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ABSTRACT
Background: Potatoes are a crucial component of the human diet, often referred to as the "second bread." The food
security and safety of a country are significantly influenced by the volume of potato production, highlighting its strategic
importance. As a staple crop worldwide, the potato is not only a versatile and delicious food, but also a rich source of
nutrients and bioactive compounds, positioning it as a functional food with the potential to improve health and aid in
the prevention and management of various chronic diseases.

As potato cultivation technologies progress, it is important to select appropriate fertilizers, as these can significantly
impact tuber quality and their status as a functional food. The potential accumulation of harmful compounds in potato

tubers poses risks to consumer health, making careful fertilizer selection essential.

Objective: The objective of this research is to assess the impact of both mineral and organic fertilizers on the quantitative
and qualitative parameters of potato tubers, with the aim of evaluating their potential as a raw material for functional

food production.

Methods: Investigations were conducted from 2021 to 2023 in the Stepanavan community of the Lori region, Republic

of Armenia, using mineral (ammonium nitrate) and various organic fertilizers (Sugar Transfer, Humate, Biohumus, and
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Organomix). The experiments followed a randomized complete block design comprising 5 variants and 4 replications.
Each experimental plot covered an area of 25 m2. During the vegetation period, phenological observations were carried
out, and the effects of the applied nitrogen and organic fertilizers on the growth capacity of the above-ground organs,
crop yield, and quality indicators of tubers were measured. The chemical composition and functional value of the tubers

were determined and evaluated by laboratory analysis in the state-certified FDI laboratory.

Results: The findings from three-year studies revealed that the utilization of organic fertilizers not only enhances tuber
yield but also increases dry matter and starch content, while significantly reducing the accumulation of residual nitrogen
in the tuber's chemical composition. Among the tested organic fertilizers, Biohumus exhibited remarkable performance,
yielding 41.9 t ha™" and producing high-quality tubers with a residual nitrogen content of 57.4 mg kg™, which is 2.6 mg
kg™" below the specified permissible norm. In contrast, the application of ammonium nitrate resulted in a slightly higher
tuber yield of 42.6 t ha™", however the residual nitrogen content was 72.7 mg kg™, exceeding the specified permissible
norm by 12.7 mg kg™'. Therefore, it is recommended to apply Biohumus into the furrow during potato planting.
Additionally, foliar nutrition with a 0.2% solution should be provided at the beginning of the first soil loosening and during

the blooming stage (how does the study support this result?).

Conclusion: The utilization of organic fertilizers, particularly Biohumus, in potato cultivation emerges as a promising
technology for sustainable agriculture. It offers the potential to achieve high yields of tubers with elevated functional

and nutritional value, while also mitigating the risk of residual nitrogen accumulation in the tubers.

Keywords: Potato, organic and mineral fertilizers, yield, functional and nutritional value residual nitrogen
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INTRODUCTION

Agriculture currently plays a pivotal role in human
nutrition. As consumers take more initiative to eat
healthy to improve their health, manufacturers are
developing innovative products, such as functional foods,
that cater to these evolving demands [1-3]. Functional
foods, containing bioactive compounds, offer health
benefits beyond basic nutrition. Functional foods have
the potential to enhance physiological functions and
mitigate the risk of chronic disease [6]. With increasing
interest in preventive healthcare and personalized
nutrition, functional foods providetargeted solutions
supported by rigorous scientific evidence, making them
central to modern approaches to nutrition [2, 4, 5].

Potato (Solanum tuberosum L.) is one of the most
important food crops in the world. According to the Food
and Agriculture Organization of the United Nations (FAQO)
estimates in 2021 [7], over 376 million metric tons of
potatoes were produced worldwide (up 17 percent
compared with 2000). Potatoes are a crucial and
irreplaceable component of the human diet, playing a
vital role in the country's food safety and security [8]. In
terms of human consumption, potato ranks third after
rice and wheat [9]. Despite being commonly associated
with starchy carbohydrates, potatoes are also rich
inessential nutrients such as potassium, vitamin B6,
vitamin C, minerals, and dietary fiber, which support
immune function, maintain electrolyte balance, and
promote overall health [10-14]..

Potassium is essential for maintaining healthy blood
pressure and nerve function [15]. Vitamin B6 is vital for
brain development and metabolism. (maybe define the
role of vitamin C?) Dietary fiber aids digestion and
promotes gut health. This diverse nutrient profile makes
potatoes a valuable contributor to overall health and
well-being. Additionally, potatoes contain significant
amounts of antioxidants, such as flavonoids and

carotenoids, which help reduce oxidative stress and
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inflammation in the body and boost immunity
[16]. Furthermore, the resistant starch found in potatoes
acts as a prebiotic, nourishing beneficial gut bacteria and
supporting digestive health [17]. Resistant starch also
contributes to satiety and may aid in weight management
by promoting feelings of fullness and reducing calorie
intake. Therefore, these beneficial properties contribute
to various health benefits, highlighting the value of
potatoes in a balanced diet. Consequently, ongoing
research aims to explore the functionality and maximize
the utilization of potato components, as well as to
develop new products based on this versatile crop [12].
The potato was selected not only for its nutritional
value but to also improve potato cultivation technology
to increase yields (inclusion of a sentence to connect the
paragraphs). Based on statistical data from 2022 [18], the
potato sowing area in the Republic of Armenia (RA) was
19.2 thousand hectares, with a gross harvest of 251.4
thousand tons. According to data provided by the FAO,
the acreage of irrigated lands has been steadily
increasing worldwide, contributing to rising yields and
overall production of potatoes despite a slight decline in
the global harvested area for potatoes [19]. However, a
significant portion of potato fields remains under rain-fed
agriculture [20]. In such conditions improving agricultural
technology, especially focusing on enhancing the culture
of the fertilization system and supplementing it with the
safest fertilizers, plays a crucial role in increasing potato
production volume and improving product quality as
functional food. Increasing the efficiency of potato
cultivation requires a precise definition of the fertilization
system during the entire growth period as part of a
successful agronomic strategy, especially during the early
stages of growth and development of the plants. This
approach promotes the formation of robust, lush plants,
which is one of the key factors in guaranteeing a high

yield with high nutritional value [21].
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Many authors suggest that achieving a rich and
high-quality potato yield is often observed when the soil
has a light mechanical composition and is fertilized with
organic fertilizers. Applying organic preparations rich in
macro and microelements through extra-root nutrition
during the vegetative growth stage may promote optimal
growth and development of potato plants [22-25].

