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INTRODUCTION

 Nitrogen is a component of DNA, RNA, proteins, and 
thus chlorophyll, ATP, enzymes, auxins and cytokinins by 
which it plays an important role in the entire life process of 
plants (Hussain et al., 2020; Wen et al., 2020). Plants can 
take up and utilize inorganic and organic forms of N from 
the soil, primarily in the form of nitrate (NO3-) and ammo-
nium (NH4+) ions (Andrews et al., 2013). However, low N 
availability in the soil is a common problem that contrib-
utes to worsening crop yields (Anas et al., 2020). Popula-
tion growth and increasing demand for food, have led to 
intensification of agricultural practices. Increased fertiliza-
tion has become an important and cost-effective strategy 
used to increase yields in intensive farming systems around 
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the world, but which has led to, among other things, loss of 
biodiversity and the “chemicalization” of food (Ahmed et 
al., 2020). Today, modern agriculture is based on environ-
mentally friendly practices and the search for solutions to 
produce healthy and safe agricultural products (Ahirwar et 
al., 2020; Muhie, 2022). Various farming systems are used 
in modern agriculture. In potato cultivation, the most com-
mon systems are integrated, conventional and organic. The 
integrated method makes it possible to obtain high yields 
of first-class quality with the use of lower doses of mineral 
fertilizers, organic fertilizers and chemical plant protec-
tion products (Nowacki, 2020). The use of lower fertilizer 
doses can reduce the accumulation of harmful compounds 
found in potato tubers, which include nitrates (Abdo et al., 
2020). Nitrate accumulation in the plant also depends on 
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the genotype, harvest date and post-harvest factors (Vo-
ronov et al., 2019; Ahmed et al., 2020; Pobereżny et al., 
2023). Many scientific reports speak of the positive effects 
of nitrates on the human body (Ma et al., 2018). This is due 
to the fact that they are exogenous carriers used to create 
NO, which plays a beneficial role in the physiology of the 
human body (Karwowska, Kononiuk, 2020; Olas, 2024). 
Studies show that dietary nitrates and nitrites lower blood 
pressure through their antioxidant properties (Siervo et 
al., 2013). They also reduce triglycerides (TGs), improve 
endothelial dysfunction and vascular stiffness in elderly 
people with moderately increased risk of cardiovascular 
disease, and prevent stroke and atherosclerosis by reduc-
ing platelet aggregation (Zand et al., 2011; Rammos et 
al., 2014). On the other hand, there are reports of harmful 
effects of nitrates on human health. Many authors (Del-
laValle et al., 2014; Karwowska, Kononiuk, 2020; Shrock, 
Krasowski, 2020; Abasse et al., 2022; Seyyedsalehi et al., 
2023) point to a link between nitrate and nitrite consump-
tion and a higher risk of breast, stomach, colon, esophageal 
and thyroid cancer. Moreover, the elevated nitrate content 
of potato tubers poses a threat to the general health of the 
population. With the involvement of commensal bacteria, 
nitrates can be converted into dangerous nitrites and these 
into carcinogenic nitrosamines (Karwowska, Kononiuk, 
2020). Accordingly, the FAO/WHO Expert Committee on 
Food Additives (JECFA, 2002) set the safe daily intake 
of nitrates for an adult at 0.0–3.7 mg, and nitrites at 0.0– 
0.7 mg kg-1. Due to the ever-increasing consumption of 
vegetables among the public, it is important to seek solu-
tions in their cultivation technology, including that of the 
edible potato, leading to a reduction in NO3 accumulation. 
Taking into account the above factors, the aim of this study 
was to evaluate the content of nitrates and nitrites in tubers 
of 18 edible potato varieties belonging to different earli-
ness groups grown in an integrated system of plant produc-
tion, immediately after harvest and after 6-month storage.

MATERIALS AND METHODS

 A field experiment was carried out in 2020–2022 at 
Agricultural Experimental Station belonging to Bydgo-
szcz University of Science and Technology in Minikowo 
(53°10′02″N, 17°44′22″E, Kuyavian-Pomeranian voivode-
ship). The material for the study consisted of 18 edible po-
tato varieties classified in different earliness groups – very 
early varieties: Impresja, Surmia, Tacja, early varieties: 
Baltic fire, Bohun, Gardena, Golden Marie, Ignacy, Isme-
na, Magnolia, Mia, Stokrotka, Wega, medium-early vari-
eties: American Rose, Baltic Rose, Jurek, Mazur, Tajfun. 
The potatoes came from three producers: Zamarte Potato 
Breeding Ltd., Pomeranian Masurian Potato Breeding Ltd 
and Norika Polska Ltd. All varieties were grown each year 
of the tests conducted. The experiment was established in 
a randomized block design in 3 repetitions on lessive soil, 

classified as lessive podzolic soil (very good rye complex, 
soil quality class III a). The field experiment was carried 
out on a light soil with a slightly acidic pH. The soil was 
characterized by a medium content of available phospho-
rus and potassium, and low magnesium content (Table 1). 
These soil conditions are considered suitable for potato 
cultivation, as the crop prefers light, well-drained soils 
with a slightly acidic pH (optimal pH 5.0–6.5). The basic 
nutrient levels were supplemented through fertilisation, as 
described later in this article.

