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Abstract 

 

Agricultural research outputs are useless until they are picked up by end users, adapted and or utilised for solving 

social, economic and environmental problems thus bringing about sustainable development. This study assessed the 

effects of linkages on roles of stakeholders in cassava research output uptake in Oyo State, Nigeria. It specifically 

described the cassava stakeholdersô characteristics, identified the roles performed by stakeholders in relation to the 

linkages used for networking in the cassava research output uptake process in Oyo State, Nigeria. Multistage 

sampling procedure was employed to select respondents. Stakeholders were purposively selected along cassava 

value chain. Only 40 percent of the stakeholders were proportionately selected based on numerical strength in the 

State. They include research scientists, agricultural extension agents, agricultural input suppliers, cassava farmers, 

cassava produce processors, cassava produce marketers and three policy makers/legislators.. Data were collected 

using questionnaire. Data were analyzed with appropriate descriptive and inferential statistics. The results show 

that the mean age of all the stakeholders along the cassava value chain was 50.04Ñ5.07 years and mean years of 

experience was 16.76Ñ6.91years. All the cassava stakeholders had at least 50 percent of their expected roles 

performed above their grand mean score. All the cassava stakeholders make use of agricultural shows/exhibitions 

and informal contact as major linkages to facilitate uptake of cassava research outputs. In conclusion, there exists a 

positive and significant effect and relationship between the role performance of stakeholders and the linkages used 

to transfer the cassava research output (r=0.755).  

 

Key words: role performance, stakeholders, research output uptake and linkages  

 

INTRODUCTION   
 

Cassava (Manihot esculentus Crantz) is a 

tropical crop widely grown in Nigeria because 

of its tropical climate that favours its growth. 

Nigeria is the highest world producer of 

cassava, but hardly features in the cassava 

world trade market [13]. This is because 

cassava produce mostly takes care of the 

domestic consumption and high percentage is 

lost to post harvest handling and lack of 

industrial processing. It is one of the major 

staple foods after cereals and second to yam 

(Dioscorea species) in the root and tuber 

family. It has many varieties and cassava 

produce are used for different purposes such 

as food when processed to different recipes 

like flour, fufu, gari, tapioca and starch; 

industrial uses as raw material for production 

of  flour, starch, biofuel, biogas, ethanol, 

syrups and pesticides; while it also serve as 

feeds for livestock [13]. Cassava research and 

development has come a long way to make 

cassava production, processing and utilisation 

an easy process for sustainable social,   

economic and environmental development of 

people of Nigeria.  However, it seems the 

links between the stakeholders involved in 

dissemination of cassava technologies which 

are products of cassava research are weak and 

sometimes inactive. That is why cassava 

research output process is still laced with lack 

of information in relation to stakeholdersô 

roles in enhancing the contribution of cassava 

to Gross domestic Product (GDP) in Nigeria 

[7]. 

Agricultural research output uptake is the 

process whereby agricultural research 

findings enter the domains of intended and 

unintended audience [8]. This raises question 

of what the focus on agricultural research and 

development should now be on how to create 

social and economic value from technologies 

generated by researchers. This system needed 

mailto:bayoadekunle40@yahoo.com
mailto:akinloyefarinde@yahoo.com
mailto:bayoadekunle40@yahoo.com
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to create better partnerships with other 

researchers, knowledge brokers, innovation 

networks, and clients in all stages of Research 

and Development (R&D) especially along 

cassava value chain process, from research 

prioritization and planning to implementation, 

monitoring and evaluation. This new 

perspective has implications for capacity 

building for research; for measuring 

performance, outputs, and impacts; and for 

looking at incentive systems to promote 

interactions and innovativeness among 

cassava stakeholders [8]. 

Strengthening the linkages and interaction 

between Agricultural Research and 

Development (ARD) actors has been 

considered as key to improved efficiency and 

effectiveness of ARD efforts aimed at raising 

the level of economic performance of rural 

economy through increased productivity [5]. 

The technology generation should take into 

consideration among other things 

opportunities and constraints associated with 

input and output markets and the enabling 

policy environment. This calls for a paradigm 

shift in the ARD approaches that are supply 

driven to more demand driven Innovation 

Systems Approach (ISA) [6]. 

 

MATERIALS AND METHODS  

 

Conceptual frameworks 

The concept of Systems Approach was used 

to examine the internal linkages, i.e. 

interactions between the stakeholders in 

cassava value chain process as components of 

the system as well as those between the 

system and the external environment. It 

provides an integrated view of the behaviour 

of the system and is useful in the formulation 

of policies. A first step in any Systems 

analysis is the identification of the major 

stakeholders or actors that interact with each 

other in value chain process. Another step 

involves the identification and analysis of the 

role players or stakeholders and their roles in 

the development of the Nigerian cassava 

sector [7]. [6], [14] 

Statement of the problem 
One of the most deliberating problems of 

research and policy in agricultural extension 

in Nigeria is the rate at which available 

research outputs are lost. There is a lag of 

discovery of innovations and their effective 

utilization in the field [14]. Although, 

provision is made for agricultural input 

suppliers to participate in Nigeriaôs researchï

extension-farmer-input supply linkages 

system (REFILS), the levels of participation 

of these stakeholders have been very weak 

especially in cassava value chain [12]. The 

identification of annual research needs is done 

through a joint problem diagnostic survey in 

each state by staff of national research 

institutes, universities and State ADPs. 

Although State ADP officers and national 

researchers participate in discussing the 

research problems at regional level, national 

officers assume power in finalizing decisions 

on research themes (without farmersô 

representation). Most decisions on the 

direction of linkage activities are taken at 

national level, and research and extension 

organizations in Nigeria are unequal in status 

[12]. 

In spite of the laudable achievement of 

organization of Research-Extension-Farmer-

Input supply Linkages System (REFILS), the 

implementation activities of REFILS are 

characterized with various problems and 

challenges. The problems and challenges are 

as a result of non-defined expected and actual 

roles of stakeholders in research output uptake 

process in relation to cassava research and 

development in Nigeria.  Some empirical 

studies though examined approaches for 

setting up multi-stakeholders platform for 

Agricultural Research and Development [2], 

successes and challenges of cassava 

enterprises in West Africa [13], cassava food 

commodity market and trade network in 

Nigeria [3], cassava value chain analysis in 

Nigeria [9] and Research-Extension-Farmers-

Input linkages system in Agricultural 

extension [4], there is no known  study focus 

on effect of linkages and network on role 

performance of these stakeholders on cassava 

research output uptake in Nigeria.  

The study aim to providing answers to the 

following questions among many others: what 

are the characteristics of the stakeholders in 

cassava research output uptake in Oyo State? 
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What are the expected and actual roles 

performed by stakeholders in cassava research 

output uptake in Oyo State? What are the 

various linkages employed by stakeholders for 

networking in the cassava research output 

uptake process in Oyo State? What is the 

effect of linkages and networking on role 

performance of stakeholders in cassava 

research output uptake process in Oyo State? 

Objectives of the study 

i) describe the stakeholdersô characteristics in  

the cassava research output uptake process in  

the study area. 

ii) identify the expected and actual roles  

performed by stakeholders in relation to the 

cassava research output uptake.  

iii) identify and describe the linkages and 

existing networking among the stakeholders 

in the cassava research output uptake  

iv) determine the effect of linkages and 

networking on the performance of roles by 

stakeholders in the cassava research output 

uptake process in Oyo state. 

Hypotheses of the study 

Ho1: There is no significant relationship 

between the characteristics of stakeholders 

and corresponding roles performed in the 

cassava research output uptake process in Oyo 

State. 

Ho2: There is no significant relationship 

between the linkages used and role performed 

by the stakeholders towards cassava research 

output uptake. 

Significance of the study 

This study provided relevant information on 

the established effect of linkages for 

networking that might directly enhance 

information dissemination among cassava 

stakeholders in agricultural research uptake 

system, so as to boost agricultural 

productivity in enhancing level and standard 

of living of cassava farmers in the study area. 

Methodology 
The design for the study is descriptive 

correlational design which enabled the 

researcher to describe the relationships 

between stakeholdersô characteristics, 

linkages and role performed within the 

cassava research output uptake process in Oyo 

State. Respondents for the cross-sectional 

survey were purposively selected from 

categories of stakeholders along cassava value 

chain. This includes cassava farmers, 

agricultural research scientists on cassava, 

agricultural extension agents, cassava produce 

processors, cassava produce marketers and 

agricultural inputs suppliers and policy 

makers in Oyo State based on high 

concentration of these stakeholders in the 

State.  

