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ABSTRACT. The general structure of the service for the technical assistance in the sugar cane soil tillage 

was based on three offers directed to planning, organization, control and training: Technical attendance in 

the processes of soil tillage, Technical attendance in machinery management and Evaluation and trial of 

agricultural machines. This service is projected to reach the total area of sugar cane crop in Cuba and to 

cover up the whole of the year. The attendance in soil tillage processes was applied to deforestation, land-

leveling, fertilization and post-harvest field management, plantation and land preparation technological 

processes. For the planning of the farm works, the maintenance management and the machinery exploitation 

control, computer tools were programed. The recommendations given to the producer were technically 

based according to technological, energetic, economic and environmental approaches; taking in to account 

the results of more than 40 years of investigations of INICA and other national institutions. It was 

recommended to strengthen the material and human infrastructure of INICA and to create a methodology 

for farm processes diagnostic on the service implementation. 

Keywords: soil tillage, technical assistance, service, planning. 

RESUMEN. La estructura general del servicio para la asistencia técnica en la labranza de suelos dedicados 

a caña de azúcar se basó en tres ofertas dirigidas a la planificación, la organización, el control y la 

capacitación: Asistencia Técnica en los Procesos de Labranza de Suelo,  Asistencia  Técnica para la 

Administración de la Maquinaria Agrícola y Prueba  y Evaluación de Máquinas Agrícolas, con un alcance 

que abarcó el área cañera y un tiempo que enmarcó todo el año vinculado al productor. La asistencia en los 

procesos de labranza se aplicó a la deforestación, la nivelación, la preparación de suelo, la plantación y la 

fertilización y cultivo post-cosecha. Para la planificación de las labores de labranza, la gestión del 

mantenimiento y el control de la explotación se emplearon soportes computacionales. Las recomendaciones 

dadas al productor se fundamentaron técnicamente según criterios tecnológicos, energéticos, económicos y 

ambientales; teniendo en cuenta los resultados de más de 40 años de investigaciones del INICA y de otras 

instituciones nacionales. Se recomendó fortalecer la infraestructura material y humana del INICA y crear 

una metodología de diagnóstico de los procesos de labranza para la implementación del servicio. 
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INTRODUCTION 

Agricultural mechanization is considered one of the principal causes of soil damage when 

inadequate agricultural techniques are applied. Compactness and the creation of favorable 

conditions that reduce organic matter and cause erosion are among the principal causes of soil 

deterioration (Primavesi, 1998; Cuellar et al., 2003). 

Several sugar cane agricultural processes have high incidence on the environment: 

deforestation, fertilization and post-harvest cultivation, land leveling and soil preparation. The use 

of sustainable measures includes the preservation of natural resources, environmental improvement 

and energetic and economic efficiency (Zaénz, 2008; Rodríguez et al., 2010; Valdés, 2010; Chuck 

et al., 2011).   

The energetic and economic efficiency in mechanized operation can be achieved taking into 

account procedures that go from the selection of the technological alternative in function of the 

specific characteristic of the area to be cultivated, going through the selection of appropriate 

operational variants and ending with the selection of the right combination of tractor and 

implement. The selection of a technological alternative and its operation particularly, requires 

considering some aspects like soil limiting factors, available resources, field conditions and 

environmental interests. Because of that it can be said that the correct application of an alternative 

achieves results that stablish new paradigms and eliminates old dogma of sugar cane farmers. 

In Cuban sugar cane sector, some problems related to soil cultivation have been identified 

(Betancourt et al., 2015): inadequate application of soil preparation technologies, acquisition of 

means that are not in correspondence with the needs of sugar cane growers, intensive and 

generalized use of conventional means, not all plowed areas are planted, with great economic 

wastages; no application of operation or means aimed to find solution to limiting factors such as 

subsolation, land leveling and contour plantation; high obsolescence aging of machinery, lack of 

multipurpose machines and the existence of multiple trades and models to carry out the same work; 

insufficient implements to guarantee a right tractor and implement relationship, lack of a 

maintenance management system in correspondence with the technological changes and the need 

of implementing a more effective and sustainable quality control. 

The current situation demanded the emergence of a technical attendance service that offers 

integrative solutions to the problems identified in Cuban sugar cane sector. To show the conception 

of that service constitutes the objective of this paperwork. 

Procedures Description 

The conception of the soil tillage service involved procedures like planning, organization, 

control and training of all operations related to the field, which were supported by offerings to the 

growers and toward the farm processes that are not included in the current services of INICA.   