Table 1. Soil parameters before the field experiment in 2020–2022.

Parameter Value
pH KCl 6.0
Available P2O5 [mg kg-1] 243.4
Available K2O [mg kg-1] 222.2
Available MgO [mg kg-1] 70.0

 In the years 2020–2022, the potato growing season 
(May–September) was characterized by variable weather 
conditions. In 2020, exceptionally high precipitation was re-
corded in June (165.5 mm) as well as in August (104.7 mm).  
Temperatures during this period were favorable, ranging 
on average from 10.8°C in May to 19.7°C in August. In 
2021, the total precipitation was lower, particularly in June 
(40.9 mm) and August (34.1 mm), while temperatures, es-
pecially in July (22.5 °C), were high. In 2022, precipita-
tion was moderate (e.g., 39.5 mm in June and 63.7 mm in 
August), and temperatures were stable and closely aligned 
with the mean values observed during the 2020–2021 po-
tato growing seasons (Table 2). 
 The potatoes were planted on the 30th of April. The 
forecrop for the tubers was cereals. The experiment was set 
up in plots of 30 m2 with a row spacing of 0.30 m × 0.75 m.
 Treatments were carried out in accordance with the re-
quirements of optimal agrotechnology for potato and using 
BASF SE preparations. Before planting, soil fertilization 
was applied with nitrogen (YaraMila Viking) – 100 kg N ha-1,  
phosphorus – 70 kg P ha-1 and potassium – 70 kg K ha-1. 
At the stage of 3–4 leaves, foliar micronutrient fertilization 
was applied in the form of boron – 1 l ha -1 YaraVita Bor-
trac, and at the stage of inter-row compactness, micronutri-
ent fertilizer YaraVita Kombiphos – 5 l ha-1 was applied. 
The fertilisers used were from Anwil Group Orlen. Plant 
protection included treatments in accordance with the prin-
ciples of optimal potato cultivation. Three fungicide treat-
ments were carried out during the growing season. The first 
treatment, two weeks before bud setting, was carried out 
with Enervin (1.2 l ha-1) and Polyram 70WG (1.8 kg ha-1). 
The second treatment was carried out at the bud setting 
stage with Cabrio Duo 112EC (2.5 l ha-1). The third treat-
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Table 2. Meteorological conditions in 2020–2022.

Month
2020 2021 2022

Precipitation 
[mm]

Air temperature 
[°C]

Precipitation 
[mm]

Air temperature 
[°C]

Precipitation 
[mm]

Air temperature 
[°C] 

January 32.0 2.6 49.2 -1.4 64.0 0.7
February 42.1 3.7 29.4 -2.7 49.0 3.0
March 28.1 4.0 21.4 3.3 0.5 2.9
April 4.2 8.0 33.2 5.8 24.5 6.8
Mai 44.8 10.8 68.0 11.6 24.8 12.9
June 165.5 17.7 40.9 19.1 39.5 18.3
July 57.4 18.2 45.7 22.5 42.9 18.8
August 104.7 19.7 34.1 17.1 63.7 21.2
September 55.1 14.5 25.0 14.0 54.1 12.1
October 70.0 10.1 24.6 8.8 28.3 10.3
November 12.3 5.7 33.8 4.9 19.8 3.6
December 35.9 1.6 25.1 -1.4 31.1 0.7
Averages 557.9 9.7 430.4 8.5 442.2 9.3

