselová et al. (2010)
indicate that storing in cool place the losses of β-carotene were 13,6–14,3 %, and storing in
cellars – 20–27,3 %. Some authors (Belitz et al., 2004) indicate that carrot storage, which
doesn’t correspond to requirements; increase the disintegration of carotenoids 5–40 %. When
carrots are stored at 2 °C and 90 % relational humidity, carotenoid amounts slowly increased
during the first 100 days, but later on decreased (Lee, 1986).
Fertilizer rates and the time of their sprinkling, growth conditions influence nitrate
accumulation in root-crops (Gajewski et al., 2009). Literature data concerning nitrates
accumulation in carrots are differentiated and, according to Pokluda (2006), ranged from 50
to 500 mg kg-1 plants grown in Middle Europe region, and Koná (2006) indicates narrower
limits (302,5–449 mg kg-1). In the grown experiments in carrot root-crops there were 290,0–
308,5 mg kg-1 (Fig. 10). Fertilizing with calcium ammonium nitre, the amount of nitrates
increased 12,7 mg kg-1, and fertilizing with ammonium nitre with zeolite the increase was
insignificant. The least amount of nitrates in root-crops both in autumn, after yield
gathering, and after storage, accumulated in carrot root-crops fertilized with nitrogen
fertilizer with zeolite. After storage nitrate amounts decreased in root-crops fertilized with
calcium ammonium nitre, nitrogen fertilizer with zeolite and grown without nitrogen
fertilizer; slight increase, in comparison with the amounts after yield gathering were in carrot
root-crops fertilized with ammonium nitre with zeolite. The data of statistical analysis showed
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that under our conditions when temperature increased nitrate amount in root-crop increased
also (r = 0,96**), and the increase of precipitation amount during vegetation nitrate amounts
decreased (r = -0,98**). Nitrate amount in root-crops increased, when mineral nitrogen amount
in the soil increased also (r = 0,56*).
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Fig. 9. Influence of fertilizers with prolongation effect on content of sugars and carotenes in
carrot crop-root. Babtai, 2004–2008.
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Fig. 10. Influence of fertilizers with prolongation effect on content of nitrates in carrot croproot. Babtai, 2004–2008.
Red beet, cabbage, cucumber, potatoes, leaf vegetables accumulate more nitrates. Their
amount during storage little changes. Carrot accumulate little amount of nitrates (Prasad &
Chetty, 2008; Ayaz et al., 2007). Our investigations confirmed this. In red beet root-crops
fertilized with nitrogen fertilizer with zeolite after yield gathering there was found 1807 mg
kg-1, carrot – 290 mg kg-1 of nitrates. After storage nitrates amount of nitrates slightly
decreased: in red beet on the average 442,5 mg kg-1, in carrot – 9,6 mg kg-1.
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3.4 Agrochemical properties of the soil
The amount of nutrients in the soil depends on the soil itself, fertilization, and time of
investigations (Jalali, 2008; Liet. dirvožemių ..., 1998). Application of natural zeolite, that
showed Abdi et al. (2006) increased the available nitrogen, potassium, phosphorus, calcium
and magnesium of the medium. Beqiraj (Goga) et al. (2008) maintain that the presence of
zeolites ameliorates the physical and chemical quality of soil and by thus can reduce
nutrient loss due to leaching by increasing the retention of nutrients and slowly releasing
them as needed by soil and plants. The influence of nitrogen fertilization is also determined
by many other factors (soil type, texture, redox potential and the content of organic matter,
cation exchange capacity, and base saturation ratio, soil content of Ca and Mg as well as
heavy metals (Sady & Rożek 2002). Zeolite, which the main component is klinoptilolit,
according to Russian investigator (Середина, 2003), decrease soil acidity and this effect is
seen in many years. Investigations in Croatia showed that fertilizers with zeolite have little
effect upon the reduction of soil acidity by comparison to the applied lime materials, but
owing to intensive ion exchange it had a good effect on soil fertility and thereby on the
plants yield (Butorac et al., 2002). Soil acidity in red beet crop, when it is established after
yield gathering, applying fertilizers little changed (Table 2); in carrot crop (Table 3), after
fertilization with nitrogen fertilizer with zeolite, it was slightly smaller in comparison with
this when fertilizing with calcium ammonium nitre. Smoleń et al., 2011 showed that
nitrogen fertilizers only slightly influenced chemical properties of soil, mainly pH, solubility
rate of mineral nutrients in soil environment and, thus, mineral uptake (and accumulation)
by carrot plants. The amount of mineral nitrogen in the soil in red beet crop fertilizing with
nitrogen fertilizer with zeolite, in comparison with red beet fertilized with calcium
ammonium nitre, increased 8.2 %, in comparison with ammonium nitre and zeolite – 3,9 %
(Table 2); in carrot crop correspondingly 5,1 % and 5,0 % (Table 3). Investigations carried out
in Endocalcari-Endohypogleyc Cambisol (CMg-n-w-can) showed that fertilizing winter wheat
with nitrogen fertilizer with klinoptilolit (N120) at the last leaf stage, in 0–30 cm soil layer there
was 37,6 %, and in wax maturity stage – 28,7–32,6 % more mineral nitrogen, in comparison
with amount found fertilizing with calcium ammonium nitre. This might because of the reason
that plants assimilate less nitrogen, therefore more of it remains in the soil (Mašauskienė &
Mašauskas, 2009).
Fertilization/ characteristics

pH(KCl)

