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Abstract 

Plant nutrition, among other agro-technical measures most influences yield, quality and production storability. The aim of 

investigations – instilling new technological elements of the growing of root-crop vegetables of exceptional quality to choose for the 

additional fertilization the most suitable nitrogen fertilizer and its rate in order the soil, environment was polluted as little as possible 

and the qualitative production was obtained. There were grown carrot ‘Nerac’ F1 and ‘Tito’. There was investigated the influence of 

nitrogen fertilizer used for additional fertilization (ammonium nitrate and calcium nitrate) and their rates (N30 and N15) on carrot 

yield, and its impact on production storage. Additional fertilizations were carried out at  

2–4 carrot leaves stage. Carrot were grown on profiled surface, sowing scheme 62+8, there were sown 1 mln. unt. ha-1 germinable 

seeds. Before sowing the field was fertilized with complex fertilizers. Carrots during vegetation period were additionally fertilized 

through leaves for three times applying soluble complex fertilizers. Experiments were carried out on sandy loam on light loam 

Calc(ar)i-Epihypogleyic Luvisol (LVg-p-w-cc). Data of investigations showed that carrot hybrid was more productive than cultivar. 

Calcium nitre was more effective both to hybrid and cultivar. Vegetables fertilized with it was preserved better than these fertilized 

with ammonium nitrate.  
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Introduction 

The intensity of agricultural activities determines the 

level of maintenance of cultural landscapes, 

biodiversity, and the cultural identity of an area  

(Li et al., 2013). Success in vegetable culture in a 

temperate climate has been due to proper mineral 

nutrition of vegetables, because plant nutrition, among 

other agro-technical measures most influences yield, 

quality and production storability (Biesiada et al., 

2011; Kant et al., 2011). However, the surplus of 

supply nutrients, especially nitrogen, may have an 

adverse effect on the environment as well as quality of 

the crops. More than 50% of N applied is effectively 

used by plants, but a large part is lost by leaching and it 

can lead the contamination of ground and surface water 

(Fageria et al. 2008; Wang et al., 2008). Optimization 

of technologies for growing plants is a method to 

increase plant productivity and to obtain quality yields 

(Cai, Ge, 2004; McAllister et al., 2012). The data of 

Cameron (2013) has shown that careful management of 

temperate systems using best management practices 

and newly developed technologies can increase the 

sustainability of agriculture and reduce its impact on 

the environment. In order to avoid negative 

consequences on the environment and to grow the 

production of exceptional quality, the amount of 

nitrogen scattered during vegetation was limited. 

Carrot (Daucus carota L.) is the important vegetable 

crop, grown in temperate climate zone, which includes 

Lithuania. The objective of the study – instilling new 

technological elements of the growing of root-crop 

vegetables of exceptional quality to choose for the 

additional fertilization the most suitable nitrogen 

fertilizer and its rate in order the soil, environment was 

polluted as little as possible and the qualitative 

production was obtained.  

Materials and methods 

Experiments were carried out in the Institute of 

Horticulture in 2010 – 2012, on sandy loam on light 

loam Calcari-Epihypogleyic Luvisols (LVg-p-w-cc). 

Soil analysis in spring, before N fertilization, was 

carried out. The soil is characterized by the average 

content of humus (2.38–2.67), pH neutral to slightly 

alkaline (7.1-7.7) and by the presence of large amounts 

of Ca and Mg, which gives more favourable physical-

chemical water and soil properties. Mineral nitrogen 

content in the layer 0–60 cm was low to average 

(44.2-87.7 mg kg
-1

), while there was a good stock of 

soluble phosphorus (P2O5 – 166-262 mg kg
-1

) and 

potassium (K2O – 141-184 mg kg
-1

). 

The carrot ‘Nerac’ F1 and ‘Tito’ (factor B) were grown 

on the profiled surface, 1.0 mln. ha
-1

 viable seed. Both 

the other cases the sowing scheme were 62 +8 cm.  

Scheme of the fertilization (factor A): 1. Basic 

fertilization (handed before presowing tillage with 

additionally foliar application (Basic – B);  

2. B+calcium nitrate N30 (B+CN N30); 3. B+calcium 

nitrate N15 (B+CN N15); 4. B+ammonium nitrate N30 

(B+AN N30); 5. B+ammonium nitrate N15 (B+AN N15). 