ment, on the other hand, was carried out immediately after 
flowering with Acrobat (2 kg ha-1). The potato protection 
programme also included the use of herbicides. Stomp 400 
SC+ Aklonifen 600 SC (3 l ha-1 + 2 l ha-1 before emergence) 
and Focus Ultra 100 EC + Dash HC (1 l ha-1) were used. 
Treatments were carried out during the germination period 
and at the beginning of flowering. For insecticides, Mospi-
lan 20 SP – 0.08 kg ha-1 – was applied.
 Tubers were harvested depending on the earliness 
group when they reached full maturity (September/Octo-
ber). During harvest, tubers were sampled for direct post-
harvest evaluation (10 kg) and for storage experiment  
(10 kg).
 Immediately after harvesting, potato tubers were put 
in storage chambers (Thermolux Refrigeration Air Condi-
tioning, Raszyn, Poland) at 10 °C and 80% relative humid-
ity. After three days, some of the tubers were sampled and 
then washed. These tubers were cut into 1 × 1 × 1 cm cubes 
and frozen in liquid nitrogen. The potato samples were 
kept frozen at -18 °C. The samples were then lyophilized 
(CHRIST ALPHA 1-4 LSC, Osterode am Harz, Germany) 
and ground (particle size 0.3–0.5 mm) with Ultra-Centri-
fuge Retsch ZM 100 laboratory grinder (Retsch, Haan, 
Germany). The ground samples were kept in sealed bags 
in a desiccator, stored in the dark, until laboratory analysis. 
Nitrate and nitrite contents were determined in the material 
thus prepared. Analyses were performed in triplicate under 
laboratory conditions.
 A CX-721 multifunctional computerized instrument 
(Elmetron, Zabrze, Poland) was used to measure the ni-
trate and nitrite content by the ion-selective potentiometric 
method (Wszelaczyńska et al., 2022). The measurement 
principle is based on the linear dependence of the elec-
trode potential on the logarithm of ion activity in solution. 

This is given by the Nernst equation (Wszelaczyńska et al., 
2022).

E = Eo + 2.303 RTn-1F-1 log (aj)

where:
E – SEM measuring cell composed of ionoselective elec-

trodes and references in the test solution (V)
Eo – normal potential of the ion-selective electrode de-

pends mainly on the activity of the internal electrode 
solution and the type of reference electrode (V)

aj – activity of the determined ion
n – value of the measured ion
R – is the universal gas constant: R = 8.314 J K-1mol-1

T – is the temperature in Kelvins
F – is the Faraday constant, the number of coulombs per 

mole of electrons: F = 96,485 C mol-1

 Two grams of lyophilized potatoes were combined 
with 50 ml of 1 % KAl(SO4)2 solution (Merck, Darmstadt, 
Germany) and extracted thoroughly. The extraction was 
conducted for 1 hour using a shaker (IKA KS, Model 130 
Basic-Staufen, Germany). The samples were filtered over 
Whatman filter paper No. 4. Then 10 milliliters of 60% 
Al2(SO4)3 solution (Acros Organics, Carlsbad, CA, USA) 
was mixed into the filtrate and stirred immediately before 
the test. Nitrate content was determined using KNO3 stan-
dard curves (Merck, Darmstadt, Germany) and expressed 
as NO3

-. Nitrite content was quantified after oxidation to 
nitrate using 30% H2O2 and measured in the same way (ex-
pressed as NO2

-). Deionized water was utilized at all stages 
of the analytical testing process. 
 For the purpose of the storage experiment, 10 kg sam-
ple from each plot – were placed in controlled atmosphere 
chambers (Thermolux Refrigeration Air Conditioning, 
Raszyn, Poland) for a period of 6 months (October–March), 

-
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depending on the earliness group, belonging to the Institute 
of Agri-Foodstuff Commodity of Bydgoszcz University of 
Science and Technology. A constant temperature of 4 °C 
and relative humidity of 95% were maintained throughout 
the storage period. To simulate the ambient temperature 
and minimize heat loss, the experimental chamber is insu-
lated with 20 mm thick foam. Additionally, the chamber is 
fitted with an automatic system to maintain humidity lev-
els. After 6 months, the nitrate and nitrite contents were 
again determined using the method described above.

Statistics
 The obtained results were analysed using Statistica 
13.1 software (StatSoft, Tulsa, OK, USA). The data were 
verified for normality of distribution the Shapiro–Wilk 
test (were transformed when required by either sqrt(x + 1) 
or ln(x + 1)) and homogeneity of variance, and the aver-
age values obtained in individual groups were subjected 
to ANOVA (analysis of variance) at a significance level of 
0.05 using Tukey’s method. The values were presented as 
averages with standard deviations (SD). To identify the re-
lationship between the distinguishing qualitative features 
under study, Spearman’s rank correlation coefficients were 
determined at p = 0.05.