In  contrast, the excessive application of
traditionally used mineral fertilizers can result in reduced
soil fertility and increased contamination with heavy
metals, potentially contributing to the development of
carcinogenic diseases in humans [26-28]. Nitrogen, while
essential for crop growth and development, requires
careful management to avoid adverse effects.
Insufficient nitrogen fertilization can result in significant
yield losses [29, 30]. However, excessive nitrogen in the
soil can disrupt the uptake and balance of other critical
nutrients, such as calcium and zinc [31]. High nitrogen
levels can also negatively affect the synthesis of bioactive
compounds in potatoes, including antioxidants [32].
Additionally, elevated residual nitrogen can lead to
nitrate accumulation in potato tubers, which, when
ingested, can convert to nitrites and subsequently to
nitrosamines—carcinogenic compounds that pose a
serious health risk [33, 34]. As a result, high nitrate levels
can diminish the health benefits of potatoes, reducing
their value as a functional food.Therefore, to address this
issue traditional mineral fertilizers are repla (ced with
organic fertilizers as they have no negative effects on
either the soil or the plants [23, 35]. In addition to
fertilizing the soil by replenishing it with macro and
micronutrients, organic fertilizersalso minimize the risk
of soil salinization and alkalization [36]. Moreover, the
combined application of chemical/organic and biological
fertilizers can increase the tuber and the protein yields of
potatoes by balancing the soil elements, reducing soil

acidity, and mitigating the effects of stresses [37].
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The objective of this study is to assess the impact of
both mineral and organic fertilizers on the quantitative
and qualitative parameters of potato tubers, with the aim
of evaluating their potential as a raw material for

functional food production.

MATERIALS AND METHODS

Experimental site description: The impact of organic
(Sugar Transfer, Humate, Biohumus, Organomix) and
nitrogen fertilizers (Ammonium nitrate) on the growth,
development, and efficiency indicators of the Impala
potato variety yield was studied under rain-fed
agriculture conditions in the Stepanavan region of Lori
Marz, RA. Stepanavan, characterized by its thick forests
and alpine meadows, is situated at an average elevation
of 1375 meters above sea level. The region has a humid
continental climate, classified as Dfb in the Kdppen
climate classification [41]. Winters are cold with
relatively low precipitation, while spring and summer
experience significant rainfall. The region also receives an
annual precipitation of 683 mm, with notably snowy
winters, making rain-fed cultivation of potato plants
possible (the sentence above stating that winters have
low precipitation contradicts this sentence). The average
temperature in January is -4.2°C; in July, it reaches 16.7°C
(I think you should describe the average temperature in
July to maintain consistency with the rest of the

sentence), and the average yearly temperature is 6.6°C.

Potato variety description: The Impala potato (Solanum
tuberosum L. cv. Impala) is an intensive, high-yielding
variety of Dutch origin, renowned for its medium to large
tubers and exceptional taste qualities. The Impala potato
is distinguished by its large size (80-160 g) and its oval
leveled shape. The skin is thin, light, and nearly
transparent, while the pulp exhibits a creamy or light-

yellow color.
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Experimental Design: The experiments were conducted
during 2021-2023 in a randomized complete block design
(RCBD) in 5 variants with 4 replications. The area of each
experimental plot was 25 m? [42]. The soil solution used
was comprised of meadow-steppe black soils with a
sandy-loam texture and a humus content of 4.1%. These
soils, which dominate the Stepanavan region, exhibit a
low availability of mobile nitrogen but are rich in
phosphorus and potassium. The pH of the soil solution
ranges from 6.8 to 6.9. Organic and mineral fertilizers
were applied to the plants using both root and extra-root
nutrition methods throughout the growing season. In all
variants, potato planting was conducted with preliminary
light-sprouted tubers.

Over the three years of the experiments, potato
planting consistently took place in the third decade of
April, following the same optimal planting scheme (70x30
cm) and a depth of 12 cm for the Impala variety. During
the vegetation period, phenological observations were
conducted by averaging data from 25 plants to determine
the duration of growth and developmental stages of the
potato plants, overall duration of the vegetation period
[43, 44]. Additionally, the effects of the applied nitrogen
and organic fertilizers on the growth capacity of the
above-ground organs, crop yield, quality indicators, and

functional value of the tubers were measured.

Description of the applied fertilizers:

Sugar Transfer is a liquid organic fertilizer containing free
amino acids, organic nitrogen (N), and magnesium (Mg).
Sugar Transfer is utilized to address magnesium
deficiency in agricultural crops. This fertilizer was applied
to potato plants at a rate of 2.5 | ha? during the
germination stage. Additionally, the fertilizer was
provided as extra-root nutrition twice during the tuber
formation stage, at a rate of 2.0 | haand an interval of

15-20 days [45].
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Humate is a liquid organic complex fertilizer
enriched with valuable macro and microelements.
Humate, which contains humic acids, can be applied as
root and extra-root nutrition, while serving as a
disinfectant, suggesting its significant benefits to soil and
plant health. The potato plants received two applications
of root nutrition treatments with Humate: the first at the
fourth leaf stage and the second before flowering. Each
root nutrition treatment was applied at a rate of 3.5 |
ha. Additionally, a single foliar nutrition treatment was
applied at the flowering stage, with a concentration of
0.02% [46].

Organomix is a biologically active, environmentally
friendly organic fertilizer composed of a macro and
microelement complex, including a mixture of peat and
compost. This fertilizer contains essential nutrients such
as N, P, K, Ca, Mg, and sulfate (SO4), which promote plant
growth and increase vyield. Additionally, Organomix
positively affects the chemical composition of crops and
enhances plant resistance to diseases and pests. It was
applied twice during the vegetation period in the form of
foliar nutrition before flowering with an interval of 15-20
days, with a concentration of 0.2% [47].

Biohumus (worm-compost) is an organic fertilizer
produced through the processing of organic waste and
the recycling of manure by Californian red worms. As the
organic matter passes through the worms' intestines, the
fertilizer acquires a special spherical structure. Biohumus
is rich in organic matter and essential nutrients, including
N, P, K, Ca, Mg, and SOs4. 200 grams of Biohumus is
applied into the furrow when planting the potatoes.
Additionally, at the beginning of the first soil loosening
and during the blooming stage, foliar nutrition is
provided with a 0.2% solution of Biohumus water extract
[48].

Ammonium nitrate (NHsNOs) is a white, granulated,
nitrogenous mineral fertilizer containing approximately

34% of the active substance. It was applied twice to


http://www.ffhdj.com/

Functional Food Science 2024; 4(8): 309-324

potato bushes, with a total of N4s before the plant
flowering stage.
All fertilizers were applied according to technical

specifications and recommended application schedules.

Statistical Assessment of the Experimental Results:

Statistical analysis was conducted using a single-factor
Analysis of Variance (ANOVA) to compare the means
across various experimental treatments. Mean values
and standard deviation error bars were generated using
MS Excel. The Least Significant Difference (LSD) test was
applied to assess the statistical significance of differences

among treatment means, with a significance threshold of

200

160

120

o

Sugar Transfer Humate

M Duration of potato germination, days*

Biohumus Organomix

W Duration till flowering, days**
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p<0.05. Treatment effects were considered significant
when p < 0.05, allowing for precise differentiation of

means while controlling for Type | error.

RESULTS AND DISCUSSION

Indicators of the effectiveness of mineral and organic
fertilizers on the Impala potato variety, based on three-
year averaged data, are presented in both tabular and
graphical formats. Figure 1 provides a detailed
presentation of the results illustrating the impact of
fertilizers on the growth and development stages of

potatoes.