Soil fertilization was carried out with complex mineral 

fertilizers using a ratio N84P84K160,4. Fertilizers were 

applied before sowing of carrot. Nitrogen fertilizer for 

additional fertilization, introduced as ammonium 

nitrate (34% N, NO3-N 17%, N-NH4 17%.) and 

calcium nitrate (15.5% N, NO3-N 14.4%, N-NH4 1.1 % 

and 26.4 % CaO), was applied once during the growing 

season when carrot was at 2-4 leaf stage. Carrot during 

vegetation period were additionally fertilized through 

leaves for three times applying soluble complex 

fertilizers: twice with Ferticare 14 11 25 with 

microelements, 5 kg ha
-1 

by adding Delfan, 2 L ha
-1

, 

once Ferticare 6 14 30 with microelements, kg ha
-1

 by 
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adding Final K, 2 L ha
-1

. Experiments were carried out 

every year in 4 replications in systematic order. Area of 

record plot – 6.2 m
2
.  

Work of plant supervision was carried out according to 

vegetable growing technologies accepted in LIH, 

observing requirements of growing of exceptional 

quality production, where the use of nitrogen and 

pesticides is limited. Carrot yield was gathered, when 

vegetables reached technical maturity, classifying into 

marketable and nonmarketable. 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. 

Root-crop storability was inspected after 3 and 

7 months, classifying well-preserved 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.  

Table 1  

Average monthly air temperature  

at the experiment site 

Month 
Air temperature °C Multi 

annual 2010 2011 2012 

May 13.5 15.6 13.2 12.3 

Jule 14.6 18.9 14.6 15.9 

June 19.9 20.2 18.7 17.3 

August 17.8 17.7 16.5 16.7 

September 9.9 13.7 13.1 12.1 

October 3.8 11.8 6.7 7.1 

Average 13.2 16.3 13.8 13.6 

 

Investigations of carrot biochemical composition were 

carried out at the Laboratory of Biochemistry and 

Technology, Institute of Horticulture, LRCAF. There 

was established: dry matter (DM) – gravimetrically, 

after drying out at the temperature of 105±2 °C up to 

the unchangeable mass (Food analysis, 1986), dry 

soluble solids (DSS) – with refractometer (digital 

refractometer ATAGO) (AOAC, Official..., 1990b), 

sugars – by AOAC method (AOAC, Official..., 1990a), 

nitrates – by potentiometrical method with ion selective 

electrode (Metod. nurod., 1990), carotenes – 

spectrophotometrically (Davies, 1976). 

Analysis of variance was performed using the ANOVA 

statistical package with two-way factors. Treatment 

means were compared using Fisher’s protected least 

significant difference (LSD) test at p≤0.05. Contrasts 

were used to determine the effect of fertilization rates 

on yield, yield biochemical composition and quality of 

storage. 

Meteorological conditions during the years of the 

experiment varied significantly (Tables 1, 2). The year 

2010 was the colder, but with the higher temperature 

and higher amount of precipitation in July and August, 

as compared to multiannual. 

Table 2 

Average monthly precipitation at the 

 experiment site 

Month 
Precipitation, mm Multi 

annual 2010 2011 2012 

May 71.4 15.6 57.8 50.7 

Jule 72.6 48.0 99.6 71.2 

June 119.2 203.6 135.4 75.3 

August 105.4 135.2 81.0 78.4 

September 51.0 75.8 59.8 58.7 

October 0 4.2 69.8 50.5 

Average 70.1 86.8 83.9 64.1 

 

The highest and relatively uniform mean temperature 

during the whole season was in 2011. The year 2011 

had the highest total precipitation, with especially 

humid July and August, but dry June. In 2012 air 

temperature was slightly higher than the multiannual 

average, but June and August were cool and June and 

August were wet, while July was hot and wet. 

Results and Discussion 

Using nitrogen in both variants, irrespective cultivars, 

forms and rates, carrot marketable yield increased 

averagely by 6.3 t ha % or 13.9%. The output of 

marketable yield increased correspondingly 9.2% (Fig. 