P 2O 5

agile, mg kg-1
K 2O
Ca

Mg

Nmin
kg ha-1

Soil agrochemical characteristics
before layout of experiments
Background (P120K180, without N,
Ca, Mg -B)

7,4

371

186

7249

1775

50,4

7,7

356,5

162,8

7040

1885

42,3

B + CAN N90 + 30

7,8

345,5

168,0

8455

2329

44,1

B + N 26 + 6z N90 + 30

7,8

375

171,8

10260

2834,8

47,7

B + AN N90 + 30 + zeolite 2,5 kg m-2

7,8

380,5

168,0

8795

2379

45,9

LSD05

0,13

49,8

28,8

2337,8

877,8

6,4

Table 2. Influence of fertilizers with prolongation effect on exchange agrochemical
properties of soil in red beet crop. Babtai, 2004–2007.
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Slightly bigger amount of agile potassium in red beet crop was in the soil fertilized with
nitrogen fertilizer with zeolite and in carrot crop – after fertilization with ammonium nitre
with zeolite. There was slightly bigger amount of agile phosphorus in both experiments
after fertilization with ammonium nitre with zeolite. According to the data of Serbian
investigators (Milošević & Milošević, 2010), fertilization with all the rates of investigated
fertilizers with zeolite (Agrozel) led to increases in humus, total nitrogen (not significant),
potassium and phosphorus (significant to the control – no fertilizer) within all depts. The
biggest amount of calcium and magnesium in the soil of red beet crop was fertilizing with
nitrogen fertilizer with zeolite, and in carrot crop – fertilizing with ammonium nitre with
zeolite. Even though the soil is rich with calcium and magnesium, these elements are
antagonists and plats do not assimilate them (Liet. dirvož...., 1998).
Fertilization/ characteristics

pH(KCl)

agile, mg kg-1
P2O5

K2O

Ca

Mg

N min
kg ha-1

Soil agrochemical characteristics
before layout of experiments
Background (P120K180, without N,
Ca, Mg -B)

7,4

371

186

7249

1775

50,4

7,6

390,3

151,5

7217,5

1822,3

38,8

B + CAN N90 + 30

7,7

407,5

148,2

7960

1912,5

50,6

B + N 26 + 6z N90 + 30

7,8

404,5

156,2

7935,1

2020

53,2

B + AN N90 + 30 + zeolite 2,5 kg m-2

7,8

444,8

166,3

8652,5

2053,8

52,7

LSD05

0,16

30,7

40,17

1349

187,2

15,5

Table 3. Influence of fertilizers with prolongation effect on exchange agrochemical
properties of soil in carrot crop. Babtai, 2004–2007.

4. Conclusions
The use of nitrogen fertilizers increased red beet marketable yield 2,1 times, carrot – 14,1 %,
when growing without fertilizers there was obtained correspondingly 24,2 t ha-1 and 49,0 t
ha-1. The biggest marketable red beet (54,7 t ha-1) and carrot (57,6 t ha-1) yield and the output
of marketable yield (correspondingly 79,6 % and 71,4 %) were applying nitrogen fertilizer
with zeolite (N 26 + 6z N90 + 30). Red beet marketable yield, in comparison with this of the red
beet grown without nitrogen fertilizer, increased more than twice, carrot – 17,6 %, output of
marketable yield correspondingly 21,3 % and 4,1 %.
The results of storage investigation showed that red beet and carrot fertilized with nitrogen
fertilizer with zeolite was preserved best of all. After short-time storage there was 48,1 t ha-1
of red beet and 50,3 t ha-1 of carrot marketable production; storage losses comprised
correspondingly 12,0 % and 12,7 %. After long-time storage there was 39,6 t ha-1 of red beet
and 41,2 t ha-1 of carrot marketable production; storage losses comprised correspondingly 27,5
% and 28,4 %. Red beet and carrot sprinkling with zeolite (30 kg t-1) improved their storability.
After short-time storage the output of red beet marketable production in comparison with this
of the red beet grown without nitrogen fertilizers increased 8,6 %, carrot – 9,0 %; after longtime storage – correspondingly 35,5 % and 29,2 %; i. e., there was obtained additionally 1,7 and
5,1 t ha-1of red beet and 3,8 and 9,5 t ha-1of carrot marketable production.
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Dry matter amounts after yield gathering in red beet root-crops fluctuated from 11,9 % to
14,4 %, dry soluble solids – from 11,7 % to 13,5 %; nitrates – from 1807 mg kg-1 to 2123,5 mg
kg-1 and the least their amounts were fertilizing the crop with nitrogen fertilizer with zeolite;
sugars – from 7,9 % to 8,4 % and fertilization didn’t influenced significantly their amount. In
carrot root-crops dry matter amounts fluctuated from 10,7 % to 11,0 %; dry soluble solids –
from 8,8 % to 8,9 %; nitrates – from 290 mg kg-1 to 308.5 mg kg1 and the least their amounts
were fertilizing the crop with nitrogen fertilizer with zeolite; sugars – from 6,2 % to 6,4 %;
carotenes – from 12,8 mg% to 13,2 mg%. After storage in red beet root-crops there was
correspondingly 11,8-13,7; 12,0-12,3; 1398-1728,9; 8,6-9,0; in carrot crop – 10,2-11,1; 8,7-8,9;
267,8-302,0; 6,2-6,4 and 12,8-13,4. The least amounts of dry matter, dry soluble solids and
nitrates were after fertilization red beet and carrot crop with nitrogen fertilizer with zeolite.
Fertilization with the investigated nitrogen fertilizers didn’t influence significantly the
amounts of sugars and carotenes.
Fertilizing with nitrogen fertilizer with zeolite soil acidity decreased, and the amounts of
mineral nitrogen were bigger. The amounts of agile potassium, phosphorus, calcium and
magnesium in the soil fertilizing with nitrogen fertilizer with zeolite were bigger than
fertilizing with other investigated fertilizers.
Zeolite is the suitable means for soil properties and yield quality improvement.