80
, 1 ] ] 7 ]

Ammonium nitrate

Duration till harvest, days***

Figure 1. The impact of organic and mineral fertilizers on the duration of potato developmental stages. Error bars
correspond to standard deviation (SD): * LSDos=2.5; **LSD0s=5.7;***LSD05=6.6

The duration of potato phenological stages
differed significantly among the experimental options,
primarily influenced by the choice of fertilizers applied.
All experimental options had similar conditions regarding
the tuber planting dates, planting schemes, and quality
parameters of the planting material used. Given that only
preliminary light-sprouted tubers were employed as
planting material during the experiments, the
germination period was expected to be notably
shortened. This trend is clearly evidenced in the table

data. Notably, in the Biohumus treatment, germination

occurred over a span of 16 days, whereas in other
treatments utilizing both mineral and organic fertilizers
applied via root and foliar nutrition during the vegetative
phase, the germination stage was extended by 3-5 days
compared to Biohumus, totaling 19-21 days.

From the flowering stage onward, after the plants
had been nourished through fertilization, the durations
of growth and developmental stages in potatoes varied
significantly. The Biohumus variant showed the earliest
and shortest flowering stage, occurring 80 days after

tuber planting. In contrast, the mineral fertilizer variant
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extended the flowering stage by 9 days. The other
organic fertilizer variants lengthened this stage by only 3-
6 days compared to the Biohumus variant

In the Biohumus variant, a notable increase in soil
organic matter (due to fertilization during planting) is
evident, leading to an enhancement in soil structure. This
improvement contributes to the accelerated germination
of tubers (a new graph/table measuring soil organic
matter content may be included).

The applied fertilizers also had a significant impact
on the duration of the vegetation period of the plants.

The shortest vegetation periods were observed in the

80.0
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Biohumus and Humate versions, lasting 145 and 148
days, respectively. The variants using Organomix and
Sugar Transfer fertilizers showed slightly longer
durations, ranging from 151 to 153 days for the
vegetation period. In contrast, with the application of
ammonium nitrate, the vegetation period was extended
by 13 days compared to the Biohumus treatment,
totaling 158 days (a new graph/table representing
duration of the vegetation period may be included).
Fertilization of potatoes also had a significant
impact on the growth intensity of above-ground organs,

as illustrated in Figure 2 and detailed in Table 1.

60.0

40.0

20.0

0.0 -

Sugar Transfer Humate

Biohumus

Organomix Ammonium nitrate

B The height of the plant in the flowering stage, cm*
M Diameter of stem at ground level, mm**

Figure 2. The effect of organic and mineral fertilizers on the growth intensity of potato above-ground organs. Error bars

correspond to standard deviation (SD): * LSDos=4.7; ** LSDos=1.6

The robust growth of the plants was particularly
evident in the variant where nitrogen fertilizer was used,
with an average plant height reaching 67.8 cm,
surpassing the Biohumus variant by 5.1 cm, and the other
organic fertilizer application variants by 7.7 to 16.1 cm
(see Figure 2). Moreover, in the Biohumus variant, the
plants exhibited thick stems with a diameter of 13.7 mm,
exceeding that of the Ammonium nitrate variant by 2.8
mm. All variants with the application of organic fertilizers
showed greater improvement in stem thickness, ranging

from 11.0 to 13.7 mm, compared to the variants treated

with ammonium nitrate by 0.1 to 2.8 mm (maybe
describe the stem thickness of the variants treated with
ammonium nitrate for consistency).

The Biohumus variant had the greatest number of
stems per plant with an average of3.7 stems, exceeding
the NH4NOs variant by 0.19 stems (see Table 1). Our
findings are consistent with Miskoska-Milevska et al.
[35], who reported a statistically significant difference in
the average leaf area of potato plants treated with
Biohumus compared to the untreated control. The

variant with Sugar Transfer had the fewest number of
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stems, with 3.05 stems. However, the nitrogen fertilizer
variant had the greatest branch number, leaf count, and
leaf surface area, promoting intensive vegetative growth.

Alimkhanov et al. demonstrated that the application of
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mineral fertilizers significantly enhances plant height,
number of main stems, and leaf count per plant in

potatoes compared to the control group [49].

Table 1. The effect of organic and mineral fertilizers on the growth intensity of potato above-ground organs

Fertilizer Potato above-ground organs per one bush
Number of Number of Number of the Surface of the leaves,
stems, pcs. branches, pcs. leaves, pcs. cm?

Sugar Transfer 3.05 3.15 49.8 5840

Humate 3.41 4.15 55.8 6215

Biohumus 3.74 4.32 59.0 6423

Organomix 3.24 3.72 51.6 6050

Ammonium nitrate 3.55 4.40 59.7 6490

LSDos 0.44 0.09 1.88 11.3

Fertilization significantly influenced the growth of
both above-ground organs and stolons, which are
modified slender underground stems. Figure 3 shows
that Biohumus had the most pronounced effect on stolon
growth. The length of stolons applied with Biohumus
exceeded those treated with ammonium nitrate by 0.8

cm and other tested organic fertilizers by 2.7-4.1 cm. A

325

similar trend was observed for stolon diameter (can
provide numerical values here for consistency). This can
be attributed to Biohumus stimulating the growth of
underground plant organs and improving soil structure,
thereby enhancing soil lightness, looseness, and
aeration. These factors facilitate the free and vigorous

development of stolons.

26.0

19.5

13.0

6.5 -

0.0 -

Sugar Transfer Humate

H The length of the stolons, cm*

Biohumus Organomix

Ammonium nitrate

M Diameter of the stolons, mm**

Figure 3. Comparative effects of potato fertilization on stolon growth. Error bars correspond to standard deviation (SD): *

LSDos=1.7; ** LSD0s=0.94
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The habitus form of the potato plant is influenced
by the development of its stolons. When Biohumus was
used, providing plants with essential nutrients
throughout the entire growth period, a cylindrical and
less scattered bush form was observed, clearly
demonstrating this effect. In contrast, plants treated with
other organic fertilizers displayed various forms: compact
and clustered (Sugar Transfer application), oval-shaped
(Humate), and oval-shaped but scattered (Organomix).

Plants treated with ammonium nitrate exhibited a
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compact growth habitus. Therefore, the Biohumus
application variant should be considered advantageous
due to its positive impact on both above-ground and
underground plant organs.

It is well known that achieving a high yield of tubers
is largely influenced by the indicators of harvest
structural elements, particularly the number of tubers
obtained from one plant and their weight [50]. Therefore,
we also investigated the effect of organic and mineral
fertilizers on these structural elements of the potato crop

(see Table 2).

