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Abstract: In recent years, the environmental sustainability of agri-food systems has become a crucial 

issue. Agri-food firms are increasingly concerned with the implementation of viable 

environmentally friendly production processes. The environmental impacts of the table grape 

sector, as well as other fresh and not transformed food products, involve mainly the farming phase 

rather than the subsequent conditioning, transportation, packaging, and distribution phases. The 

purpose of this study was to assess the environmental impacts and the economic viability of three 

table grapes production models (i.e., early harvesting, normal harvesting, and delayed harvesting), 

based on the Italian tendone system, during the entire life cycle. The environmental impact analysis 

was performed using the life cycle assessment (LCA) approach, while the economic analysis was 

performed using the life cycle costing (LCC) approach. The results show that the early and the 

delayed production models generated the highest environmental burdens, but also the highest 

economic returns, compared to the normal harvesting production model. The main determinants of 

the environmental impacts and economic returns are discussed and some practical 

recommendations are given to improve the sustainability of all the surveyed production models, so 

to converge public and private interests. 
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1. Introduction 

Grapes are the first fruit crops in the world in terms of total value of production, followed by 

apples, watermelons, bananas, mangoes, and oranges. The cultivation of grapes is widely spread 

around the world, and the fruit is consumed both as fresh (table grape) and as processed product 

(mainly wine). In 2014, the global production of table grapes was estimated to be 26.8 million tons 

[1]. Italy is the eighth highest producing country, with 1.04 million tons, after China (9.19 million 

tons), India, Turkey, Egypt, USA, Iran, and Uzbekistan. Italy is also in second place in terms of 

exports, with 450 thousand tons of table grapes, for a value of 550 million euros [1,2]. The average 

production of the last ten years, equal to 1.5 million tons, was for the national and European market. 

In particular, the largest export market was Germany (26%), followed by France (19%), Poland (9%), 

Spain (7%), Switzerland (6%), and Belgium (5%), with a growing market share in Eastern European 

countries and Russia. Apulia, in southern Italy, is the leading Italian region, with approximately 24 

thousand hectares and a yearly production of over 0.6 million tons, equal to 57% and 56% of the 

national values, respectively [3,4]. The production is mainly for edible consumption and, in marginal 

quantities, for grape juice and spirits. In 2017, the leading Apulia provinces were Bari and Taranto, 

with 38% and 36% of the regional production, respectively [2]. 
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The agricultural production phase, compared to the subsequent transformation, transportation, 

packaging, and distribution phases, is responsible for many of the environmental impacts of food 

products [5,6]. This aspect particularly concerns the production of table grapes, which is commonly 

managed through high levels of farming intensity (i.e., high yields obtained through the use of high 

input quantities). Climate change and food safety are switching agricultural production towards new 

paradigm production systems characterized by lower environmental impact [7]. Thus, 

understanding how much current agricultural practices contribute to environmental burdens is 

crucial to moving towards more sustainable table grape production systems. Such information, 

which is important for policy makers and the community, should be completed and compared to 

economic performance for farmers in order to reveal the existence of trade-offs between 

environmental and economic issues, causing a conflictual relationship among stakeholders and 

generating difficulty in establishing environmental measures [8,9]. 

Despite the notable economic relevance of table grape production in Italy and the high territorial 

concentration of this cultivation in the Apulia region, studies on its environmental and economic 

performance are still absent. In contrast, several studies were carried out on viticulture for wine 

production. In this sector, the most utilized methodology for estimating the environmental burdens 

connected to the life cycle of the product and related processes is the life cycle assessment (LCA) 

[10,11]). In general, LCA provides a reliable and complete quantification of net environmental 

impacts, thus providing alternatives to decision and policy makers [12,13]. This method is widely 

applied in the agricultural sector [14–22] and, in particular, in the viticulture and vinification sectors 

[23,24]. In this connection, LCA allows the environmental performance of the overall wine sector to 

be investigated [25], mainly through the “cradle-to-grave” approach, i.e., considering the grape 

production, vinification, bottling, and distribution [26]. However, several studies have focused also 

on the specific environmental impacts related to the cultivation phase [27–31]. For example, findings 

highlighted that, for a white wine produced in the northern part of Portugal, viticulture is the stage 

with the largest relative contribution to the overall environmental impact due to the emission of 

nitrogen compounds from the use of fertilizers, followed by bottle production [32]. Moreover, 

conventional agricultural practices cause the highest environmental impacts, while biodynamic and 

organic production implies the lowest environmental burdens [33]. 

The economic approach, on the other hand, can be carried out through life cycle costing (LCC) 

based on capital budgeting. LCC concerns the analysis of investment opportunities involving long-

term assets, which are expected to produce benefits for several years [34]. In particular, this method 

predicts the effects of investments, projects, or programs by verifying whether their implementation 

can generate benefits for investors. LCC is a widely accepted economic tool used in rational and 

systematic management in the primary sector [35–40], and it is often requested by government 

planners for decision-making [41–43]. 

The purpose of this study was an environmental and economic evaluation of the performances 

related to three table grape production models based on three different harvest times, through a 

common database [44], so as to ensure consistent and fully comparable results. The analysis focused 

on the province of Bari, i.e., the leading production area in Apulia and in Italy [2]. 

2. Materials and Methods  

2.1. LCA Analysis 

2.1.1. Goal and Scope Definition 

The cultivation of table grapes in Apulia is based on the “overhead” production system (Figure 

1), also known in Italian as tendone (meaning “big tent”) because of its characteristic canopy 

architecture [45]. It is widespread in the Mediterranean region and South America [46], and can be 

characterized by two types of covers: i) a thin porous plastic net, in order to bring forward the harvest 

time (from July to June) and decrease the risk of damaging climatic phenomena (hail); and/or ii) a 

thin plastic film, in order to delay the harvest time (from October to December). The cover modifies 
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the solar radiation characteristics [47] and hence changes the microclimate (photosynthetically active 

radiation, air temperature, humidity, and wind speed), plant water status [48–50], gaseous exchanges 

[51–53], response of the crop to soil water depletion [54], and production yield and quality [55,56]. 

Furthermore, a vineyard covered by plastic net or film allows a more limited use of irrigation water 

during the summer, a very important aspect in the Mediterranean area, where water is scarce [57]. 

 

Figure 1. Tendone system. 

The tendone system is a structure consisting of poles, galvanized steel cables, and plastic nets 

and/or films. Some poles are made of wood, while others are made of reinforced concrete. The former 

are fixed in the ground, while the latter have a small foundation. The galvanized steel cables, fixed 

by anchors in the soil, make a tensile structure that connects each pole to the top and supports the 

films or nets. Drip irrigation pipes are fixed along the steel cables. The tendone system is constructed 

through four phases: (i) preliminary operations; (ii) tendone construction; (iii) plastic cover 

installation; (iv) irrigation system (Table 1). 

In Apulia, the most widespread cultivar for table grapes is “Italia”, used in 50% of vineyards, 

followed by the Victoria, Regina, and Red Globe cultivars. However, in recent years, the rapid spread 

of seedless varieties, characterized by lower production but higher market prices, has allowed an 

important supply diversification in terms of cultivar range and harvest time [58]. 
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Table 1. Tendone structure. 

