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Abstract: This paper explores the specific challenges and opportunities of vegetable 

farming in mountainous regions, focusing on climatic conditions, soil characteristics, and 

crop selection. The analysis reveals how short growing seasons and difficult terrain require 

adaptive farming techniques, while the nutrient-rich and antioxidant-laden produce offers 

significant market potential. Detailed productivity comparisons between lowland and 

mountain farming are included, such as the lower yield of 15-20 tons/ha for potatoes in 

mountain areas compared to 30-40 tons/ha in lowlands. Specific water requirements are 

also analyzed, for instance, 180 m³/month for potato irrigation in April-May. Practical 

recommendations are proposed for optimizing production, including crop diversification, 

organic farming practices, and leveraging tourism opportunities 
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1.  Introduction 

 

Upland vegetable farms are influenced by the 

specific conditions of altitude, soil and climate, 

having both unique advantages and challenges 

[20]. At altitudes above 500 m, temperatures are 

lower and the growing season is shorter, but solar 

radiation is more intense, which favors a higher 

quality of vegetables. Precipitation is more 

abundant but often unevenly distributed, and low 

nighttime temperatures slow plant growth but 

stimulate the production of secondary compounds 

with nutritional benefits. Mountain soils are rich 

in organic matter but have low fertility and 

shallow depth, requiring careful management [4, 

5]. The risk of erosion is high, but terrace 

cultivation helps prevent it. Farms in these areas 

are often small and oriented towards organic, 

sustainable agriculture, being attractive to local 

markets due to their natural isolation from 

pollution [1, 6]. 

Not all crops adapt to harsh mountain 

conditions, but certain vegetables thrive due to 

their natural hardiness and short growing cycles. 

Cold-hardy vegetables include potatoes, cabbage 

(including kale), carrots and beetroot. They adapt 

well to mountain soils and provide nutrient-rich 

crops. Short cycle vegetables such as radishes, 

lettuce and spinach are ideal for short growing 

seasons, being grown in succession. Onions, 

garlic and dwarf beans are other viable options, 

and herbs such as thyme, rosemary and mint add 

economic value, being hardy and prized for their 

therapeutic properties [7-9]. 

Mountain vegetables are special due to the 

high concentration of antioxidants such as 

polyphenols, flavonoids and carotenoids, 

compounds produced by plants in response to 

environmental stress conditions. These 

compounds improve the taste and nutritional 

value of vegetables, making them healthier and 

more attractive to consumers. Mountain farms 

stand out for the superior quality of their 

vegetables, due to the day-night temperature 

differences that increase the concentration of 

sugars and nutrients. These farms are ideal for 

organic farming, as the natural isolation allows 

avoiding pesticides and synthetic fertilizers. The 

resulting products are in demand in niche 

markets, especially among consumers looking for 

healthy and natural products. However, upland 

farmers face significant challenges. Difficult 

access to markets makes transportation difficult 

and lowers profitability. Mechanization is limited 

due to the steep slopes, and frequent climatic 

variations increase the risk of frosts or drought. 

To overcome these obstacles, farmers use 

adaptive techniques such as terrace cultivation, 

which prevents erosion, and the use of 

greenhouses or tunnels to extend the growing 

season. Drip irrigation systems are an effective 

solution for saving water and protecting the soil. 

Mountain farms offer premium products that 

sell for higher prices due to their superior quality 
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and organic origin. In addition to selling fresh 

vegetables, farmers can develop derivative 

products such as pickles, preserves or aromatic 

teas that add value to their production. These 

farms also have a significant social impact, 

helping to create jobs in isolated communities 

and preserving local agricultural traditions [18-

19]. 

Tips for success - To be successful, mountain 

farms should diversify production, growing more 

types of vegetables and herbs to reduce the risks 

associated with monocultures. Ecological 

certification is essential for attracting premium 

consumers, and capitalizing on the tourism 

potential of the area through agritourism can 

bring additional income. Investments in 

infrastructure such as greenhouses, irrigation 

systems and processing facilities can be financed 

through European funds, thus supporting the 

sustainable development of the farm. This 

combination of adaptability, sustainability and 

innovation makes the mountain vegetable farm 

an example of modern agriculture in harmony 

with nature [21-24]. 

