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Abstract 

In the State of Mexico, there is a great diversity of corn producers, from the most technified to 

those of subsistence, the latter are related to small production units, which often have problems for 

not reaching competitive prices in inputs and services derived from the low volume required per 

unit, increasing their costs above the average productive scale. The present work focuses on the 

economic efficiency of producers based on the comparison of average unit costs, for which a 

documentary analysis that optimizes these costs (mobilization of inputs, production, costs of 

services of agricultural work and machinery) is proposed. The grouping and association of 

producers that will allow such cost optimization is proposed. In the case of the mobilization of 

inputs and production, it was based on the load capacity of different transport units, while the 

acquisition of machinery was based on reducing the costs of tillage services and the size of the 

group of producers. The results indicate that the grouping for mobilization of improved seed 

(IPUIS) is 33-40 ha or 6-27 PUs reducing the cost by 55%, in the case of fertilizer (IPUF) is 15-25 

ha or 3 to 14 PUs which allows to reduce the cost by 27%, the acquisition of machinery (IPUTR) 

is profitable from 40 ha and implies the integration of 6 to 27 PUs and a reduction of costs by 10%; 

while for the mobilization of production (IPUCM), it implies 4-10 ha or 1 and 3 PUs, which reduces 

costs by 38%. Finally, the comprehensive IPU suggests the grouping of 40 ha, which would reduce 

costs by 55, 38, 10 and 48%, respectively. 
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Introduction 
 

In Mexico, corn (Zea mays L.) is the most important crop in the agricultural sector and represents 

a productive and consumption tradition (De los Santos-Ramos et al., 2017). In 2019, around seven 

million hectares were sown, and national production reached 27 million tons (SIAP, 2020). For the 

same year, 475 000 ha of corn were cultivated in the State of Mexico, which represents 54% of the 

agricultural area in the state (INEGI, 2020), with an average yield of 3.97 t ha-1 (lower than the 

national average of 4.07 t ha-1) with a production of 1.87 million tons, which meant 44% of the 

value of production (SIAP, 2020). 

 

There are several corn production systems in the state (Robles-Berlanga, 2016) from traditional of 

subsistence to the most technified (SIAP, 2013). Traditional systems are linked to small ejido or 

privately-owned production units (PUs) (Dufumier, 1993); according to the 2019 National 

Agricultural Survey, for white corn 64% of the strata were made up of sown area less than 5 ha and 

36% with more than 5 ha in the State of Mexico (INEGI, 2020). 

 

In the State of Mexico, 44% of the area sown in the state uses improved seed and 89% is fertilized 

(SIAP, 2018). Fifty-seven percent of the PUs use tractors and of these 85.8% are rented (INEGI, 

2017). These data indicate that small producers must seek solutions to common problems, such as 

the lack of productive scale (Liendo and Martínez, 2001); however, this type of producers may be 

limited, among other things, by the lack of organizational culture, leadership, lack of public policies 

that promote organization (Barrios-Puente et al., 2020); nevertheless, unorganized producers lack 

benefits such as collection, access to credit and support for the purchase of machinery and inputs 

(Quintana, 2014). Belonging to an organization allows them not only collective purchases but 

economies of scale (Barrios-Puente et al., 2020). 

 

The optimization of the use of the minimum resources invested by small producers is based on 

their organization to share expenses in the purchase and mobilization of inputs, production, as well 

as machinery that allows reducing unit costs and approaching the optimal level of production of 

the productive scale in which they are, for this reason the federal and state governments have 

promoted the union of producers to acquire credits and machinery; however, they rarely consider 

optimizing the use of the minimum resources required by the producer in relation to their level of 

production (SAGARPA, 2016). 

 

The above situation raises the question: what is the area and how many producers should group on 

average to optimize the minimum resources required? It is difficult to establish the exact number 

of producers because there are a number of conditions; however, a reference can be established. 

This is fully aligned with the objectives 1 and 8 of sustainable development proposed by the UN, 

where the reduction of poverty and the increase of productivity are essential for the development 

of a country (CEPAL, 2016). 