Parameter Unit of Measure Value 

Vineyard layout:   

Shape of vineyard (rectangular) m × m 165 × 60 

Longitudinal and transversal rows No. 66 × 24 

Planting layout (distance between rows) m × m 2.50 × 2.50 

Young grafted vines (including transplant mortality) No. ha−1 1584 (1614) 

Tendone structure:   

Wooden poles (height 2.80 m, diameter 11cm) No. 180 

Wooden poles (height 2.10 m, diameter 9 cm) No. 180 

Total timber m3 360 

Prestressed reinforced concrete poles (height 2.80 m, square 

section 6x6 cm) 
No. 1404 

Concrete plinth foundations (ϕ 33 × 60 cm) No. 180 

Concrete plinth foundations (42 × 42 × 20 cm) No. 180 

Corner concrete plinth foundations (25 × 25 × 15 cm) No. 4 

Total concrete tons 34 

PVC pole covers N. – kg 
1773 – 

89.00 

Galvanized steel cables (ϕ 6.5 mm) tons - m 0.50 – 2000 

Galvanized steel cables (ϕ 5.5 mm) tons - m 0.10 – 2000 

Galvanized steel cables (ϕ 3.5 mm) tons - m 0.55 – 4000 

Galvanized steel cables (ϕ 2.7 mm) tons - m 0.60 – 8000 

Galvanized steel cables (ϕ 2.0 mm) tons - m 
0.35 – 

16,000 

Total steel kg 599 

Total galvanized surface m2 107 

Plastic shelters kg 100.00 

Steel clips kg 10.00 

Plastic strings tons 1.50 

Irrigation system:   

PE primary pipe (ϕ 110 mm) m - kg 50 – 158.50 

PE primary pipe (ϕ 90 mm) m - kg 
100 – 

213.00 

PE secondary pipe (ϕ 50 mm) m - kg 30 – 20.10 

PE secondary pipe (ϕ 40 mm) m - kg 140 – 60.20 

PE dripping pipe (ϕ 20 mm) m - kg 
3300 – 

561.00 

PVC tank pipe (ϕ 110 mm) m - kg 10 – 14.30 

PP drips (22 l hr−1) No.; kg 2700 – 13.5 

Plastic cover:   

HDPE antihail nets (for all production models) 
lifetime years. – 

kg 
7 – 242 

EVA films (only for EH and DH models) 
lifetime years. – 

kg 
4 – 2440 

This study focused on three table grape production models, namely: early harvesting (EH), 

normal harvesting (NH), and delayed harvesting (DH). Each production model was built and 

managed in order to cover a different harvesting time, i.e., June, September, and December, 

respectively (Table 2 and Table 3). The economic life of all the three models in the study area was 

assumed equal to 18 years, and was divided into four phases: 
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1. Planting phase (PP), from the first to the second year, in which the vines are not productive and 

the only economic item is the planting cost; 

2. Growing phase (GP), from the third to the fourth year, in which vines and production grow, so 

that revenues increase more than proportionally compared to costs; 

3. Full production phase (FPP), from the fifth to the fifteenth year, in which vine growth is complete 

and production is stable, so that revenues and costs are constant; 

4. Decreasing production phase (DPP), from the sixteenth to the eighteenth year, in which vine 

ageing reduces the production, so that revenues decrease more than proportionally compared to 

costs. 

The accurate identification of all the life stages of the tendone system is necessary due to its 

changeable levels of inputs and outputs (Tables A1–A3), as well as of costs and revenues, during the 

economic life [12,59]. The yields for the three models considered vary from zero (PP) to a maximum 

of 18 t ha−1, 32.5 t ha−1, and 37 t ha−1 in the FPP phase of the EH, NH, and DH models, respectively 

(Figure 2). The extirpation of the vineyard takes place at the end of the eighteenth year, when the 

productivity is 50% lower compared to the FPP phase. Therefore, the average annual productivity 

during the economic life of the vineyard is 25.33 t ha−1 y−1 for the NH model, 13.76 t ha−1 y−1 for the 

EH model, and 26.10 t ha−1 y−1 for the DH model. These differences are due to both the variation of 

the harvesting time and to the cultivar. 

Table 2. Main futures of the three production models. 

Parameter 
Early Harvesting 

(EH) 

Normal Harvesting 

(NH) 

Delayed Harvesting 

(DH) 

Cultivar (Typology) 
Mystery 

(Seedless) 
Italia (Seeded) Italia (Seeded) 

Planting density (Orchard 

layout) 

1584 vines ha−1 1584 vines ha−1 1584 vines ha−1 

(2.50 m × 2.50 m) (2.50 m × 2.50 m) (2.50 m × 2.50 m) 

Economic life (Years) 18 18 18 

 Planting Phase—PP 
1st–2nd years 1st–2nd years 1st–2nd years 

(two years) (two years) (two years) 

 Growing Phase—GP 
3rd–4th years 3rd–4th years 3rd–4th years 

(two years) (two years) (two years) 

 Full Production Phase—

FPP 

5th–15th years 5th–15th years 5th–15th years 

(eleven years) (eleven years) (eleven years) 

 Decreasing Production 

Phase—DPP 

16th–18th years 16th–18th years 16th–18th years 

(three years) (three years) (three years) 

Cover systems Plastic film Antihail net 
Plastic film and 

antihail net 

Mean yield (FPP—tons ha−1) 17.55 31.82 35.91 

Mean yield (Economic life—

tons ha−1) 
13.76 25.33 27.39 

Class quality * “Extra” class “Extra” class “Extra” class 

* According to Commission Regulation (EC) No 2789/1999 and subsequent modifications. 
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Figure 2. Production periods of the three table grape vineyards. 

The Mystery cultivar for the EH model and the Italia cultivar for the NH and DH models were 

considered, i.e., the most widespread and suitable cultivars in the study area (in the Apulia region, 

neither the Italia Cultivar or other cultivars containing seeds are cultivated according to the EH model 

that, instead, is mainly based on seedless cultivars (for example, Mystery)). Consequently, yield per 

hectare varies among models, namely it increases from EH to DH. In any case, the “extra” class 

quality for all models was assumed. 

The farming practices for the three models are summarized in Table 3. Pruning (in winter and 

spring) is performed manually. In contrast, a tractor equipped with various implements allows the 

following operations: shredding of pruning residues by a wood grinder; removal of weeds and 

ploughing through a milling machine, plough, or tiller; distribution of fertilizers by a manure 

spreader; pest control by an atomizer. Irrigation water is collected by aquifer with a pump that injects 

water into the pipes and drips. 

Table 3. Main farming practices for the three production models. 