 

2.  Literature review 

2.1. Challenges in Mountain Agriculture 

Mountain agriculture faces unique 

challenges that stem from its geographical and 

climatic constraints. Jodha (2000) [11] highlights 

the limited availability of arable land, steep 

slopes, and poor soil fertility as primary 

obstacles. Additionally, unpredictable weather 

patterns and the risk of erosion intensify the 

difficulty of farming in these regions [12]. 

Transportation and market access also pose 

significant hurdles, limiting farmers' ability to 

sell their produce effectively. 

2.2. Productivity Calculations in Mountain 

Farming 

The productivity of mountain farms is 

inherently lower than that of lowland farms due 

to shorter growing seasons and harsher 

environmental conditions. Pretty (2008) [16] 

emphasizes that yield calculations must 

incorporate these limitations while identifying 

opportunities for maximizing output through 

sustainable practices. For example, Zomer et al. 

(2009) [25] illustrate how efficient irrigation 

systems can enhance water use, improving 

productivity despite limited resources. 

Furthermore, Reynolds and Tuberosa (2008) [17] 

suggest using drought-tolerant crops to overcome 

the impact of climatic stress on yield. 

2.3. Sustainable Practices in Mountain 

Agriculture 

Sustainability in mountain farming is vital to 

preserving ecological balance and ensuring long-

term productivity. Bavec and Bavec (2015) [3] 

underline the importance of adopting organic 

farming techniques, which minimize chemical 

use and enhance soil health. Intercropping, as 

described by Hauggaard-Nielsen and Jensen 

(2005) [10], supports biodiversity and improves 

nutrient cycling, which are essential for soil 

conservation in mountainous areas. Agroforestry 

practices, detailed by Meijer and Catacutan 

(2015) [14], further aid sustainability by 

integrating tree crops that provide ecological 

stability and economic returns. 

2.4. Economic and Social Impact 

Mountain farming has significant social and 

economic implications, particularly for rural 

communities. Barrett and Swallow (2006) [2] 

explain how mountain farms can alleviate 

poverty by creating employment opportunities 

and fostering economic development. 

Diversifying activities, such as incorporating 

agrotourism, can significantly enhance income. 

Additionally, Leakey (2012) [13] highlights the 

cultural importance of mountain agriculture in 

preserving traditional farming knowledge and 

practices, which strengthens community 

resilience. 

 

 

Table 1. Comparative Table: Productivity of Vegetables in Lowland vs Mountain Areas 
Aspect Lowland area Mountain area 

Growing season Long (approximately 8-10 months/year) Short (approximately 5-6 months/year) 

Yield per hectare 

(tons) 

High (15-40 tons/ha, depending on the 

vegetable) 

Low (5-15 tons/ha, depending on the 

vegetable) 

Product quality Standard Superior (more flavorful, richer in 

nutrients) 

Resistance to extreme 

climatic conditions 

Medium High (greater adaptability to cold and 

harsh conditions) 

Crop diversity Very high Moderate 

Use of chemical inputs High (pesticides, fertilizers) Very low (ideal for organic farming) 

Production costs Lower due to mechanization Higher due to difficult access and lack 
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of mechanization 

Market price potential Moderate High (premium products) 

 

Table 2. Detailed Comparative Table: Vegetable Productivity and Characteristics 
Vegetable Yield in 

Lowland 

(tons/ha) 

Yield in 

Mountain 

(tons/ha) 

Growing Season in 

Lowland 

Growing Season in 

Mountain 

Nutritional Value 

in Mountain 

Potatoes 30-40 15-20 Long (8-10 months) Short (5-6 months) High (rich in 

vitamin C) 

Cabbage 25-30 10-15 Long (8-10 months) Short (5-6 months) High (antioxidants, 

fiber) 