 

For this, a documentary analysis of resource requirements for the specific case of corn production 

is proposed as a viable solution so that producers can have a more competitive level of costs, as 

well as decide at what level of association they can or want to get involved. The analysis is 

performed for corn producers in the State of Mexico by Rural Development District (DDR, for its 

acronym in Spanish). 
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Materials and methods 
 

Based on Varian (2010), profits are defined as the difference between total income (IT) and total 

costs (TC), total costs (TC) are defined as the monetary value of the quantities of factors that have 

been used in a given volume of production and sale of the commodity. Costs are divided into a) 

variable costs (TVC), which are the disbursements for the payment of all variable inputs incurred 

by the firm per unit of time to obtain production; and b) fixed costs (TFC), which are the expenses 

incurred by a firm per unit of time for all fixed inputs it uses and are paid regardless of whether 

there is production or not. That is: π= ∑ p
i

n
i=1 y

i
- ∑ wi

m
i=1 xi+b   1). Where yi= is the production of 

good i; pi= is the price of good i; xi= is the quantity used of the variable factor to produce good i; 

wi= is the price of the factor and  b= is the fixed cost. The total mean cost (TMC), the mean variable 

cost (MVC) and the mean fixed cost (MFC) are obtained by dividing the TC, TVC and TFC by the 

volume of production obtained, the marginal cost (MgC) and the marginal income (MgI) in the 

change in the TC and total income due to the change of one unit in production (Figure 1a). 

 

 

 

 

 

 

 

 

 

 
Figure 1. Curves of TC, VC, FC, TMC, MVC, MFC and MgC (García-Mata et al., 2003). 

 

The principle of profit optimization in a competitive market indicates that the producer optimizes 
the use of their resources to the point where the MgI is equal to the MgC and equals the price (P), 
Figure 1(b); whereas the minimum MVC determines the minimum of the exploitation. The crossing 
of the minimum TMC and the MgC determines the exploitation optimum, from which the firm 
begins to make profits (Tomek and Robinson, 1991 cited by García-Mata et al., 2003). 
 
Economic efficiency requires taking advantage of economies of scale (if they exist) to drive down 
costs (Case et al., 2012), a small producer often cannot take advantage of the economies of scale 
derived from the small volumes required, they have to take prices in the retail market, paying an 
extra price of the input or service or they underutilize the infrastructure by adapting to the standards 
closest to the productive scale (Figure 2a), when they should be in the unique optimal scale of the 
plant, which is where the total average cost is minimized (since there is no greater means to lower 
costs) and that is where economic efficiency is found (b). 
 
Competition forces reaching point (b) in the long run (in the short term MgC equals LMC), 
although it takes an indeterminate time for them to adjust or exit the market, in the meantime they 
will be working with economic inefficiency (Figure 2). The methodological proposal then starts 
from the definition of ‘economic efficiency’, where the average unit costs are the basis for 
establishing a comparison between the costs of an average small producer and the unit costs of 
producers in economies of scale with respect to the mobilization of inputs, production and cost of 
service of agricultural work. 
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Figure 2. Unique optimal scale of the plant. Source: Case (2012). 

 

The logic starts from knowing, in the first instance, the size of the average production units (PUs) 

in the State of Mexico, as well as their average unit costs of corn production in the state; on the 

other hand, propose the optimization of costs making use of economies of scale with respect to the 

mobilization of inputs, production and cost of service of agricultural work. 

 

Based on this information, we estimated a number of hectares or ideal production unit (IPU) to 

carry out each of the activities of mobilization of seed, fertilizers, agricultural work and 

mobilization of the production; as well as a comprehensive IPU that considers the four activities. 

The unit cost in the state was established based on the total cost and volume mobilized per ha; unit 

transportation costs are based on an average of quotes for the rental of transport units in different 

districts and their load capacity (LC), which is the maximum weight of the load that a vehicle can 

transport safely and for which it was designed by the manufacturer (SCT, 2017). 