RESULTS AND DISCUSSION

 The results indicate that the tested varieties of edible 
potato are characterized by low nitrate content, as the con-
tent does not exceed the specified standard. According to 
the guidelines of the FAO/WHO Expert Committee on 
Food Additives (JECFA, 2002) and Commission Regula-
tion (EC) No. 1822/2005 of November 8, 2005, the nitrate 
content in potato tubers should not exceed 200 mg kg-1 f.m. 
Regardless of the experimental factors, the average nitrate 
content of the tubers tested, determined immediately after 
harvest, ranged from 28.4 to 95.6 mg kg-1 f.m. and nitrite 
from 0.18 to 0.98 mg kg-1 f.m. (Fig. 1, 2). The literature 
shows that the potato is a plant that has a medium tendency 
to accumulate nitrates (Bienia et al., 2021; Djaman et al., 
2021; Wszelaczyńska et al., 2022). The content of nitrate 
and nitrite in potato tubers varies within wide limits, as re-
ported in the literature from 35.6 to 203.0 mg kg-1 f.m. for 
nitrate (Ebrahimi et al., 2020; Wszelaczyńska et al., 2022) 
and from 0.03 to 4.3 mg kg-1 f.m. for nitrite (Mozolewski, 
Smoczyński, 2004; Kmecl et al., 2017; Mahmoudzadeh, 
Atefi, 2022). Nitrate accumulation in plants is a complex 
process. Nitrate uptake, translocation and assimilation in 
plants are tightly regulated by the interaction of internal 
signals (expression of related genes and enzyme activities) 
with external environmental factors (Iqbal et al., 2020; Liu 
et al., 2020). In addition to developing appropriate ferti-
lizer management strategies, nitrate concentrations in veg-
etables can be reduced by selecting appropriate varieties. 
Analysis of variance showed that the varieties studied dif-
fered significantly in nitrate and nitrite content. The highest 

content of nitrates and nitrites was characterized by Tacja 
variety (95.6 and 0.98 mg kg-1 f.m. respectively) and the 
lowest by Wega variety (28.4 and 0.18 mg kg-1 f.m., re-
spectively) (Fig. 1, 2). Nitrate content is genetically deter-
mined and can be a characteristic of the species or even the 
variety (Trawczyński, 2016).
 In the study by Trawczyński (2016), the nitrate content 
for the Jurek variety was obtained at 41.5 mg kg-1 f.m., 
which is similar to the value obtained in our own study 
(57.4 mg kg-1 f.m.). In another study, Trawczyński (2020) 
reports that the nitrate content for the Impresja and Mazur 
varieties is 59.1 and 27.3 mg kg-1 f.m., respectively. Slight-
ly higher results for these varieties were obtained in our 
own study (81.1 and 52.3 mg kg-1 f.m.). In contrast, for the 
Tajfun variety, the literature data are significantly different. 
In the study by Wszelaczyńska et al. (2022), the nitrate and 
nitrite contents were 183.6 and 4.20 mg kg-1 f.m., respec-
tively, which is almost 6 times higher for nitrate and almost 
13 times higher for nitrite, compared to those obtained in 
our own study. Such large differences may be due to envi-
ronmental conditions including meteorological conditions 
and agronomic practices. The study indicates an increase 
in the intensity of nitrate accumulation in potato tubers 
grown in years when low rainfall was observed during the 
growing season. During excessive precipitation, mineral 
forms of nitrogen move to deeper layers of the soil and 
are less available to the plant and thus lower nitrate levels 
are observed in tubers (Trawczyński, 2016). Particularly 
high risk for nitrate accumulation in potato tubers occurs 
when excessive amounts of nitrogen fertilizers are applied, 
which effectively improve the yield of potato tubers, but on 
the other hand have the effect of increasing nitrate content 
(Elrys et al., 2018; Abdo et al., 2020). 
 It was shown that potato tubers belonging to the very 
early group were characterized by a significantly higher con-
tent of the tested compounds compared to tubers from the 
early and medium-early groups (Fig. 3). The average con-
tent of nitrates and nitrites for tubers in the very early group 
was equal to 87.9 and 0.92 mg kg-1 f.m., for the early group 
52.9 and 0.45 mg kg-1 f.m., respectively, and for the medium-
early group 48.9 and 0.55 mg kg-1 f.m., respectively (Fig. 3). 
Among the tubers in the very early group, the highest nitrate 
content was characterized by the variety Tacja (95.6 mg kg-1 
f.m.) and the lowest by Impresja (81.1 mg kg-1 f.m.), in the 
group of early varieties, respectively, Ignacy (90.1 mg kg-1 
f.m.) and Wega (28.4 mg kg-1 f.m.) and in the group of 
medium-early varieties, respectively, Jurek (57.4 mg kg-1 
f.m.). and Tajfun (35.8 mg kg-1 f.m.) (Fig. 1). A strong  
positive correlation between nitrate and nitrite concentra-
tions was observed across all samples (r² = 0.94; p = 0.05), 
suggesting that the accumulation of these compounds in 
potato tubers is interdependent. Only in the case of tubers 
in the medium-early group, the highest nitrite content was 
characterized by the Baltic Rose variety (0.78 mg kg-1 f.m.) 
and in the very early group the lowest content was recorded 
for the Surmia variety (0.85 mg kg-1 f.m.) (Fig. 2). 
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Figure 1. Content of nitrates in potato tubers depending on genotype and earliness group. Means sharing the same letter are not signifi-
cantly different (p<0.05)
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Figure 2. Content of nitrites in potato tubers depending on genotype and earliness group. Means sharing the same letter are not signifi-
cantly different (p<0.05)
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 Our research confirms other reports that there is a re-
lationship between decreasing nitrate levels and extend-
ing the growing season of potato tubers. In the study of 
Trawczyński (2021), the nitrate content in tubers of the 
group of very early, early and medium-early varieties was 
127.7 102.4 and 86.3 mg kg-1, respectively. On the other 
hand, in the study of Mazurczyk and Lis (2000), the ni-
trate content in tubers of the group of very early and early 
varieties was much higher and amounted to 224 mg kg-1, 
in the group of medium-early varieties it was 108 mg kg-1. 
The nitrate content in the group of medium-late and late 
varieties was similar to the results we obtained in our study 
for varieties in the medium-early group, and amounted to  
44 mg kg-1 f.m. (Mazurczyk, Lis, 2000).
 According to many authors, unsuitable storage condi-
tions (elevated temperature, inadequate humidity, lack of 
oxygen) increase the nitrate content of vegetables (Luo et 
al., 2022; Mahmoudzadeh, Atefi, 2022). Changes in the ni-
trate and nitrite content of fresh vegetables during storage 
are highly dependent on temperature due to its strong influ-
ence on the activity of nitrate and nitrite reductases (Luo 
et al., 2022). In our study, potato tubers were stored under 
controlled conditions and a decrease in nitrate and nitrite 
content was observed. Average losses in nitrate and nitrite 
content, occurred by 6.4 and 20.2%, respectively. Among 
the varieties that showed the smallest decrease in nitrate 
and nitrite content after storage are Bohun (4.8 and 16.7%, 
respectively), Golden Marie (4.8 and 14.3%, respectively) 
and Impresja (5.4 and 17.1%, respectively) (Table 3). On 
the other hand, the largest decrease in nitrates was record-