Table 2. Effect of organic and mineral fertilizers on structural elements of potato crop

Fertilizer Number of tubers per

plant, pce. total
Sugar Transfer 10.9 915.7
Humate 12.5 1084.3
Biohumus 131 11743
Organomix 11.7 985.7
Ammonium nitrate 14.9 1294.7
LSDos 1.0 0.94

In the experimental variants where organic
fertilizers were applied, the number of tubers formed per
plant is significantly lower than in the variant with
ammonium nitrate (14.9), averaging 1.8-4.0 tubers. In
terms of the weight of tubers per plant, the NH4NOs-
using variant exceeded the versions with the use of
organic fertilizers by 120.4-379.0 g. The total mass of the
harvested crop was categorized into product groups:
large, medium, and small tubers. In terms of the weight
of commercial tubers, the variant fertilized with
ammonium nitrate (770.3 g) was notable, exceeding the
Biohumus variant by 62.9 g in the weight of large tubers.
However, in terms of medium-sized tubers, the variant
fertilized with ammonium nitrate was inferior to
Biohumus by 26.9 g. It should be noted that the tubers
intended for planting material constituted a substantial

portion (202.9 g or 15%) of the yield in the NHiNOs

Weight of the tubers per plant, g

Total tuber harvest, t

big medium small hat
590.3 188.7 136.7 33.4
690.2 271.4 122.7 38.9
707.4 348.4 118.9 41.9
647.0 2104 128.3 35.8
770.3 3215 202.9 42.6
1.57 1.41 1.26 1.73

variant compared to the Biohumus variant, where the
tubers constituted 118.9g or 10%. This amount was 84g
less than the tubers in the NHsNOs variant and 3.8 to
17.8g less than the tubers in other organic fertilizer
variants.

Regarding the structural elements of the yield, the
lowest results were observed in the Sugar Transfer and
Organomix variants, with 10.9 and 11.7 tubers per plant,
respectively., The specific weights of small tubers treated
with Sugar Transfer and Organomix were higher
compared to other organic fertilizer variants. Among the
organic fertilizer variants, the number of tubers formed
per plant was significantly lower than in the ammonium
nitrate variant, averaging between 1.8 and 4.0 tubers per
plant. Additionally, the weight of tubers per plant in the
NHaNOs-utilized variant exceeded that of the organic

fertilizer variants by 120.4 to 379.0 g.
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The experimental variant fertilized with ammonium
nitrate outperformed all organic fertilizer-tested variants
in terms of actual yield. These research findings align with
other studies indicating that the application of mineral
fertilizers, particularly nitrogen, significantly increases
both the total tuber yield and average tuber number in
potatoes compared to control groups [37, 49, 51, 52]. In
our experiments, the yield in the ammonium nitrate-
utilized variant, at 0.7 t hal, exceeded that of the
Biohumus variant and surpassed the remaining organic
fertilizers by 3.7-9.2 t ha’. These results are consistent
with findings from other studies, which demonstrated
that the application of either organic or inorganic
fertilizers—whether used individually  or in
combination—significantly improves potato vyield,
growth parameters, and yield components (such as tuber
number and average tuber weight) [8, 29]. Furthermore,
the use of biological organic fertilizers has been shown to
enhance productivity, increase potato production, and
improve farmers' profits [53].

It is noteworthy that the Biohumus variant nearly
matched the vyield of the variant fertilized with
ammonium nitrate. The high yield associated with
Biohumus is primarily attributed to its significant
improvement of the soil's mechanical content, structure,
and physicochemical properties, which are crucial for
promoting intensive stolon formation and, consequently,
achieving high yields. Additionally, Biohumus enhances
soil aeration and water retention, thereby enriching the
soil with essential macro and micro-elements and
beneficial bacteria for plants. Moreover, organic
fertilizers improve nutrient availability and promote
better nutrient uptake by potato plants. This can result in
higher concentrations of beneficial nutrients in the
tubers. The enhanced nutritional profile of potatoes,
facilitated by proper fertilization, includes elevated levels
of vitamins, minerals, and bioactive compounds. These

improvements make potatoes more effective in
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contributing to health benefits and solidify their role as a
functional food. Regarding the Humate-utilizing variant,
notable outcomes were observed in terms of tuber
number (12.5 pcs), tuber weight per plant (1084.3g), and
total tuber harvest (38.9 t ha™), closely following
ammonium nitrate and Biohumus. This aligns with
research by Ahmed Ali Mosa [54], indicating that humic
substances (HS) enhance moisture retention in the root
zone and nutrient availability in soil, thereby boosting
fertilizer use efficiency and improving both quantitative
and qualitative tuber characteristics. Our findings are
consistent with several other studies [55-57],
highlighting the positive impact of potassium humate on
various aspects of potato production, such as seed
germination, tuber vyield, and overall productivity.
Notably, potassium humate proves to be a cost-effective
choice for potato growers, supporting sustainable
agricultural practices even in water-deficient conditions
by enhancing crop yield and resilience. These insights
highlight the potential of humic substances to advance
agricultural sustainability and ensure food security,
particularly in arid and semi-arid climates.

Additionally, increased dosages of Organomix
organic fertilizer enhance potato growth, development,
tuber accumulation, and overall yield [58]. Furthermore,
organic potato production using Biohumus and other
organic fertilizers could be a viable alternative to
conventional methods [59].

In agricultural and functional food science, it is
important to obtain results that measure the
guantitative, qualitative, and functional values of the
product, especially if the product is for food
consumption. [60, 61]. Therefore, our study examined
the impact of the tested mineral and organic fertilizers
on the quality indicators and chemical composition of
the potato tuber crop. The chemical composition of
the tubers was analyzed in the state-certified FDI

laboratory
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located in Abovyan, Kotayk Marz, RA. The results are
summarized in Table 3.

The quality of potato tubers is largely influenced by
their end-use purposes [62]. Potatoes generally have a

water content that varies from 75 to 85% with the rest as
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dry matter containing the nutrients that support potato
growth. Thus, for potatoes intended for fresh
consumption, important internal quality traits to
consider include tuber dry matter, and starch content

[63]..

Table 3. The effect of organic and mineral fertilizers on the chemical composition of potato tubers

Fertilizer Chemical composition of potato tubers
Dry matter, % Starch, %

Sugar Transfer 22.7 20.9

Humate 23.9 21.1

Biohumus 24.8 22.1

Organomix 23.2 21.9

Ammonium nitrate 21.4 18.7

The applied fertilizers had a significant impact on
the dry matter content of potato tubers. The Biohumus
variant had a dry matter content of 24.8%, surpassing the
ammonium nitrate variant by 3.4% and other organic
fertilizer variants by 1.6-2.1%. Potatoes with high dry
matter content tend to have a higher concentration of
essential nutrients such as vitamins, minerals, and
antioxidants. High dry matter content indicates a higher
concentration of carbohydrates, providing a significant
energy source that is slowly released, which can be
particularly beneficial for maintaining steady energy
levels [64]. Potatoes with higher dry matter content can
have a lower glycemic index, which helps improve blood
sugar regulation. In addition, the dry matter content is an
important quality criterion for processed potatoes, such
as French fries or crisps. High dry matter content within
the tuber ensures lower oil absorption [65]. Thus, high
dry matter potatoes are ideal for creating functional food
products that require specific textures and consistencies.