 

To establish the minimum area required to reach the volumes of the different load units to 

transport inputs and grain mobilization; and the acquisition of machinery (tractor) based on their 

profitability, i Rural Development Districts (DDR, for its acronym in Spanish) and j transport 

units were considered. These areas are determined as: ARISji=  LC j   
 RS i ⁄   1); ARF

ij
= LC

j
RF

i
  ⁄   

2); ARcTR a=MIa  3); ARCM
ji
 = LCj YCTi⁄    4). Where: ARISji is the area required to optimize 

the cost of mobilizing improved seed or required area that has to be associated to occupy the LC 

of a transport unit j for the mobilization of seed from the producing house to the plot in the DDR 

i; LCj is the LC of transport unit j; RSi are the requirements of seed per hectare in the DDR i; 

ARFij is the area required to optimize mobilization costs of fertilizer or the area that has to be 

associated to occupy the LC of a transport unit j to mobilize fertilizer from the supply center to 

the plot. 

 

In the DDR i; RFi is the requirement of fertilizer in kg per ha in the DDR i. ARcTRa is the area 

required to acquire machinery; MIa is the mechanization index, which indicates the number of ha 

from which a tractor is profitable (Ochoa-Bijarro, 2010); ARCM
ij
 is the area required to optimize 

mobilization costs of corn, it is the minimum area that has to be associated to occupy the total LC 

of a transport unit j to mobilize the production of DDR i to the storage centers; YCTi is the yield 

obtained in each DDR i. The determination of the IPU for seed (IPUIS), fertilizer (IPUF), 

machinery (IPUTR) and mobilization of the production (IPUCM) starts from the area required to 

carry out each of the activities by DDR and the size of the average PU in each DDR, to observe the 
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different levels of integration, while the comprehensive IPU proposes the minimum area required 

and the association of PUs by DDR for the four activities and level of integration (equations 5 to 

8).  IPUIS i
=ARIS ij/PUi   5); IPUFi=ARFij/PUi  6);  IPUTR i a = ARcTR a  PUi⁄   7); 

IPUCMi = ARCMij /PUi  8). 

 

Data 

 

The load units selected in the present work refer to 1, 5, 8, 16, 30 and 40 t (SCT, 2017). The 

costs per unit of load were obtained from quoting via telephone seven local microenterprises 

that mobilize merchandise within a radius of no more than 20 km from the municipalities of 

San Felipe del Progreso, Ixtlahuaca, Jiquipilco, Almoloya de Juárez and Toluca, these 

municipalities were considered based on the high production and small size of the PUs. The 

unit costs of mobilization of seed and fertilizer, as well as the costs of agricultural work in the 

state refer to the regime of moisture by gravity-fertilized-improved (GIF) and they were 

obtained from SADER (2019). 

 

The requirements for improved seed per hectare, doses and volumes of fertilizer in the State of 

Mexico by DDR were taken from INIFAP (2017). The hourly cost of tractor was estimated from 

the Mexican Chamber of the Construction Industry (CMIC, 2019), the hourly cost of the 

implements was obtained from Velasco and González (2007). 

 

Results and discussion 
 

Table 1 shows the unit cost of transporting units of 50 kg, according to the size of the load unit, 

based on the reference of the average unit cost in the state ($50.00 pesos) (SADER, 2019), all unit 

costs of load are below the reference, which reflects reductions in unit costs. 

 
Table 1. Unit costs of local transport, 2019. Figures in pesos. 