Multistage sampling technique was employed 

in proportionate selection of 40 percent of the 

various stakeholders along the cassava value 

chains.  This amounts to 20 research scientists 

(RS) from International Institute of Tropical 

Agriculture (IITA), Ibadan; Institute of 

Agricultural Research and Training (IAR&T), 

Ibadan; and University of Ibadan, Ibadan; 44 

agricultural extension agents (AEA) and 100 

cassava farmers (CF) across the ADP zones in 

Oyo State. Others are 26 registered 

agricultural input suppliers (AIS), 40 cassava 

produce processors (CPP) across the State, 

100 cassava produce marketers (CPM) at 

various locations across the ADP zones in the 

State, Two staff in the State Ministry of 

Agriculture and one legislator from 

Committee on Agriculture in the State House 

of Assembly totalling 325 respondents. 

Research instruments and data collection 

Primary data were collected using a 

combination of quantitative and qualitative 

methods. Questionnaires were used to obtain 

quantitative data from the research scientists, 

agricultural extension agents and agricultural 

input suppliers. Likewise interview schedule 

was used for the cassava produce processors, 

cassava produce marketers and cassava 

farmers in the selected institutions and farm 

locations in the State. The secondary data and 

other information were obtained from the 

records available at the Federal and State 

Ministry of Agriculture, Research Institutes 

centres, Agricultural Institutions of learning, 

Journal and Past theses related to the study.    

Role Performance:  The perceived role was 

measured using the 5-point likert-type scale 

for 15 opinion statements to generate the 

scores for the dependent variable. The 5-point 

likert-type scales are: Strongly Agree (5 

points), Agree (4 points), Undecided (3 

Points), Disagree (2points) and Strongly 
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Disagree (1point) for each category of 

stakeholder considered,  

Linkages: Level of the linkage by the 

respondents was based on the frequency of 

their linkages with other stakeholders in the 

last five years. This was measured at ordinal 

level and scored as Never (0 point), Rarely 

(1point), Usually (2points), and Always 

(3points). 

Descriptive statistical techniques such as 

frequency, percentages, mean, weighted mean 

scores and standard deviation were used to 

describe the data collected. The relationships 

between the dependent variable (roles 

performed by stakeholders and independent 

variables (major variables: effect of linkages 

and networking) were determined by the use 

of inferential statistics such as correlation and 

regression analyses. 

 

RESULTS AND DISCUSSIONS 

 

Personal and socio-economic 

characteristics of stakeholders 

Age: Result in Table 1 shows that the mean 

age of the research scientists was 44.9Ñ5.36. 

Agricultural extension agentsô mean age was 

46.19Ñ5.55. Cassava farmersô mean age was 

54.42Ñ7.37. Agricultural input suppliersô 

mean age was 54.08Ñ5.59. Cassava produce 

processorsô mean age was 50.10Ñ6.98. While, 

cassava produce marketersô mean age was 

50.5Ñ6.57. The mean age range of 

stakeholders was 44-54 years. This implies 

that majority of the respondents were at their 

productive age, agile and have high tendency 

for transforming the cassava research output 

effectively. Age is one of the factors that 

could be used to measure peopleôs level of 

maturity, strength and ability to accomplish 

tasks [1].  

Sex: Result in Table 1shows that majority 

(70%) of the research scientists were male and 

majority (91.7%) of the agricultural extension 

agents were male. Also, majority (96.2%) of 

the agricultural input suppliers were male and 

majority (93%) of the cassava farmers were 

male. But majority (57.5%) of the cassava 

produce processors were female and majority 

(81%) of the cassava produce marketers also 

were female. This implies that processing and 

marketing of cassava were been perceived as 

female jobs as nearly all activities involved 

were female dominated. Other stakeholders 

along the chain process were male dominated 

with respect to the activities involved in each 

category of stakeholder. This may foster 

effective uptake of research output in cassava. 

Experience: Result in Table 1 shows that the 

mean year of experience by research scientists 

was 10.35Ñ6.22 and the mean year of 

experience for agricultural extension agents 

was 13.67Ñ5.29. Moreover, the mean year of 

experience of agricultural input suppliers was 

20.77Ñ6.30 and the mean years of farming 

experience was 25.54Ñ8.82 while the mean 

year of processing experience was 16.40Ñ6.76 

and the mean year of marketing experience 

was 13.71Ñ8.07. The mean range of 

stakeholders based on their years of 

experience in their field category was 10-26 

years. This implies that all the stakeholders 

had more than 10 years of experience in their 

field of work which promotes effective 

performance and enhances uptake of research 

output on cassava. The wider experience a 

stakeholder has, the more opportunities of 

effective link with other stakeholders to 

address areas of concern on cassava research 

output and its uptake [1]. 

Level of Education: All of the research 

scientists had minimum of first degree in their 

field of discipline with 90% had postgraduate 

degree. All of the agricultural extension 

agents had minimum of first degree in their 

field of discipline. Over 50 percent of the 

agricultural input suppliers had minimum of 

first degree in the related field of discipline. 

Over 90 percent of cassava farmers had 

minimum primary school certificate. Above 

90 percent of the cassava produce processors 

had minimum of secondary school education. 

80 percent of the cassava produce marketers 

had minimum of secondary school education. 

The implication of these results is that 

research scientists, agricultural extension 

agents considered that their job towards 

effective transfer of research output highly 

required advanced education especially in 

their field of specialization for effective 

transmission of knowledge on subject matter. 

Meanwhile cassava processors, farmers and 
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cassava marketers feels that their job and 

activities along the chain process does not 

required more advanced education rather than 

skill acquisition on subject matter for them to 

perform effectively in the uptake process of 

the research output and put it into practical 

utilization. Education gives them opportunity 

of effective interaction and dissemination of 

those cassava research output effectively 

among stakeholders as in support with [1]. 

Income level: The mean annual income of 

agricultural input suppliers was 

1.192,300Ñ368122, the mean annual income 

realised by cassava processors was 307, 

500Ñ119,420 and the mean annual income 

realized by cassava produce marketers was 

999,500Ñ466,812. The results implies that 

agricultural input suppliers, cassava 

processors, farmers and cassava marketers all  

operating under small and medium scale 

enterprises.  

There is a need for adequate link of these 

stakeholders with financial bodies either 

private or government established one to be in 

partnership towards boosting their 

productivity through regular loan or bond 

with moratorium at minimum interest rate. 

Group parti cipation: All the respondents in 

each category of stakeholders along the 

cassava chain process were involved in active 

participation in their group or organizations 

which are basically their professional and 

vocational associations. This foster linkages 

and encourages networking among other 

groups either for advice or other assistance 

that could promote their productivity. 
 

Table 1. Distribution of stakeholders according to their characteristics 
Stakeholders R.S AEA  AIS CSF CPP CPM 

Variables fre % fre %  freq    % fre % freq         % freq % 

Age             

31-40 5 25 8 22.2 7 26.3 2 2 5 12.5 8 8 

41-50 13 85 20 55.6 15 57.7 34 34 17 42.5 44 44 

51-60 2 10 8 22.2 4 15.4 47 47 15 37.5 45 45 

Above 60       17 17 3 7.5 3 3 

Mean 44.9   44.2  54.08 54.4  50.1  50.57  

Sex             

Male 14 70 33 91.7 25 96.2 93 93 17 42.5 19 19 

Female 6 30 3 8.3 1 3.6 7 7 23 57.5 81 81 

Educational level             

Primary education       28 28 3 7.5 13 13 

Ordinary level     3 11.5 41 41 24 60 52 52 

NCE/OND     6 23.1 22 22 5 12.5 22 22 

HND/Bachelor 2 10 30 83.3 13 50 9 9 8 20.0 13 13 

Postgraduate 18 90 6 16.7 4 15.4       

Years of service             

1-10 12 60 11 30.6   3 3 7 17.5 31 31 

11-20 7 35 22 61.1 15 57.7 36 36 26 65 61 61 

21-30 1 5 3 8.3 9 34.6 45 45 6 15 7 7 

31-40     2 7.7 12 12 1 2.5 1 1 

Above 40       4 4     

Mean 10.4   13.7  20.77 25.5  16.5  13.71  

Professional 

membership 

            

Ordinary  11 55 24 66.7 5 19.2 17 17 24 60 68 68 

Committee  2 10 10 27.8 14 53.8 47 47 5 12.5 13 13 

Executive  7 35 2 5.5 7 26.9 38 38 11 27.5 9 9 

Income generated ( )             

1,000-500,000     10 38.5 35 35 15 37.5 25 25 

500,001-1,000,000     3 11.5 32 32 8 20.0 37 37 

1,000,001-1,500,000     8 30.8 23 23 7 17.5 26 26 

1,500,001-2,000,000     3 11.5 8 8 6 15.0 10 10 

Above 2,000,000     2 7.7 2 2 4 10.0 2 2 

Mean     492300  392100   307500  999500 

Source: Field survey, 2016 

 

Performed roles of stakeholders towards 

cassava research output uptake 

Research scientists: Result in Table 2 shows 

that capacity building on monitoring and 

evaluation, experimentation and empirical 

study on cassava value chain were mostly 
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rated roles always performed by research 

scientists towards uptake of cassava research 

output. The result further shows that about 50 

percent of the stated roles that were performed 

above role grand mean score. Though 

facilitating cassava innovation platform and 

interaction survey on cassava value chain 

were rarely performed by research scientists 

in relation to uptake of cassava research 

output uptake.  