Carrots 20-25 10-15 Medium (6-8 

months) 

Short (5-6 months) High (beta-

carotene) 

Beets 20-30 10-20 Medium (6-8 

months) 

Short (5-6 months) High (antioxidants, 

nitrates) 

Radishes 10-15 5-8 Short (4-5 months) Very short (3-4 

months) 

High (crisp texture) 

Lettuce 10-12 5-7 Short (4-5 months) Very short (3-4 

months) 

High (vitamins A 

and K) 

Spinach 8-10 4-6 Short (4-6 months) Very short (3-4 

months) 

High (iron, vitamin 

C) 

Onions 20-25 8-12 Medium (6-8 

months) 

Short (4-5 months) High (flavonoids) 

Garlic 15-20 6-8 Medium (6-8 

months) 

Short (4-5 months) High (allicin, 

antioxidants) 

 

3.  Calculation of the area of land and the 

amount of water required for vegetable 

crops on a mountain farm 

 

 This synthesis details calculation methods for 

determining the required land area, as well as the 

amount of irrigation water, for the main 

vegetables grown in a mountain vegetable farm 

[15]. 

1. Main steps for calculating the area and 

required resources 

For each vegetable species, the process involves 

the following steps: 

1. Determination of the annual gross requirement 

in the kitchen (Nab), according to the production 

plan. 

2. Adjustment for storage losses (Nad): 

Nad = Nab × (1 + P) (1) 

   Where: 

       Nab = Annual gross requirement [kg] 

       P = Percentage of losses during storage [%] 

3. Calculation of the minimum required area 

(Smin): 

Smin = Nad / Pha × 10000 (2) 

   Where: 

       Nad = Gross requirement adjusted for losses 

[kg] 

       Pha = Productivity per hectare [kg/ha] 

4. Determination of adopted area (Sa): The actual 

area allocated to the crop, rounded to a practical 

size for farms (eg 10 x 10 m). 

5. Calculation of real production (Pr): 

Pr = Sa × Pha / 10000 (3) 

6. Determination of the amount of water for 

irrigation (Qa): 

Qa = Sa × Ni / 10000 (4) 

   Where: 

       Sa = Adopted area [m²] 

       Ni = Irrigation rate [m³/ha] 

 

3.1. Calculation example for main crops 

Potatoes 

- Nab = 4000 kg 

- P = 20.0% 

Nad = Nab × (1 + P) = 4000 × (1 + 0.2) (5) 

Smin = Nad / Pha × 10000 (6) 

Sa = 3000 m² is adopted, and the actual 

production becomes: 

Pr = Sa × Pha / 10000 = 4800 kg (7) 

 

Amount of water required: 

    180 m³/ha (April-May), 90 m³/ha (June), 45 

m³/ha (July) 

 

Onions 

- Nab = 500 kg 

- P = 20.0% 

Nad = Nab × (1 + P) = 500 × (1 + 0.2) (8) 

Smin = Nad / Pha × 10000 (9) 

Sa = 150 m² is adopted, and the actual production 

becomes: 

Pr = Sa × Pha / 10000 = 600 kg (10) 

 

Amount of water required: 
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4.5 m³/ha (March-April), 2.25 m³/ha (May-June) 

 

Tomatoes 

- Nab = 700 kg 

- P = 30.0% 

 

Nad = Nab × (1 + P) = 700 × (1 + 0.3) (11) 

Smin = Nad / Pha × 10000 (12) 

Sa = 170 m² is adopted, and the actual production 

becomes: 

Pr = Sa × Pha / 10000 = 935 kg (13) 

 

Amount of water required: 

5.1 m³/ha (March-April), 2.55 m³/ha (May-June), 

1.275 m³/ha (July-August) 

 

Eggplant 

- Nab = 1000 kg 

- P = 5.0% 

 

Nad = Nab × (1 + P) = 1000 × (1 + 0.05) (14) 

Smin = Nad / Pha × 10000 (15) 