Load capacity LCi 

(t)† and number of 

bags 50 kg 

Transporta

tion cost 

Unit cost per transfer 

of unit (50 kg) 

transported (50 kg) 

Unit cost per 

loading and 

unloading (50 

kg) 

Total cost 

per unit of 

50 kg 

Cost reduction 

with respect to 

SADER (2019) †† 

1 t (LC1) 20 900.00 30.00 15.00 45.00 10% 

5 t (LC2) 100 3 666.67 22.67 14.00 36.67 26.66% 

8 t (LC3) 160 5 300.80 21.88 11.25 33.12 33.76% 

16 t (LC4) 320 9 859.20 20.31 10.50 30.81 38.38% 

30 t (LC5) 600 16 500.00 19.00 8.50 27.50 45% 

40 t (LC6) 800 20 800.00 18.00 8.00 26.00 48% 

Own preparation, based on local freight quotations 2019 and SCT (2017). †LC1 and LC2= cabin of 1 and 5 T; LC3= 

box truck (1 axle) 6.5*2.5*2.4 m for dry load; LC4= torton (2 axles) 6.5*2.5*2.4 m for dry load; LC5= semi-trailer 

tractor 15.9*2.5*2.5 dry load. LC6= trailer truck (5 axles) 31*2.5*2.5 dry load. Unit cost= (LCi/50kg)†† cost reduction: 

((average unit cost SADER (2019)-unit cost LCi))/ average unit cost SAGARPA (2019). 
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The IPUIS, IPUF, IPUTR, IPUCM and comprehensive IPU are presented below, each one shows 

the area involved and the number of PUs that have to be associated to lower costs of mobilization 

of inputs, production and acquisition of machinery in a profitable way. The IPU for the 

mobilization of improved seed (IPUIS) was determined based on the data of the INIFAP technical 

agenda, which recommends between 25 and 30 kg ha-1 of seed in the state. 

 

A minimum unit of load was considered to be a transport with a capacity of one tonne, which has 

a cost of 900 pesos (Table 1); that is, a unit cost per hectare of 22.5 pesos (40 units of 25 kg) as 

long as the total LC is used, which reduces the unit cost by 55% compared to the costs of SADER 

(2019) and involves between 33 and 40 ha or the association of 6 to 27 average PUs according to 

the DDR. Transport with LC of 5 t involving around 200 ha, a scenario that could benefit the DDR 

Tejupilco because it has average areas larger than the rest of the districts, which requires the 

organization of around 30 production units (Table 2). 

 
Table 2. Estimates of the IPU for the mobilization of improved seed (IPUIS) by DDR. 

DDR 

Requirement of seed 

(t ha-1) INIFAP 

(2017) 

PUaverage 

(ha) 

Requirement of area by 

load capacity (LCi)† ha-1  
PUIS†† 

LC1 LC2 1 2 

Atlacomulco 0.025 1.98 40 200  20.2 101.01 

Coatepec H. 0.03 2.35 33 166  14.18 70.92 

Jilotepec 0.03 3.25 33 166  10.27 51.35 

Tejupilco 0.025 6.59 40 200  6.07 30.35 

Texcoco 0.025 2.04 40 200  19.61 98.04 

Toluca 0.025 1.5 40 200  26.68 133.4 

Valle de B 0.03 4.25 33 167  7.83 39.17 

Zumpango 0.025 2.97 40 200  13.49 67.44 

Preparation with freight data quoted in the State of Mexico, INEGI (2007) and INIFAP (2017). †LCi/requirement of 

input per ha by DDRi (eg., case LC1: 1 t/0.025 t). ††LCi/(requirement per PUaverage by DDRi; where LCi refers to LC1: 

1 t, LC2: 5 t. 

 

The IPU for fertilizer mobilization (IPUF) considers the volume required for fertilization of 

one hectare, which ranges between 326 and 556 kg (between 7 and 11 bags of 50 kg), while 

per average PU between 0.59 and 2.15 t is required, depending on the fertilizer needs and size 

of the PU by DDR. Estimates of SADER (2019) show that the average cost of mobilizing 

fertilizer per ha is 350 pesos (7 bags of 50 kg); that is, an average unit cost of 50  pesos per 

packaged unit of 50 kg. Table 3 shows the cost of carrying fertilizer per hectare from the 

distribution house to the plot. 