Figure 3. Relationship between nitrate and nitrite content in potato tubers of different earliness groups. Statistically significant differ-
ences in nitrate and nitrite levels among the earliness groups are annotated beside the graph. Means sharing the same letter are not 
significantly different (p<0.05).

Table 3. Percentage decrease in nitrate and nitrite content in po-
tato tubers after storage during 6 months depending on geno-
type and earliness group

Earliness  
Group Varieties Nitrate

[%]
Nitrite

[%]

Very early  
varieties

Impresja 5.4 17.1
Surmia 6.5 22.4
Tacja 6.5 21.2
Average 6.1 20.2

Early varieties

Baltic Fire 7.6 24.4
Bohun 4.8 16.7
Gardena 7.5 23.2
Golden Marie 4.8 14.3
Ignacy 6.3 22.1
Ismena 5.5 19.2
Magnolia 5.5 19.5
Mia 6.6 22.9
Stokrotka 7.5 22.8
Wega 5.4 17.2
Average 6.1 20.2

Medium-early 
varieties

American Rose 8.3 23.8
Baltic Rose 5.7 17.2
Jurek 5.8 17.3
Mazur 6.5 19.7
Tajfun 8.4 23.8
Average 6.9 20.3

ed for the varieties Tajfun (8.4%), American Rose (8.3%), 
and Baltic Fire (7.6%). Meanwhile, for nitrite, the largest 
decrease was observed in Baltic Fire (24.4%), American 
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Rose (23.8%) and Tajfun (23.8%) varieties (Table 3). The 
earliness group influenced the change in the magnitude of 
nitrate and nitrite losses after storage. The group of me-
dium-early varieties had the greatest decrease in nitrates 
and nitrites at 6.9% and 20.3%, respectively. In a study 
by Pobereżny et al. (2012) nitrate content decreased by 
37.5% after 6-month storage. In another study by the au-
thor (Pobereżny et al., 2023), no changes in nitrate and ni-
trite content were observed during long-term storage. Such 
variable results in the content of harmful compounds after 
storage may be due to differences in the cultivation tech-
nology used. Fertilization, mainly with nitrogen, cultiva-
tion system, location and also meteorological conditions 
may be of great importance (Pobereżny et al., 2015; Kyri-
acou et al., 2019).