Agricultural extension agents: Result in 

Table 2 shows that advisory role on cassava 

technology, dissemination of practical 

information and training of new technology 

on cassava and its products were among the 

roles rated very high as always performed by 

agricultural extension agents towards uptake 

of cassava research output. While facilitating 

memorandum of understanding within 

stakeholders and platform facilitating were 

among the roles rarely performed by 

agricultural extension agents in relation to 

uptake of cassava research output. These 

indicated that above 60 percent of the stated 

roles were performed above the roles grand 

mean score.  

Agricultural input suppliers:  Result in 

Table 2 shows that delivering and distribution 

of farm inputs for new technology on cassava 

and its products were among the roles rated 

very high as always performed by 

Agricultural input suppliers towards uptake of 

cassava research output. Facilitating cassava 

innovation platform and facilitating 

memorandum of understanding (MoU) among 

the stakeholders on cassava value chain were 

roles rated as poorly and rarely performed by 

agricultural input suppliers in relation to 

uptake of cassava research output. There were 

60 percent of the stated roles that were 

performed above the roles grand mean score.  

Cassava farmers: Result in Table 2 shows 

that training of other farmers and providing 

information on new technology on cassava 

were among the roles rated very high and 

always performed by cassava farmers towards 

uptake of cassava research output. There were 

about 70 percent of stated roles that were 

performed above the role grand mean score. 

Facilitating cassava innovation platform and 

facilitating memorandum of understanding 

among stakeholders on cassava value chain 

were among the roles rated as poorly and 

rarely performed by cassava farmers in 

relation to uptake of cassava research output. 

Cassava produce processors: Result in 

Table 2 shows that brainstorming on 

knowledge of cassava and exploring market 

linkages were among the roles rated higher 

and always performed by cassava produce 

processors towards uptake of cassava research 

output. Facilitating cassava innovation 

platform and its operation on cassava value 

chain were the roles rated as poorly performed 

by cassava produce processors in relation to 

uptake of cassava research output. This 

indicated that above 60 percent of these roles  

were performed favourably above role grand 

mean score.  

Cassava produce marketers: Result in Table 

2 shows that provision of information on 

strategic market linkages on new products 

from new cassava technology and proactive 

networking stakeholders on cassava and its 

products were among the roles rated very high 

and always performed by cassava produce 

marketers towards uptake of cassava research 

output. Facilitating cassava innovation 

platform and facilitating memorandum of 

understanding (MoU) on cassava value chain 

were the roles rated as poorly and rarely 

performed by cassava produce marketers in 

relation to uptake of cassava research output. 

There were almost 70 percent of the stated 

roles that were performed above role grand 

mean score.  

The findings reveal that the two most 

important interactive activities of stakeholders 

were poorly or rarely done. The implication is 

that more attention is needed to facilitate 

innovation platform on cassava and 

memorandum of understanding among 

stakeholders on cassava. This can be a private 

sector led cassava marketing association to 

improve the marketing and data 

dissemination. This sectors is essential for 

developing the domestic market, improve 

market access, market channels and 

information on available products [10]. 
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Table 2. Distribution of stakeholders by their performed roles toward cassava research output uptake 

Performed roles      RS  

mean 

    AEA 

    Mean 

AIS  

Mean 

   CF                            

mean 

       CPP  

      Mean 

CPM 

mean 

Information dissemination 1.70         2.54 2.27 2.24.         1.98 2.25 

Training of stakeholders 1.70         2.42 2.38 2.22         1.98 1.58 

Experimentation on cassava 2.10         1.72 1.42 2.05         1.73 1.64 

Identify felt need of stakeholder 1.65         2.47 1.97 2.33         2.08 2.14 

Marketing system linkage 1.55         1.94 2.04 2.17         1.77 2.21 

Brainstorming on knowledge of cassava and 

its value chain 

1.80         2.47 1.88 2.56         2.23 1.43 

Proactive networking of stakeholders 1.55          2.86 1.50 2.21         1.95 2.22 

Capacity building on M&E 2.70         2.33 1.65 2.55         2.00 2.11 

Facilitating MoU 1.35         1.39 1.31 1.68         1.55 1.43 

Building awareness from the local level 1.45         2.39 2.08 2.33         2.13 2.06 

Sourcing for input on cassava 1.35         2.36 2.42 2.37         2.10 2.06 

Commercializing supply of inputs/outputs 1.50         2.25 2.42 2.13         2.18 2.10 

Innovation platform facilitation & 

operationalization 

1.30         1.97 1.19 1.82         1.68 2.17 

Advocacy for linkage 1.75         2.61 1.98 1.77         2.25 1.57 

Liaison for foreign expert on cassava 1.70         1.44 1.42 2.19         2.00 2.14 

Grand mean score                      1.60         2.12 1.86      2.13        1.98 1.92 

Source: Field survey, 2016  

 

Linkages used by stakeholders to facilitate 

cassava research output uptake 

Result in Table 3 shows that agricultural 

shows/exhibition and linkage to input/output 

markets were among highly rated linkages 

used by farmers, cassava produce processors, 

agricultural input suppliers and cassava 

produce marketers. Meanwhile, collaboration 

with other organization/ project coupled with 

technical report, meeting with stakeholders 

and agricultural shows/exhibition were among 

highly rated as always used linkages by 

research scientists and agricultural extension 

agents to facilitate the uptake of cassava 

research output. This implies that proper and 

adequate organizing of agricultural shows/ 

exhibition would facilitate effective uptake of 

research output among the stakeholders. 

Result in Table 3 was further revealed that use 

of internet and joint journal publications were 

rarely used by all the stakeholders as a means 

of linkage to facilitate the uptake of cassava 

research outputs in the study area. This might 

be as a result of poor facility of the internet 

and low literacy level of majority of 

stakeholders in accessing joint journal 

publication as a regular means of linkage to 

facilitate cassava research output uptake in the 

area. 

Effect of linkages and networking among 

the cassava stakeholders 

Figure 1 below shows the chart representation 

of the summary of linkage and networking 

among the various categories of cassava 

stakeholders considered in the study. It was 

revealed from the findings that all the 

stakeholders interrelated with one another 

through various linkages available to them. 

This was corroborated with [1] that 

stakeholders in cassava value chain process 

prefers using those linkages that they were 

conversant with such as organized 

workshops/agricultural shows, cooperative 

meeting among themselves, informal meeting, 

technical report meeting, internet link and 

journal publications. All the stakeholders 

considered made use of above 50 percent of 

the listed linkages above the grand mean score 

in the study. This implies that stakeholders 

were ready to use any linkages available to 

them either to transfer or receive cassava 

research output in the area which would 

invariably promotes the uptake of cassava 

research output in the area.  
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For achieving the goal of effective uptake of 

cassava research output among stakeholders, 

there must be information on how to link 

farming communities and industrial end users 

for effective performance of stakeholdersô 

role. From the empirical study, it was 

observed that there are three main ways to 

establish this links between farmers, the 

industrial sector and other stakeholders 

namely: developing large scale farms, 

establishing out-growers scheme and private 

intermediaries [11].  

There is implication that if industries, like 

flour mills should require larger quantities of 

cassava and do not wish to engage in Out-

Grower schemes, private entrepreneurs should 

then provide the missing link.  