Parameter 
Early Harvesting 

(EH) 

Normal Harvesting 

(NH) 

Delayed Harvesting 

(DH) 

Winter pruning (Period) 
Manual Manual Manual 

(December) (December) (January) 

Shredding of pruning 

residues (Period) 

By tractor and 

shredder 

By tractor and 

shredder 

By tractor and 

shredder 

(December) (December) (January) 

Plastic net opening 

(Period) 

Manual Manual Manual 

(April) (April) (April) 

Plastic films opening 

(Period) 

By tractor and 

stretching machine - 

By tractor and 

stretching machine 

(February) (April) 

Spring pruning (Period) 
Manual Manual Manual 

(April) (May) (May) 

Defoliation (Period) 
Manual Manual Manual 

(May) (June) (June) 

- Manual Manual 
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Small acini detachment 

(Period) 
(June) (June) 

Winter fertilization with 

granular chemical 

fertilizers (Period) 

By spreader By spreader By spreader 

(February) (February) (February) 

Fertirrigation technique 

with liquid chemical 

fertilizers (N. of 

interventions and 

period) 

Drip irrigation Drip irrigation Drip irrigation 

(2 times year 1, May–

June) 

(2 times year 1, May–

June) 

(2 times year 1, May–

June) 

Irrigation technique (N. 

of interventions and 

period) 

Drip irrigation Drip irrigation Drip irrigation 

(2 times year 1, May–

June) 

(4 times year 1, May–

July) 

(5 times year 1, May–

September) 

Weed control (Period) 

Mechanical tillage 

and herbicides 

spread by tractor and 

atomizer 

Mechanical tillage 

and herbicides 

spread by tractor and 

atomizer 

Mechanical tillage 

and herbicides 

spread by tractor and 

atomizer 

(February–July) (April–July) 
(February–

September) 

Pest control (Period, 

Frequency) 

Conventional 

technique using 

tractor and atomizer 

Conventional 

technique using 

tractor and atomizer 

Conventional 

technique using 

tractor and atomizer 

(April–May, Weekly) 
(April–August, 

Weekly) 

(April–November, 

Weekly) 

Harvest method (Period) 
Manual Manual Manual 

(June) (September) (December) 

Plastic net closing 

(Period) 

Manual Manual Manual 

(September) (October) (January) 

Plastic films closing 

(Period) 

By tractor and 

stretching machine - 

By tractor and 

stretching machine 

(September) (January) 

2.1.2. Functional Units and System Boundaries 

The functional unit (FU) is the unit of agricultural area cultivated for 18 years (1 ha). 

Furthermore, for comparison among the three production models, 1 t ha−1 y−1 is also used, namely 1 

ton of table grapes produced on one hectare of cultivation for an average annual production, 

calculated by including all the phases of the economic life of the vineyard. 

The processes and materials used for the construction of the tendone system (Table 1) were 

considered as part of the system boundaries (Figure 3). The soil preparation consists of a deep 

ploughing, organic fertilization, and refining tillage. These operations, evaluated per hectare of land, 

are carried out through a tractor that operates with the use of diesel and lube oil. All the agricultural 

machines, consumption, maintenance, and production energy were evaluated and preset in the LCA 

software used (Gabi ver. 8) [60]. The housing of the tractor is a shed. 
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Figure 3. Flow chart of the tendone system. 

The construction of the tendone requires a soil digger for plinths and anchors, concrete precasts 

support pole (lifetime 36 years), plinths (lifetime 36 years), wooden poles (lifetime 18 years), 

galvanized steel cables (lifetime 36 years), and table grape seedlings. In addition, the irrigation system 

is installed and it is made of: plastic pipe with drippers (lifetime 4 years); plastic water storage tank 

(lifetime 36 years); electric pump. The materials of the irrigation system are: plastic tanks (HDPE), 

pipes with drip (LDPE), electrically powered hydraulic pump. The tubes ϕ 20 are replaced every four 

years due to the obstruction of the drippers. The other pipes have a life time of 18 years. The electrical 

consumption of the pump is modelled based on power and hydraulic prevalence [60]. The seedlings 

are produced in unheated greenhouses and are counted with an excess of 3% to consider the mortality 

in the transplant. 

The plastic covering materials and antihail nets are positioned on the tendone and fixed to the 

steel cables by means of plastic strings. High-density polyethylene (HDPE) antihail nets and 

ethylene–vinyl acetate (EVA) have a lifetime of 9 and 4 years, respectively. The quantities used are 

shown in the Table 1. 

The agrochemicals considered in the analysis were divided in the following groups: insecticides, 

herbicides, fungicides, and growth regulators (Tables A1–A3). All agrochemicals were evaluated for 

their production and distribution. For their dispersion in the soil and in the environment, the Usetox 

2.1 software [61] based on the Mackay model [62]) was used. Agrochemicals are applied using a field 

sprayer whose consumption is parameterized based on 1 hectare of cultivated area. Regarding the 

production of fertilizers, we implemented the processes in Gabi (ver. 8) [60], by means of the fertilizer 

calculator present in the software when the fertilizers are not in these databases or the concentrations 

of N, P2O5, and K2O do not coincide with those of the products used. The fertilizers obtained are 

expressed as the sum of: ammonia (liquid), potassium chloride (60% K2O), and raw phosphate (32.4% 

P2O5). Emissions of nitric and ammonia nitrogen and phosphates present in the soil and water, 

released fertilizers, were quantified by deducting the percentage spread in the air as NH3, N2O, and 

NOx from the concentrations encountered in the DOP analysis [63,64]. The remaining rate was 

considered available for crops (considering also the nitrogen present in the soil) but 20% of the 

remaining amount, in the case of clay soils, can be considered percolated in groundwater [65]. N2O 

emissions into the air from any source were processed according to the formula proposed by 

Bouwman [66]. The nutrients removal by the vines were deducted from literature data [67]. 

The emission model SALCA-P [68]) was used for phosphorus emissions, such as leaching of 

soluble phosphate (PO4) to ground water and run-off of soluble phosphate to surface water. The 
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heavy metal emissions were calculated by SALCA-heavy metal [69,70]). Inputs into farm soil and 

outputs to surface water and groundwater were calculated based on heavy metal input from 

fertilizers and agrochemicals. The pruning residues were considered a coproduct since they were 

shredded into the soil. Therefore, they were considered as avoided fertilizer. 

The machineries used for the cultivation practices were simulated through a “generic 

agricultural machine” based on weight. The transport of all the components necessary for the 

construction of the tendone system were hypothesized on trucks for a distance of 40 km. Tractor and 

agricultural machinery transport were neglected. 

We assumed that end of life of the plastic covering materials (plastic nets/films), pole covers and 

strings, wooden poles, and the biomass produced by the grapevine’s plants removed after 18 years 

involved transport for 100 km to an incinerator with energy recovery and consequent combustion, 

due to the contamination with agrochemicals. The electricity produced by these wastes in the 

incinerator was deducted from consumption for the production cycle. In addition, we assumed that 

end of life of the steel cables, prestressed concrete piles, and foundations involved transport for 100 

km to a collection center for building materials. 

Land use was estimated using indicators of both land occupation and transformation. In this 

study, transformation (from and to) were introduced by considering biodiversity depletion [71]. 

Mineral extraction was characterized considering some additional resources and water in the soil, 

derived from the minerals category of the Ecoindicator 99 method [71]. For the radioactive waste 

category, generated by a nuclear plant in the electricity mix, the characterization and normalization 

factors of the EDIP 2003 method [72] were carried out. 

2.1.3. Evaluation Method and Impact Categories 

Gabi (version 8) [60] with the support of the Ecoinvent 3.3 [73] database was used for the analysis. 