5. Acknowledgements
Authors are grateful to Lithuanian State Foundation of Science and Studies, SC “Achema”
and JSC “Elega” for financial support carrying out investigations.

6. References
Abdi Gh., Khosh-Khui M, Eshghi S. (2006). Effects of natural zeolite on growth and
flowering of stawberry (Fragariaxananassa Duch.). International Journal of
Agricultural Research, vol. 1, № 4 (August, 2006), pp. 384-389, ISSN 1816-4897
Alexandrescu A., Gawriluta I., Buzdugan C., Beldiman G., Borlan Z. (2000) Agrochemical
possibilities of diminishing nitrate content in edible parts of plants. Life sciences and
geosciences, vol. 2, № 1 (March, 2000), pp. 77-80, ISSN: 1454-8267.
Ambruster T. (2001). Clinoptilotite-heulandite: applications and basic research, Zeolites and
Mesoporous Materials at the dawn of the 21st century, Proceedings of the 13 International
Zeolite Conference, pp. 13-27, ISBN: 978-0-444-50238-4, Montpellier, France, Eds.
Galarneau A., Fajula F., Di Renzo F., Vedrine J.
Amr A., Hadidi N. (2001). Effect of cultivar and harvest date on nitrate (NO3) and nitrite
(NO2) content of selected vegetables grown under open field and greenhouse
conditions in Jordan. Journal of Food Composition and Analysis, vol. 14, № 1
(February, 2001) , pp. 59-67(9), ISSN ISSN 0889-1575
Ancuta A., Mažeika R., Staneika E., Buzienė A., Jančiauskas M., Mašauskas V., Venckūnas
V., Balčiuvienė E., Arlauskas R. (2011). Amonio trąšos su karbonatais ir ceolitu.
Patentas LT 5723 B. Patento paskelbimo data 2011-04-26
AOAC. 1990a. Solids (soluble) in fruits and fruit products. In: Official Methods of Analysis.
15th edition, Helrich K. (ed.). AOAC Inc., Arlington, VA: 915., ISBN 0-93558442-0

www.intechopen.com

Influence of Fertilizers with Prolongation Effect
on Productivity of Root-Crop Vegetables and Biochemical Composition Before and After Storage