CONCLUSIONS

 1. The research highlights the key influence of potato 
variety – along with its intrinsic earliness classification 
– on nitrate and nitrite content, ensuring both consumer 
safety and high-quality tuber production.
 2. The raw tubers of the tested potato varieties ex-
hibited low nitrate and nitrite levels, ranging from 28.4 to  
95.6 mg kg-1 for nitrate and 0.18 to 0.98 mg kg-1 for nitrite, 
respectively. All these values are well below the maximum 
acceptable daily intake (ADI) limits set by the FAO/WHO 
Expert Committee, which are 0–3.7 mg per kilogram of 
body weight for nitrate and 0–0.7 mg per kilogram of body 
weight for nitrite. This confirms the safety of these potato 
varieties for consumers. Among them, the variety Tacja 
showed the highest nitrate and nitrite concentration, while 
Wega had the lowest.
 3. Controlled storage conditions reduce nitrate and ni-
trite levels, underscoring the need to optimize storage for 
food safety.
 4. Early identification of varieties prone to nitrate and 
nitrite accumulation allows for better crop management 
and yield quality.

REFERENCES

Abasse K.S., Essien E.E., Abbas M., Yu X., Xie W., Sun J., 
Akter L., Cote A., 2022. Association between Dietary Ni-
trate, Nitrite Intake, and Site-Specific Cancer Risk: A Sys-
tematic Review and Meta-Analysis. Nutrients, 14, 666, DOI: 
10.3390/nu14030666.

Abdo A.I., Elrys A.S., Abdel-Fattah M.K., Desoky E.S.M., 
Huitong L., Wang L., 2020. Mitigating nitrate accumulation 
in potato tubers under optimum nitrogen fertilization with K-
humate and calcium chloride. Journal of Cleaner Production, 
259, 121108, DOI: 10.1016/j.jclepro.2020.121108.

Ahirwar N.K., Singh R., Chaurasia S., Chandra R., Ramana 
S., 2020. Effective role of beneficial microbes in achieving 
the sustainable agriculture and eco-friendly environment de-
velopment goals: a review. Frontiers in Environmental Mi-
crobiology, 5: 111-123, DOI: 10.11648/j.fem.20190506.12. 

Ahmed M., Rauf M., Akhtar M., Mukhtar Z., Saeed N.A., 
2020. Hazards of nitrogen fertilizers and ways to reduce ni-
trate accumulation in crop plants. Environmental Science and 
Pollution Research, 27: 17661-17670, DOI: 10.1007/s11356-
020-08236-y.

Anas M., Liao F., Verma K.K., Sarwar M.A., Mahmood A., 
Chen Z.L., Li Q., Zeng XP., Liu Y., Li Y.R., 2020. Fate 
of nitrogen in agriculture and environment: agronomic, eco-
physiological and molecular approaches to improve nitro-
gen use efficiency. Biological Research, 53(1): 1-20, DOI: 
10.1186/s40659-020-00312-4.

Andrews M., Raven J.A., Lea P.J., 2013. Do plants need ni-
trate? The mechanisms by which nitrogen form affects plants. 
Annals of applied biology, 163(2): 174-199, DOI: 10.1111/
aab.12045.

Bienia B., Sawicka B.H., Krochmal-Marczak B., 2021. Effect 
of foliar fertilization using micronutrient fertilizers on the 
content of nitrates (V), nitrites (III) in potato tubers. Agrono-
my Science, 76(3): 33-47, DOI: 10.24326/as.2021.3.3. 

DellaValle C.T., Xiao Q., Yang G., Shu X.O., Aschebrook-
Kilfoy B., Zheng W., Gao Y.T., 2014. Dietary nitrate and 
nitrite intake and risk of colorectal cancer in the Shanghai 
Women’s Health Study. International Journal of Cancer, 134: 
2917–2926, DOI: 10.1002/ijc.28612.

Djaman K., Sanogo S., Koudahe K., Allen S., Saibou A., Es-
sah S., 2021. Characteristics of organically grown compared 
to conventionally grown potato and the processed prod-
ucts: A review. Sustainability, 13(11), 6289, DOI: 10.3390/
su13116289.

Ebrahimi R., Ahmadian A., Ferdousi A., Zandi S., Shahmo-
radi B., et al., 2020. Effect of washing and cooking on nitrate 
content of potatoes (cv. Diamant) and implications for miti-
gating human health risk in Iran. Potato Research, 63: 449-
462, DOI: 10.1007/s11540-020-09450-4.