The use of Biohumus also had a beneficial effect on
the starch content in the tubers, increasing the content
by 22.1%, which exceeded the ammonium nitrate variant
by 3.4% and the other organic fertilizer options by 0.2-

1.2%.Starch is a complex carbohydrate that provides a

Protein, % Nitrate residues, mg kg1
2.05 60.5
2.08 58.5
1.95 57.4
2.00 59.8
2.87 72.7

steady and sustained release of energy, making it an
excellent source of fuel for daily activities. Previous
research demonstrated that a daily intake of 30 grams of
raw potato starch over 12 weeks increased levels of
Bifidobacteria and improved glycemic responses among
elderly participants. Therefore, resistant starch in
potatoes acts as a prebiotic, promoting the growth of
beneficial gut bacteria, which can enhance gut health and
contribute to the prevention of digestive disorders [66].
Resistant starch also provides health benefits such as
glycemic control, control of fasting plasma triglyceride
and cholesterol levels, and absorption of minerals. Native
quality of starch, processing techniques, and storage
temperatures affect the resistant starch content in food
[67].

It is widely recognized that an increase in protein
content in potato tubers can adversely impact their
organoleptic and qualitative properties, rendering them
unsuitable for cooking purposes. Since the Impala potato
variety is cultivated primarily for food consumption,
maintaining a protein content below 2% is essential. This
is clearly evidenced in the ammonium nitrate
experimental variant, where the protein content in the

tuber's chemical composition reached its maximum value
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(2.87%), surpassing the Biohumus variant by 0.92%.
However, it is important to note that when other organic
fertilizers were used, this indicator remained within the
permissible limit, not exceeding 2.08%.

Residual nitrogen from mineral fertilizers, such as
ammonium nitrate, can pose several risks to the chemical
composition of potatoes, potentially compromising their
status as a functional food. Elevated nitrate levels may be
detrimental to human health as they can convert to
nitrites in the body, which are associated with the
formation of nitrosamines, compounds linked to cancer
risk [68].

High nitrogen levels can lead to lower
concentrations of certain vitamins and minerals [69],
bioactive compounds in potatoes, such as antioxidants
and phytochemicals diminishing the tuber's health
benefits [70].

According to the norms established by The Food
Safety Inspectorate of the Republic of Armenia, the
residual nitrogen content in food should not exceed 60
mg kg. In this context, the used organic fertilizers have
fully met this requirement. Chemical analysis of the
potato tubers revealed that the Biohumus variant had
the lowest nitrate residue, measuring 57.4 mg kg™, which
is below the permissible limit. Conversely, the application
of ammonium nitrate resulted in nitrate levels exceeding
the established norm by 12.7 mg kg™".

Overall, the application of organic fertilizers yielded
excellent results regarding residual nitrogen content.
Notably, the variant with Humate application achieved a
low residual nitrogen level of 58.5 mg kg™, which is
almost identical to the Biohumus variant, differing by
only 1.1 mg kg™

These findings are consistent with El-Sayed et al.,
who reported that plants treated with organic fertilizers,
or a combination of mineral and bio-fertilizers exhibited
lower nitrate content in potato tubers compared to those

treated with conventional mineral fertilizers [22].
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Additionally, the use of Biohumus and other organic
fertilizers in potato production effectively reduces nitrate
content in tubers while enhancing soil nutrient
availability [59]. Furthermore, our results are aligned
with other research demonstrating that both organic
manure and inorganic fertilizers impact potato growth,
yield, and quality. However, regarding environmental
impact and sustainable development, organic manures
are more significant compared to inorganic fertilizers [8].

In summary, the chemical analysis of tubers
indicates that the use of organic fertilizers is highly
recommended for food safety and security. Organic
fertilizers not only enhance yields but also increase dry
matter and starch levels while minimizing residual
nitrogen. This combination improves the nutritional,

functional, and health-promoting qualities of potatoes.

CONCLUSION
Summarizing the research findings on the use of different
fertilizers in potato cultivation, organic fertilizers were
found to significantly enhance both the yield and quality
of potato tubers as functional food. Ammonium nitrate
resulted in a tuber yield that was 0.7 t ha-1 higher
compared to Biohumus. However, Biohumus was
recognized as the best organic fertilizer among those
tested, exceeding others in terms of all tuber quality
indicators. It stands out by significantly reducing residual
nitrogen, enhancing dry matter, and increasing starch
content. Moreover, Biohumus effectively lowers the
protein content in potato tubers to below 2%, a critical
threshold for optimizing food quality. These
improvements collectively enhance the overall functional
and nutritional value of the tubers.

Therefore, it is recommended to apply 200 grams
of Biohumus into the furrow during potato
planting. Additionally, foliar nutrition with a 0.2%

solution should
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be provided at the beginning of the first soil loosening
and during the blooming stage.

The implementation of a fertilization system like
this could serve as a primary assurance for the
establishment of ecologically sound food production.
Abbreviations: FAO: Food and Agriculture Organization,
HS: humic substances, RA: Republic of Armenia, RCBD:

randomized complete block design.

Authors' contributions: HM - conceptualization,
methodology, validation, resources, data curation,
writing-original draft preparation, writing-review and
editing; MG - methodology, data curation, writing-review
and editing, TA - methodology, data curation, resources,

writing-review and editing; NG - resources, writing-

REFERENCES
1. Martirosyan D, Stratton S: Advancing functional food
regulation. Bioactive Compounds in Health and Disease

2023, 6:166. DOI: https://doi.org/10.31989/bchd.v6i7.1178

2. Martirosyan D, Kanya H, Nadalet C: Can functional foods
reduce the risk of disease? Advancement of functional food
definition and steps to create functional food products.
Functional Foods in Health and Disease 2021, 11:213.

DOI: https://doi.org/10.31989/ffhd.v11i5.788

3. Melyan G, Santrosyan G: In vitro propagation of stone fruit
rootstock cultivar Evrica 99 and its influence on some
phytochemical traits of fresh apricot fruit. Functional Foods
in Health and Disease 2024, 14:128-142.

DOI: https://doi.org/10.31989/ffhd.v14i2.1317

4. Tspnetyan H, Pepoyan E, Pepoyan A, Abrahamyan S:
Marketability level of potato in Armenia: potato functional
properties. Functional Foods in Health and Disease 2023,

13:268. DOI: https://doi.org/10.31989/ffhd.v13i5.1103

5. Martirosyan DM, Singh J: A new definition of functional food
by FFC: what makes a new definition unique? Functional
Foods in Health and Disease 2015, 5:209.

DOI: https://doi.org/10.31989/ffhd.v5i6.183

6. Konstantinidou V, Ruiz LAD, Ordovas JM: Personalized

Nutrition and Cardiovascular Disease Prevention: From

FFS Page 321 of 324

review and editing; KhT - resources, writing-review and
editing; NS - resources, writing-review and editing; GA -
conceptualization, methodology, validation, resources,
data curation, writing-original draft preparation, writing-
review, editing and supervision. All authors read and

approved the final version of the manuscript.

Competing interests: The authors declare that are no

conflicts competing interests.

Acknowledgement/Funding: Authors are thankful to the
administration of the “Agrobiotechnology Scientific
Center” Branch of Armenian National Agrarian University
for supporting the research. The authors thank the
reviewers whose constructive comments and

suggestions improved the quality of the paper.