35

AOAC. 1990b. Sucrose in fruits and fruit products. In: Official Methods of Analysis. 15th
edition. Helrich K (ed.), AOAC Inc., Arlington, VA: 922. ISBN 0-935584-42-0
Arscott S. A., Tanumihardjo S. A. (2010). Carrots of many colors provide basic nutrition and
bioavailable phytochemicals acting as a functional food. Comprehesive reviews in food
science and food safety, vol. 9, № 2 (March, 2010), pp. 223-239, ISSN 1541-4337
(online)
Ayaz A, Topçy A., Yurttagul M. (2007). Survey of Nitrate and Nitrite Levels of Fresh
Vegetables in Turkey. Journal of Food technology, vol. 5, № 2 (March, 2007), pp. 177179, ISSN 1648-8462 (print), ISSN 1993-6036 (online)
Babik I., Elkner K. (2002). The effect of nitrogen fertilization and irrigation on yield and
quality of broccoli. Acta Horticulturae, vol. 571, № (February, 2002), pp. 33-43, ISSN
0567-7572
Badelek E., Adamicki F., Elkner K. (2002). The effect of temperature, cultivar and root size
on quality and storage ability of red beet. Vegetable crops research bulletin, 2002, vol.
56, № ( , 2002 ), pp. 67–76, ISSN 1506-9427
Beqiraj (Goga) E., Fran Gjoka F.,, Fabrice Muller F., Baillif P. (2008). Use of zeolitic material
from Munella region (Albania) as fertilizer in the sandy soils of Divjaka region
(Albania). Carpthhian Journal of Earth and Environmental Sciences, vol. 3, №. 2
(October, 2008), pp. 33 – 47, ISSN 1842 – 4090 (print), ISSN: 1844 - 489X (online)
Belitz H. D., Grosch W., Schieberle P. (2004). Vitamins. In: Food Chemistry. 3rd revised., ed.
Belitz H.D., Grosch W., Schieberle P., pp. 409-426, Springer-Verlag, ISBN 3-54040817-7, Berlin, Heidelberg, New York,.
Butkuvienė E., Kuodienė R. Daugėlienė N. (2006). Effect of wood ash rates on red beet and
potato yield and their quality. Sodininkystė ir daržininkystė, vol 25, №1 (March,
2006), pp. 207-215, ISSN 0236-4212
Butorac A., Filipan T., Bašić F., Butorac J., Mesić M., Kisić I. (2002). Crop response to the
application natural amendments based on zeolite tuff. Rostlinnà Výroba, vol. 48, №
3 (March, 2002) ), pp.118-124, ISSN 0370-663X
Challinor P. F., Le Pivert J. M., Fuller M. P. (1995). The production of standard carnations of
nutrient loaded zeolite. Acta Horticulturae, vol. 401, №1 (October, 1995), pp. 293-300,
ISSN 0567-7572.
Conry M. J. (1997). Effect of fertilizer N on the grain yield and quality of spring barley
grown on five contrasting soils in Ireland. Biology and Environment, vol. 97B, № 3
(December, 1997), pp. 185-196, ISSN 0791-7945
Davies B. H. 1976. Carotenoids. In: Chemistry and Biochemistry of Plant Pigments, vol. 1, ed.
Goodwin T. W., pp. 35-165, Academic Press, ISBN 10 0122899016, London, New
York
Fikselová M., Mareĉek J, Mellen M. (2010). Carotenes content in carrot roots (Daucus carota
L.) as affected by cultivation and storage. Vegetable Crops Research Bulletin, vol. 73,
№ , (January, 2011), pp. 47-54, ISSN 1506-9427 (print), ISSN 1898-7761 (online)
Manuals of Food Quality Control: Food Analysis, General Techniques, Additives,
Contaminants and Composition (1986), by Food and Agriculture Organization of
the United Nations, ISBN 9251023999, Hardcover, FAO
Fritz, D., Weichmann, J. (1979). Infuence of the harvesting date of carrots on quality and
quality preservation. Acta Horticulturae, vol. 93, № 1 (December, 1979), pp. 91-100,
ISSN 0567-7572