1). Data of investigations carried out in various 

countries with various plants (Chohura, Kołota, 2009; 

Biesiada et al., 2011; Toivonen, Hodges, 2011) show 

that nitrogen determines the growth and productivity of 

plant most of all. According to the data of Zdravkovic 

et al. (1997), carrot fertilized with manure  

produced 48.4 t ha
-1

, with calcium ammonium nitrate – 

41.5 t ha
-1

 and their mixture – 41.5 t ha
-1

 of yield. The 

output of marketable yield is important parameter, 

which determines fertilizer suitability and corresponds 

to one of the main requirements of the optimal yield 

(Suojala, 2000; Zalatorius, Viškelis, 2005). 

Additionally fertilizing carrots with nitrogen at 2–4 leaf 

stage, marketable yield of cultivar ‘Nerac’ F1 averagely 

increased 11.7%, the output of marketable yield – 

3.4%. At the same time the yield of carrot cultivar 

‘Tito’ increased 17.4%, output – 9.4%. The vegetable 

yields were not increased continuously with N rate 

increase, and oversupply of N reduced the plant 

growth, leading to a yield decline (Wang, Li, 2003). 

The data of our investigations showed that applying 

bigger nitrogen rate for additional fertilization the 

significant additional yield wasn’t obtained – 

comparing with the case when smaller nitrogen rate for 

carrot fertilization was used. Both calcium nitrate and 

ammonium nitrate applied for additional fertilization, 

irrespective of the rates of nitrogen and cultivars, were 

equally effective for carrots. The best yields were 

obtained additionally using 30 kg ha
-1 

of nitrogen. 
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When the rate of nitrogen was decreased, marketable 

yield ‘Nerac’ F1 decreased by 6.0 t ha
-1

 or 11.7%, but 

marketable yield of cultivar ‘Tito’ slightly increased. 

The output of marketable yield was slightly smaller 

fertilizing with bigger nitrogen rate, but significant 

differences between the variants weren’t noted. Data of 

study Kolota et al. (2007) showed that application of 

ammonium nitrate, calcium nitrate and Entec 26 gave 

similar to each other and considerable better results 

than ammonium sulphate.  

 
Figure 1. Influence of different nitrogen fertilizers 

and rates on marketable yield and output of 

marketable yield of exceptional  

quality carrot 
Fertilization: 1 – Basic fertilization (B), 2 – B + CN N30,  

3 – B + CN N15, 4 – B + AN N30, 5 – B + AN N15 

 

Aytko (2004) indicate that in carrot there can be  

8–12% of dry matter, 6–8% of sugars, 9–12 mg% of 

carotene, also potassium and microelements – boron 

and iodine. Ayaz et al. (2007), affirm that 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

. Their concentration in vegetables changes 

dependently on many factors: vegetable type and 

cultivar (Seljåsen et al., 2013, Chohura, Kołota, 2009; 

Rożek et al., 2000), soil, meteorological conditions 

(Rubatzky et al. 1999). Data of our 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 (Table 3). Our 

present studies confirmed Polish (Pokluda, 2006) and 

Lithuanian (Pekarskas, Bartaševičienė, 2009; 

Karklelienė et al. 2007) investigators obtain data. They 

point out that differentiated soil fertilization with 

nitrogen doesn’t significantly influence the amount of 

dry matter and dry soluble solids, carotenes, nitrates 

and phenols in carrot root-crops. Paoletti et al. (2012) 

also indicate that production systems do not affect the 

nutritional quality of carrot. The amounts of dry 

soluble so lids, as noted Suojala (2000), can increase 

when yield gathering is delayed. Slightly bigger 

amount of dry matter and dry soluble solids as shown 

in our studies was found in root-crops of cultivar 

‘Tito’. Big amount of sugars and carotenes, especially 

β-carotene, and small amount of nitrates are important 

carrot quality indices (Gajewski et al., 2009, 2010). 

Arscott and Tanumihardjo (2010) observed that their 

amounts depend on growth conditions, genotype and 

fertilization. 