Framingham to PREDIMED. Advances in Nutrition 2014,

5:368S-371S. DOI: https://doi.org/10.3945/an.113.005686

7.  Agricultural production statistics 2000-2021 FAOSTAT
Analytical Brief 60.

[https://openknowledge.fao.org/server/api/core/bitstream

s/58971ed8-c831-4ee6-ab0a-e47eabba7eba/content]

(Accessed on May 2024)

8.  Gelaye Y: Effect of combined application of organic manure
and nitrogen fertilizer rates on yield and yield components
of potato: A review. Cogent Food Agric 2023, 9. DOI:
https://doi.org/10.1080/23311932.2023.2217603

9.  Muleta HD, Aga MC: Role of Nitrogen on Potato Production:
A Review. Journal of Plant Sciences 2019, 7:36-42.
DOI: https://doi.org/10.11648/].ips.20190702.11

10. Beals KA: Potatoes, Nutrition and Health. American Journal
of Potato Research 2019, 96:102-110.
DOI: https://doi.org/10.1007/s12230-018-09705-4

11. Mattoo AK, Dwivedi SL, Dutt S, et al: Anthocyanin-Rich
Vegetables for Human Consumption—Focus on Potato,
Sweet potato and Tomato. Int J Mol Sci 2022, 23:2634.

DOI: https://doi.org/10.3390/ijms23052634

12. Xu J, Li Y, Kaur L, et al: Functional Food Based on Potato.
Foods 2023, 12:2145.
DOI: https://doi.org/10.3390/foods12112145

13. Camire ME, Kubow S, Donnelly DJ: Potatoes and Human

Health. Crit Rev Food SciNutr 2009, 49:823-840.


http://www.ffhdj.com/
https://doi.org/10.31989/bchd.v6i7.1178
https://doi.org/10.31989/ffhd.v11i5.788
https://doi.org/10.31989/ffhd.v14i2.1317
https://doi.org/10.31989/ffhd.v13i5.1103
https://doi.org/10.31989/ffhd.v5i6.183
https://doi.org/10.3945/an.113.005686
https://openknowledge.fao.org/server/api/core/bitstreams/58971ed8-c831-4ee6-ab0a-e47ea66a7e6a/content
https://openknowledge.fao.org/server/api/core/bitstreams/58971ed8-c831-4ee6-ab0a-e47ea66a7e6a/content
https://doi.org/10.1080/23311932.2023.2217603
https://doi.org/10.11648/j.jps.20190702.11
https://doi.org/10.1007/s12230-018-09705-4
https://doi.org/10.3390/ijms23052634
https://doi.org/10.3390/foods12112145

Functional Food Science 2024; 4(8):309-324

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

DOI: https://doi.org/10.1080/10408390903041996

Pacier C, M. Martirosyan D Vitamin C: optimal dosages,
supplementation and use in disease prevention. Functional
Foods in Health and Disease 2015, 5:89.

DOI: https://doi.org/10.31989/ffhd.v5i3.174

Love SL, Pavek JJ: Positioning the Potato as a Primary Food
Source of Vitamin C. American Journal of Potato Research
2008, 85:277-285.

DOI: https://doi.org/10.1007/512230-008-9030-6

Brown CR: Antioxidants in potato. American Journal of
Potato Research 2005, 82:163-172.

DOI: https://doi.org/10.1007/BF02853654

Bush JR, Baisley J, Harding S V., Alfa MJ: Consumption of
Solnul™ Resistant Potato Starch Produces a Prebiotic Effect
in a Randomized, Placebo-Controlled Clinical Trial. Nutrients

2023, 15:1582. DOI: https://doi.org/10.3390/nu15071582

Statistical Yearbook of Armenia, 2023.

[https://armstat.am/file/doc/99541108.pdf] (Accessed on

May 2024)

FAO. 2021. Food and Agriculture Organization. The state of
the world’s land and water resources for food and
agriculture — Systems at breaking point (SOLAW 2021).
Synthesis report 2021. FAO of  the UN.

[https://www.fao.org/land-water/solaw2021/en/]

(Accessed on April 2024)

Islam M, Li S: Identifying Key Crop Growth Models for Rain-
Fed Potato (Solanum tuberosum L.) Production Systems in
Atlantic Canada: A Review with a Working Example.
American Journal of Potato Research 2023, 100:341-361.

DOI: https://doi.org/10.1007/5s12230-023-09915-5

Koch M, Naumann M, Pawelzik E, et al: The Importance of
Nutrient Management for Potato Production Part I: Plant
Nutrition and Yield. Potato Res 2020, 63:97-119.

DOI: https://doi.org/10.1007/5s11540-019-09431-2

El-Sayed SF, Hassan HA, EI-Mogy MM: Impact of Bio- and
Organic Fertilizers on Potato Yield, Quality and Tuber Weight
Loss After Harvest. Potato Res 2015, 58:67-81.

DOI: https://doi.org/10.1007/511540-014-9272-2

Ahmed F, Mondal MMA, AkterMdB: Organic Fertilizers
Effect on Potato (Solanum tuberosum L.) Tuber Production
in Sandy Loam Soil.Int J Plant Soil Sci 2019, 1-11.

DOI: https://doi.org/10.9734/ijpss/2019/v29i330146

Awad M, M. Ali A, A. Hegab S, El Gawad AMA: Organic

Fertilization Affects Growth and Yield of Potato (Cara. cv)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

FFS Page 322 of 324

Plants Grown on Sandy Clay Loam. Commun Soil Sci Plant
Anal 2022, 53:688-698.
DOI: https://doi.org/10.1080/00103624.2022.2028808

Mancer H, Rouahna H, Souici S, et al: Effects of mineral and
organic fertilization on potato production in sandy soil in
arid region. SciAfr 2024, 23:e02112.

DOI: https://doi.org/10.1016/j.sciaf.2024.02112

Hayrapetyan EM: Soil Science. Astghik, Yerevan 2000, 456 p.
(in Armenian)

Atafar Z, Mesdaghinia A, Nouri J, et al: Effect of fertilizer
application on soil heavy metal concentration. Environ
Monit Assess 2010, 160:83—89.

DOI: https://doi.org/10.1007/s10661-008-0659-x

Alengebawy A, Abdelkhalek ST, Qureshi SR, Wang M-Q:
Heavy Metals and Pesticides Toxicity in Agricultural Soil and
Plants: Ecological Risks and Human Health Implications.
Toxics 2021, 9:42.

DOI: https://doi.org/10.3390/toxics9030042

Abreham K, Guja U, Mekuria T, Tsegaye H: Response of
potato (Solanum tuberosum L.) to the combined application
of organic and inorganic fertilizers at Chena district,
Southwestern Ethiopia. Int J Agric Res Innov Technol 2022,
12:18-22. DOI: https://doi.org/10.3329/ijarit.v12i1.61026

Harraq A, Sadiki K, Bourioug M, Bouabid R: Organic fertilizers
mineralization and their effect on the potato “Solanum
tuberosum” performance in organic farming. J Saudi Soc
Agric Sci 2022, 21:255-266.

DOI: https://doi.org/10.1016/j.jssas.2021.09.003

Ai Z, Wang G, Liang C, et al: The Effects of Nitrogen Addition
on the Uptake and Allocation of Macro- and Micronutrients
in Bothriochloa ischaemum on Loess Plateau in China. Front
Plant Sci 2017, 8.