www.intechopen.com

36

Horticulture

Fustec J., Lesuffleur F., Mahieu S., Cliquet J. B. (2010). Nitrogen rhizodeposition of legumes.
A review. Agronomy for. Sustainanable Development, vol. 30, № 1 (January-March,
2010), pp. 57-66, ISSN 1774-0746, eISSN 1773-0155
Gajewski M., Węglarz Z., Sereda A., Bajer M., Kuczkowska A., Majewski M. (2009). Quality
of carrots grown for processingas affected by nitrogen fertilizationand harvest
term. Vegetable Crops Research Bulletin, vol. 70, № (July, 2009), pp. 135-144, ISSN
1506-9427
Gajewski M., Węglarz Z., Sereda A., Bajer M., Kuczkowska A., Majewski M. (2010)
Carotenoid Accumulation by Carrot Storage Roots in Relation to Nitrogen
Fertilization Level. Notulae Botanicae Horti Agrobotanici Cluj Napoca, vol. 38, № 1
(January, 2010), pp. 71-75, ISSN 0255-965X (print); 1842-4309 online)
Gajewski M., Szymczak P., Elkner K., Aleksandra Dąbrowska A., Kret A., Honorata
Danilcenko H. (2007). Some aspects of nutritive and biological valueof carrot
cultivars with orange, yellowand purple-coloured roots. Vegetable Crops Research
Bulletin, vol. 67, № (December, 2007), pp. 149-161, ISSN 1506-9427
Geodakian R. O., Erofeeva T.V. (1996). The effectiveness of using biohumus for growing
plants under autonomous conditions. Aviakosmicheskaia i ekologicheskaia meditsina,
vol. 30, № 3 (June, 1996), pp 39-43, ISSN 0233-528X (print)
Grattan S. R., Grieve C. M. (1998). Salinity-mineral nutrient relations in horticultural crops.
Scientia Horticulturae, 1998, vol. 78, №1–4 (November, 1998), pp.127–157, ISSN 03044238.
Gül A., Eroğul D., Ongun A. R. (2005). Comparison of the use zeolite and perlite as substrate
for crisp-head lettuce. Scientia Horticulturae, vol. 106, № (November, 2005), pp. 464471, ISSN 0304-4238
Haworth F., Cleaver T.J., Bray J.M. (1966). The effects of different manurial treatments on the
yield and mineral composition of red beet. The Journal of Horticultural Science &
Biotechnology, vol. 41, №3 (July, 1996), pp. 243-256, ISSN 1462-0316
Holden, J. M., Eldridge, A. L., Beecher, G. R., Buzzard, I. M. Bhagwat, S. A., Davis, C. S.,
Douglass, Larry W., Gebhardt, S. E., Haytowitz, D. B., Schakel, S. 1999. Carotenoid
content of U.S. coods: An update of the database. Journal of Food Composition and
Analysis, 1999, vol 12, № 3 (September, 1999), pp.169-196, ISSN: 0889-1575
Ilsildar A.A. (1999). Effect of the addition of zeolite to the soil on nutrification. Turkish
Journal of Agriculture and Forestry, vol. 23, № 3 (Jule, 1999), pp. 363-368, ISSN 1300011x.
Jalali M. (2008). Nitrate concentrations in some vegetables and soils in Hamadan, western
Iran. Archives of Agronomy and Soil Science, vol. 54, № 5 (August, 2008), pp. 569-583,
ISSN 0365-0340
Yolcu H., Seker H., Gullap M. K., Lithourgidis A., Gunes A. (2011). Application of cattle
manure, zeolite and leonardite improves hay yield and quality of annual ryegrass
(Lolium multiflorum Lam.) under semiarid conditions. Austarlian Journal of Crop
Science, vol 5, № 8 ( , 2011), pp. 926-931, ISSN 1835-2707.
Karklelienė R., Duchovskienė L.,Dambrauskienė E., Bobinas Č. (2007). Investigation of
productivity of seed stalks of edible carrot and red beet Lithuanian cultivars.
Sodininkystė ir daržininkystė, vol. 26, № 3 (August, 2007), pp. 198-207, ISSN 0236-412

www.intechopen.com

Influence of Fertilizers with Prolongation Effect
on Productivity of Root-Crop Vegetables and Biochemical Composition Before and After Storage

37

Karklelienė R., Juškevičienė D., Viškelis P. (2007a). Productivity and quality of carrotr
(Daucus sativus Röhl.) and onion (Allium cepa L.) cultivars and hybrids. Sodininkystė
ir daržininkystė, vol 26, № 3 (August, 2008), pp. 208-216, ISSN0236-4212
Karklelienė R., Viškelis P., Radzevičius A., Duchovskienė L. (2009). Evaluation of
productivity and biochemical composition of perspective red beet breeding
number. Acta Horticulturae, vol 830, № 1 (June, 2009), pp.255-260, ISSN 0567-7572
Kołota E., Adamczewska-Sowinska K., Kręzel J. (2007). Suitability of Entec 26 as source of
nitrogen for red beet and celeriac. Vegetable Crops Research Bulletin, 2007, vol. 67, №
(December), pp. 47-54, ISSN 1506-9427 (print), 1898-7761 (Online)
Kóňa, J. (2006). Nitrate accumulation in different parts of carrot root during vegetation
period. Acta Horticulturae et Regiotecturae, vol. 9, №1 ( , 2006), pp. 22-24, ISSN 13352563
Klotz K. J., Fernando L. Finger F .J. (2004). Impact of temperature, length of storage and
postharvest disease on sucrose catabolism in sugarbeet. Postharvest Biology and
Technology, vol. 34, № 1, (October, 2004), pp. 1-9, ISSN 0925-5214
Lairon D. (2010). Nutritional quality and safety of organic food. A review. Agronomy for
Sustainable Development, vol. 30, № 1 (January-March, 2010), pp. 33-41, ISSN 17740746, eISSN 1773-0155
Lee C. I. (1986) Changes in carotinoid content of carrots during growth and post-harvest
storage. Food chemistry, vol. 20, № 4 (October, 1986), pp. 285-293, ISSN 0308-8146
Li Z., Alessi D., Allen L. (2002). Influence of quaternary ammonium on sorption of selected
metal cations onto cilnoptilolite zeolite. Journal of Environmental Quality, vol. 31, №
(July-August, 2002), pp. 1106-1114, ISSN 0047-2425
Li Z. (2003). Use of surfactant-modified zeolite as fertilizer carriers to control nitrate release.
Microsporous and Mesoporous Materials, vol. 61, № 1 (July, 2003), pp. 181-188. ISSN
1387-1811
Lietuvos dirvožemių agrocheminės savybės ir jų kaita. (1998). Sudaryt. J. Mažvila., Lietuvos
žemdirbystės institutas, ISBN 9986-527-47-3, Kaunas
Lobova B. P. (2000). Use of mineral raw material containing zeolite in agriculture.
Agrokhimiya, 2000, vol. 6, № ( , 2000), pp 78-91, ISSN 0002-1881
Malekian R., Abedi-Koupai J., Eslamian S. S. (2011). Influences of clinoptilolite and
surfactant-modified clinoptilolite zeolite on nitrate leaching and plant growth.
Journal of Hazardous Materials, vol. 185, № 2-3, (January, 2011), pp. 970-976, ISSN
0304-3894
Malnou C. S., Jaggard K.W., Sparkes D.L. (2008). Nitrogen fertilizer and the efficiency of the
sugar beet crop in late summer. European Journal of Agronomy, vol. 28, № 1 (January,
2008), pp. 47-56, ISSN 1161-0301
Mašauskienė A., Mašauskas V. 2009. Azoto trąšų su klinoptilolitu żtaka mineralinio azoto
išplovimui iš vandens. Žemdirbyste-Agriculture, vol. 96 № 4 (December, 2009), pp.
32-36, ISSN 1392-3196
Mažeika R., Cigienė A., Tatariškinaitė L. 2008. Nitratinių trąšų tobulinimas ir naujų
sukūrimas. In Nitratinių trąšų tobulinimas, naujų sukūrimas ir jų efektyvumo
įvertinimas, R. Mažeika and V. Mašauskas (Eds.), p. 18-29, AB „Achema“, ISBN 9789986-9127-1-1, Jonava Metodiniai nurodymai nitratams nustatyti augalininkystės
produkcijoje. (1990). Vilnius.