Sa = 270 m² is adopted, and the actual production 

becomes: 

    Pr = Sa × Pha / 10000 = 1080 kg 

 

Amount of water required: 

8.1 m³/ha (March-April), 4.05 m³/ha (May-June), 

2.025 m³/ha (July-August) 

 

Carrots 

- Nab = 400 kg 

- P = 25.0% 

Nad = Nab × (1 + P) = 400 × (1 + 0.25) (16) 

Smin = Nad / Pha × 10000 (17) 

Sa = 200 m² is adopted, and the actual production 

becomes: 

Pr = Sa × Pha / 10000 = 500 kg (18) 

 

Amount of water required: 

6 m³/ha (March-April), 3 m³/ha (May), 1.5 m³/ha 

(June) 

 

Celery 

- Nab = 400 kg 

- P = 20.0% 

 

Nad = Nab × (1 + P) = 400 × (1 + 0.2) (19) 

Smin = Nad / Pha × 10000 (20) 

Sa = 200 m² is adopted, and the actual production 

becomes: 

Pr = Sa × Pha / 10000 = 500 kg (21) 

 

Amount of water required: 

6 m³/ha (April-May), 3 m³/ha (June) 

 

Parsley 

- Nab = 100 kg 

- P = 15.0% 

 

Nad = Nab × (1 + P) = 100 × (1 + 0.15) (22) 

Smin = Nad / Pha × 10000 (23) 

Sa = 40 m² is adopted, and the actual production 

becomes: 

Pr = Sa × Pha / 10000 = 120 kg (24) 

 

Amount of water required: 

 1.2 m³/ha (March-April), 0.6 m³/ha (May) 

 

Table 3. Summary table 
Vegetables Nab (kg) Nad 

(kg) 

Smin (m²) Sa (m²) Pr (kg) Amount of water required 

(m³/month) 

Potatoes 4000 4800 3000.0 3000 4800 180 (April-May), 90 (June), 45 (July) 

Onions 500 600 150.0 150 600 4.5 (March-April), 2.25 (May-June) 

Tomatoes 700 910 165.45 170 935 5.1 (March-April), 2.55 (May-June), 

1.275 (July-August) 

Eggplants 1000 1050 262.5 270 1080 8.1 (March-April), 4.05 (May-June), 

2.025 (July-August) 

Carrots 400 500 200.0 200 500 6 (March-April), 3 (May), 1.5 (June) 

Celery 400 480 192.0 200 500 6 (April-May), 3 (June) 

Parsley 100 115 38.33 40 120 1.2 (March-April), 0.6 (May) 
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Fig. 1.  Water needs per plot 

 

 

 
Fig. 2. Compact farm layout

Conclusions 

 

Productivity and Quality: Mountain 

vegetable farming yields are lower compared to 

lowland regions due to shorter growing seasons 

and challenging terrain. For instance, carrots 

yield 10-15 tons/ha in mountainous areas versus 

20-25 tons/ha in lowlands. However, the quality 

of produce, enriched with antioxidants and 

nutrients, positions mountain vegetables as 

premium products. 

Sustainability: The isolated nature of 

mountain farming promotes organic practices 

with minimal chemical input, aligning with 

global trends towards environmentally conscious 

agriculture. 

Adaptation Techniques: Successful farms 

implement adaptive methods such as terracing to 

prevent soil erosion, using greenhouses to extend 

growing seasons, and employing drip irrigation 

to conserve water resources. For example, 

adopting terraced plots for potatoes with an 

allocated 3000 m² resulted in a real production of 

4800 kg while optimizing water usage. 

Economic Potential: Despite higher 

production costs, mountain farms benefit from 

niche markets, capitalizing on the superior 

quality of their products and increasing demand 

for organic goods. 

Social Impact: Mountain farming fosters 

rural development by creating employment 

opportunities and preserving agricultural 

traditions in remote areas. Diversifying activities 

into agrotourism further enhances economic 

stability. 
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