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Abstract: Tomato cultivation is very 
important due to its high consumption as a 
culinary ingredient and its wide adaptation 
to climatic and soil factors. Mexico is in 
tenth place worldwide and this product is 
one of the most exported vegetables, mainly 
to the United States of America. In 2020, the 
Comarca Lagunera allocated an area of 984 
ha under shade mesh with a production of 
138,036 tons. Due to the economic and social 
importance in the region, the objective was to 
determine the productivity indicators of water, 
soil, labor and capital, which will support the 
producer to make better decisions. To carry 
out the study, five production units under 
shade mesh that occupied 50 % of the total 
planted area were selected through systematic 
sampling and the necessary information was 
obtained through a survey, finding that the 
average value of the indicators was 11.9 kg. 
tomato per square meter; 54.3 kg of tomato per 
cubic meter of water, and 61.9 and 99.7 pesos 
the net income obtained per square meter of 
surface and cubic meter of water, respectively. 
The highest values were registered by the 
largest production units, concluding that this 
behavior is due to the greater economy of 
scale and greater care with which the crop is 
managed. 
Keywords: Solanum Lycopersicum, shade 
mesh, Comarca Lagunera, productivity.

INTRODUCTION
In Mexico, tomato production grew at an 

average annual rate of 4.8% between 2006 and 
2016, reaching a record high of 3.3 million 
tons. During this period, the total area devoted 
to this crop decreased at an average annual rate 
of 2.5 %. On the contrary, the area established 
with protected agriculture (PA), shade mesh 
and greenhouse, grew at an average annual 
rate of 30.1 %. Thus, the volume of tomato 
obtained with the use of these technologies 
went from 6.5 % in 2006 to 32.2 % in 2010, 

and 60.7 % of the total volume in 2016. (FIRA, 
2017). Tomato cultivation in AP represents 70 
% of the cultivated area (INEGI, 2018).

Worldwide, Mexico is in position number 
10 with a participation of 87,918 hectares 
harvested of tomato and with a production of 
4,271,914 tons (FAOSTAT, 2021). According 
to SIAP (2020) tomato is the main vegetable 
that is exported. For the year 2020 in La 
Comarca Lagunera, 984 ha were harvested 
with a production of 138,036 tons of which 
the predominant system was agriculture 
protected with shade mesh (SIAP, 2020).

Levitan and Werneke (1984) mention that 
technology and education allow generating 
differences in productivity over time and 
that the technological characterization of 
tomato production will allow understanding 
the dynamics and operation of the crop in 
the context of its development, evolution and 
change in order to achieve plans and programs 
for groups with similar characteristics (Valerio 
et al., 2004).

Protected agriculture is a production 
system developed with the aim of providing 
plants with the ideal conditions for their 
development, and thereby expressing the 
maximum productive potential (Vargas-
Canales et al., 2018). Similarly, it is possible 
to manage environmental conditions 
(temperature, relative humidity, nutrition, 
water, light, etc.) and some other risks (pests 
and diseases) for the best development of 
crops (Marjorie et al., 2017; INIFAP, 2012). 
Protected Agriculture (PA) is the term used 
to describe a series of cultivation techniques 
that fully or partially control the microclimate 
surrounding the plant body according to the 
needs of the species during its growth period. 
The PA in Mexico has been developed as a 
strategy to reduce polluting emissions that 
contribute to global warming; strategy that 
conforms to FAO recommendations on the 
sustainable intensification of agricultural 
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production (Pratt and Ortega, 2019).
The objective of this production system 

is focused on increasing and maintaining 
productivity in quantity, quality and 
commercial opportunity (Castañeda et al., 
2007; Moreno et al., 2011).

Productivity is considered as the way of using 
the factors of production in the generation 
of goods and services to obtain benefits and 
is summarized as the quotient between the 
products generated and the productive inputs 
used, and productivity in shade mesh can 
increase through the incorporation of better 
technologies (Fontalvo-Herrera et al., 2017; 
Valbuena et al., 2018).

For Mexico it is very important to evaluate 
these indicators since it is the main tomato 
exporter worldwide; in 2016 it contributed 
25.11% of the value of world exports, covering 
90.67% of imports from the United States of 
North America and 65.31% from Canada 
(SAGARPA, 2017).

