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Abstract: This study delves into the agronomy of select expansive crops in the mountainous regions
of Romania, examining the mountain Spermatophytes territorial profile and production dynamics of
key vegetable resources including potato (Solanum tuberosum), maize (Zea mays), carrots (Daucus
carota), parsnips (Pastinaca sativa), celery (Apium graveolens), and cabbage (Brassica oleracea). The
research employs a multidisciplinary approach encompassing agronomical, statistical, territorial
profile, and clinical methodologies, focusing on a diverse array of mountain products and producers.
The findings indicate that for mountain vegetables to function as functional foods, they necessitate
distinct treatments and agronomic interventions, diverging from those applied to low-land crops.
Mountain Spermatophytes territorial profile, presented as maps, show a sustainable development of
the highland area. The enhanced value-added chain of the aforementioned mountain products has
experienced significant strengthening during the period of 2017-2021. This growth is attributed to
unique agronomic treatments that resulted in heightened productivity, the prevailing pandemic
context, and the distinctive development of the value-added chain specific to these crops.
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Introduction

Spermatophytes, or seed plants, are crucial components of mountain ecosystems, providing
diverse agricultural products. This paper focuses on their role as functional foods and examines the
added value chain associated with their production. This manuscript presents a thorough
investigation into the value-added continuum intrinsic to specific mountainous Spermatophytes
commodities. The primary objective of this study is to emphasize the pivotal role of agronomic
interventions and corrective measures in the acquisition of functional dietary provisions. The
investigative framework is based on the examination of Romanian mountainous products in
accordance with the classifications provided by the National Register of Mountainous Products
(RNPM).

As indicated by the RNPM (ANZM 2022; ANZM 2023), the taxonomy of Romanian botanical
mountainous entities encompasses 89 units, with particular emphasis placed on potatoes (Solanum
tuberosum), maize (Zea mays), carrots (Daucus carota), parsnips (Pastinaca sativa), celery (Apium
graveolens), and cabbage (Brassica oleracea) within the expansive geographical context. Noteworthy
progress has been observed in the registration status of mountain spermatophytes territorial profile,
especially in light of the inclusion of a substantial number of these commodities in the mountain
registry.

The selection of scrutinized mountainous products is grounded in their discernible merits
concerning the well-being of both humans and animals. Potatoes, as an illustrative example, serve as
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a reservoir of antioxidants, encompassing vitamins, trace elements, ascorbic acid, and pigments
unique to potatoes. These pigments include carotenoids such as lutein, zeaxanthin, and violaxanthin,
serving as antioxidants and mitigating oxidative stress in human cellular structures.

Carrots, well-regarded for their ocular benefits, embody a convergence of carotenoids,
polyphenols, and vitamins, eliciting diverse physiological effects such as antioxidant, anticancer,
immunodeficiency augmentation, antidiabetic, anti-cholesterol, cardiovascular, antihypertensive,
hepatoprotective, renoprotective, antibacterial, antifungal, anti-inflammatory, and analgesic
properties.

Cabbage, as a healthful cruciferous vegetable, demonstrates efficacy in alleviating various
maladies. Its preventive capacities extend to mitigating the impact of cancer and chronic ailments,
including cardiovascular diseases, cataracts, Alzheimer's disease, and diabetes. Cabbage's
compositional attributes encompass antioxidant nutrients and phytochemicals, particularly
carotenoids, glucosinolates, isothiocyanates, phenolic compounds, and vitamins.

Materials and Methods

This manuscript introduces a taxonomy of four distinct research methodologies, namely
agronomical, statistical, territorial profile, and clinical approaches. Agronomical investigation
proffers remedies for enhancing the health and productivity of mountainous vegetable products.
Empirical data for agronomical exploration emanated from agricultural inquiries conducted on two
farmers situated in the northern regions of the European Carpathian Romanian mountainous terrain
—Maramures and Neamt. The study employs a comprehensive approach, incorporating agronomical
analyses to understand cultivation practices, statistical assessments to gauge market dynamics,
territorial profiling to assess geographical impacts, and clinical research to explore health benefits.