Table 3  

Influence of different nitrogen fertilizers and rates 

on biochemical composition 

of exceptional quality carrot 

Fertilization 

(fact A) 

Biochemical composition 

1 2 3 4 5 

Hybrid ‘Nerac’ (factor B) 

Basic (B) 11.5 9.5 6.1 368.3 13.4 

B+CN N30 11.1 9.5 6.4 346.5 13.1 

B+CN N15 11.2 9.8 6.3 350.0 13.3 

B+AN N30 11.3 9.2 6.4 356.3 13.2 

B+AN N15 11.3 9.3 6.4 357.2 13.2 

Cultivar ‘Tito’(factor B) 

Basic (B) 11.8 9.4 6.3 361.8 13.4 

B+CN N30 11.5 9.7 6.3 353.5 13.8 

B+CN N15 11.7 9.8 6.2 344.7 14.2 

B+AN N30 11.9 9.6 6.4 354.2 12.4 

B+AN N15 11.7 9.5 6.2 349.0 12.6 

Average fertilization (Factor A) 

Basic (B) 11.6 9.4 6.2 365.1 13.4 

B+CN N30 11.3 9.6 6.4 350.0 13.4 

B+CN N15 11.4 9.8 6.2 347.3 13.8 

B+AN N30 11.6 9.4 6.4 355.3 12.8 

B+AN N15 11.5 9.4 6.3 353.1 12.9 

Average cultivars (factor B) 

Hybrid 11.3 9.5 13.2 355.7 13.2 

Cultivar 11.7 9.6 13.3 352.6 13.3 

LSD05(A) 0.3 0.3 0.2 92.9 0.50 

LSD05(B) 0.2 0.2 0.1 47.0 0.25 

LSD05(AxB) 0.42 0.5 0.3 140.6 0.75 

1 – dry matter, %, 2 – dry soluble solids, %, 3- sugars, %,  

4 – nitrates, mg kg-1, 5 – carotenes, mg 100 g-1 

 

Our studies have shown that the cultivar did not affect 

the sugar and carotene content in the roots, and 

additional nitrogen fertilization slightly increased the 

sugar content. Carotenes from additional nitrogen 

fertilizer use declined. Nitrogen fertilizer forms and 

rates had no significant effect on sugar and carotene 

0

10

20

30

40

50

60

70

80

90

0

10

20

30

40

50

60

1 2 3 4 5 Aver.

(fact. B)

o
u

tp
u

t,
 p

er
c.

 

yield, 

 t ha-1 

Fertili 

zation 

LSD05 y (A)1,39, (B) 0,69, (AxB) 2,08;  

 output (A) 2,32, (B) 1,15, (AxB) 2,49 

Nerac F1 Tito

Average (factor A) Nerac F1

Tito Average (factor A)



FOODBALT 2014 

158 

content. Too intensive fertilization, especially with 

nitrogen, according to many researchers (Ayaz et al., 

2007; Kona 2006; Santamaria, 2005; Smoleń et al., 

2011; Wang et al., 2008; Zeka et al., 2014) can cause 

unsuitable increases in some plants of nitrates, sugars 

and decreases of dry soluble solids, ascorbic acid 

(vitamin C), calcium and magnesium. There were 

found big differences between nitrates accumulation in 

different vegetable species (Gajewski et al., 2007). Our 

research has shown that tested cultivars did not affect 

the amount of nitrate in the roots. In the grown 

experiments in carrot root-crops irrespective cultivars 

there were 365.1 mg kg
-1

 (Table 3). Fertilizing 

 with nitrogen the amount of nitrates increased 

13.7 mg kg
-1

.The least amount of nitrates in root-crops 

accumulated in carrot fertilized with calcium nitrate. 

Table 4 

Influence of different nitrogen fertilizers and rates 

on storability of exceptional quality carrot 

Fertilization 

(fact A) 

A B 

A1 A2 A3 B1 B2 B3 

Hybrid ‘Nerac’ (factor B) 

Basic (B) 43.5 0.0 4.5 38.8 3.4 7.1 

B + CN N30 53.4 0.0 5.5 51.8 2.1 5.4 

B + CN N15 48.4 0.0 4.2 45.0 3.5 6.2 

B + AN N30 51.2 0.0 4.8 48.3 4.0 5.4 

B + AN N15 48.6 0.0 4.9 45.9 3.9 5.2 

Cultivar ‘Tito’ (factor B) 

Basic (B) 28.9 0.0 5.8 26.3 5.3 7.4 

B + CN N30 34.3 0.0 5.8 32.0 3.5 8.4 

B + CN N15 35.1 0.0 5.9 31.4 8.8 5.9 

B + AN N30 34.4 0.0 6.4 31.7 5.9 6.1 

B + AN N15 32.5 0.0 5.6 30.8 4.3 5.9 

Average fertilization (factor A) 