www.intechopen.com

38

Horticulture

Montemurro F., Maiorana M., Lacertosa G. (2007). Plant and soil nitrogen indicators and
performance of tomato grown at different nitrogen fertilization levels. Journal of
Food, Agriculture and Environment, vol. 5, № 2 (April, 2007), pp. 143−148, ISSN 14590255.
Milosević T., Milosević N. (2010). The effect of organic fertilizer, composite NPK and
clinoptilolite on changes in the chemical composition of degraded Vertisol in
Western Serbia. Carpathian Journal of Earth and Environmental Sciences, vol. 5, № 1,
(April, 2010), pp. 25 – 32, ISSN 1842-4090
Pekarskas J., Bartaševičienė D. (2009). Ekologiškai augintų morkų veislių derlingumas ir
biocheminė sudėtis. Sodininkystė ir daržininkystė, vol 28, № 4 (June, 2009), pp. 99105, ISSN 0236-4212
Petronienė O. D., Viškelis P. (2004). Biochemical composition and preservation of various
red beet cultivars. Sodininkystė ir daržininkystė, vol. 23, № 3, (September, 2004), pp.
89–97, ISSN 0236-4212.
Petronienė O. D., Viškelis P. (2004a). Żvairių veislių tipų ir grupių raudonųjų burokėlių (Beta
vulgaris L.) biocheminė sudėtis. Maisto chemija ir technologija, vol. 38 № ( ,2004), pp.
42-47, ISSN 1392-0227
Pokluda R. (2006). An assessment of the nutritional value of vegetables using an ascorbatenitrate index. Vegetable Crops Research Bulletin, vol. 64, № (, 2006), pp.: 28-37, ISSN
1506-9427
Polat E., Karama M., Demir H., Onus N. (2004). Use of naturale zeolite (clinoptilolite) in
agricultural. Journal of Fruit and Ornamental Plant Research, vol 12, № special ed., ( ,
2004), pp. 183-189, ISSN 1231-0948
Porro D., Dorigatti C., Ramponi M. (2002). Can foliar application modify nutritional status
and improve fruit quality results on apple in northeastern Italy. Acta Horticulturae,
vol 594, № 1 (November , 2002), pp. 521–526, ISSN 0567-7572
Prasad S., Chetty A. A. (2008). Nitrate-N determination in leafy vegetables: Study of the
effects of cooking and freezing. Food Chemistry, vol. 106, №2 (January, 2008), pp.
72-780, ISNN 0308-8146
Raju P. S., Chauhan O. P., Bawa A S. (2010). Postharvest handling systems and storage of
vegetables. In Handbook of vegetables preservation and processing. Sinha N. K. , Hui Y
H., Özgül E., Siddinq M., Ahmed J. (eds), ISBN 978-0-8138-1541-1, Willey Black,
Singapūre
Ramesh K., Dendi Damodar Reddy D. D., Biswas A. K., Rao A. S. (2011). Chapter 4 - Zeolites
and their potential uses in agriculture. Advances in Agronomy, 2011 vol. 113, №
(September, 2011), pp. 215-236, ISSN : 0065-2113
Rehakovà M., Čuvanovà M., Dzivàk M., Rimàr J., Gaval’ovà Z. (2004). Agricultural and
agrochemical uses of natural zeolite of the clonoptilolite type. Current Opinion in
Solid State and Materials Science, vol. 8, № 6 (December, 2004), pp. 397-404, ISSN
1359-0286
Rines R. H., Toth L., Rines-Toth S. 2006. Method of and products for promoting improved
growth of plants and more water-efficient growing soil or other media and the like
with zeolite crystals treated with prefarably water-based plant derived nutrient
extractions and the like. US Patent 7056865. US Patent Issued of June 6, 2006

www.intechopen.com

Influence of Fertilizers with Prolongation Effect
on Productivity of Root-Crop Vegetables and Biochemical Composition Before and After Storage