Statistical simulations delineate strategies to augment the marketability of vegetable mountain
products, aligning with the International Trade Centre (ITC) (2022) trends, which illustrate a
persistent positive trajectory in Romanian agricultural product exports. Territorial profile research
underscores the significance of mountainous products within the panorama of Romanian agricultural
commodities. Utilizing the National Register of Mountainous Products (RNPM), authors generated
cartographic representations for various products or product categories. Graphical depictions reveal
that the mountainous counties of Romania are well-represented in the comprehensive landscape of
agricultural products.

Clinical investigation delves into the benefits derived from the consumption of vegetable
mountain products, specifically potatoes, maize, carrots, parsnips, celery, and cabbage. Drawing
insights from literature and personal experiences, the clinical analysis provides a nuanced
understanding of the positive impacts associated with the incorporation of these products into one's
diet.

Results and Discussion

The exploration of the specific scientific literature concludes that Spermatophytes mountain
products can be used a functional food. Regarding functional attributes of Spermatophytes mountain
products, the paper delves into the nutritional and health benefits of key mountain crops,
highlighting the unique attributes of potato, maize, carrots, parsnips, celery, and cabbage. Specific
emphasis is placed on their antioxidant, anti-inflammatory, and antibacterial properties.

Agronomic treatments and remedies highlight a crucial aspect of the study is the identification
of specialized agronomic treatments required for mountain vegetables to function optimally as
functional foods. Distinct from lowland crops, these treatments contribute to the enhanced value
chain of Spermatophytes mountain products.

In strengthening of the added value chain, the research findings reveal a substantial
strengthening of the added value chain for Spermatophytes mountain products, particularly during
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the period of 2017-2021. The paper explores the contributing factors, including unique agronomic
treatments, the pandemic context, and the evolution of the value chain specific to these crops.

The authors have empirically observed that the aforementioned vegetables, when cultivated
with precision, manifest notable anti-inflammatory, antioxidant, and antibacterial properties. These
observations find resonance in the findings of other scholars within the same domain.

In addition to serving as a source of energy due to its elevated starch content, the potato tuber
holds the potential to make a substantial contribution to dietary mineral intake. This contribution
encompasses essential minerals such as potassium, phosphorus, magnesium, and iron. Moreover, the
potato provides essential vitamins, including vitamin C, along with dietary fiber and phenolic
compounds (Andre et al. 2014). The antioxidants and phenolic compounds inherent in potatoes
exhibit the capability to inhibit cancer cells and enhance cardiovascular health, thereby mitigating
the risk of elevated blood pressure (Khalid et al. 2020).

In the context of health implications, maize boasts nutritional profile rich in nutrients and
phytochemicals, encompassing vitamins, minerals (magnesium, potassium, and phosphorus),
phenolic acids (ferulic acid, coumaric acid, and syringic acid), carotenoids, flavonoids (anthocyanins),
and dietary fiber. A growing body of scientific evidence underscores the significance of regular whole
corn consumption, correlating with a reduced risk of chronic diseases such as cardiovascular disease,
type 2 diabetes, obesity, and an enhancement in digestive health (Weselek et al. 2021).

As per a study focusing on carrots (Da Silva Dias 2014), this root vegetable has been
substantiated to contain a spectrum of compounds, including carotenoids, flavonoids,
polyacetylenes, vitamins, and minerals. These constituents confer myriad nutritional and health
benefits upon consumption. Celery, on the other hand, is endowed with essential elements such as
magnesium, manganese, selenium, silicon, cobalt, iodine, calcium, potassium, iron, chromium, zinc,
vitamins, and phenolic compounds, collectively exhibiting robust antioxidant properties (Godlewska
et al. 2020).