 

Table 3. Distribution of stakeholders by linkages used towards cassava research output uptake 
Linkages RS AEA AIS CSF CPP CPM 

Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank 

Collaboration with 

other 
organization/projects 

1.90 1st 2.58 1st 1.58 6th 2.18 7th 1.88 5th 1.91 8th 

Joint Journal 

publication 

1.65 2nd 1.06 20th 0.38 20th 0.63 20th 0.25 20th 0.13 20th 

Partnering project 
with other 

organization 

1.60 3rd 1.50 15th 1.35 8th 2.18 7th 1.50 8th 0.55 18th 

Alliance 
collaboration with 

other  stakeholders in 

programmes 

1.45 4th 1.98 10th 1.35 8th 1.46 11th 1.08 11th 1.32 10th 

Agricultural 
shows/exhibition 

1.45 4th 2.50 3rd 2.08 1st 2.69 1st 2.28 1st 2.12 6th 

Partnership with 

other stakeholders   

1.40 6th 2.08 8th 0.42 19th 1.50 8th 0.70 17th 1.18 11th 

Technical report 
meeting/MTRM/SMS 

1.40 6th 2.58 1st 0.96 13th 1.37 13th 0.50 18th 0.15 19th 

Internet link/network 

on cassava 

1.40 6th 1.11 19th 0.92 15th 0.75 18th 0.48 19th 1.08 13th 

Conferences/seminars 
for cassava 

stakeholders 

1.40 6th 1.72 14th 0.77 18th 1.36 15th 0.90 14th 0.81 16th 

Informal 
contact/meeting 

1.30 10th 2.50 3rd 2.08 1st 2.66 2nd 2.28 1st 2.22 4th 

Joint problem solving 

on cassava 

1.15 11th 2.36 5th 1.00 11th 1.84 9th 1.50 8th 1.54 9th 

Formal 
arrangement/meeting 

with institution 

1.15 11th 1.86 12th 0.96 13th 1.41 12th 0.90 14th 0.98 15th 

Linkage to farm 
inputs on cassava 

1.15 11th 2.19 7th 1.88 3rd 2.44 3rd 1.95 3rd 2.39 2nd 

 Partnering  

knowledge of cassava 

1.10 14th 2.08 8th 1.54 7th 0.74 19th 1.70 6th 2.21 5th 

Contract knowledge 
on cassava 

1.05 15th 1.25 18th 0.88 16th 0.90 17th 0.88 16th 0.71 17th 

Advocacy linkage 

with relevant 

stakeholders  

1.05 15th 1.92 11th 1.00 11th 1.12 16th 1.03 12th 1.02 14th 

Sector association 

with other 

organization 

0.95 17th 1.36 17th 0.88 16th 1.37 13th 0.93 13th 1.10 12th 

Sharing consumersô 
taste/preferences on 

cassava 

0.90 18th 1.86 12th 1.77 4th 2.38 4th 1.55 7th 2.51 1st 

Market linkages for 
cassava output 

0.75 19th 1.58 15th 1.04 10th 1.90 8th 1.25 10th 2.24 3rd 

Cooperative meeting 

among other 
stakeholders 

0.55 20th 2.31 6th 1.73 5th 2.34 5th 1.90 4th 1.97 7th 

Grand mean 1.29   1.91  1.23  1.68  1.20  1.41 

Source: Field survey, 2016 
 

The implementation of Out-Grower or private 

intermediariesô schemes will require 

facilitation by research institutions, NGOs, 

and extension services.  
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For example, research and extension services 

have to play a proactive role by introducing 

appropriate cassava chipping and drying 

technologies, with industrial end-users 

committing to strengthening market linkages 

by related investments. Lastly, Government 

should provide an enabling economic 

environment, which may include an 

appropriate regulatory and legal framework 

[10]. 

It was observed that majority of the means of 

linkage used such as agricultural show, 

collaboration with one another, informal 

meeting with others are the major linkages 

used by majority of these stakeholders to 

facilitate networking among each other 

towards effective uptake of cassava research 

output uptake. 
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Fig 1. Distribution of stakeholders by linkages        

Source: Own design. 

 

Relationship between stakeholdersô role 

performance and their characteristics 

towards cassava research output uptake 

The result in Table 4 shows the second order 

correlation and regression analysis of 

stakeholdersô characteristics reflects that there 

exists a positive and significant relationship 

between the role performance of stakeholders 

with level of education (r=0.476), group 

participation (r= 0.332) and years of 

experience (r=0.210) possess by stakeholders. 

Meanwhile, age (r= -0.185) has a negative and 

significant relationship with the role 

performance of these stakeholders. The lower 

the age of stakeholders the more effective was 

their role performance. The coefficients of 

determination (r
2
) indicate that these variables 

were contributing up to 41.5 percent to the 

relationship. The regression coefficient further 

substantiate the strength of the relationship 

with the significance of age, level of 

education and years of experience of 

stakeholders with role performance of  the 

cassava stakeholders with value of R
2
=0.67. 

This indicates 67 percent contribution of the 

significant variables to role performance of 

the stakeholders. The finding implies that, 

high level of education of stakeholders and 

years of experience amounted to effective role 

performance of the stakeholders towards 

uptake of cassava research output.  

Relationship between stakeholdersô role 

performance and linkages used towards 

cassava research output uptake 

The result in Table 5 shows the second order 

correlation and regression analysis of 

stakeholdersô role performance with linkages. 

This reveals that a positive and significant 

relationship exists between the role 

performance of cassava stakeholders with 

linkages used for transferring cassava research 

output (r=0.755). The coefficient of 

determination (r
2
) indicates that linkage used 

contributed up to 57 percent to the 

relationship. The regression coefficient further 

substantiate the strength of the relationship 

with the significance of linkage with role 

performance of the stakeholders with value of 

R
2
=0.63. This indicates 63 percent of the 

significant variables to role performance of 

the stakeholders. This revealed that there was 

a strong relationship between the 

stakeholdersô role performance and their 

linkages between other stakeholders. The 

implication is that the use of common and 

effective linkage as a means of networking 

has positive and significant effect on the role 

performance of stakeholders on cassava. This 

promotes effective networking among various 

categories of stakeholders and it facilitates 

effective uptake of cassava research output 

among the intended users as reported by [1]. 

This finding further implies that the use of 

adequate linkages amounted to strong bond 

among the stakeholders such that they tend to 

work together for effective uptake of research 

outputs in cassava production, processing and 

marketing. This finding suggests a need for 

Cluster Development Approach in cassava 

value chain. This involves the identification, 

coming together, and operation of different 
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stakeholders at different levels to achieve a 

common goal. Therefore, it should be led by 

the private sector [12]. The advantages that 

would accrue from a Cassava Cluster 

Development include improvement in 

efficient uptake of production and processing 

research output. It will also enhances rural 

development through provision of 

infrastructures. The cluster of stakeholders 

has the potentials to provide a forum for 

dispute settlements in order to avoid a major 

commercial or trade conflict; has a defined 

leadership structure to maintain regular 

meetings and ensures compliance with codes 

of conduct as specified in the codified laws 

[12]. There must be a need for it to cut across 

all the stakeholders in the cassava value chain 

process for effective transformation of 

cassava production in Oyo state and Nigeria 

as a whole. 
 

Table 4. Results of correlation and regression coefficient showing second order analysis of stakeholdersô role 

performance and socioeconomic characteristics investigated towards cassava research output uptake 

Variable Correlation 

coefficient (r) 

Coefficient of 

determination (rĮ) 

P-value Regression 

coefficient(b ) 

t-value p-value 

Age -0.185 0.034 0.002 0.007 2.171 0.032 

Level of 

education 

0.476 0.227 0.036 0.301 2.225 0,035 

Years of 

experience 

0.210 0.044 0.012 0.110 0.573 0.571 

Professional 

membership 

0.332 0.110 0.019 0.223 0.443 0.797 

Source: Computed from field survey, 2016   ** Significant at pÒ 0.01 *Significant at pÒ 0.05 R=0.812;      

R
2
=0.670;   F=5.681 

 

Table 5. Results of correlation and regression coefficient showing second order analysis of stakeholdersô role 

performance and linkages investigated towards cassava research output uptake 

Variable Correlation  

coefficient 

(r)  

Coefficient of 

determination 

(r
2
) 

p-value Regression     

coefficient (b) 

t-value p-value 

Linkages 0.755** 0.570 0.000 0.639** 3.381 0.004 

Source: Computed from field survey, 2016 

** Significant at pÒ 0.01, *Significant at pÒ 0.05   R=0.794;      R
2
=0.630;   F=4.768 

 

CONCLUSIONS 

 

Out of the stated expected roles towards 

uptake of cassava research output, all the 

stakeholders were able to perform above 50 

percent of their roles above the respective 

grand mean. The most commonly used 

linkages by all the stakeholders for 

transferring or receiving research output on 

cassava and its uptake were organizing 

workshop, cooperative meeting among 

stakeholders and informal meeting with other 

stakeholders. 