Moreover, the UseTox 2.1 software [61] was used for calculation of both the distribution coefficients of 

the pesticides in the environmental compartments and the relative values of the characterization factors 

of these substances. 

For the FU of 1 ha, the IMPACT 2002+ method was used. This method provided 15 midpoint 

impact and 4 endpoint damage assessment categories. Furthermore, it included more substances than 

other LCA analysis methods [74]. IMPACT 2002+ was a combination of four methods: IMPACT 2002 

[75], Eco-indicator 99 [76], CML [77]), and IPCC [64]. This evaluation method represents an effort to 

combine/harmonize midpoints and endpoints. The endpoint indicators, based on the aggregation of 

the midpoint ones, allow a more attractive and understandable information. In addition, through the 

damage characterization factors of the reference substances, the endpoint indicators account the 

synergies among the substances of the inventory. 

The results concerning the FU of 1 tontg ha−1 y−1, on the other hand, were obtained through the CML 

2001 method, version 2015 [78]. Indeed, the IMPACT 2002+ method for this FU was of scarce interest, 

since its results can be calculated by the ratio between the results related to the FU of 1 ha and the yield 

of each production model. 

2.2. LCC Analysis 

LCC methodology was used to assess and compare the economic profile of the three production 

models considered. LCC, jointly to LCA, can improve the decision-making processes [27], however, 

despite being the first life cycle analysis tool to be developed, it has not yet been standardized by specific 

norms, except for the building sector [79]. However, in this study, a conventional LCC analysis [79] 

based on financial indicators was carried out. 

The suitability and implementation of investments are affected by several financial characteristics, 

i.e., cash flows, time value of money, risk, return, and maximization of profits [80]. Several methods 

concerning the capital budgeting allow the assessment of one or more of these financial characteristics 

[81]. However, each method is affected by specific weaknesses, so that the synergic use of these tools is 

a recommended practice in the economic literature [82] to evaluate the effectiveness and efficacy of 

investments. In the present study, the following capital budgeting indexes were used: net present value 
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(NPV), internal rate of return (IRR), discounted benefit–cost rate (DBCR), and discounted payback time 

(DPBT). 

NPV [83,84]) is a long-term assessment index of investments’ magnitude. This index investigates 

the implications of one or more future investments, allowing also the selection of the best one under 

given market conditions [85]. This index is calculated by the difference between the discounted annual 

revenues (cash inflows) and the discounted annual costs (cash outflows), i.e.,: 

𝑁𝑃𝑉 =  ∑
𝑅𝑡 − 𝐶𝑡

(1 + 𝑟)𝑡

𝑛

𝑡=0

 (1) 

where NPV is the net present value; R and C represent the discounted annual revenues and the 

discounted annual costs, respectively; t is the cash flow time; n is the investment time span; and r is the 

discount rate. A positive NPV indicates that the investment is convenient. In the presence of two or 

more alternative investments, the highest NPV value identifies the most profitable option. This 

approach is risk-adjusted, unlike other indicators such as IRR, given that riskier investments are 

expected to generate higher returns [86]. 

IRR [87] measures the profitability and efficiency of investments by discounting the rate r up to 

zero the NPV [88]: 

∑
𝑅𝑡−𝐶𝑡

(1+𝑟)𝑡
𝑛
𝑡=0 = 0. (2) 

If the IRR is higher than the prefixed reference rate, an investment is profitable [89]. In addition, 

the best of alternative investments is the one with the highest IRR. 

DBCR is the ratio between the discounted annual revenues from the investment life span and the 

corresponding discounted annual costs [90]: 

𝐷𝐵𝐶𝑅 =
∑ 𝑅𝑡/(1+𝑟)𝑡𝑛

𝑡=0

∑ 𝐶𝑡/(1+𝑟)𝑡𝑛
𝑡=0

. (3) 

The investment is convenient if the ratio is greater than one; given several investments, the one 

with the highest ratio should be preferred [91]. 

DPBT measures the period (i.e., number of years) at the end of which the cumulative discounted 

cash flows equal the investment costs [92]. Therefore, an investment becomes more viable with the 

decreasing of the ratio. 

Since medium- and long-term currency values and technical innovation generate fluctuations of 

investments, a Monte Carlo analysis was applied in order to avoid the determinism of the financial 

indicators and to evaluate economic and technical risks [93–95]. In particular, 1000 sets of cash flows 

using a normal distribution for four periods were generated (1–2, 3–4, 5–15, 16-18 years), with the mean 

and standard deviation obtained from the sample data. Indeed, the analysis based on specific 

investment periods was justified by the heterogeneity of their respective cash flows (i.e., negative, 

increasing, constant, and decreasing), thus preventing investment results from a single probability 

distribution. Finally, for each production model, the averages were calculated from the 1,000 sets 

generated for each period. 

The LCC analysis was based on the following assumptions: 

 The annual total costs were evaluated at current prices. The total costs include specific costs 

(fertilizers, pesticides, irrigation water, fuel and lubricants, power) and other nonspecific operating 

costs concerning labor and mechanical operations, which were assessed considering the current 

hourly wage of workers for the manual operations and the current tariffs charged by agricultural 

service providers for the mechanical operations, respectively [44]; 

 The annual total revenues included the revenue from selling the table grapes, but excluded the 

Common Agricultural Policy (CAP) direct aids [44]; 

 The discount rate was set at 4% considering alternative but similar investments in terms of type, 

market conditions, duration, and risk [96]; 

 The revenues per production model were calculated considering the average of farm gate prices 

on the marketplace of Bari (Italy) during the last five years, i.e., between 2014–2018 [2], namely 0.90 
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€/kg for the Mystery cultivar in the EH model, 0.55 €/kg for the Italia cultivar in the NH model, 

and 0.70 €/kg for the Italia cultivar in the DH model; 

 Annual inflows and outflows were calculated assuming constant financial conditions over the 

entire 18-year period [97,98]. 

Primary data for the LCC analysis concerned the revenues and costs referred to each year of the 

economic life of the three vineyards considered and, as for the LCA, were validated through a panel 

of experts operating in the study area. 

3. LCA Results 

3.1. Life Cycle Impact Assessment (LCIA): Midpoint Analysis 

The LCIA results of midpoint analysis (Table 4) highlighted that the NH model generated the 

smallest environmental impacts for each impact category assessed, followed by the EH and DH 

models. Furthermore, the percentage impact of emissions related to the main phases constituting the 

production process was assessed (Table 5), namely: (A) cultivation practices, concerning tillage, 

irrigation, etc. and based on the use of inputs (agrochemical, fertilizers, etc.); (B) use of coverings 

materials (plastic films and nets) and disposal to incinerator, with calculation of energy credits; (C) 

tendone construction and final disposal of its components (concrete and iron cable) to landfill; (D) 

disposal of the final vineyard biomass in a municipal incinerator, with calculation of energy credits. 

Noteworthy are the energy credits, which can cause negative contributions. 