The diverse antioxidant phytochemical composition across various cabbage cultivars exhibits
considerable variation, influenced by environmental conditions, genotype disparities, and agronomic
conditions. While cabbage stands out as a nutrient repository, it contains anti-nutrient compounds
that may impede the absorption of specific nutrients, potentially leading to undesirable effects under
certain circumstances. These circumstances include instances of drug interactions and
gastrointestinal problems, as elucidated in research findings by Moreb et al. (2020).

The findings of the study indicate that vegetables with functional food attributes exhibit a
diverse range within the entirety of mountainous products (Author 2 et al. 2023a, Author 2 et al.
2023b, Author 2 et al. 2023c, Author 1 & Author 2 2023, Author 2 2023). With regard to the most
prevalent functional food in mountainous regions, namely garlic (Allium sativum), the year 2021
witnessed a mere two instances of garlic among 74 vegetable product varieties (constituting 2.70% of
the total). Presently, the RNPM records more than ten garlic varieties. The proportional distribution
of vegetable products presents a favorable overview, particularly for counties such as Cluj (14.06%),
Covasna and Maramures (10.11%), and Hunedoara (11.23%) (ANZM 2022; ANZM 2023).

Varieties of potatoes (Solanum tuberosum) stand out as highly sought-after and lucrative
mountainous vegetables. Potatoes, a staple in many diets worldwide, face distinctive challenges
when cultivated in mountainous regions. This introduction sets the stage for an in-depth exploration
of the scientific aspects governing potato cultivation in high-altitude environments.

The study explores sustainable practices tailored to mountainous potato cultivation,
emphasizing resource-efficient techniques, organic fertilization, and water management strategies.
These practices aim to minimize environmental impact while ensuring long-term agricultural
viability.

The scrutinized mountain producer in Maramures encountered challenges associated with
excessive weed growth in potato cultivation. Successful cultivation of mountain potatoes necessitates
effective weed management, a predicament common to numerous mountainous producers in
Romania. The inherently higher moisture content in mountain soils facilitates intensified weed
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proliferation. The analyzed producer addressed the weed issue through manual intervention,
implementing the research protocol over two consecutive years. However, the authors advocate for
the alternation of biofungicide types based on potato variety and soil cultivation system. Precise
application of compost and mineral nitrogen in early summer soils assumes significance. Owing to
lower temperatures, mountain soils tend to be more demineralized, underscoring the importance of
mineralization processes for both soil organic matter and compost, particularly during the potato
tuber formation phase. Effective phytosanitary products are recommended during this crucial stage
(Minin et al. 2020).

The potato market has experienced substantial expansion in recent years, with exports
witnessing a noteworthy increase of +60.02% between 2017 and 2021, escalating from $2764000 to
$4423000 (ITC 2022). Covasna, Brasov, Harghita, Valcea, and Maramures are identified between 2022-
2023 as pivotal mountain production counties for Romanian potato varieties (Figure 1) (ANZM 2022;
ANZM 2023).
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Figure 1. Territorial profile of mountain potato producers.

The maize (Zea mays) market is of notable significance for mountainous producers. Maize, a
cornerstone of global agriculture, presents unique challenges when cultivated in mountainous
regions. This introduction sets the stage for an in-depth examination of the scientific dimensions that
govern maize cultivation in elevated landscapes.

This section scrutinizes the agronomic aspects of maize cultivation in mountainous terrain. From
soil preparation and nutrient management to pest control and harvesting techniques, the study aims
to distill evidence-based practices that optimize maize yields and quality in high-altitude
environments. An exploration of technological advancements that aid maize cultivation in
mountainous landscapes. From precision agriculture to innovative machinery, technological
interventions play a crucial role in enhancing efficiency and sustainability in high-altitude maize
farming.