39

Roźek S., Leja M., Wojciechovska R. (2000). Effect of differentiated nitrogen fertilization on
chantes of certain compounds in stored carrot roots. Folia Horticulturae, vol. 12, № 2
(March, 2000), pp. 21-34, ISSN 0867-1761.
Ryakhovskaja N. J., Gainatulina V. V. (2009_. Potato and oat yield in short-cycle crop
rotation with zeolite application. Russian Agricultural Sciences, vol. 35, № 3
(September, 2009), pp. 153-155, ISSN 1068-3674
Rubatzky V. E., Quiros C. F., Simon P. W. (1999). Carrots and related vegetable umbelliferae.
Publisher: C A B Intl, University of California, Davis, University of Viskonsin,
Madison, pp. 245–256, ISBN 0851991297/0-85199-129-7, USA
Sady W., Rożek S. (2002). The effect of physical and chemical soil properties on the
accumulation of cadmium in carrot. Acta Horticulturae, vol. 571 № 1 (February,
2002), pp. 72-75, ISSN 0567-7572
Samartzidis C., Awada T., Maloupa E., Radoglou K., ConstantinidouH. I. A. (2005). Rose
productivity and physiological response to different substrates for soil-less culture.
Scientia Horticultura, vol. 106, № 2 (September, 2205), pp. 203 – 212, ISSN 0304-423.
Sakalauskas A., Zalatorius V., Malinauskaitė S. (2005). Biometrinių matmenų żtaka morkų
prekiniam paruošimui. Sodininkystė ir daržininkystė, vol. 24, № 1 (April, 2005), pp.
72- 79, ISSN 0236-4212
Santamaria P. (2006). Nitrate in vegetables: toxicity, content, intake and EC regulation.
Journal of the Science of Food and Agriculture, vol 86, № 1 (January, 2006), pp. 10-17,
ISSN 0022-5142
Saure M.C., 2005. Calcium translocation to fleshy fruit: its mechanism and endogenous
control. Scientia Horticulturae, vol. 105, № 1 (May, 2005), pp. 65-89, ISNN 0304-4238
Scholberg J., McNeal B.-L., Boote K.-J., Jones J. W., Locascio S. J., Olson S. M. (2000).
Nitrogen stress on growth and nitrogen accumulation by field-grown tomato.
Agronomy Journal, 2000, vol. 92, № 1 (January-February, 2000), pp. 159-167, ISSN
0002-1962
Seljåsen R., Bengtsson G., Hoftun H., Vogt G. 2001. Sensory and chemical changes in five
varieties of carrot in response to mechanical stress and postharvest. Journal of the
Science of Food and Agriculture, vol. 81, № 4 (March, 2001), pp. 436-447, ISSN 00225142
Smoleń S., Sady W., Wierzbińska J. (2011). The effect of various nitrogen fertilization
regimes on the concentration of thirty three elements in carrot (Daucus carota L.)
storage roots. Vegetable Crops Research Bulletin, vol. 74, № (August, 2011), pp. 61-76,
ISSN 1506-9427( print), 1898-7761 (online)
Sorensen J. (1999). Nitrogen effect on vegetable crop production and chemical composition.
Acta Horticulturae, vol. 506, № 1 (December, 1999), pp. 41-50, ISSN 0564-7572
Staugaitis G.(1996). Burokėlių tręšimu azotu sistema. Sodininkystė ir daržininkystė, vol. 15, №
(July, 1996), pp.63-75, ISNN 0236-4212
Staugaitis G., Dalangauskienė A. (2005). Vienanarių ir kompleksinių trąšų żtaka
raudoniesiems burokėliams. Sodininkystė ir daržininkystė, vol. 24, № 2 (July, 2005),
pp.133-144, ISNN 0236-4212.
Staugaitis G., Tarvydienė A. (2004). Sėklų ir trąšų normų żtaka żvairių veislių tipų raudonųjų
burokėlių derliui. Sodininkystė ir daržininkystė, vol. 23, № 1 (April, 2004), pp. 144152, ISSN 0236-4212.