Due to all of the above, the objectives of 
this work were: a) to evaluate the productivity 
of the water, soil and capital resources used 
in tomato production under shade mesh 
at different surface sizes in the Comarca 
Lagunera, establishing as a hypothesis that the 
larger the surface established with shade mesh, 
higher levels of productivity of water and soil 
resources and profitability are obtained due 
to the economy of scale at which the crop is 
practiced; b) determine the destination and 
price of tomato production grown in the 
Comarca Lagunera.

MATERIALS AND METHODS
The study area was the Comarca Lagunera, 

located in north-central Mexico, considered 
an agricultural and industrial area located 
between the meridians 102º 50’ and 103º 
40’ West longitude, and the parallels 25º 25’ 
and 26º 30’ latitude. North; in the states of 
Durango and Coahuila.

The climate of this area, according to 
the Köppen classification modified by 
Enriqueta García (Cháirez and Palerm, 
2013), corresponds to BWhw” (e´), which is 
characterized by being very dry or desert-like, 
semi-warm with cool winters, with a average 
annual temperature between 18 and 22 ºC, 
and of the coldest month less than 18 ºC, 
with an average precipitation of 250 mm and 
a potential evaporation of the order of 2,500 
mm per year.

To carry out this study, the register of 
tomato producers was obtained at the offices 
of the Tomato Product System, made up of 
nine producers with shade mesh. Based on this 
pattern, five production units were chosen by 
systematic sampling where all the production 
units with differentiated surface sizes are 
represented where (i) = N/n = 9/5 = 1.8, that 
is, a producer was selected from each two 
producers, located in four municipalities, two 
from the state of Coahuila (Matamoros and 
Francisco I. Madero) and two from the state 
of Durango (Gómez Palacio and Tlahualilo), 
whose surface represented 50 % of the 984 ha 
planted with tomato this year ( SADER, 2022). 
The data was obtained from a questionnaire 
made up of 27 questions answered by those 
in charge of the shade mesh production units 
and their technicians; the first part collected 
the informant’s identification data; the 
second, technical aspects of the crop, density 
and planting date, varieties, yields, surface 
area, inputs and amounts used in planting 
and crop development, including products for 
phytosanitary control and crop nutrition; and 
the third, labor used; production costs; sale 
prices, destination of production, technical 
assistance and level of certification of your 
agricultural unit.

This stage ran from July to September 2020. 
Once the information from the questionnaires 
was reviewed, it was captured, using the 
Microsoft Excel Program, where frequencies, 
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averages, volumes, total costs, net income, 
production percentages destined for internal 
and external consumption, etc., determining 
for each agricultural unit and the average of 
the indicators of efficiency in the use of soil, 
water, capital resources (profitability), having 
made the corresponding comparative analysis 
between them. The average productivity of 
the soil and water were calculated taking into 
account the yields obtained divided between 
the surface occupied by the shade mesh 
and the volume of water used during the 
crop cycle and the profitability of the use of 
said resources and the labor resource. (wage 
used) was estimated by dividing the total net 
benefits achieved by the sale of tomatoes from 
the production unit, between the area, the 
volume of water and the wages used per unit 
area.

RESULTS AND DISCUSSION
TECHNICAL ASPECTS
Production unit size: The minimum and 

maximum value recorded for the size of the 
area planted with shade mesh of the crop 
ranged between six and 230 ha respectively, 
finding an average size of 98.9 ha. The 
situation found in the area differs from that 
prevailing at the national level, where 86 % 
of tomato production units are less than 0.5 
hectares; 11.5%, from 0.51 to 5, and 2.5% 
have more than 5 hectares, which limits their 
access to technology, training and technical 
assistance, as well as a greater penetration in 
the most demanding markets (Ponce, 2013), 
therefore; Having larger production units, as 
is the case in the study area at hand, allows 
for the introduction of efficient technologies 
in the use of water, better use of nutrients 
applied through the irrigation system, greater 
protection against pests and climatic events. 
like hailstones, and better product quality. 
However, the cost of production under shade 
mesh is very high, which requires more 

investment, labor training, and assistance for 
the management of the production process. 