The objectives and scope of the services introduced by INICA [Service for Recommendation of 

Fertilizers and Amendments (SERFE), Service for Weed Integral Control (SERCIM), Service for 

Recommendation of Varieties and Seeds of Sugar Cane (SERVAS), and Service for Plant 

Protection (Fitosanitarian control) (SEFIT) (Franco et al., 2014) were the bases to establish the 

working structure of this service. 

An informatics system was used in the planning for the recommendation of the technological 

chart for minimum unit of management, proposed by Betancourt et al. (2017). The input and output 

variables by technological processes are shown in Table 1.  
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TABLE 1. Input and Output Variables Considered by Technological Process 

Process Input Variable Output \Variable 

Deforestation 

Area/Plot number/Type of vegetation/ Date of 

start the operation/Machinery availability/ 

Effective days/ operation 

 indexes 

 Technological charts. 

 Deficit or excess of 

machinery (tractor and 

implement). 

 Technical capacity to 

solve the works 

planning.   

 Monthly and annual 

distribution of 

agricultural works.   

 Monthly and annual use 

of machinery.    

 Demand of stuck for 

machinery (fuel, 

lubricant, grease, among 

other).    

 Demand of herbicides 

for conditioning and 

preservation of areas.    

 

 

Land leveling 
Area/Plot number/Land conditions/ Date of 

start the operation/Machinery 

availability/Effective days/ operation indexes. 

Soil 

preparation 

Area/Plot number/Soil limiting factors/Soil 

texture/Land conditions/Requirement of 

surface smooth/Change of furrow 

direction/Weed presence/Plantation 

seasons/Date of start the operation/Machinery 

availability/ Effective days/ operation indexes. 

Plantation 

Area/Plot number/Soil limiting 

factors/Irrigation/ Availability of workers for 

manual work/ Date of start the 

operation/Machinery availability/ Effective 

days/operation indexes. 

Fertilization 

and post-

harvest 

cultivation  

Area/Plot number/Soil limiting factors/Type of 

harvest/ type of stool/ Percent of stool in the 

block/Agricultural yield (t/ha)/ Date of start 

the operation/Machinery availability/ Effective 

days/operation indexes. 

All aspects related to the norms and dosage of the fertilizer to correspond to the SERFE service 

and the mechanical weed control to belong to the SERCIM service are excluded in the 

recommendations.  

The results of soil tillage investigations of INICA and other institutions were considered to 

define the variants conformation in every technological process, which served as base to offer 

recommendations technically based according to technologic, energetic, economic and 

environmental approaches (Gómez et al., 1997; Santana et al., 1999; IIMA, 2000; INICA, 2009, 

2017; Gutiérrez et al., 2013). 

The environmental sustainability principles settled down in the recommendations adhered to the 

following premises (Betancourt, 2013): eradicate the practice of vegetable residuals burning, 

conceiving operations like weed mow, application of herbicides and mulch; to minimize the use of 

the traditional means of land preparation such as discs plows and harrows, to implement alternative 

that achieve the biggest percentage of covered area by vegetable residuals (superiors to 30%), with 

the indispensable soil motion; to foment the contour soil preparation and plantation in those areas 

that require that manage and to  recommend practice that facilitate the water management and 

achieve an adequate ruggedness in the soil surface. 

http://revistas.unah.edu.cu/
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The maintenance management and the operation control of machinery were conceived digitally 

by means of CPlus1 software, with a module spatialized in this field. The input and output variables 

are presented in the Figure 1. 

On the other hand, the renovation of the tillage machines is indispensable nowadays and it 

constitutes a key axis for the economic sustainability of AZCUBA Sugar Group. The acquisition 

of new and modern equipment requires of the validation under the Cuban conditions, that is why, 

one of the offers of the service must be specialized in that work line. 

 

Offering appropriate recommendations to the current conditions of the country was the general 

premise settled down in the service projection, and subsequently, from the based and strategy 

created, to propose and to implement advanced technologies in Cuban sugar cane industry. 

RESULTS AND DISCUSSION 

The solution of the current problems in the field of soil tillage with an integrative focus from 

the agricultural engineering with characteristic, reach and outputs aimed at the different levels of 

the growing condition, with an appropriate flexibility that is adjusted to the prevailing situation and 

the immediate and future projection of the machinery, focus to organize the service in three offers 

(Figures 2) with a general structure of operation like it is shown in Figure 3. 