The results highlighted that, in the EH model, all the impact categories were mainly affected by 

the cultivation practices. In particular, the production and use of fertilizers caused the following most 

important emissions per impact category (in brackets): zinc into soil (noncarcinogens); fine particles 

into air (respiratory effects); halon 1211, generated by production of caum nitrate, into air (ozone 

layer depletion); non-methane volatile organic compounds (NMVOC) into air (photochemical 

oxidation); copper into soil (aquatic ecotoxicity); zinc into soil (terrestrial ecotoxicity); ammonia into 

air (terrestrial acidification/nutrification); sulphur dioxide into air (aquatic acidification); phosphates 

into water (aquatic eutrophication); natural gas consumption (nonrenewable energy); nickel 

consumption (mineral extraction). In addition, the electricity use for irrigation causes the following 

emissions: NMVOC into air and molybdenum into water (carcinogens), C14 into air (ionizing 

radiation), halogenated halon 1301 and R-114 (ozone layer depletion), sulphur dioxide and CO2 into 

air (global warming). 

The cultivation practices generated the highest impacts in the NH model too. In particular, the 

most important impact categories were: noncarcinogens, ionizing radiation, ozone layer depletion, 

aquatic ecotoxicity, terrestrial ecotoxicity, aquatic eutrophication, and mineral extraction. The 

production and use of fertilizers caused the greatest emissions, due to zinc into soil (noncarcinogens), 

NMVOC group into air (ozone layer depletion), copper into soil (aquatic ecotoxicity), zinc in the soil 

(terrestrial ecotoxicity), phosphates into water (aquatic eutrophication), and consumption of nickel 

(mineral extraction). The use of electricity for irrigation caused the most important emissions due to 

Radon 222 (ionizing radiation). The construction of the tendone system mainly influenced the 

following impact categories: carcinogens, respiratory effects, photochemical oxidation, terrestrial 

acidification/nutrification, aquatic acidification, and nonrenewable energy. More specifically, the 

production of PVC parts (strings and pole cover) caused the higher emissions of NMVOC into air 

(carcinogens, but compensated by the energy credits that avoid the emission of dioxins; 

photochemical oxidation) and natural gas consumption (nonrenewable energy). The galvanization of 

steel cables produced emissions of fine dust (respiratory effects), nitrogen oxides, and monoxide 

(terrestrial acidification/nutrification), and ammonia (aquatic acidification). Finally, the production 

of concrete caused the greatest CO2 emissions (global warming), which were balanced by the energy 

credits from the disposal of final biomass. 

Lastly, the cultivation practices mainly affected all the impact categories in the DH model too. 

In particular, the use and production of fertilizers caused emissions of zinc into soil (noncarcinogens), 

fine particles into air (respiratory effects), halon 1211 into air (ozone layer depletion), NMVOC into 
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air (photochemical oxidation), copper into soil (aquatic ecotoxicity), zinc into soil (terrestrial 

ecotoxicity), ammonia into air (terrestrial acidification/nutrification), phosphates into water (aquatic 

acidification), and nickel consumption (mineral extraction). The use of electricity for irrigation caused 

NMVOC into air (carcinogens), C14 into air (ionizing radiation), CO2 into air (global warming 500 

year), natural gas consumption (nonrenewable energy). 

For the three production models, the land use category depended on the transformation and 

occupation of agricultural land, and, specifically for the EH and DH models, there was an increase 

due to a proportional use of fertilizers and electricity to consumption. 

In summary, the LCIA showed that the greatest environmental loads come from: 

 Irrigation and production/use of fertilizers in the cultivation phase; 

 The use of galvanized steel cables and concrete poles in the construction phase. 
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Table 4. LCIA results for table grape production related to the functional unit of 1 ha of cultivated area: midpoint results from characterization analysis and endpoint 

results from damage assessment (Impact 2002+). 

Midpoint Impact 

Categories- 
Units EH NH DH 

Endpoint 

Damage 

Category 

Units EH NH DH 

Carcinogens 
kg C2H3Cl equiv 

to air 
1.29 × 103 3.69 × 102 2.65 × 103 Human Health DALY 2.49 × 100 3.07 × 10-1 3.40 × 100 

Noncarcinogens 
kg C2H3Cl equiv 

to air 
8.66 × 105 1.03 × 105 1.18 × 106      

Respiratory effects 
kg PM2.5 equiv 

to air 
9.20 × 101 2.54 × 101 1.16 × 102      

Ionizing radiation 
Bq C-14 equiv to 

air 
9.43 × 105 1.58 × 105 1.49 × 106      

Ozone layer 

depletion 

kg CFC-11 equiv 

to air 
4.55 × 10-3 7.70 × 10-4 4.54 × 10-3      

Photochemical 

oxidation 

kg C2H4 equiv to 

air 
3.82 × 101 9.95 × 100 5.02 × 101      

Aquatic ecotoxicity 
kg TEG equiv to 

water 
6.88 × 109 7.97 × 108 8.98 × 109 

Ecosystem 

Quality 

PDF*m2*y

r 
6.99 × 107 8.21 × 106 9.42 × 107 

Terrestrial ecotoxicity 
kg TEG equiv to 

soil 
8.69 × 109 1.02 × 109 1.17 × 1010      

Terrestrial acid./nutri. 
kg SO2 equiv to 

air 
2.50 × 103 7.63 × 102 3.31 × 103      

Land occupation m2*year equiv 3.87 × 103 1.14 × 103 6.57 × 103      

Aquatic acidification 
kg SO2 equiv to 

air 
2.61 × 102 9.52 × 101 3.06 × 102      

Aquatic 

eutrophication 

kg PO4 equiv to 

water 
8.69 × 109 1.02 × 109 1.17 × 1010      

Global warming 500 

year 

kg CO2 equiv to 

air 
1.08 × 105 3.64 × 104 1.49 × 105 Climate Change kg CO2 1.08 × 105 3.64 × 104 1.49 × 105 

Nonrenewable 

energy 
MJ 1.52 × 106 3.28 × 105 2.21 × 106      

Mineral extraction MJ surplus 1.49 × 104 2.05 × 103 2.03 × 104 Resources 
MJ 

primary 
1.53 × 106 3.30 × 105 2.23 × 106 
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Table 5. The percentage incidence on the midpoint impact categories for each grape model phase (Impact 2002+). 

Impact categories 
EH NH DH 

A B C D A B C D A B C D 

Carcinogens 102% −11% 20% −11% 45% 20% 72% −37% 83% 12% 10% −5% 

Noncarcinogens 100% 0% 0% 0% 99% 0% 1% 0% 100% 0% 0% 0% 

Respiratory effects 76% 9% 14% 1% 32% 13% 52% 3% 84% 4% 12% 0% 

Ionizing radiation 73% 22% 7% −2% 55% 19% 43% −17% 73% 24% 5% −2% 

Ozone layer depletion 78% 17% 4% 1% 53% 23% 24% 0% 105% −9% 4% 0% 

Photochemical oxidation 49% 36% 15% 0% 22% 19% 59% 0% 51% 37% 12% 0% 

Aquatic ecotoxicity 99% 1% 0% 0% 98% 1% 1% 0% 100% 0% 0% 0% 

Terrestrial ecotoxicity 100% 0% 0% 0% 100% 0% 0% 0% 100% 0% 0% 0% 

Terrestrial acid./nutri. 75% 6% 18% 1% 31% 6% 59% 4% 82% 3% 14% 1% 

Land occupation 83% −1% 22% −4% 37% 1% 74% −12% 82% 7% 13% −2% 

Aquatic acidification 64% 13% 23% 0% 23% 13% 64% 0% 85% −5% 20% 0% 

Aquatic eutrophication 69% 25% 5% 1% 44% 25% 31% 0% 71% 25% 4% 0% 

Global warming 500 year 59% 20% 15% 6% 18% 13% 33% 36% 65% 20% 11% 4% 

Nonrenewable energy 64% 29% 10% −3% 37% 34% 47% −18% 66% 29% 7% −2% 

Mineral extraction 80% 16% 4% 0% 65% 7% 28% 0% 81% 16% 3% 0% 

A—cultivation practices; B—use of covering materials and disposal (energy recovery); C—tendone construction and disposal; D—disposal of final vineyard biomass 