Yield per hectare: The average yield reached 
was 120.8 t ha-1; the highest value was 
registered by the largest agricultural unit with 
170 t ha-1 and the lowest by the smallest unit, 
with 90 t ha-1. These values are above the one 
registered at the national level for the crop in 
general, which are 48.6 t ha-1, which shows the 
benefits of the production system under shade 
mesh. Cih-Dzul et al. (2011), reported for the 
state of Jalisco 210 t ha-1 for greenhouse and 
shade mesh production systems. 

Plant density per unit area: This variable 
oscillated between 23 and 33 thousand tomato 
plants per hectare, that is, 2.3 to 3.3 plants per 
square meter, registering an average value of 
27,400 plants; the smallest agricultural unit (6 
ha) was the one that used the lowest density of 
all and the one that used the highest density 
of plants was the largest agricultural unit. In 
this regard, Alvarado (2014) indicates that 
the planting density under shade mesh ranges 
from 20 to 30 thousand plants per hectare and 
Jasso et al., (2012) indicate that it can vary 
depending on the hybrid or variety, but can 
reach up to 31 250 plants. 

Tomato production per square meter of 
surface: The kilograms obtained per square 
meter ranged between 7.5 and 17 kilograms; 
the lowest value corresponded to the smallest 
agricultural unit and the highest to the largest. 
The average value found for this element was 
11.9 kg per square meter. It is pertinent to 
clarify that said value changes according to 
the established variety. The value reported 
by Alvarado et al. (2014) for the northeast of 
Mexico ranged between 9.8 and 19.6 kg.

Irrigation water productivity: Considering 
the different yields obtained by the agricultural 
units under study, it was found that for each 
cubic meter of water it is possible to obtain an 
average production of 19.45 kg; however, it is 
observed that the agricultural unit with the 
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largest area achieves a value of 23.37 and the 
smallest 14.49 kg (Figure 1).

The average volume of water required to 
produce a kilogram of tomato in the Comarca 
Lagunera was estimated at 54.3 liters, while the 
one reported by Henao (2016) at the national 
level is 99 and for the United States 40, who 
concludes that this value varies according to 
to the technological level used. Cabrera de la 
Fuente (2017), stated that to produce a kilo 
of tomato sowing the crop in the open field, 
215 liters are required and that only 36 are 
required under a greenhouse (Figure 2).

Main pests of tomato cultivation: The largest 
agricultural units were those that registered 
the lowest number of pests: Whitefly (Bremicia 
tabaci) leafminer (Liriomyza bryoniae) and 
the smallest ones those that registered the 
highest number. Figure 3 shows the pests 
reported in the different production units.

As in the study carried out for the state of 
Jalisco (Cih-Dzul et al., 2011), it was found 
that the white fly is the main pest in the study 
area. 

Main diseases in the crop: These were 
numerous and different in each agricultural 
unit and were controlled with the application 
of different chemical products (Figure 4).

ECONOMIC ASPECTS
Destination and price of production: Of the 

five agricultural units studied, three export 
an average of 74% of their production to the 
United States market; however, those that 
export 79 and 85% are those with a size of 230 
and 72 ha. Only the smallest one allocates all 
its production to the national market (Figure 
5). In this regard, Estrategia Aduanera (2021) 
reported that by the year 2020, approximately 
80% of the tomatoes that use protected 
agricultural systems are exported and the 
United States Department of Agriculture 
(USDA) projects a growth in exports of 2% for 
the 2021-2022 cycle.

Of the total production destined for the 
national market, two thirds sell it as a top 
quality product; a quarter as a second-grade 
tomato and the rest as a third. Average 
rural prices were 7.6, 6.4 and 5.33 pesos per 
kilogram for first, second and third quality 
tomatoes, respectively.

The export price of first and second 
quality tomatoes registered for the study year, 
according to the information provided by the 
producers, was 10 and 8 pesos, respectively. 
The total income from the foreign market is 
six times greater than that of the domestic 
market.