DOI: https://doi.org/10.3389/fpls.2017.01476

Radusiené J, Marksa M, Ivanauskas L, et al: Effect of nitrogen
on herb production, secondary metabolites and antioxidant
activities of Hypericum pruinatum under nitrogen
application. Ind Crops Prod 2019, 139:111519.

DOI: https://doi.org/10.1016/j.indcrop.2019.111519

Chen J, Wu H, Qian H, Gao Y: Assessing Nitrate and Fluoride
Contaminants in Drinking Water and Their Health Risk of
Rural Residents Living in a Semiarid Region of Northwest
China. Expo Health 2017, 9:183-195.

DOI: https://doi.org/10.1007/s12403-016-0231-9

Jovovic Z, Dolijanovic Z, Spalevic V, et al: Effects of Liming

and Nutrient Management on Yield and Other Parameters


http://www.ffhdj.com/
https://doi.org/10.1080/10408390903041996
https://doi.org/10.31989/ffhd.v5i3.174
https://doi.org/10.1007/s12230-008-9030-6
https://doi.org/10.1007/BF02853654
https://doi.org/10.3390/nu15071582
https://armstat.am/file/doc/99541108.pdf
https://www.fao.org/land-water/solaw2021/en/
https://doi.org/10.1007/s12230-023-09915-5
https://doi.org/10.1007/s11540-019-09431-2
https://doi.org/10.1007/s11540-014-9272-2
https://doi.org/10.9734/ijpss/2019/v29i330146
https://doi.org/10.1080/00103624.2022.2028808
https://doi.org/10.1016/j.sciaf.2024.e02112
https://doi.org/10.1007/s10661-008-0659-x
https://doi.org/10.3390/toxics9030042
https://doi.org/10.3329/ijarit.v12i1.61026
https://doi.org/10.1016/j.jssas.2021.09.003
https://doi.org/10.3389/fpls.2017.01476
https://doi.org/10.1016/j.indcrop.2019.111519
https://doi.org/10.1007/s12403-016-0231-9

Functional Food Science 2024; 4(8):309-324

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

of Potato Productivity on Acid Soils in Montenegro.
Agronomy 2021, 11:980.
DOI: https://doi.org/10.3390/agronomy11050980

Miskoska-Milevska E, Dimovska D, Popovski Z, Iljovski I:
Influence of the fertilizers Slavol and Biohumus on potato
leaf area and stomatal density. Acta agriculturae Serbica
2020, 25:13-17.

DOI: https://doi.org/10.5937/AASer2049013M

Zhu L, Jia X, Li M, et al: Associative effectiveness of bio-
organic fertilizer and soil conditioners derived from the
fermentation of food waste applied to greenhouse saline
soil in Shan Dong Province, China. Applied Soil Ecology 2021,
167:104006.

DOI: https://doi.org/10.1016/j.aps0il.2021.104006

Naghdi AA, Piri S, Khaligi A, Moradi P: Enhancing the
qualitative and quantitative traits of potato by biological,
organic, and chemical fertilizers. Journal of the Saudi Society
of Agricultural Sciences 2022, 21:87-92.

DOI: https://doi.org/10.1016/j.jssas.2021.06.008

Nurmanov YT, Chernenok VG, Kuzdanova RS: Potato in
response to nitrogen nutrition regime and nitrogen
fertilization. Field Crops Res 2019, 231:115-121.

DOI: https://doi.org/10.1016/j.fcr.2018.11.014

Imetwalli AH, & EMK: Influence of deficit irrigation and
nitrogen fertilization on potato yield, water productivity and
net profit. CIGR Journal 2020, 22:61-68

Djaman K, Sanogo S, Koudahe K, et al: Characteristics of
Organically Grown Compared to Conventionally Grown
Potato and the Processed Products: A Review. Sustainability

2021, 13:6289. DOI: https://doi.org/10.3390/su13116289

Koppen Geiger Classification Descriptions: Appendix C.

[https://open.oregonstate.education/permaculturedesign/

back-matter/koppen-geiger-classification-descriptions/]

(Accessed on April 2024)

Matevosyan AA and Gyulkhasyan MA: Plant Cultivation.
Astghik, Yerevan 2000, pp. 57 (in Armenian)

Plich J: Evaluation of the Length of the Vegetation Period of
the Potato. Plant Breeding and Seed Science 2017, 76:65—

67. DOI: https://doi.org/10.1515/plass-2017-0023

Muradashvili M, Jabnidze N, Tsetskhladze M, et al: A Study
of The Growth and Developmental Traits of The Potato
Cultivar SylvanaUnder the Environmental Conditions
OfAdjara. Georgian Scientists.2024, 6(1)

DOI: https://doi.org/10.52340/gs.2024.06.01.02

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

FFS Page 323 of 324

Sugar Transfer: Organic Activator.

[https://www.arvensis.com/en/productos/sugar-

transfer/#:~:text=SUGAR%20TRANSFER%20is%20a%20prod

uct,to%20carry%200ut%20photosynthesis%20processes]

(Accessed on May 2024)

What is Humate? Southland organics.

[https://www.southlandorganics.com/pages/our-humate-

deposit] (Accessed on May 2024)
Organomix by ORWACO.

[https://orwaco.am/en/product/organomix/#:~:text=0rgan

omix%20is%20a%20biologically%20active,and%20is%20saf

€%20for%20use] (Accessed on May 2024)
Biohumus by ORWACO.

[https://orwaco.am/en/product/biohumus/] (Accessed on

April 2024)

Alimkanov Y, Yeleshe R, Yertayeva B, Aitbayeva A: Responses
of potato (Solanumtuberosum L.) varieties to NPK
fertilization on tuber yield in the Southeast of Kazakhstan.
Eurasian Journal of soil science (EJSS) 2021, 10:285-289.

DOI: https://doi.org/10.18393/ejss.954899

Ozkaynak E and BSamanci: Yield and yield components of
greenhouse, field and seed bed grown potato
(Solanumtuberosum L.) plantlets. Journal of Akdeniz
University Faculty of Agriculture 2005, 18:125-129

Ning L, Xu X, Qiu S, et al: Balancing potato yield, soil nutrient
supply, and nitrous oxide emissions: An analysis of nitrogen
application trade-offs. Science of The Total Environment
2023, 899:165628.