The study suggested that for effective cassava 

research output uptake, every stakeholder in 

cassava agriculture should identify the 

expected role of active participation in the 

cassava innovation platform and perform it 

accordingly, so as to improve effective uptake 

of cassava research output. 

Cassava agriculture should be both 

production-demand driven approach rather 

than being focusing on production approach 

alone. Production, processing, storage and 

marketing processes of cassava should be 

harnessed together with effective linkages to 

improve its agribusiness potential. 

 

REFERENCES 
 

[1]Adekunle, I.A., 2017, Assessment of the roles of 

Stakeholders in Cassava research Output Uptake in 

Oyo State, Nigeria. Unpublished Ph.D thesis, Obafemi 

Awolowo 

University, Ile-Ife, Nigeria.Pp.48-51. 

[2]Adekunle, A. A.,  Fatunbi, A. O., 2012,  Approaches 

for Setting-up Multi-Stakeholder  

Platforms for Agricultural Research and Development. 

World Applied Sciences Journal 16 (7): 981-988.  

[3]Ezedinma, C., 2005, Agribusiness Investments in the 

cassava sub sector in Nigeria:some critical 

considerations, Paper presented at a workshop on 

Guiding Investmentsin the Cassava sub Sector in 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 21 

Nigeria held at IITA Conference Center, IITA Ibadan, 

August 2005. 

[4]Faborode, H.F.B, Laogun, E.A., 2008,  Reseach ï 

Extension ï Farmer ïInput Linkage System in 

Agricultural Extension, A comprehensive Treatise. 

Akinyemiju and Torimiro (eds). ABC, Agricultural 

System Ltd. Ikeja, Lagos, Nigeria. 

[5]Hall, A. J., Bockett, S., Taylor, M. V., Sivamohan, 

K., Clark. N., 2005, Why research partnerships really 

matter: Innovation theory, institutional arrangements 

and implications for developing new technology for the 

poor. World Development 29(5): 783ï797.  

[6]Hounkonnou, D., Kossou, D., Kuyper, T.W., 

Leeuwis, C., Nederlof, E. S., Rºling, N., Sakyi-

Dawson, O., Traor®, M., van Huis, A., 2012, An 

innovation systems approach to institutional change: 

Smallholder development in West Africa. Agricultural 

Systems 108: 74-83. 

[7]Federal Ministry of Agriculture and Rural 

Development (FMARD) (2011). Agricultural    

transformation agenda: we will grow Nigeriaôs 

agricultural sector. Federal Ministry of  Agriculture and 

Rural Development Abuja, Nigeria. Draft for 

Discussion, Executive summary, pp.1-89.Value for 

Africa (C:AVA), Natural Resources Institute, UK. 

[8]Kirsten, J. F., Doward, A. R., Poulton, C., Vink, N. 

(Eds)., 2009, Institutional Economics Perspectives on 

African Agricultural Development. Copyright ÉIFPRI 

pp. 477. 

[9]Kleih, U., Sanni, L., Dipeolu, A., Abass, A., 

Abdulsalam-Saghir, P., Butterworth, R., Siwoku, B., 

2008, Value Chain Analysis for Nigeria. Submitted to 

Cassava: Adding.  

[10]Obiora, C. J., Emodi, A. I., 2013, Restructuring the 

Agricultural Extension Service for effective 

Agricultural Transformation Agenda in Nigeria, 

Greener Journal of Agricultural Science, 3(6):511-517. 

[11]Oyewole, L.O., 2002, Contract farming for root 

production and supply. Paper presented at the 

International Workshop on Cassava Competitiveness in 

Nigeria, IITA Conference Centre, Ibadan, November 

18-20, 2002. 

[12] Research Into Use (RIU), 2009, Putting Research 

into use: stimulating demand in Sub-Saharan Africa, 

Rwanda country programme annual report 2008-2009.  

https://assets.publishing.service.gov.uk/media/57a08bb

940f0b652dd000e4a/Brochure_Sub-

Saharan_Africa.pdf, Retrieved December 10, 2017.  

[13]Sanni, L. O., Onadipe, O. O., Ilona, P., Mussagy, 

M. D., Abass, A., Dixon, A. G. O., 2009, Successes and 

Challenges of Cassava Enterprise in West Africa: Case 

study of Nigeria, Benin and Sierra Leone.  IITA, 

Ibadan, Nigeria. p.35  

[14]World Bank, 2006, Enhancing agricultural 

innovation: How to go beyond the strengthening of 

research systems. Washington, D.C.: World Bank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 23 

EFFECTS OF FINANCING ON CASSAVA VALUE CHAIN IN OWO 

LOCAL GOVERNMENT AREA, ONDO STATE, NIGERIA  

 
Similoluwa ADEWOLE, Akinwunmi OMEYE  

 

The Federal University of Technology, Department of Agricultural and Resource Economics, 

Akure.+2347034926341; Emails: restismine13@gmail.com, rest_mine@yahoo.com 

 

Corresponding author: restismine13@gmail.com 
 

Abstract 

 

The study examined the effects of finance on cassava value chain actors in Owo Local Government Area, Ondo 

State, Nigeria. Primary data was collected through the aid of structured questionnaire and interview format. Ninety 

four respondents were interviewed from the study area, consisting of farmers, processors and marketers of cassava 

and cassava products. Descriptive, financial and regression analysis was carried out on the data collected. Results 

showed that the majority of the respondents were aged between 36 and 45 years and were married. It also revealed 

that men are more involved in cassava cultivation and processing while women are more involved in marketing of 

cassava products. Findings also revealed that cassava value chain actors had some formal education. Fifty Nine 

(59%) percent of respondents interviewed had no access to formal credit at all while 41% have access to formal 

credit for cassava farming. Also, 86% of respondents interviewed farmed cassava with their own capital alone while 

14% respondents farm using credit from various sources. Inadequate access to credit, high interest rate and 

fragmentation of farm holdings accounted for this. It also revealed that 45% have access to credit through micro 

finance banks, 32.5% through farmers union and 22.5% through ñaajoò (Daily contribution). The regression result 

indicated an R
2
 value of 0.988 for farmers, 0.959 for marketers and 0.967 for processors. It was revealed that the 

major factors that influence the level of profitability of the respondents in the study area are age, level of education, 

years of experience, access to capital while source of capital and technology used by processor increased the level 

of profitability. 

 

Key  words: actors, segments, Cassava, credit, value chain  

 

INTRODUCTION  
 

Nigeria is the largest producer of cassava 

tuber in the world with production of about 45 

million mt of the worldós production of 242 

million mt in 2009. Average annual 

production in the country was about 35 

million metric tonnes (2002-2008) and the 

total area under cassava cultivation in Nigeria 

is about 3.60 million hectares [6]. Although 

the world leader in cassava production, 

Nigeria is not an active participant in cassava 

trade in the international markets due to weak 

segments in the cassava value chain [2]. 

Efforts, which include commercialising 

cassava production and processing and 

increase its range of manufactured products in 

Ondo State, directed at increasing 

competitiveness in the chain have not been 

effective [2]. The activities of value chain 

actors have not been recognized thus farmers 

concentrate on the value addition using the 

common and traditional method of cassava 

production. They do not recognize that there 

are other links in the value chain that can help 

them to regain the losses they encountered 

during the time of planting and value addition. 

The broad objective of the study was therefore 

to identify the effects of value chain financing 

on the cassava value chain in Owo Local 

Government Area, Ondo state, Nigeria. 

In order to achieve this, it examined the socio-

economic characteristics of actors in the 

cassava value chain in the study area, 

identified the various sources of finance for 

actors in the cassava value chain in the study 

area, determined and compared the 

profitability of users and non-users of credit in 

the cassava value chain in the study area, 

identified the factors that influence the 

productivity of the actors in the value chain 

and the various constraints faced by value 

chin actors in the study area.  

A good understanding of value chain finance 

will improve the overall effectiveness in the 

cassava value chain. It also gives an 

mailto:restismine13@gmail.com
mailto:restismine13@gmail.com


Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 24 

opportunity for cassava value chain 

development, improve efficiency and 

repayments in financing, and strengthen or 

solidify linkages among participants in the 

chain. Value chain finance contributes to 

meeting the growing need for agricultural 

finance and investment in response to greater 

consumer demands for more processed or 

value added products. 