(energy recovery). 
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3.2.  Life Cycle Impact Assessment (LCIA): Endpoint Analysis 

Regarding the results of LCIA at the endpoint (Table 5), the human health, ecosystem quality, 

climate change, and resources indices all had the same trend with the highest damage values obtained 

from the DH production model, followed by the EH model and the NH production model. This was 

due to the greater use of plastic materials and the greater use of resources for the EH and NH 

cultivation cycles. 

The following remarks can be made for all the three production models. For the human health 

index, the greatest contribution came from the ionizing radiation category and therefore from the use 

of electricity for irrigation. For the ecosystem quality index, the greatest contribution was provided 

by the terrestrial ecotoxicity category and therefore by the use of fertilizers. The resources index was 

influenced by the nonrenewable energy category, which depends on the use of electricity for 

irrigation. The climate change index was influenced by the use of electricity for irrigation like the 

global warming category, for the EH and DH production models. The same index was mainly 

influenced by the final disposal with incineration of the wood biomass and by the use of concrete for 

the NH production model. 

3.3. LCA Results Related to the Functional Unit of 1 Ton of Table Grape 

The results concerning the FU of 1 tontg ha−1 y−1 (Table 6), based on the CML2001 evaluation 

method (ver.2016) but with the exclusion of the toxicity indices, highlighted that the NH model had 

the lowest environmental load, the EH model generated the worse performance, and the DH model 

had intermediate effects. Furthermore, compared to the NH model, the environmental loads of the 

DH model were 1.9 times (ADP el. index)—5.9 times (EP index) greater, while the impacts of the EH 

model were 1.3 times (ADP el. index)—4.7 times (EP index) greater. 

Noteworthy is that these results were affected by the diverse yields of the three models 

considered (high for the DH, intermediate for the NH, and low for the EH model). Indeed, the NH 

and the DH models were based on the Italia cultivar, whereas the EH model used the Mystery 

cultivar. However, the comparison remained consistent when considering the commercial strategy 

put in place by farmers of the study area, since the Italia cultivar is not suitable for early production, 

and vice versa. 

Table 6. Results of the life cycle assessment (LCA) analysis on the production of table grapes related 

to the functional unit 1 tontg ha−1 y−1 (CML 2001). 

Environmental Indexes /(Net Calorific 

Value) NCV 
units EH NH DH 

Abiotic Depletion (ADP elements) kg Sb equiv 4.47 × 10-3 1.33 × 10-3 2.80 × 10-3 

Abiotic Depletion (ADP fossil) MJ 5.69 × 103 6.78 × 102 4.44 × 103 

Acidification Potential (AP) kg SO2 equiv 1.65 × 100 2.67 × 10-1 1.05 × 100 

Eutrophication Potential (EP) 
kg Phosphate 

equiv 
6.12 × 10-1 6.70 × 10-2 4.54 × 10-1 

Global Warming Potential (GWP 100 

years) 
kg CO2 equiv 4.56 × 102 8.18 × 101 3.32 × 102 

Global Warming Potential (GWP 100 

years), excl biogenic carbon 
kg CO2 equiv 4.38 × 102 7.00 × 101 3.21 × 102 

Ozone Layer Depletion Potential (ODP, 

steady state) 
kg R11 equiv 1.84 × 10-5 1.69 × 10-6 9.86 × 10-6 

Photochem. Ozone Creation Potential 

(POCP) 
kg Ethene equiv 1.05 × 10-1 4.67 × 10-3 7.36 × 10-2 

Energy (net calorific value) MJ 1.27 × 104 1.44 × 103 9.74 × 103 
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3.4. LCC Results 

3.4.1. Financial Analysis 

The economic performance of the three table grape models was evaluated thorough the life cycle 

costing methodology, estimating the following indexes: net present value (NPV), internal rate of 

return (IRR), discounted benefit–cost rate (DBCR), and discounted payback time (DPBT). The results 

are summarized in Table 7. 

In terms of cumulative discounted cash flows (Figure 4): 

 The DH model had the best financial performance; 

 The EH and NH models had similar performance, but lower compared to the DH model. 

In particular, the three production models were comparable during the two years of the planting 

phase. Subsequently, their performances tended to diverge. Even with a minimum difference 

compared to the NH model, the EH model showed lower cumulative discounted cash flows between 

the second and the sixth year, which tended to equalize in the seventh year. Thus, starting from the 

eighth year, the performance of the EH model was better than the NH model. The cumulative 

discounted cash flows of the DH model, on the other hand, increased more starting from the growing 

phase and generated a difference of roughly 50,000 € ha−1 at the end of the economic life of the 

vineyard. 

These significant differences were mainly the joint effect of the discrepancy between both the 

market price of table grapes and the yields of the cultivars considered. Indeed, even if the EH model 

can exploit the highest unit production value (0.90 € kg−1) and the lowest costs, its lower yield 

generates a financial performance over 18 years that is comparable to the NH model. In contrast, even 

if the DH model is characterized by the highest costs and average market price of production (0.70 € 

kg−1), its global financial performance is significant. These first results highlighted that the financial 

viability of the EH model is similar to the NH model; on the contrary, the differentiation of the 

harvesting time ensures significantly higher profits than the NH model, which makes sense for the 

DH model. 

 

Figure 4. Cumulative discounted cash flows of the three production models. 

The Monte Carlo approach confirmed these findings (Table 7). Indeed, the DH model was 

characterized by the highest NPV, IRR, and DBCR, and by the lowest DPBP. In contrast, the EH and 

NH models indicated a lower viability for farmers to implement these production models. 

Furthermore, their performances were very similar, so it should be considered to what extent 

management of the EH model could benefit farmers compared to the NH model. These findings make 

it possible to argue that the greater costs related to the use of the plastic net are not completely 

justified by the market, though the EH model allows a lower use of inputs due to the shorter duration 
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of the growing cycle. In contrast, the DH model, based on a higher use of inputs during a longer 

growing cycle, is justified by the table grape market due to the higher profits. 

Table 7. Life cycle costing (LCC) results from the Monte Carlo analysis. 