In the soil tillage decisions is of vital importance to stablish an appropriate linking between 

INICA institution and AZCUBA group to ensure that the recommendations are implemented 

according to the charts planned, because this service puts to the disposition of the sugary group, 

systems for planning, organization, control and training; all important constituents to make better 

decisions and to achieve an opportune and efficient work with quality. 

 

 
 

 

 

                                                            
1 Cplus is a web platform mainly design to manage some of the necessary process for the harvest development, allowing 

the evaluation of all sugar quality parameters, sources balance and other economic indicators of AZCUBA Sugar 

Group and its dependence.  
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 Equipment stock (Codification).   

 Working hours or traveled 

kilometers.   

 Production done daily (ha or t).   

 Fuel consumption (L/h, L/km, 

L/ha, L/t).  

 Breaking and stopping of 

equipment  

 Lubricant consumption by 

refilled (Engine, Hydraulic or 

transmission). 
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 Alerts of the maintenances type and date 

of achievement.   

 Control of the stock.   

 Chart of maintenances operations.   

 Requirements of goods for maintenance.   

 Volume of operation carried out.   

 Parameters of diagnostic of the 

equipment.   

 Correction of operation indexes and 

goods.   

 Records of equipment brake. 

 Records of costs. 

FIGURE 1. Input and output variables considered in the administration of maintenance and the 

operation control. 
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FIGURE 2. Offers of the soil tillage service. 

 

FIGURE 3. Working general structure of the soil tillage service. 

INICA by means of LabraS Group present in each province and taking in to account the 

computer interfaces created, carries out the technical assistance in the three offers of the service in 

a general way. 

It is responsibility of Azcuba to ensure the goods planned appropriately, and by means of the 

Provincial Companies and the Company Units of Base to guarantee the demanded equipment and 

with proper technical state; as well as, to carry out technical supervisions at the different levels. 

http://revistas.unah.edu.cu/
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The companies and the Production Units gives the information to archives of planification and the 

current state on the operation. 

The aspects contained in the three offers of the technical assistance are detailed as follow: 

Technical Attendance in the Soil Tillage Processes offer contains the aspects linked to the 

planning of tillage, its operation structure is presented in Figure 4. INICA, by means of LabraS 

Group in the provincial, and being aided of the planning interface, receives the input information 

by process. Once the information is processed automatically, the obtained reports are conciliated 

with the growers. After that, informs are prepared and send to the different levels. Informs delivery 

goes accompanied by a training program in function of the grower’s needs and previous 

reconciliation with the Cane and Mechanization Office Chief of AZCUBA. The procedures for the 

demands of inputs, equipment and technical supervisions, stay similar to that described in the 

general structure. It is important to highlight the preponderant paper of the Grower Cooperatives 

in the quality control during the achievement of the soil tillage recommendation because the 

operations will come from specialized brigade where the equipment do not belonged to them.  

 

 

FIGURE 4. Working Chart of the Technical Assistance in the Soil Tillage Processes. 

 

http://revistas.unah.edu.cu/
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This offer has permanent character, therefore, it assists annually to the grower, with a reach that 

embraces all the sugar cane companies of the country. 

In Figures 5, 6 and 7, examples of recommendations in the technological process of land 

preparation for UEB Hector Rodriguez, in Villa Clara province, are shown. They are the 

technological chart, the balance of tractor and the demand of herbicides required for preservation 

and conditioning of the area, in that order.  

 

 

FIGURE 5. Inform with the land preparation chart per plot. 

 

FIGURE 6. Tractor demands per process. 

 

http://revistas.unah.edu.cu/
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FIGURE 7. Demand of herbicide for soil preparation process. 

In the recommendation of the technological charts, the information could be obtain 

independently for technological process if it is desired, and the date to start the operation, the tractor 

and implements to use according to the machinery stock and their availability, the norm for a day 

(ha hornada-1), the fuel consumption (L) and the cost (pesos) according to the dimension of the area 

are presented 

The balance of tractor is also carried out general or particular according to the technological 

process. The data for the analysis come from the recommended chart, the information is also shown 

general for the trade brand and/or model of equipment. 

In the demand of herbicides for soil preparation the type, dose and total quantity of herbicide 

for plot are defined, either for conditioning the surface or for the preservation of the areas prepared. 