FIRA (2017) points out that red tomato 
prices in the national market differ according 
to the type of product (grown in the open 
field or in a greenhouse, organic, etc.) and the 
variety (saladette, bola and cherry), mainly. 

Production costs per kg of tomato: 
According to the information provided, it 
is noted that the average production cost to 
produce a kilogram of tomato amounts to 
4.02 pesos; however, the trend line indicates 
that the greater the established area, this value 
decreases (Figure 6). 

Economic indicators: In Table 1, it can be 
seen that the net income obtained per square 
meter of land is higher in the U.A. larger 
area, as well as the net income derived from 
the cubic meter of water used. However, the 
average value of both indicators is 61.9 and 
99.7, respectively. The average net income per 
wage employed was 896 pesos. 

Suppliers of inputs, technical assistance 
and production certification. The agricultural 
companies that supply inputs for production 
such as seeds, fertilizers, pesticides and 
chemical products for disease control were: 
Agricenter Zevilla, S.A. de C.V.; Greenhow, 
S.A. de C.V.; versa; Proagro, VMV, S.A. de 
C.V., and Gaia, S.A. de C.V.

All tomato producers under shade mesh 
have technical assistance in a particular way; 
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Figure 1. Productivity of the cubic meter of water in kilograms of tomato under shade mesh in agricultural 
units with different surfaces in the Comarca Lagunera.

Figure 2. Liters of water necessary to produce one kilogram of tomato under shade mesh in agricultural 
units with different surfaces in the Comarca Lagunera.
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Pests

Armyworm (Spodoptera exigua)  

Fruit worm (Heliotis virescens)  

Paratriosis (Bactericera cockerelli)  

Blind chicken (phyllophaga spp)  

roundworms  

Red spider (Tetranychus urticae)  

Trips (Frankiniella occidentalis)   

Mites (Aculpos lycopersici)   

leaf miner (Liriomyza bryiniae)     

sheet chopper (Agrotis ipsilon)  

white fly (Bemisia tabaci)      

6 36 72 150 230

Production Units

Figure 3. Production units affected by pests reported in the Comarca Lagunera.

Diseases 

Fusarium   

Phytophthora  

Rhizoctonia  

early blight  

gray spot  

rough virus  

Dumping off  

Cenicilla 
dusty  

Alternaria   

Verticilium   

0 6 36 72 150 230

 Production units

Figure 4. Diseases reported in tomato cultivation by different production units in the Comarca Lagunera.
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Figure 5. Volume of tomato production obtained under shade mesh destined for the internal and external 
market by the different agricultural production units.

Figure 6. Production cost per kilogram of tomato reported by the different production units.

Size (ha) $ /m2 of soil $/m3 of water $/employee wage

6 61.40 98.87 1 116.30

36 11.40 18.49 259.10

72 56.90 91.62 517.30

150 75.10 120.93 682.70

230 104.83 168.82 1 906.10

Table 1. Economic-social indicators of tomato cultivation under shade mesh in the Comarca Lagunera. 
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even some with international advisors. In the 
areas that receive technical assistance are: 
pest control, diseases and crop nutrition. All 
the agricultural units have the certification 
of their good agricultural practices in their 
production; The certifying companies are: 
Senasica; Primus lab; C-TPAT; SMETA; 
DEALTI and GLOBAL GAP, T. This situation 
explains why they can send their production 
to the foreign market. 

CONCLUSIONS
The productivity achieved by the cultivation 

of tomatoes under shade mesh that is practiced 
in the Comarca Lagunera is higher in the 
production units with the largest established 
area; that is, the hypothesis that the greater the 
size of the agricultural unit established with 
tomatoes under shade mesh, higher levels 
of productivity of water, soil and capital are 
reached, was verified, which suggests that 
the greater the producer’s investment, the 
higher the level of productivity. demanding 
in terms of technology management under 
shade mesh. The destination of the tomato 
production produced in this region is mainly 
for export (80%) to the US market, thereby 
achieving a higher price per kilogram sold. 
The main reason for this situation is due to 
the fact that all the tomato farming units are 
certified and that they carry out the good 
agricultural practices (GAP), established 
by the National Health, Safety and Quality 
Service (SENASICA).
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