 

In the case of fertilizer, the load unit of one tonne is sufficient for the average PU of Coatepec 

Harinas and Zumpango, which reaches a cost reduction close to 10%. However, for the PUs of 

Texcoco and Toluca, they present a significant underutilization (Table 3). IPUF (1). Therefore, it 

is advisable to partner to achieve higher volumes that allow reducing the cost. For the rest of the 
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districts the LC is insufficient (Table 3). In the case of the load unit with a capacity of 5 t, the area 

involved ranges between 9 and 15 ha, the DDRs that require a greater number of producers were 

Toluca, Texcoco, Atlacomulco and the cost reduction represented 27%. For the transport unit of 8 

t, a grouping between 14 and 25 ha or the integration between 3 and 14 PUs is required, for this 

LC the DDRs Atlacomulco, Coatepec Harinas, Texcoco and Zumpango are viable, with a cost 

reduction of 34%. For a unit of 16 t, Jilotepec, Tejupilco and Valle de Bravo require an integration 

of less than 10 PUs and it represents a reduction of 38%. 

 
Table 3. Estimates of the IPU for fertilizer mobilization (IPUF) by DDR. 

DDR 

Requirement 

of fertilizer††† 

(t ha-1) 

PUaverage 

(ha) 

Requirement of area by load 

capacity (LCi)† per hectare 

 
IPUF†† 

LC1 LC2 LC3 LC4  1 2 3 4 

Atlacomulco 0.407 1.98 2.46 12.29 19.66 39.31  1.24 6.19 9.9 19.81 

Coatepec H. 0.391 2.35 2.16 12.79 20.46 40.92  0.92 5.44 8.71 17.41 

Jilotepec 0.558 3.25 5.88 8.96 14.34 28.67  1.81 2.76 4.42 8.83 

Tejupilco 0.408 6.59 17.7 12.27 19.63 39.26  2.69 1.86 2.98 5.96 

Texcoco 0.326 2.47 1.99 15.34 24.54 49.08  0.8 6.21 9.94 19.89 

Toluca 0.396 1.5 0.89 12.64 20.23 40.46  0.59 8.43 13.49 26.98 

Valle de B. 0.391 4.25 7.08 12.78 20.44 40.89  1.66 3.00 4.80 9.61 

Zumpango 0.326 2.97 2.87 15.34 24.54 49.08  0.97 5.17 8.28 16.55 

Preparation with freight data quoted in the State of Mexico, INEGI (2007) and INIFAP (2017) † LCi/requirement of 

input per ha by DDRi (eg., LC1= Atlacomulco 1 t /0.407 t = 2.46). †† LCi/ (requirement of input per PUaverage by DDRi; 

where LC1: 1 t, LC2: 5 t, LC3: 8 t, LC4: 16 t. ††† Types of fertilizers refer to urea, calcium triple superphosphate, 

potassium chloride. 

 

The IPU for the acquisition of machinery (IPUTR) allows reducing production costs, time and 

labor, since the state is characterized in the first place by the use of tractors with power greater than 

that required (70 Hp) in small areas (Ochoa-Bijarro, 2010), which implies higher fuel costs, 

secondly, the use of ha tractor-1 below that recommended by FAO, resulting in long-term 

underutilization of equipment. In this sense, Hernández-Ávila (2020) mentions that 80 and 90 Hp 

tractors predominate in Zinacantepec with 13.8 ha tractor-1, in Atlacomulco there is evidence of 

the use of tractors above 80 Hp in small PUs with 10.96 ha tractor-1 (Larqué-Saavedra, 2012). 

Amecameca and Texcoco with similar situations, but with better use of 27.8 ha tractor-1 (Sánchez-

Hernández, 2014). 