The organization and control systems of soil tillage recommendations are found in Technical 

Assistance for the Agricultural Machinery Management offer. This is the support that ensures the 

achievement of the recommendations planned in the first offer. It defines the administration of the 

maintenance and repairs, technicians, organizational and economical systems and those of training 

and required control (Figure 8). It could has a temporary or permanent character in dependence of 

the applied system, because it assists the grower in actions that define work strategies with a reach 

that embraces equally to all the production units, workshops, soil tillage platoons and other systems 

of production. The base instances in this system, by means of the net way of communications, 

inform the current state of the works carried out. 

The main function and objectives of this system are:   

The system of maintenance and repairs administration is in charge of implementing strategies 

and advance technologies to code and to evaluate the technical state of the existent equipment; to 

elevate the efficiency and quality of the works done in tillage, to perform the work system in the 

workshop and to implement a program of lubrication that contains the selection, acquisition and 

managing that product, besides the improvement of the lubrication and maintenances guides. 

 

 

http://revistas.unah.edu.cu/


 Revista Ciencias Técnicas Agropecuarias, Vol. 27, No. 2, 2018, E-ISSN: 2071-0054, http://revistas.unah.edu.cu 

                                                                                                                                                                   9 

 

FIGURE 8. Working diagram to the technical assistance of machinery management. 

The organizational and economic system defines the soil tillage equipment with immediate and 

future projection, the structure of the tillage set of equipment, the displacement strategy and of 

economic administration to assure the sustainability of the system (amortization, planning and 

analysis of expenses, cost records, renovation of equipment, among other). 

The training and control system is in charge of establishing the means and methods for the 

control of the goods, of the tillage work quality, of the repairs and maintenances and the operation 

of the equipment. The last one in particular, allows adjusting the operation and economic indexes 

(work norms, fuel consumption and cost), that will serve to upgrade the indexes used in LabraS 

software of planning (feedback). This system will be accompanied by a training program at all 

levels that responds to the necessities identified in the control. 

http://revistas.unah.edu.cu/
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In Figures 9 and 10, two reports made through CPlus software are shown, the maintenance 

control executed (Figure 9) and the equipment breaking control (Figure 10). In the former, the 

equipment, the executer, the type of maintenance, the waste and the date are shown. All that 

parameters ensure an adequate control of that process. In the last one, the date when the breaking 

happened and the period to solve the problem.  

 

FIGURE 9. Maintenance control report. 

 

FIGURE 10. Breaking control report. 

http://revistas.unah.edu.cu/
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All the aspects related to the evaluation, modification and test of machinery is included in the 

third offer. The structure and operation is less complex than the previous ones (Figure 11). It is 

carried out according to the client's application, independently of the level in which it is the 

demanded, either in base (Sugar Companies and Units of Production) or central level (Sugar Group 

AZCUBA). 

The modification of machine is carried out according to the test results and the demand of the 

grower, and it is developed until the machine reaches suitable results for Cuban conditions. In that 

process, it is important to agree works and results with the Agricultural Engineering Research 

Institute (IAgric), because it is the rector center of this activity in the country. 

The objectives of this offer are summarized in testing, evaluating and modifying agricultural 

machines of soil tillage and other destined to the sugar cane cultivation in general. 

The appropriate operation of the service requires of the qualified personnel, computer and 

communications equipment, training, equipment of mensuration and transport. The current 

situation of INICA demands of a strengthening of the personnel specialized in agricultural 

engineering and of the material infrastructure, particularly in the transport and computation means 

that assure a full operation of the service.  Also, it is important to create a diagnostic methodology 

before implementing the service to identify, in the last three to five years, the situation of tillage 

processes in general (technical, organizational, economic, energetic and environmental); what will 

allow determining the resulting impact of their implementation with more facility and precision. 

 

FIGURE 11. Working diagram of machinery test, evaluation and modification offers. 

CONCLUSIONS 

 The conception of the service is defined in three offers: technical assistance in the soil tillage 

processes, technical assistance for the agricultural machinery management and test, evaluation 

and modification of machines. It was   aimed to deforestation, land leveling, soil preparation, 

plantation, fertilization and post-harvest cultivation processes. It comprises all sugar cane area 

in general and the whole year. It was designed with two computer platforms for planning works, 

maintenance administration and operation control of machinery. 

 To strengthen the material and human infrastructure of INICA and to create a methodology to 

diagnose the soil tillage processes before the service implementation. 
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