 
 

Fig. 1. Five stages of a value chain 

Source: [4] 

 

MATERIALS AND METHODS  

 

The study was carried out in Owo Local 

Government in Ondo State, which is situated 

in the south western part of Nigeria. Its 

headquarters is Owo. It has an area of 331 km 

and a population of 222,262 at the 2006 

census. The climate is hot and humid, 

influenced by rain-bearing southwest 

monsoon winds from the ocean and dry 

northwest winds from the Sahara desert. The 

rainy season lasts from April to October, with 

rainfall of about 1,524 mm per year. 

Temperatures vary from 7 11'N 5 35'E to 

7.183N 5.583E with mean annual relative 

humidity of about 80%. Agriculture is their 

main occupation, providing income and 

employment for more than 75% of the 

population. 

Primary data was used for this study. The 

primary data was collected through the use of 

structured questionnaire and personal 

interview of the respondents selected using 

random and purposive sampling techniques. 

In the first stage, five (5) districts out of the 

seven (9) districts in the Local Government 

Area were purposively selected based on their 

market and predominance in cassava 

cultivation. In the second stage, two (2) 

villages were randomly selected from each 

districts making a total of 10 villages. In the 

final stage, 4 farmers, 4 processors and 4 

marketers respectively were purposively 

selected from each village making a total of 

120 respondents. 

Descriptive statistics like frequency 

distribution, percentages and means, the 

Ordinary Least Squares Multiple Regression 

techniques and gross margin was used to 

analyse data collected.  

The multiple regression model is specified as 

follows; 

 

Y=f(X
1
,X

2
,X

3
,X

4
,X

5
,X

6
,X

7
,X

8
,X

9
,X

10
,X

11
,X

12
,

e) 

where: 

Y = Productivity (Gross Margin) 

X
1
= Age (in years) 

X
2
= Educational level (years) 

X
3
 = Household size (numbers) 

X
4
= Experience (years) 

X
5
 = Farm size (hectares) 

X
6
 = Occupation (farming as primary =1, 

farming as secondary = 0) 

X
7
 = Sex (1 for male, 0 for female). 

X
8
 = Access to capital. 

X
9
 = Source of capital. 

X
10

 = Member of association 

X
11

 = Access to loan 

X
12

 = Technology used 

e = error term. 

The gross margin was calculated as follows 

Gross Margin = TR ï TC  

Where: 
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 TR = Total revenue  

TC = Total cost 

In calculate the Gross margin, the total 

variable cost was computed by aggregating 

the cost of roots, processing and marketing. 

Processing costs include the cost of carrying 

out the activities in the process flow of 

producing the products. For instance, garri 

production involved cost of roots and its 

transportation/handling (loading and 

offloading) charges, peeling, washing, 

grating, pulverizing and toasting (frying). 

Similarly, marketing costs involved bagging, 

cost of packaging materials (bags, 

polyethylene) and transportation to point of 

sale (markets) 

 

RESULTS AND DISCUSSIONS 

 

Socio-economic characteristics  

Age  
Table 1 shows that the majority of the 

respondents was aged between 36 ï 45 years. 

This implies that the respondents are young 

and this will increase the efficiency and 

effectiveness in cassava cultivation, 

processing and marketing. 

 
Table 1. Age distribution of the respondents  

         Farmers    Processors       Marketers 

Age (year)   Freq       %  Freq         %      Freq       % 

᾽= 35        3           9.7      1         3.1         5      16.1 

36 ï 45       20         64.5       16       50.0       17      55.0 

46 ï 55        6          19.4       13       40.6         6      19.4 

56 ï 65        1            3.2         1         3.1         2        6.5 

66 +            1             3.2        1          3.1        1        3.2 

Total        31          100     32       100      31    100 

Source: Field Survey, 2017. 

 

Sex 

Fig 2 shows that men are more involved in 

cassava cultivation and processing than 

women while women are more involved in 

marketing than men. This was as a result of 

the stress involved in the production. This 

finding was against the view that men are 

more involved in the cassava production and 

processing and women showed less interest in 

the production of cassava.[2] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Gender distribution of respondents 

Source: Field Survey, 2017. 

 

Marital status  

From Table 2, majority of the respondents 

were married. This indicates that there were 

more married individuals who engaged in the 

cassava value chain in the study area. This 

may be to reduce the cost of labour by 

deciding to use members of the household as 

source of labour for the value chain activities. 

 
Table 2. Marital status of respondents 

            Farmers    Processors        Marketers 

Status      Freq       %      Freq        %     Freq       % 

Married     20     64.5     28         87.5        20   64.5 

Single          1       3.2       3           9.4         1     3.2 

Widowed   10     32.3       1           3.1       10   32.3 

Total          31   100        32       100           31  100 

Source: Field Survey, 2017. 

 

Educational level  
In Fig 3, all of the value chain actors had some 

formal education.  
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 Fig. 3. Respondentôs level of education. 
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This suggests that education attainment 

influence the way men and women participate 

in cassava value chain. 

Thus, this somewhat agrees economists who 

posited that education is an important factor to 

facilitate the adoption of improved technology 

by increasing the farmerôs knowledge and 

understanding of new farm practices.[3]  

Years of experience 

Table 3 shows that majority of the 

respondents had more three (3) years of 

experience in cassava business. This indicates 

that the majority of the respondents have 

acquired some level of experience in 

production, processing and marketing of 

cassava which could be very helpful in coping 

and adapting with the challenges that come 

with cassava value addition. 

 
Table 3. Years of experience   

                 Farmers         Processors      Marketers 

Year      Freq       %       Freq         %    Freq        % 

      ̓ = 3        1     3.2       2        6.5            2       6.5 

        4 ï 6     20  64.5     19      61.3           19    61.3 

        7 ï 9     10  32.2     11      34.5           10    32.3   

     Total       3    100       32       100            3     100 

Source: Field Survey, 2017. 

 

Farm size 

Table 4 reveals that the mean farm size in the 

study area is 1.301 hectares. This confirmed 

the findings that the average land holdings of 

small scale farmers were often too small for 

efficient land utilization [5]. With direct 

correlation between farm sizes and gross 

income, it implies that small farm sizes will 

naturally lead to low cassava output and low 

productivity. 

 
Table 4. Farm size of the respondents 

Farm size        Farmer          Processors        Marketers 

(ha)        Freq      %     Freq         %      Freq        % 

0.1 ï 0.4        1          3.2         6       18.8          4     12.9  

0.5 ï 1.4     15        48.4        19      59.4         16     51.6 

1.5 ï 1.9        3          9.7          1        3.1           2      6.5 

2.0 ï 2.5      10        32.2          5      15.6           8    25.8  

2.5 +             2          6.5          1        3.1           1      3.2 

Total      31      100           32    100 31         

100 

Mean (1.301) 

Source: Field Survey, 2017. 

 

 

Household size 

Table 5 shows the mean size of household 

was 6.17 implying that there will be more 

hands to assist in the activities of the famers, 

processors and marketers in cassava value 

chain thus reducing the cost of hired labour. 

This result is supported by researchers, who 

asserted that large household size provides 

most of the labour force for farming 

households.[6] 

 
Table 5. Household size  

 Farmers  Processors           Marketers 

HH size  Freq        %      Freq        %          Freq        % 

᾽ = 3       2        6.5       1         3.1              2        6.5 

4 ï 6          15       48.4     16       50.0            20      64.5 

7 ï 9          14       45.2     15       46.9              9      29.0 

Total          31        100      32      100             31     100 

Source: Field Survey, 2017. 

 

Access to credit 

Figure 3 shows that 65.6% of the farmers, 

65.6% of the producers and 69.7 of the 

marketers interviewed had no access to formal 

credit at all while only 34.4% of the farmers, 

34.4% of the processors and 30.3% of the 

marketers had access to formal credit for 

cassava business. The reasons attributed to 

this by the actors was that the financial 

institutions, which loan money to its members 

have not been doing much and government 

efforts to make credit available to the actors 

does not exist. 
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Fig. 4. Credit accessibility of respondents. 

 Source: Field Survey, 2017 

 

High interest rate charged by informal sources 

of credit and administrative bottlenecks 

involved in getting loans from government are 

other reasons why farmers were not interested 
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in accessing credit from them. Also, because 

farmers did not have the required collateral 

security, it was extremely difficult, if not 

impossible, to get loans from commercial 

banks. 

Source of capital 

Source of capital is an important determinant 

of the size of farm holdings and whether the 

farm was subsistence or commercial. Figure 4 

shows that majority of the respondents 

interviewed are using their own capital alone 

while others respondents farm using credit 

from various sources. Inadequate access to 

credit, high interest rate and fragmentation of 

farm holdings accounted for this. 
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Fig. 5. Source of capital 

Source: Field Survey, 2017 

 

Sources of finance for actors in the cassava 

value chain. 