 

On the other hand, the mechanization index is a productive economic parameter and is determined 

from its profitability (a tractor is profitable if it meets the recommended hours of use for a correct 

amortization). In addition to the fact that its operations do not generate delays in the agricultural 

cycle (Ramírez-Valverde et al., 2007). This index is subject to the type of crop, tillage system and 

even the conditions of the soil and can also be affected by the relief. 
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Mechanization index one considers a tractor profitable from 25 ha tractor-1 (Masera-Cerutti, 1990), 

where the association of average PUs would range between 4 and 17. The second index is 40 ha 

tractor-1, recommended for a conventional system of crops such as corn and beans. The third 

mechanization index is that recommended by FAO of 50 ha tractor-1 (Gutiérrez-Rodríguez et al., 

2018) and the last involves 60 ha tractor-1 for minimum tillage for corn and beans (Ochoa-Bijarro, 

2010). To determine the acquisition of machinery, the hourly cost of machinery to attend areas of 

25, 40, 80 and 120 ha year-1 versus the cost of renting the service  was estimated (Table 4). 

 
Table 4. Estimate of hourly cost of tractor + implement vs machinery services. 

Number of hectare attended 25 40 80 120 

Hours of use year-1 (tractor 70 Hp) 75 120 240 360 

Hourly cost ($)† 709.80 620.70 546.45 521.70 

Hours of use year-1 (implement) 25 40 80 120 

Hourly cost †† 20-disc harrow ($) 130.19 110.49 94.07 88.59 

Hourly cost 3-disc plough ($) 89.90 74.18 61.08 56.72 

Hourly cost seeder-fertilizer ($) 326.12 244.23 174.08 151.33 

Machinery service††† Cost tractor + implement 

20-disc harrow 800.00 839.99 731.18 640.51 610.29 

3-disc plough 1 000.00 799.70 694.88 607.53 578.41 

Fertilizer-seeder 750.00 1,035.91 864.93 720.53 673.03 

Total 2 550.00 2,675.60 2,290.99 1,968.57 1,861.73 

†= (CMIC, 2019) the hourly cost was calculated based on a cost of 760 000 with a useful life of 10 000. Working hours 

were estimated based on their use with implements. ††=  Velasco and González (2007). For the disc harrow and the 

plough, a useful life of 3 000 h was considered, with a value in 2019 of 107 565 and 73 000 pesos, respectively, for 

the case of the seeder with a useful life of 2 000 h with a value of 127 080. †††= SADER (2019). 

 

For the first index, it was preferable to pay for services than to acquire a tractor with its implements. 

However, from 40 ha, there is an hourly cost lower than that paid for the rental of machinery. Costs 

reduced by 10, 23 and 27%, respectively. For the purposes of this study, the index of Ochoa-Bijarro 

(2010) will be considered as the minimum area to acquire a tractor. The grouping of 40 ha was 

recommended for Toluca, derived from the small PUs, and implies the association of 27 PUs, for 

Atlacomulco, Texcoco and Coatepec H., the recommended area was 80 ha, that is, the association 

of 35 to 40 PUs, for Jilotepec, Tejupilco and Zumpango the grouping of 120 ha is suggested, which 

implies 30 and 40 PUs, which would allow for greater profitability (Table 5). 

 
Table 5. Estimates of the IPU for machinery acquisition (IPUTR) by DDR. 

DDR PUaverage 

Average PUs associated to reduce costs in agricultural work 

for an area † 

40 ha 80 ha 120 ha 

Atlacomulco 1.98 20.2 40.4 60.61 

Coatepec H. 2.35 17.02 34.04 51.06 

Jilotepec 3.25 12.32 24.65 36.97 
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DDR PUaverage 

Average PUs associated to reduce costs in agricultural work 

for an area † 

40 ha 80 ha 120 ha 

Tejupilco 6.59 6.07 12.14 18.21 

Texcoco 2.04 19.56 39.12 58.68 

Toluca 1.5 26.68 53.36 80.04 

Valle de B. 4.25 9.4 18.8 28.2 

Zumpango 2.97 13.49 26.98 40.47 

Preparation with estimated data and INEGI (2007). †Areai /PUaverage by DDRi (eg., Atlacomulco 40/1.98= 20.2). 

 

The organization of producers would allow it to be carried out at lower costs, according to the 

yields and the size of the average PU, the production volumes by PU vary between 6 and 15 t. 