Production models NPV IRR DBCR DPBP 

EH 42,104.77 18.6% 1.38 8.56 

NH 37,222.38 12.7% 1.26 8.15 

DH 94,372.16 31.2% 1.74 5.14 

3.4.2. Sensitivity Analysis 

A sensitivity analysis of price and cost variations was carried out in order to study the 

differences in the financial parameters due to fluctuations in market conditions. The above economic 

items varied between −20% and +20%, below and above the baseline values (Table 8). This range was 

set, taking into account the volatility of farm gate prices and production factors foreseeable in the 

market with current economic conditions [99,100]. 

These results allowed a deeper reflection on the viability of the three production models, since 

selling price and cost variations significantly influenced the economic viability of the investments. In 

particular, the simulations confirmed the greater viability of the DH model, whose financial 

indicators indicated the best performance. Furthermore, the analysis shed light on the real viability 

between the EH and the NH models. The former was characterized by values of the financial 

indicators at least 28% higher than the NH model for the NPV, IRR, and DBCR indicators, and at least 

5% lower for the DPBP indicator. Therefore, it is possible to argue that, in terms of financial 

performance, the DH model is the best one, followed by the EH model and lastly by the NH model. 

Table 8. Sensitivity analysis results. 

 NPV IRR DBCR DPBP 

 EH 

Min. 12,372.48 7.3% 1.23 5.0 

Mean 53,825.85 22.8% 1.54 7.1 

Max 106,170.62 36.4% 2.11 16.7 

Std. dev. 18,551.23 2.2% 0.22 1.7 

 NH 

Min. -27,916.33 4.2% 0.76 6.3 

Mean 25,284.28 12.7% 1.10 8.3 

Max 73,017.01 21.4% 1.65 17.7 

Std. dev. 21,625.38 2.2% 0.19 5.6 

 DH 

Min. 22,374.73 9.0% 1.21 3.7 

Mean 89,914.60 30.0% 1.77 5.5 

Max 167,482.85 51.0% 2.43 12.4 

Std. dev. 28,833.63 5.6% 0.36 1.3 

4. Discussion of Results 

The environmental analysis highlighted that the NH model generated the lowest environmental 

load, followed by the EH and DH models, for all the indexes considered. Furthermore, with respect 

to the unit function of 1 ton of table grapes, the EH model caused the greatest environmental loads 

(Table 6) and provided a slight improvement in the economic results (Figure 4). From the financial 

analysis, on the other hand, it emerged that the DH model is the most profitable, followed by the EH 

and NH models. Therefore, compared to the NH model, the DH model has a higher environmental 

burden but also a higher economic performance, while the EH model is not fully justified due to its 
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worse environmental results and similar economic viability. Thus, for the three models considered, 

a certain divergence exists between environmental and economic impacts. 

However, in the real world, the three production models coexist in specialized table grape farms 

with the aim of covering the entire harvesting period (from June to December). Indeed, the 

coexistence of different production models is due to a management strategy aimed at reducing the 

market risk deriving from the volatility of table grape prices and expanding the farming work 

schedule, with positive repercussions on productive factor efficiency. Thus, considering that the 

management of the three production models is necessary for farmers, certain technical solutions 

should be implemented in order to reduce the environmental burden deriving from the table grape 

cultivations. Indeed, the results of the environmental analysis highlighted certain hot spots. In the 

construction of the tendone system, for example, galvanizing the cables has a significant impact and 

therefore polyamide cables could be used as an alternative. For concrete or wooden poles, a possible 

alternative is to experiment with elements made of recycled plastic, with a mesh shape and/or 

reinforced with nongalvanized steel. 

For the cultivation phase, on the other hand, the use of power for irrigation, and chemical 

fertilizers and agrochemicals have a particularly significant impact, and therefore energy could be 

produced from renewable sources and organic rather than chemical fertilizers could be used [101]. 

The use of agrochemicals is, on the other hand, the most serious problem. The primary data 

highlighted about 26 applications based on several molecules. In addition, cases of soil fatigue were 

reported from the information gathered. 

5. Conclusions 

This study proved the existence of relevant tradeoffs between environmental and economic 

performance in the Italian table grape sector. In addition, results showed the main determinants of 

the environmental impacts and economics returns for each of the investigated production models. 

However, findings of the analysis could not be exhaustive because of some limitations. The first is 

due the assumption of LCA concerning system boundaries. The extension of the system boundaries 

behind the farm gate, by including the conditioning (cooling, sulfuration, packing, cold storage) and 

transportation phases could be relevant, in particular for the product exported. Indeed, 

transportation of fresh products for long distances could have a very high environmental impact [6]. 

In addition, the assumptions of LCC analysis (i.e., the flow costs, prices, yields, and discount rate 

among the lifetime of production models) affected the results, though the sensitive analysis mitigated 

this shortcoming. Also, the relation between some productive parameters of the three production 

models, i.e., yields and quality of grapes, should be further investigated [102,103]. Finally, the 

availability of more farm case studies would increase the accuracy of the estimate, in terms of their 

representativeness of table grapes sector at national scale. 

Further research is needed to find innovative solutions to enhance the environmental 

sustainability of the surveyed production models. Although the use of degradable plastics has been 

the subject of several research projects, currently there are no products with mechanical performance 

and durability that can replace conventional plastics for the protection of table grape vineyards. 

Moreover, the performance of some innovative cultivation methods should be evaluated, such as the 

cultivation of vines in soilless greenhouses opened during the winter [104,105] or the cultivation 

under high tunnels [106]. Finally, the comparison between conventional and organic production 

models should ascertain if the conversion of farms to organic method is a viable strategy to improve 

the overall sustainability, similarly to other fruit sectors [107,108] 
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Appendix A 

Table A1. Inputs and outputs of early harvesting (EH) model during the life cycle (18 years). 

INPUT 
Short 

Description 

Unit of 

Measure 

Construction of 

Tendone System 

Planting 

Phase—PP 

Growing 

Phase—GP 

Full Production 

Phase—FPP 

Decreasing 

Production 

Phase—DPP 

Disposal of 

Tendone 
Total 

Fungicides (as 

active principle): 
Penconazole g - 0.00 240.00 1980.00 450.00 - 2670.00 

 Cyproconazole g - 0.00 160.00 1760.00 480.00 - 2400.00 

 Dimetomorf g - 0.00 400.00 2200.00 600.00 - 3200.00 

 Myclobutanil g - 0.00 42.00 462.00 63.00 - 567.00 

 Metalaxyl-m g - 200.00 200.00 1100.00 300.00 - 1800.00 

 Copper g - 1419.00 1419.00 7804.50 2128.50 - 
12,771.0

0 

Insecticides: Methiocarb g - 3604.00 3604.00 19,822.00 5406.00 - 
32,436.0

0 

 
Chlorpyrifos-

methyl 
g - 1605.60 3211.20 22,077.00 4816.80 - 

31,710.6

0 

 tau-Fluvalinate g - 0.00 512.00 2,816.00 768.00 - 4096.00 

Plant growth 

regulators: 
Cytokin l - 0.00 1.00 5.50 1.50 - 8.00 

 Gibberellins g - 0.00 16.00 88.00 24.00 - 128.00 

Fertilizers: Nitric nitrogen kg 0.00 0.00 30.48 167.64 45.72 - 243.84 

 
Ammoniacal 

nitrogen 
kg 0.00 0.00 1.32 7.26 1.98 - 10.56 

 Urea nitrogen kg 1000.00 7.00 14.00 77.00 21.00 - 1119.00 

 
Phosphorus 

pentoxide 
kg 685.00 17.60 35.20 193.60 52.80 - 984.20 

 Calcium oxide kg 0.00 0.00 31.80 174.90 47.70 - 254.40 

 
Magnesium 

oxide 
kg 0.00 0.00 19.20 105.60 28.80 - 153.60 

 
Potassium 

oxide 
kg 1000.00 0.00 0.00 0.00 0.00 0.00 1000.00 
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Water: 
Water for 

irrigation 
mc 0.00 1000.00 2000.00 11,000.00 3000.00 - 

17,000.0

0 

 