 
Table 6. Source of finance  

            Farmers           Producers       Marketers 

Source            Freq      %      Freq       %         Freq          

% 

Micro          6         19.4      15      46.9         14          

42.4  

finance bank   

Farmers      15          48.4       9       28.1           9           

27.3 

Union 
 

Aajo        10          32.2       8       25.0          10           

30.3 

Total             31           100          32       100             31           

100 

Source: Field Survey, 2017 

Table 6 shows that 45% have access to 

through micro finance banks, 32.5% through 

farmers union and 22.5% through ñaajoò 

(daily contributions). 

Factors influencing profitability of 

cassava value chain actors. 
Farmers 
The regression result as shown on table 7, 

indicated an R
2
 value of 0.988 for farmers. 

Major factors that influence the level of 

profitability of the respondents in the study 

area were age, sex, level of education, years 

of experience, access to capital and source of 

capital. These factors have a positive 

significant effect on the level of profitability 

of cassava value chain actors in the study 

area. This suggests that increase in age, level 

of education, years of experience, access to 

capital and source of capital will increase the 

level of profitability. 

Processors 

The regression result indicated an R
2
 value of 

0.967 for processors. Major factors that 

influence the level of profitability of the 

respondents in the study area are age, sex, 

level of education, years of experience, access 

to capital, source of capital, source of finance 

and technology used. These factors have a 

positive significant effect on the level of 

profitability of cassava value chain actors in 

the study area. This suggests that increase in 

age, level of education, years of experience, 

access to capital, source of capital and 

technology used will increase the level of 

profitability. 

Marketers  

The regression result indicated an R
2
 value of 

0.959 for farmers meaning that 95.9 percent 

of the variability in the model was explained 

while the remaining 4.1 percent could be 

attributed to error terms and omitted variables 

on table 6. It was revealed that the major 

factors that influence the level of profitability 

of the respondents in the study area are age, 

sex, level of education, years of experience, 

access to capital and source of capital. These 

factors have a positive significant effect on 

the level of profitability of cassava value 

chain actors in the study area. This suggests 

that increase in age, level of education, years 
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of experience, access to capital and source of capital will increase the level of profitability. 

 

Table 7.Results of multiple regression analysis of the factors influencing profitability of cassava value chain actors 

 Farmers Producers Marketers 

Variables Coeff      Sig Coeff        Sig Coeff       Sig 

Age .206           .054                  - .089              .000* .033                .866        

Sex .141           .080**               .179               .002** -.336               .100**       

Household size -.009          .891                  

Farm size .140           .146                  

Years of experience .597            .000*              - .114             .005**  .073                .741       

Years of education .245            .088               .082               .008**     -.064                .733      

Access to credit - .044         .010**               - .358              .000*      .036                  .001*     

Source of capital .193           .009**                        -.109               .604       -.150               .480        

Source of finance  -.049                .841      -.066               .727         

Technology used  .546               .020**                 

Constraints .896             .001*               -.243               .008*                   .277                 .010**                    

R             -.994               .907                .949 

R
2 

             .988               .967                 .959 

* = sig at 1%, ** = sig at 5% 

Source: Field Survey, 2017 

 

Comparative analysis of profitability of 

credit users and non-credit users 

Table 8 and 9 showed the gross margin 

among farmers, processors and marketers of 

credit users and non-credits users. The 

importance of credit was revealed by its users 

having higher profit compared with non-credit 

users. 
 

Table 8. Average gross margin of credit users per year

 FARMERS PROCESSORS MARKETERS  

Quantity of product sold (kg) 540 620 585 

Price per kg (N) 6,000 7,000 5,500 

Total Revenue (TR) (N) 32,400,000 4,340,000 3,217,500 

Labour Cost(N) 372,000 115,200 115,200 

Transportation(N) 131,000 344,000 430,500 

Energy(N)  357000  

Interest Rate (5%)(N) 135,000 371,000 234,000 

Total Cost (TC) (N) 638,000 1,187,200 779,700 

Gross Margin (TR-TC) (N) 2,602,000 3,152,800 2,437,800 

Source: Field Survey, 2017  
 

Table 9. Average gross margin of non-credit users per year 

 FARMERS PROCESSORS MARKETERS  

Quantity of product sold (kg) 180 320 342 

Price per kg (N) 6,000 7,000 5,500 

Total Revenue (TR) (N) 1,092,000 2,240,000 1,881,000 

Labour Cost(N) 183,000 192,000 24,200 

Transportation(N) 101,000 144,000 234,000 

Energy(N)  194,000  

Interest Rate (5%)(N) 135,000 371,000 234,000 

Total Cost (TC) (N) 284,000 530,000 258,200 

Gross Margin (TR-TC) (N) 808,000 1,710,000 1,622,800 

Source: Field Survey, 2017 

 

Constraint faced by respondents in the 

study area 

Table 10 reveals that 45.2% farmers, 50% 

producers and 9.1% marketers were faced 

with the problem of high cost of 

transportation due to the distance of their farm 

to the market. 37.5% processors and 27.2% 

marketers were with unstable power supply 

during processing. 16.1% farmers experience 

problem of infestation of diseases and insects 

which reduce their output while producers and 

marketers are not affected by infestation, 
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9.4% producers and 27.3% are faced with the 

problem of water scarcity.  Poor roads were 

the major problem faced by the actors which 

lead to post harvest loss and increase in price 

of cassava products. 
 

Table 10. Constraints faced by respondents in the study 

area 
Constraints 

% 

Farmers Producers Marketers 

Freq % Freq % Freq % 

Unstable 
power supply 

0 0 12 37.5 7 21.2 

Transport 

cost 

14 45.2 16 50.0 3 9.1 

Water 
scarcity 

0 0 3 9.4 9 27.3 

Poor roads     12 38.7 1 3.1 8 24.2 

Pest 

infestation 

5 16.1 0 0 0 0 

Total  31 100 32 100 31 100 

Source: Field Survey, 2017 

  

CONCLUSIONS 

 

It was concluded that the activities of cassava 

value chain actors involved in farming, 

processing and marketing cassava in the study 

area are restricted through low financial 

support hindering the enhancement of 

mechanised farming, lager scale in processing 

and marketing.  

Based on the findings of this study, the 

following recommendations were made: 

(i)The education of farmers, processors and 

marketers in the value chain should be a 

continuous one. Introduction of adult 

education and skill acquisition programmes 

will equip the actors to make their activities 

more profitable, 

(ii)Financial institutions and other avenues 

through which credit can be offered to 

farmers, small scale processors and marketers 

should be empowered and enlightened, 

(iii)Efforts aimed at increasing farmersô 

access to more land for farming should be 

intensified by government and other 

stakeholders. This will increase output and 

ensure a steady supply of the raw material and 

the final product while also increasing profit, 

(iv)Special programmes targeted at bringing 

interaction of ideas between experienced 

actors and younger ones in the value chain 

should be encouraged, 

(v)Government and non-governmental 

organizations should embark upon the 

commercialization of the processing and 

marketing of the cassava value chain and 

technological upgrading of the processing. 
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Abstract 

 

The main objective of this study was to carry out an economic analysis of bread production (using cassava flour) in 

Akure South Local Government, Ondo State, Nigeria. It ascertained the socio-economic characteristic of the bread 

producers, estimated costs, returns and profitability in the use of cassava flour for making bread in the study area. 

Primary data were collected with the aid of a well-structured questionnaire administered to fifty respondents. Data 

collected were analyzed using descriptive statistics, gross margin analysis and multiple regression analysis. Result 

showed that production of bread were dominated by male with (73.5%) flour processors and (26.5%) of female 

processors.  Analysis of costs and returns revealed that bread production is profitable in the study area (mean profit 

of N1,546,657 per month). The estimated functions were in terms of the statistical significance of multiple 

determinants (R2) 0.998 as indicated by F-value, the significance of the co-efficient of and the magnitude of 

standard errors. An increase in age will lead to a further increase in the revenue of the producers. The coefficient of 

educational level is negative and this implies that a decrease in the educational level leads to an increase in the 

revenue of producers. The coefficient of years of experience was positive and it connotes a corresponding increase 

in revenue as years of experience rises, the coefficient of purchasing cost was positive and this connotes that the 

revenue of the producers increased with an increase in purchasing cost as they tend to hike their prices.  