Elrys A.S., Abdo A.I.E., El-Sayed M. Desoky E-S.M., 2018. 
Potato tubers contamination with nitrate under the influence 
of nitrogen fertilizers and spray with molybdenum and sali-
cylic acid. Environmental Science and Pollution Research, 
25: 7076-7089, DOI: 10.1007/s11356-017-1075-y.

Hussain S., Khaliq A., Noor M.A., Tanveer M., Hussain H.A., 
et al., 2020. Metal toxicity and nitrogen metabolism in plants: 
an overview. Carbon and nitrogen cycling in soil, p.p. 221-
248, DOI: 10.1007/978-981-13-7264-3_7.

Iqbal A., Qiang D., Alamzeb M., Xiangru W., Huiping G., 
Hengheng Z., Nianchang P., Xiling Z., Meizhen S., 2020. 
Untangling the molecular mechanisms and functions of 
nitrate to improve nitrogen use efficiency. Journal of the 
Science of Food and Agriculture, 100(3): 904-914, DOI: 
10.1002/jsfa.10085.

JECFA. Commission Regulation No. 563/2002 of 2 April 2002 
amending Regulation (EC) No 466/2001 setting maximum 
levels for certain contaminants in foodstuffs. FAO/WHO Ex-
pert Committee on Food Additives (JECFA). Official Journal 
Eur. Communities, 2002, 5, 6.

Karwowska M., Kononiuk A., 2020. Nitrates/nitrites in food 
– Risk for nitrosative stress and benefits. Antioxidants, 9(3), 
241, DOI: 10.3390/antiox9030241. 

Kmecl V., Knap T., Žnidarčič D., 2017. Evaluation of the ni-
trate and nitrite content of vegetables commonly grown in 
Slovenia. Italian Journal of Agronomy, 12(2), DOI: 10.4081/
ija.2017.801.

K. Gościnna et al. – The content of nitrates and nitrites in potato tubers depending on the earliness group and storage



54 Current Agronomy, 54/2, 2025

Kyriacou M.C., Soteriou G.A., Colla G., Rouphael Y., 2019. 
The occurrence of nitrate and nitrite in Mediterranean fresh 
salad vegetables and its modulation by preharvest practices 
and postharvest conditions. Food Chemistry, 285: 468-477, 
DOI: 10.1016/j.foodchem.2019.02.001.

Liu R., Jia T., Cui B., Song J., 2020. The expression pat-
terns and putative function of nitrate transporter 2.5 in 
plants. Plant Signaling & Behavior, 15(12), 1815980, DOI: 
10.1080/15592324.2020.1815980.

Luo F., Yan X.-J., Hu X.-F., Yan L.-J., Cao M.-Y., Zhang W.-
J., 2022. Nitrate Quantification in Fresh Vegetables in Shang-
hai: Its Dietary Risks and Preventive Measures. International 
Journal of Environmental Research and Public Health, 19, 
14487, DOI: 10.3390/ijerph192114487.

Ma L., Hu L., Feng X., Wang S., 2018. Nitrate and nitrite in 
health and disease. Aging and disease, 9(5), 938, DOI: 
10.14336/AD.2017.1207.

Mahmoudzadeh M., Atefi M., 2022. Determination of nitrate 
and nitrite in agricultural crops distributed in northeast of 
Iran. Human, Health and Halal Metrics, 2(2): 18-24, DOI: 
10.30502/JHHHM.2022.324439.1046.

Mazurczyk W., Lis B., 2000. Content of nitrates and glycoalca-
loids in mature tubers of Polish potato table cultivars. Rocz-
niki Państwowego Zakładu Higieny, 51: 37-41. (in Polish + 
summary in English)

Mozolewski W., Smoczyński S., 2004. Effect of culinary processes 
on the content of nitrates and nitrites in potato. Pakistan Journal 
of Nutrition, 3(6): 357-361, DOI: 10.3923/pjn.2004.357.361.

Muhie S.H., 2022. Novel approaches and practices to sustain-
able agriculture. Journal of Agriculture and Food Research, 
100446, DOI: 10.1016/j.jafr.2022.100446.

Nowacki W., 2020. Metodyka integrowanej produkcji ziemni-
aków. Instytutu Hodowli i Aklimatyzacji Roślin - Państwowy 
Instytut Badawczy, Oddział w Jadwisinie pod kierunkiem dr. 
Wojciecha Nowackiego.

Olas B., 2024. The Cardioprotective Role of Nitrate-Rich Veg-
etables. Foods, 13(5), 691, DOI: 10.3390/foods13050691. 

Pobereżny J., Dudek S., Wszelaczyńska E., Kuśmierek-
Tomaszewska R., Żarski J., Keutgen A.J., 2012. The 
nitrates(V) content in the edible potato tubers according to 
the irrigation, fertilization process and storage. Journal of El-
ementology Supplement, 17(3): 54-55.