An investigation into enhancing corn productivity through organic methodologies, imperative
in the context of Romania's agriculture, advocates treatments for mountainous corn crops involving
diminished application of mineral nitrogen to the soil, the incorporation of wheat straw or grasses
combined with stable manure, compost, and related practices. Another pivotal technique fostering
the harmonious development of this botanical resource involves the implementation of maize
multicultures, wherein multiple varieties are cultivated in the same year on contiguous plots or
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through annual rotations of diverse corn varieties. A case study from Neamt county illustrates a two-
year application of wheat straw, diverse herbaceous hay, compost derived from vegetable food
waste, and cow manure. Concurrently, adjacent plots hosted the cultivation of two corn varieties —
Montana and Bucovina - resulting in quantitatively and qualitatively observable growth of the maize
crop (Siyuan et al. 2018).

An additional inquiry delves into the utilization of humic substances in corn cultivation,
presenting an agronomic proposition for agricultural products in the Romanian mountainous region.
A physico-chemical process is devised to transform and enhance lignocellulosic waste into humic
liquid extracts. The impacts of humic substances on maize seed germination, growth, development,
and mineral nutrition are assessed under hydroponic conditions. Results indicate that while humic
substances do not augment germination rates, they do enhance root elongation in treated seeds.
Positive effects extend to overall plant growth, as evidenced by increased root, shoot, and leaf
biomass. The heightened water and mineral consumption by treated plants suggests increased water
efficiency, leading to greater biomass production compared to untreated counterparts under the same
nutrient solution consumption. Furthermore, humic substances induce early flowering and alter root
development, indicating potential interactions with developmental processes. Given the multifaceted
positive effects on plant growth stages, the utilization of humic substances offers diverse scientific
and economic advantages. An exemplary enhancement involves the physicochemical transformation
of sawdust, providing an intriguing avenue to improve organic waste management (Eyheraguibel et
al. 2008).

The Romanian corn market exhibited considerable export variation from 2017 to 2021, ranging
from $142967000 to $361254000, marking a significant increase of +152.68% (ITC 2022). Key
mountainous maize producers are concentrated between 2022-2023 in Covasna, Hunedoara, Satu
Mare, and Maramures (Figure 2) (ANZM 2022; ANZM 2023).
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Figure 2. Territorial profile of mountain maize producers.

Carrots (Daucus carota), parsnips (Pastinaca sativa), and celery (Apium graveolens) represent the
predominant root vegetables in the dietary practices of Romanians.

A thorough examination of the agronomic practices essential for the successful cultivation of
Carrots, Parsnips, and Celery in mountainous regions. This includes soil preparation, nutrient
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management, pest control, and harvesting techniques, providing evidence-based recommendations
for optimizing yields. Exploring how environmental factors specific to mountainous terrains, such as
altitude, temperature, and soil composition, influence the growth and development of these root
vegetables. Understanding these dynamics is crucial for devising sustainable cultivation strategies.

In a comprehensive study conducted by European scholars, Bender et al. (2015) discerned
distinctions in the quality of organic and conventional production, a phenomenon replicated in the
mountainous agricultural landscape of Romania. The conventional cultivation method involved the
application of mineral fertilizer-derived nutrients, including sodium, potassium, and nitrogen,
alongside the use of pesticides for plant protection. Conversely, a scrutinized mountain producer in
Neamt opted for a two-year application of organic compost and polypropylene netting as protective
measures within the cultivation system. This strategic shift yielded a pronounced increase in both
quantitative and qualitative aspects, resulting in sweeter roots and a greater overall yield. Addressing
root-centric agronomic concerns, Bender et al. (2015) noted that the marketable yield of organically
grown carrots may exhibit a reduction relative to conventionally cultivated counterparts.

Beetroot (Beta vulgaris subsp. vulgaris var. altissima) (Beta vulgaris saccharifera) emerges as a
significant source of nitrates with inherent properties for the prevention and management of various
pathologies, notably hypertension and endothelial dysfunction. Its constituents, particularly betalain
pigments, demonstrate antioxidant, anti-inflammatory, and chemo-preventive efficacy. The
phytochemical composition of beetroot includes ascorbic acid, carotenoids, phenolic acids, and
flavonoids, with betalains showcasing potent antioxidant and anti-inflammatory attributes.
Supplementation with beetroot has been linked to reductions in blood pressure, inflammation,
oxidative stress, endothelial dysfunction, cerebrovascular hemodynamics, and the mitigation of
conditions such as liver disease, arthritis, and cancer (Clifford et al. 2015).