Water for 

phytosanitary 

treatments 

mc - 6.40 14.40 96.80 24.00 - 141.60 

Fuel: Fuel kg 53.10 310.00 410.00 2,475.00 645.00 28.20 3921.30 

 Lube oil kg 1.06 6.20 8.20 49.50 12.90 0.56 78.43 

OUTPUT Table grape tons - 0 21.20 193.00 33.50 0.00 247.70 

Table A2. Inputs and outputs of normal harvesting (NH) model during the life cycle (18 years). 

INPUT 
Short 

Description 

Unit of 

Measure 

Construction of 

Tendone system 

Planting 

Phase—PP 

Growing 

Phase—GP 

Full 

Production 

Phase—FPP 

Decreasing 

Production 

Phase—DPP 

Disposal of 

Tendone 
Total 

Fungicides 

(as active 

principle): 

Penconazole g - 0.00 240.00 2,310.00 630.00 - 3180.00 

 Cyproconazole g - 0.00 160.00 1760.00 480.00 - 2400.00 

 Dimetomorf g - 0.00 400.00 2200.00 600.00 - 3200.00 

 Myclobutanil g - 0.00 42.00 693.00 189.00 - 924.00 

 Cyprodinil g - 0.00 120.00 660.00 180.00 - 960.00 

 Metalaxyl-m g - 200.00 200.00 1100.00 300.00 - 1800.00 

 Copper g - 1419.00 1419.00 7804.50 2128.50 - 12,771.00 

Insecticides: Methiocarb g - 3604.00 3604.00 19,822.00 5406.00 - 32,436.00 

 
Chlorpyrifos-

methyl 
g - 1605.60 3211.20 22,077.00 6021.00 - 32,914.80 

 tau-Fluvalinate g - 0.00 512.00 2816.00 768.00 - 4096.00 

Plant 

growth 

regulators: 

Cytokin l - 0.00 1.00 5.50 1.50 - 8.00 

 Gibberellins g - 0.00 16.00 88.00 24.00 - 128.00 

Fertilizers: Nitric nitrogen kg 0.00 0.00 30.48 167.64 45.72 - 243.84 

 
Ammoniacal 

nitrogen 
kg 0.00 0.00 1.32 7.26 1.98 - 10.56 

 Urea nitrogen kg 1,000.00 7.00 14.00 77.00 21.00 - 1119.00 
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Phosphorus 

pentoxide 
kg 685.00 17.60 35.20 193.60 52.80 - 984.20 

 
Magnesium 

oxide 
kg 0.00 0.00 19.20 105.60 28.80 - 153.60 

 Calcium oxide kg 0.00 0.00 31.80 174.90 47.70 - 254.40 

 
Potassium 

oxide 
kg 1000.00 0.00 0.00 0.00 0.00 0.00 1000.00 

Water: 
Water for 

irrigation 
mc 0.00 1,000.00 2,000.00 16,500.00 4500.00 - 24,000.00 

 

Water for 

phytosanitary 

treatments 

mc - 6.40 19.20 132.00 36.00 - 193.60 

Fuel: Fuel kg 53.10 310.00 470.00 3168.00 864.00 28.20 4893.30 

 Lube oil kg 1.06 6.20 9.40 63.36 17.28 0.56 97.87 

OUTPUT Table grape tons - 0 42.50 350.00 63.50 0.00 456.00 

Table A3. Inputs and outputs of delayed harvesting (DH) model during the life cycle (18 years). 

INPUT 
Short 

description 

Unit of 

measure 

Construction of 

Tendone system 

Planting 

Phase—PP 

Growing 

Phase—GP 

Full 

Production 

Phase—FPP 

Decreasing 

Production 

Phase—DPP 

Disposal of 

Tendone 
Total 

Fungicides 

(as active 

principle): 

Penconazole g - 0.00 240.00 2310.00 630.00 - 3180.00 

 Cyproconazole g - 0.00 160.00 3520.00 960.00 - 4640.00 

 Dimetomorf g - 0.00 400.00 4400.00 1200.00 - 6000.00 

 Myclobutanil g - 0.00 42.00 462.00 126.00 - 630.00 

 Cyprodinil g - 0.00 600.00 5940.00 1620.00 - 8160.00 

 Metalaxyl-m g - 200.00 200.00 1100.00 300.00 - 1800.00 

 Copper g - 1419.00 2119.00 15,504.50 4228.50 - 23,271.00 

 Benzophenone g - 0.00 250.00 6875.00 1875.00 - 9000.00 

 Fludioxonil g - 0.00 320.00 3520.00 960.00 - 4800.00 

Insecticides: Methiocarb g - 3604.00 3604.00 19,822.00 5406.00 - 32,436.00 

 
Chlorpyrifos-

methyl 
g - 1605.60 3211.20 17,661.60 4816.80 - 27,295.20 

 tau-Fluvalinate g - 0.00 512.00 2816.00 768.00 - 4096.00 
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Tebufenozide g - 0.00 200.00 1100.00 300.00 - 1600.00 

Plant 

growth 

regulators: 

Cytokin l - 1.00 1.00 5.50 1.50 - 9.00 

 Gibberellins g - 16.00 16.00 88.00 24.00 - 144.00 

Fertilizers: Nitric nitrogen kg 0.00 0.00 30.48 251.46 68.58 - 350.52 

 
Ammoniacal 

nitrogen 
kg 0.00 0.00 1.32 10.89 2.97 - 15.18 

 Urea nitrogen kg 1,000.00 7.00 21.00 115.50 31.50 - 1175.00 

 
Phosphorus 

pentoxide 
kg 685.00 17.60 52.80 290.40 79.20 - 1125.00 

 
Magnesium 

oxide 
kg 0.00 0.00 19.20 158.40 43.20 - 220.80 

 Calcium oxide kg 0.00 0.00 31.80 262.35 71.55 - 365.70 

 
Potassium 

oxide 
kg 1,000.00 0.00 0.00 0.00 0.00 0.00 1000.00 

Water: 
Water for 

irrigation 
mc 0.00 1000.00 2500.00 22,000.00 6000.00 - 31,500.00 

 

Water for 

phytosanitary 

treatments 

mc - 6.40 28.80 184.80 50.40 - 270.40 

Fuel: Fuel kg 53.10 310.00 636.00 4081.00 1113.00 28.20 6221.30 

 Lube oil kg 1.06 6.20 12.72 81.62 22.26 0.56 124.43 

OUTPUT Table grape tons - 0 42.50 395.00 55.50 0.00 493.00 
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