Basic (B) 36.2 0.0 5.1 32.5 4.4 7.2 

B + CN N30 43.8 0.0 5.7 41.9 2.8 6.9 

B + CN N15 41.7 0.0 5.1 38.2 6.2 6.0 

B + AN N30 42.8 0.0 5.6 40.0 4.9 5.8 

B + AN N15 40.6 0.0 5.3 38.3 4.1 5.5 

Cultivars (factor B) 

Hybrid 49.0 0.0 4. 49.9 2.2 5.8 

Cultivar 33.0 0.0 5.9 30.4 5.6 6.8 

LSD05(A) 4.7  0.9 4.7 1.9 1.2 

LSD05(B) 2.3  0.4 2.3 1.0 0.8 

LSD05(AxB) 7.0  1.3 7.0 2.9 2.4 

A – after short-term storage, B – after long-term storage;  

A1, B1 – marketable production, t ha-1, A2, B2 – sick, %,  

A3, B3 – natural losses 

 

Vegetable storability is influenced by climatic 

conditions, soil properties, cultivars, fertilization and 

forms of fertilizers, as well as the time of harvesting 

(Rożek et al., 2000, Fikseliová et al., 2010; Wrzodak et 

al., 2012). To store carrot is more difficult than other 

root-crop vegetables, because their root-crop, as 

observed Autko (2004) have a thin epithelium tissue 

(4–8 layers of periderma, while potato – 9-11 layers), 

which during yield gathering with mechanical means 

very often is injured. Therefore water is evaporated 

more intensively and root-crops of carrot quickly wilt, 

and wilted are less resistant to diseases, but small 

mechanical injures root-crop is able to “heal up”. 

According to Suslov et al. (2009), storage of carrots for 

a pro-longed period of time at temperatures above 2 °C 

results in heavy sprouting of the tops and lateral roots. 

When carrot cultivar ‘Nerac’ F1 was stored for short 

time (up till New Year) marketable production 

comprised averagely 49.0 t ha
-1

, and after long-time 

storage (up till May) – 45.9 t ha
-1
, and cultivar ‘Tito’ 

correspondingly 33.0 and 30.4 t ha
-1

 (Table 4). Storage 

losses correspondingly were 4.8% and 5.9%, and after 

long-term storage – 9.2 and 12.3%. Losses of cultivar 

short-term and long-term storage were slightly bigger 

than these ones of hybrid. Marketable production of 

carrot fertilized with nitrogen fertilizers after short-

time storage, irrespective of cultivars, increased on the 

average 6.0 t ha
-1 

or 16.7%, after long-time storage –  

7.1 t ha
-1 

or 21.8%. This is due to the fact that nitrogen 

fertilizer increased yields. Nitrogen fertilizer forms and 

rates used for additional fertilization did not affect the 

storability quality of carrot. Wrzodiak et al. (2012) 

observes that there were marked differences in storage 

life depending on the cultivar, cultivation method and 

storage period. 

Conclusions 

The best marketable yield was obtained additionally 

using 30 kg ha
-1 

of nitrogen in form of calcium nitrate. 

The marketable yield of carrot ‘Nerac’ F1 was  

56.4 t ha
-1
, cultivar ‘Tito’ – 36.3 t ha

-1
.  

The amounts of dry matter and dry soluble solids 

fluctuated in very narrow limits and fertilization with 

nitrogen little influenced their changes. Slightly bigger 

amount of dry matter and dry soluble solids as shown 

in our studies was found in root-crops of cultivar 

‘Tito’. Additional nitrogen fertilization slightly 

increased sugar content. Carotenes from additional 

nitrogen fertilizer use declined. Fertilizing  

with nitrogen the amount of nitrates increased  

13.7 mg kg
-1

.The least amount of nitrates in root-crops 

accumulated in carrot fertilized with calcium nitrate. 

Used for additional fertilization nitrogen fertilizer 

forms and rates did not affect the storability quality of 

carrot. Losses of cultivar short-term and long-term 

storage were slightly bigger than there ones of hybrid. 

The marketable production after short-time storage 

irrespective of cultivars increased on the average  

6.0 t ha
-1 

or 16.7%, after long-time storage – 7.1 t ha
-1 

or 21.8%. 
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