DOI: https://doi.org/10.1016/j.scitotenv.2023.165628

Sai R, Paswan S: Influence of higher levels of NPK fertilizers
on growth, yield, and profitability of three potato varieties
in Surma, Bajhang, Nepal. Heliyon 2024, 10:e34601.
DOI: https://doi.org/10.1016/j.heliyon.2024.e34601

Tamad, Soetanto L, Karim AR: Use of biological organic
fertilizers and pesticides to improve potato cultivation in
slope andisols. Biotropia (Bogor) 2023, 30:232-241.
DOI: https://doi.org/10.11598/btb.2023.30.2.1902

Mosa AA: Effect of the Application of Humic Substances on
Yield, Quality, and Nutrient Content of Potato Tubers in
Egypt. In: Sustainable Potato Production: Global Case
Studies. Springer Netherlands, Dordrecht, 2012, 471-492

Hassanpana D, Khodadadi M: Evaluation of Potassium
Humate Effects on Germination, Yield and Yield Components

of HPS-11/67 Hybrid True Potato Seeds Under in vitro and in


http://www.ffhdj.com/
https://doi.org/10.3390/agronomy11050980
https://doi.org/10.5937/AASer2049013M
https://doi.org/10.1016/j.apsoil.2021.104006
https://doi.org/10.1016/j.jssas.2021.06.008
https://doi.org/10.1016/j.fcr.2018.11.014
https://doi.org/10.3390/su13116289
https://open.oregonstate.education/permaculturedesign/back-matter/koppen-geiger-classification-descriptions/
https://open.oregonstate.education/permaculturedesign/back-matter/koppen-geiger-classification-descriptions/
https://doi.org/10.1515/plass-2017-0023
https://doi.org/10.52340/gs.2024.06.01.02
https://www.arvensis.com/en/productos/sugar-transfer/%23:~:text=SUGAR%2520TRANSFER%2520is%2520a%2520product,to%2520carry%2520out%2520photosynthesis%2520processes
https://www.arvensis.com/en/productos/sugar-transfer/%23:~:text=SUGAR%2520TRANSFER%2520is%2520a%2520product,to%2520carry%2520out%2520photosynthesis%2520processes
https://www.arvensis.com/en/productos/sugar-transfer/%23:~:text=SUGAR%2520TRANSFER%2520is%2520a%2520product,to%2520carry%2520out%2520photosynthesis%2520processes
https://www.southlandorganics.com/pages/our-humate-deposit
https://www.southlandorganics.com/pages/our-humate-deposit
https://orwaco.am/en/product/organomix/%23:~:text=Organomix%2520is%2520a%2520biologically%2520active,and%2520is%2520safe%2520for%2520use
https://orwaco.am/en/product/organomix/%23:~:text=Organomix%2520is%2520a%2520biologically%2520active,and%2520is%2520safe%2520for%2520use
https://orwaco.am/en/product/organomix/%23:~:text=Organomix%2520is%2520a%2520biologically%2520active,and%2520is%2520safe%2520for%2520use
https://orwaco.am/en/product/biohumus/
https://doi.org/10.18393/ejss.954899
https://doi.org/10.1016/j.scitotenv.2023.165628
https://doi.org/10.1016/j.heliyon.2024.e34601
https://doi.org/10.11598/btb.2023.30.2.1902

Functional Food Science 2024; 4(8):309-324

56.

57.

58.

59.

60.

61.

62.

vivo Conditions. American Journal of Plant Physiology 2008,

4:52-57. DOI: https://doi.org/10.3923/ajpp.2009.52.57

Idrees M, Anjum MA, Mirza JI: Potassium humate and NPK
application rates influence yield and economic performance
of potato crops grown in clayey loam soils. Soil &
Environment 2018, 37:53-61.

DOI: https://doi.org/10.25252/SE/18/51384

Man-hong Y, Lei Z, Sheng-tao X, et al: Effect of water-soluble
humic acid applied to potato foliage on plant growth,
photosynthesis characteristics and fresh tuber yield under
different water deficits. Sci Rep 2020, 10:7854.

DOI: https://doi.org/10.1038/541598-020-63925-5

Hoveyan Z. Galstyan M, Markosyan MS, Simonyan LL: The
Impact of Application Times Dosages of Organomix and Bio-
liquid on the Potato Growth and Development. Bulletin of
Armenian National Agrarian University 2019, 65:45-50
Budanov N, Aitbayevremirzhan, Buriibayeva L, et al: Impact
of different organic fertilizers on soil available nutrient
contents, potato yield, tuber nitrate contents. Eurasian
journal of soil science (EJSS) 2023, 12:215-221.

DOI: https://doi.org/10.18393/ejss.1260843

Nicholas F. Moody. Virginia Land Conservation Assistance
Network.Calculating Residual Nitrogen. Department of
Conservation and Recreation

[https://www.dcr.virginia.gov/soil-and-

water/document/Calculating-Residual-Nitrogen.pdf]

(Accessed on May 2024)

Irina Z, Irina P, Dmitriy E, et al: Assessment of vitamin- and
mineral-content stability of tomato fruits as a potential raw
material to produce functional food. Functional Foods in
Health and Disease 2024, 14:14.

DOI: https://doi.org/10.31989/ffhd.v14i1.1259

63.

64.

65.

66.

67.

68.

69.

70.

71.

FFS Page 324 of 324

Gerendas J, FUhrs H: The significance of magnesium for crop
quality. Plant Soil 2013, 368:101-128.

DOI: https://doi.org/10.1007/s11104-012-1555-2

Feltran JC, Lemos LB, Vieites RL: Technological quality and
utilization of potato tubers. SciAgric 2004, 61:598—-603.
DOI: https://doi.org/10.1590/50103-90162004000600006

Your Guide to Potato Nutrition.
[https://potatogoodness.com/nutrition/] (Accessed on June

2024)

Naumann M, Koch M, Thiel H, et al: The Importance of
Nutrient Management for Potato Production Part II: Plant
Nutrition and Tuber Quality. Potato Res 2020, 63:121-137.
DOI: https://doi.org/10.1007/s11540-019-09430-3

Alfa MJ, Strang D, Tappia PS, et al: A randomized trial to
determine the impact of a digestion resistant starch
composition on the gut microbiome in older and mid-age
adults. Clinical Nutrition 2018, 37:797-807.

DOI: https://doi.org/10.1016/j.cInu.2017.03.025

Raigond P, Dutt S, Singh B: Resistant Starch in Food. 2019,
815-846

MarijaNuji¢ MH-S: Nitrates and Nitrites, Metabolism and
Toxicity. Food in Health and Disease 2017, 6:63-72

Karan YB: Mineral nutrient variability of potato
(Solanumtuberosum L.) tubers with different colors grown
in Niksar, Kazova and Artova locations of Tokat Province,
Turkey. Peer) 2023, 11:€15262.

DOI: https://doi.org/10.7717/peerj.15262

Mozafar A: Nitrogen fertilizers and the amount of vitamins
in plants: A review. J Plant Nutr 1993, 16:2479-2506.
DOI: https://doi.org/10.1080/01904169309364698



http://www.ffhdj.com/
https://doi.org/10.3923/ajpp.2009.52.57
https://doi.org/10.25252/SE/18/51384
https://doi.org/10.1038/s41598-020-63925-5
https://doi.org/10.18393/ejss.1260843
https://www.dcr.virginia.gov/soil-and-water/document/Calculating-Residual-Nitrogen.pdf
https://www.dcr.virginia.gov/soil-and-water/document/Calculating-Residual-Nitrogen.pdf
https://doi.org/10.31989/ffhd.v14i1.1259
https://doi.org/10.1007/s11104-012-1555-2
https://doi.org/10.1590/S0103-90162004000600006
https://potatogoodness.com/nutrition/
https://doi.org/10.1007/s11540-019-09430-3
https://doi.org/10.1016/j.clnu.2017.03.025
https://doi.org/10.7717/peerj.15262
https://doi.org/10.1080/01904169309364698