www.intechopen.com

40

Horticulture

Suojala T. 2000. Variation in sugar content and composition of carrot storage roots at harvest
and during storage. Scientia Horticulturae, vol. 85, № 1, (July, 2000), pp. 1–19. ISNN
0304-4238
Szura A., Kovalska J., Sady W. (2008). Biological value of red beet in relation to nitrogen
fertilization. Vegetable Crop Research Bulletin,, vol. 68, № ( ,2008), pp. 145-153, ISSN
1506-9427( print), 1898-7761 (online)
Tarvydienė A., Petronienė D. (2003). Raudonųjų burokėlių derlius ir biocheminė sudėtis
Rytų, Vidurio ir Vakarų Lietuvos agroklimatinėse zonose. Sodininkystė ir
daržininkystė, vol. 22, № 1 (March, 2003), pp 108-120, ISSN 0236-4212
Tei F., Benincasa P., Guiducci M. (2002). Effect of N availability on growth, N uptake, light
interception and pfotosyntetic activity in processing tomato. Acta Horticulturae, vol.
571, № 1 (February, 2002), pp. 209-216, ISSN 0567-7572.
Tucker W. G., Ward C. M., Davies A. C.( 1977). W. An assessment of the long term storage
methods for beetroot. Acta Horticulturae, vol. 62, №.1 (June, 1977), pp. 169-180, ISSN
0567-7572.
Ugrinovic K. (1999). Effect of nitrogen fertilization on quality and yield of red beet (Beta
vulgaris var. Conditiva Alef. ). Acta Horticulturae, vol. 506, № 1 (February, 2002), pp.
99-104, ISSN 0567-7572.
Uher A. (2004). Use of zeolites for recultivation of sandy soils in horticulture. Acta
Horticulturae et Regiotecturae, vol. 7 № 1 (May, 2004), pp. 32-36 ISSN 1335-2563
Zalatorius V., Viškelis P. (2005). Papildomo juostinio tręšimo per lapus żtaka morkų
produktyvumui ir laikymuisi. Sodininkystė ir daržininkystė, vol. 24, № 1 (March,
2005). Pp. 72-79, ISSN 0236-4212
Zdravkovic M., Damjanovic M., Corokalo D. (1997). The influence of fertilization on yield of
different carrot varietes. Acta Horticulturae, vol. 462, № 1 (December, 1997), pp. 93–
96, ISSN 0567-7572.
Wang Z. H., Li S. H, Malhi S. (2008). Effects of fertilization and other agronomic measures on
nutritional quality of crops. Review. Journal of the Science of Food and Agriculture, vol.
88, № 1 (October, 2008), pp. 7-23, ISSN 0022-5142
White P. J., Martin R. Broadley M. R.( 2003). Calcium in Plants. Annals of Botany, vol. 92, № 4
(October, 2003), pp: 487–511. ISNN 0305-7364
Workneh T. S., Ostoff G., Steyn M. S. (2011). Physiological and chemical quality of carrots
subjected to prie- and postharvest treatments. African Journal of Agricultural
Research, vol. 6, № 12 (June, 2011), pp. 2715-2724, ISSN 1991-637x
Алексеева Т. П., Перфильева ǽ. ǿ., Криницын Ǿ.Ǿ. (1999). Комплексное органноминеральнoe удобрениe пролонгированного действия на основе торфа.
Х
я
я. № 4 (February, 1999), pp. 53- 59, ISSN, 1029-5151
(print), 1029-5143 (online)
Аутко А.А. (2004). В
щ . УП «Технопринт», ISBN 985-464-635-1, ȇинск
я
щ х
ǿерюгин И. П., Кулюкин А. Ȉ. (1988). А х
ч
х
, Агропромиздат, ISBN 5-10-000402-9, ȇосква.
Середина ǽ.П. (2003). Aгроэкологические аспекты использования цеолитов как
почвоулучшителей сорбционного типа и источника калия для растений.
И
яТ
х ч
, 2003, vol. 306. № 3 (mėnuo),
pp. 56-60, ISSN

www.intechopen.com

Horticulture
Edited by Prof. Alejandro Isabel Luna Maldonado

ISBN 978-953-51-0252-6
Hard cover, 172 pages
Publisher InTech
Published online 16, March, 2012
Published in print edition March, 2012
This book is about the novel aspects and future trends of the horticulture. The topics covered by this book are
the effect of the climate and soil characteristics on the nitrogen balance, influence of fertilizers with
prolongation effect, diversity in grapevine gene pools, growth and nutrient uptake for tomato plants, postharvest quality, chemical composition and antioxidant activity, local botanical knowledge and agrobiodiversity,
urban horticulture, use of the humectant agents in protected horticulture as well as post-harvest technologies
of fresh horticulture produce. This book is a general reference work for students, professional horticulturalists
and readers with interest in the subject.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Ona Bundinienė, Danguolė Kavaliauskaitė, Roma Starkutė, Julė Jankauskienė, Vytautas Zalatorius and
Česlovas Bobinas (2012). Influence of Fertilizers with Prolongation Effect on Productivity of Root-Crop
Vegetables and Biochemical Composition Before and After Storage, Horticulture, Prof. Alejandro Isabel Luna
Maldonado (Ed.), ISBN: 978-953-51-0252-6, InTech, Available from:
http://www.intechopen.com/books/horticulture/influence-of-fertilizers-with-prolongation-effect

InTech Europe

InTech China

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