Transport with capacity of 16, 30 and 40 t was considered, the requirement of association for a unit 

of 16 t is 1 and 3 PUs and it allows a reduction of 38%, a unit of 30 t requires the integration of 2 

to 5 PUs and a reduction of 45%, finally, for the unit of 40 t, Valle de Bravo, Tejupilco and Jilotepec 

require the least grouping of PUs and it allows a reduction of 48% (Table 6). 

 
Table 6. Estimates of the IPU for the mobilization of production (IPUCM) by DDR. 

DDR 
PUaverage 

(ha) 

Yieldaverage 

2018 (t ha-1) 

Area required (ha) for different 

load capacities (LC)† 
IPUCM†† 

LC4 LC5 LC6 1 2 3 

Atlacomulco 1.98 4.57 3.5 6.56 8.75 1.76 3.31 4.41 

Coatepec H. 2.35 4.11 3.89 7.3 9.73 1.66 3.11 4.14 

Jilotepec 3.25 3.15 5.08 9.52 12.7 1.56 2.93 3.91 

Tejupilco 6.59 1.66 9.64 18.07 24.1 1.46 2.74 3.66 

Texcoco 2.04 3.19 5.02 9.4 12.54 2.46 4.61 6.15 

Toluca 1.5 3.77 4.24 7.96 10.61 2.83 5.31 7.08 

Valle de B. 4.25 3.61 4.43 8.31 11.08 1.04 1.95 2.6 

Zumpango 2.97 1.95 8.21 15.38 20.51 2.77 5.19 6.92 

Preparation with available data from SIAP (2020); INEGI (2007). †= LCi /yieldaverage by DDRi per hectare; ††= 

LCi/(yield per hectare DDRi*PUaverage by DDRi); where LC4: 16 t, LC5: 30 t: LC6: 40 t. 

 

The comprehensive IPU has the objective of grouping the smallest number of producers or 

production units to carry out the four activities jointly, in each one there is a reduction in costs from 

different load capacities, the number of producers and PUs was established based on the minimum 

area that is required to take advantage of the load unit with lower capacity (LC1), which refers to 

seed mobilization (derived from the low volume required per ha), which includes about 40 ha 

(Table 2), which was defined as the minimum area to carry out the four activities. 
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The mobilization of fertilizer for 40 ha requires a transport with a capacity of 16 t (Table 3). The 

mechanization index from which a tractor is profitable refers to 40 ha (Table 4), the mobilization 

of production from the foot of the plot to the storage and sales areas of 40 ha implies the carrying 

of 70 to 180 t according to the yield per hectare in each DDR, for which units with LC of 40 t are 

suggested. Two transport units are required in the case of Tejupilco and Zumpango, three for 

Jilotepec and Texcoco and four for the rest of the districts. 

 

Conclusions 
 

In the case of seed mobilization, the minimum area required includes between 33 to 40 ha, the ideal 

IPU would be the association between 6 (Tejupilco) and 27 PUs (Toluca), which reduces the 

carrying cost by 55%. In the case of Tejupilco, which has larger PUs, they allow groups with a 

greater number of producers, which translates into a greater reduction in costs. For the mobilization 

of fertilizer, the load unit of one tonne allows a reduction of 10% and implies the association of 

one to three producers, the unit of five tonnes reduces the cost by 27% and is recommended for the 

cases of Toluca, Texcoco and Atlacomulco due to the size of the association. 

 

The grouping of producers for the acquisition of machinery (tractor) is 40 ha, which implies a 

reduction of 10% of the cost, it should be noted that this cost represents 20% of the total production 

costs. Regarding the mobilization of production, the union of few producers allows a reduction of 

important costs (1 to 3 PUs with a reduction in cost by 38%). The comprehensive IPU that considers 

seed and fertilizer, acquisition of machinery and mobilization of production suggests the grouping 

of around 40 ha to reduce costs by 55, 38, 10 and 48%, respectively. It should be noted that the 

integration and association of larger producers allows a greater reduction in costs, but implies a 

greater organization of producers, as well as logistics to carry it out successfully. 
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