The Romanian root market, encompassing carrots, parsnips, celery, beetroot, among others, has
undergone substantial expansion over the past five years, exhibiting a growth rate of +79.53% from
$17947000 to $3222000 (ITC 2022). Predominant mountain producers are concentrated between 2022-
2023 in Covasna, Valcea, and Caras-Severin (Figure 3) (ANZM 2022; ANZM 2023).
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Figure 3. Territorial profile mountain producers of carrots, parsnips, celery and beetroot.
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Cabbage (Brassica oleracea) stands as a pivotal vegetable within the agricultural landscape of the
Romanian mountain region.

Initiating a scientific inquiry into the cultivation of cabbage in mountainous landscapes, this
section sets the stage for a comprehensive examination of the unique factors influencing its growth.
Investigating the genetic diversity and adaptations that contribute to the resilience of Cabbage in
mountain environments. Understanding genetic traits is crucial for breeding cultivars that can thrive
in challenging conditions and resist pests and diseases. This section explores the nutritional
composition and health benefits offered by cabbage. Analyzing phytochemical compounds, vitamins,
and minerals present in this cruciferous vegetable, with a focus on its potential contributions to
human health.

The production systems employed for mountain vegetables in Romania involve frequent tillage
for seedbed preparation and weed management, characterized by a minimal input of crop residues.
To explore the potential for stimulating intensive vegetable production, a specific study (Bajgai et al.
2015) investigated the impact of incorporating corn residue into a corn-cabbage rotation, assessing
yields, nutrient uptake, weed biomass, and soil nutrient levels.

The results of the study revealed that corn and cabbage yields in the organic treatment did not
significantly differ from the conventional treatment, particularly when equivalent amounts of
nitrogen, phosphorus, and potassium were applied. The macronutrient uptake in cabbage exhibited
no notable differences between the organic and conventional treatments. However, the incorporation
of corn residue led to a reduction in biomass in cabbage crops. The inhibitory effect of maize residue
on weed biomass was identified as a potential benefit for various treatments. In Maramures, a
mountain producer implemented a cabbage-maize crop rotation, and agronomic research conducted
over two consecutive years demonstrated a noticeable improvement in both qualitative and
quantitative results following the application of this remedial agronomic treatment.

Examining market trends, the Romanian cabbage market displayed fluctuations of +88.70% in
the analyzed period, ranging from $14970000 to $28249000 (ITC 2022). Mountain cabbage producers
are predominantly concentrated between 2022-2023 in Covasna, Maramures, Satu Mare, and
Hunedoara (Figure 4) (ANZM 2022; ANZM 2023).
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Figure 4. Territorial profile of mountain cabbage producers.
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Conclusion

Studies focusing on mountain products offer unique advantages for promoting a healthier
lifestyle, warranting the development of their value-added chains. The investigation substantiates
those precise adjustments in compost composition and mineral nitrogen forms contribute to the
enhancement of potato (Solanum tuberosum) crops. Moreover, the application of compost derived
from vegetable food waste and cow manure facilitates the growth of maize (Zea mays), while cabbage
(Brassica oleracea) production benefits from the use of organic fertilizers and crop residues.
Additionally, for crops such as carrots (Daucus carota), parsnips (Pastinaca sativa), and celery (Apium
graveolens), the incorporation of organic compost and the utilization of polypropylene netting prove
to be advantageous. The comprehensive findings of the research underscore that agronomic
interventions and treatments play a pivotal role in fortifying mountain products, fostering the
enrichment of a diverse array of minerals and vitamins essential for both human and animal
consumption.

In conclusion, Spermatophytes mountain products exhibit significant potential as functional
foods, offering a myriad of health benefits. The added value chain associated with these crops has
witnessed notable growth, underscoring the importance of tailored agronomic interventions and the
unique context in which these products are cultivated.
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