Pobereżny J., Retmańska K., Wszelaczyńska E., Nogalska 
A., 2023. Influence of Magnesium and Biostimulant on the 
Consumption Value and Harmful Nitrogen Compounds Con-
tent of Potato Tubers after Storage. Agriculture, 13(11), 2052, 
DOI: 10.3390/agriculture13112052.

Pobereżny J., Wszelaczyńska E., Wichrowska D., Jaskulski 
D., 2015. Content of nitrates in potato tubers depending on the 
organic matter, soil fertilizer, cultivation simplifications ap-
plied and storage. Chilean Journal of Agricultural Research, 
75(1): 42-49, DOI: 10.4067/S0718-58392015000100006.

Rammos C., Hendgen-Cotta U.B., Sobierajski J., Bernard A., 
Kelm M., Rassaf T., 2014. Dietary nitrate reverses vascular 
dysfunction in older adults with moderately increased cardio-
vascular risk. Journal of the American College of Cardiology, 
63: 1584-1585, DOI: 10.1016/j.jacc.2013.08.691.

Seyyedsalehi M.S., Mohebbi E., Tourang F., Sasanfar B., Bof-
fetta P., Zendehdel K., 2023. Association of dietary nitrate, 
nitrite, and N-nitroso compounds intake and gastrointesti-
nal cancers: A systematic review and meta-analysis. Toxics, 
11(2), 190, DOI: 10.3390/toxics11020190.

Shrock D.L., Krasowski M.D., 2020. Methemoglobinemia due 
to dietary nitrate. Toxicology cases for the clinical and foren-
sic laboratory. Academic Press, p.p. 469-472, DOI: 10.1016/
B978-0-12-815846-3.00092-2.

Siervo M., Lara J., Ogbonmwan I., Mathers J.C., 2013. In-
organic nitrate and beetroot juice supplementation reduces 
blood pressure in adults: A systematic review and meta-anal-
ysis. The Journal of Nutrition, 143: 818-826, DOI: 10.3945/
jn.112.170233.

Trawczyński C., 2016. The influence of cultivars and weather 
conditions of vegetation period on the content of some nutri-
tional and anti-nutritional components in potato tubers. Acta 
Agrophysica, 23.1: 119-128.

Trawczyński C., 2020. The effect of nitrogen fertilization on 
yield efficiency and quality of tubers potato varieties culti-
vated in an integrated production system. Biuletyn Instytutu 
Hodowli i Aklimatyzacji Roślin, 288: 15-22.

Trawczyński C., 2021. Relationship between vitamin C and 
nitrate content in potato tubers depending on the maturity 
groups of cultivars. Journal of Elementology, 26(4), DOI: 
10.5601/jelem.2021.26.4.2161.

Voronov E.V., Terekhova O.B., Shashkarov L.G., Mefodiev 
G.A., Eliseeva L.V., Filippova S.V., Samarkin A., 2019. 
Formation of yield and commodity qualities of potatoes, 
depending on the varietal characteristics. In: Proceedings of 
the IOP Conference Series: Earth and Environmental Sci-
ence, Macau, China, 21–24 July 2019, DOI: 10.1088/1755-
1315/346/1/012028.

Wen B., Xiao W., Mu Q., Li D., Chen X., Wu, H., Li L., Peng 
F., 2020. How does nitrate regulate plant senescence? Plant 
Physiology and Biochemistry, 157: 60-69, DOI: 10.1016/j.
plaphy.2020.08.041.

Wszelaczyńska E., Pobereżny J., Keutgen A.J., Keutgen N., 
Gościnna K., Milczarek D., Tatarowska B., Flis B., 2022. 
Antinutritional Nitrogen Compounds Content in Potato (So-
lanum tuberosum L.) Tubers Depending on the Genotype and 
Production System. Agronomy, 12(10), 2415, DOI: 10.3390/
agronomy12102415.

Zand J., Lanza F., Garg H.K., Bryan N.S., 2011. All-natural ni-
trite and nitrate containing dietary supplement promotes nitric 
oxide production and reduces triglycerides in humans. Nutrition 
Research, 31: 262-269, DOI: 10.1016/j.nutres.2011.03.008.

received 17 March 2025
reviewed 21 May 2025
accepted 10 June 2025

Authors declare no conflict of interest. 

Author ORCID
Katarzyna Gościnna 0000-0002-4666-7105
Katarzyna Brążkiewicz 0000-0001-9833-0021
Katarzyna Mikołajczyk-Bator 0000-0002-9005-7523