 

Key words: processors, gross margin, Cassava, bread 

 

INTRODUCTION  
 

Cassava is the main source of energy for most 

people living in the lowland tropics and sub-

humid tropics of West Africa [1]. Thus, its 

production and utilization is given prime 

attention in food policy. Sequel to the 

pronouncement of presidential initiative on 

the cassava in 2002, cassava gained 

prominence in Nigeria. The goal of the policy 

was to use cassava production as the engine of 

growth in Nigeria. The Nigerian government 

encouraged the use cassava to produce a wide 

range of industrial products such as ethanol, 

glue, glucose, syrup, biscuits, chin-chin, cake, 

bread etc. Also, a law was enacted in Nigeria 

in January 2005, compelling bakers to use 

composite flour of 10.0% cassava and 90.0% 

wheat for bread production. Large flour mills 

that supply flour to bakeries and 

confectionaries must premix cassava flour 

with wheat flour. [3] 

 Cassava farmers have not yet attained the 

desired technical efficiency in cassava 

production due to weak access to inputs such 

as funds, fertilizers, labour and herbicides [2], 

yet the wide-scale adoption of high yielding 

varieties and the resulting increase in yield 

have shifted the problem of the cassava sector 

from supply (production) to demand issues, 

The Nigerian government is musing a 

transition from the present state to the level of 

industrial raw material and livestock feed for 

increase in employment. This necessitated 

various research and policy initiatives in 

cassava improvement, production and 

processing.  

In the Nigerian industrial environment, 

approximately 16 percent of cassava root 

production was utilized as chips in animal 

feed, 5 percent was processed into a syrup 

concentrate for soft drinks and less than 1 

percent was processed into high quality 

cassava flour used in biscuits and 

confectionery, dextrin, adhesives, starch, and 

hydrolysates for pharmaceuticals and 

seasonings [5]. Also, different cassava 

cuisines (such as gari, fufu,starch, lafun, 

abacha,etc) are produced for human 

consumption [4]. In view of the renewed 
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emphasis on cassava production (supply), 

processing and utilization in Nigeria, it 

becomes necessary to assess the production, 

demand and utilization patterns of cassava, 

and its prospects especially in fighting hunger 

and raising food security.  

The increasing use of cassava to produce high 

quality cassava flour had increased income of 

farmers. [2]. Thus, additional income is 

earned from value addition. However, the 

weak link between cassava farmers and 

processing groups on one hand and the 

industries using cassava as raw materials on 

the other, is depriving farmers and processors 

from earning the expected income. The effect 

of socio-economic characteristics and other 

variables on the amount of value added to 

cassava products has not been considered over 

time.  

 

MATERIALS AND METHODS  

 

The study was carried out in Akure south 

Local Government, Ondo State. Ondo State 

was created in 1976 out of the former Western 

State. Akure South is a Local Government 

Area in Ondo State, Nigeria. Its headquarters 

are in the town of Akure. It has an area of 

331 kmĮ and a population of 353,211 at the 

2006 census [6]. Purposive sampling 

technique was used to select one out of 18 

Local Government Areas (LGAs) in Ondo 

State (Akure South local government). It was 

chosen because of the predominance of bread 

producers in the area. Random sampling was 

carried out to select the respondents from the 

Local Government Area. A well-structured 

questionnaire was administered to each 

respondent. Data was collected from 50 

respondents who are bread producers. 

Different analytical techniques were used to 

analyze data that was collected. The socio-

economic characteristics of  bread processors 

was analyzed, after collecting data such as age 

of respondents, marital status of cassava 

flours processors, educational background, 

gender of respondents, production experience, 

and firm size, using descriptive statistics such 

as  frequency distribution, and mean. Data 

collected on profitability, which range from 

cost of labour, feeding, quantities and prices 

of inputs, selling price of the bread, value 

added activities and cost, were analyzed by 

the use of Gross Margin (GM). 

It is expressed mathematically thus:  

GM = TR ï TVC 

The Net Margin Analysis (the difference 

between the total revenue (TR) and total cost 

(TC), that is, 

Net Margin = TR - TC 

Therefore, equations (1) and (2) were being 

use to estimate the profitability of the 

processing industries in use of cassava flour 

for bread production:  

GMps = TRps ï TVCps         éééééé. (1) 
NMps = TRps ï TFCps ï TVCpséé.. (2) 

where: 

GMps = Gross Margin on bread production 

 NMps = Net Margin per bag of flour used in 

production 

TRps = Total Revenue from bread production 

TFCps = Total Fixed Cost incurred in 

production 

TVCps = Total Variable Cost incurred in 

production 

Analysis of factors influencing the use of 

cassava flour during production was achieved 

through the use of regression analysis. The 

Multiple Regression Model is stated below; 

 

Y = ɓ0 + ɓ 1X1 + ɓ 2X2 + ei 

Y = Total output (proxy by the income 

generated from sale of bread). 

X1= Cost of Labour (#) 

X2= Cost of transportation (#) 

ei= Random error term 

Y is the dependent variable  

X1é.X2 are the independent variables 

 
RESULTS AND DISCUSSIONS 

   

Table 1 below shows the socio-economic 

characteristics of respondents. It could be seen 

from the findings that majority of the 

respondents were adults who are still in their 

active working age. This will have a positive 

influence on decision making and 

productivity. Also, male participated more in 

baking of bread than female counterparts in 

the study area. This is an indication that flour 

processing into bread was dominated by male 

https://en.wikipedia.org/wiki/Local_Government_Areas_of_Nigeria
https://en.wikipedia.org/wiki/Local_Government_Areas_of_Nigeria
https://en.wikipedia.org/wiki/Ondo_State
https://en.wikipedia.org/wiki/Nigeria
https://en.wikipedia.org/wiki/Akure
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because bread baking is regarded as a man 

business due to the level of stress that is 

attached to the business in the study area. 

Also married people are the majority of flour 

processors in the study area. It shows that the 

people who are single are not really looking 

into agro-enterprise, because most of them are 

looking for white collar jobs or probably still 

depending on their parents for their means of 

livelihood. 

 
Table 1. Socio Economic characteristics of respondents 

 FREQUENCY PERCENTAGE (%)  

AGE RANGE 

21-30 9 18.4 

31-40 17 34.7 

41-50 15 30.6 

51-60 77 14.3 

61-70 1 2.0 

GENDER 

Male 36 73.5 

Female 13 26.5 

MARITAL STATUS  

Single 7 14.3 

Married 37 75.5 

Divorced 3 6.1 

Widowed 

 

2 

 

4.1 

 

HOUSEHOLD SIZE  

0-5 2 4.1 

6-10 27 55.1 

11-15 17 34.7 

16-20 2 4.1 

Above 20 

 

1 

 
2.0 

LEVEL OF EDUCATION  

No formal education 1 2.0 

Primary education 2 4.1 

Secondary education 12 24.5 

Tertiary education 32 65.3 

Others 

 

2 

 

4.1 

100 

PRIMARY OCCUPATION  

Farming 5 10.2 

Trading 16 32.6 

Civil servant 12 24.5 

Artisans 10 20.4 

Others 6 12.3 

YEARS OF EXPERIENCE 

1-5 19 38.8 

6-10 17 34.7 

11-15 13 26.5 

SIZE OF THE FIRM  

Small scale 25 51.0 

Medium scale 22 44.9 

Large scale 2 4.1 

Source: Field Survey, 2017. 

 

The statistics mean of the household size 

shows that the mean for the household was 

about 1.45. The result shows that flour 

processors had fairly large families which will 

help them to spend less on the labour cost, 

because they will depend more on family 

labour for processing. Flour processing into 

bread in the study area is majorly in the hands 

of people with tertiary and secondary 

education. Majority of the respondents are 

into buying and selling of other commodities 

where they source for fund to support the 

production of bread. 

Adequate processing experience is pivotal to 

the success of the agribusiness. Majority of 

the processors do not have appreciable years 

of processing experience that can help them to 

improve their processing operations which 

could improve their efficiency, especially the 

most inexperienced ones.  It was also 

discovered that the presence of large scale 

firms is hugely limited as majority of the 

processors are small scale enterprises. This is 

as a result of unavailability of fund to run the 

business and other factors of production. 

Majority of the respondents used more than 

60 bags of flour in a month while others make 

use of less than 60 bags of flour in a month 

which indicates the level of their production 

capacity. This will in turn determine the level 

of their income per month. This was as a 

result of great increase in the consumption of 

bread and other wheat-based products 

worldwide because of changing food habits, 

increasing population, urbanization, and the 

convenience of these ready-made foods. 

Results also indicated that the number of 

labour required in bread production is very 

high, it simply means that bread production is 

one of the business(s) which that provided job 

opportunity to the people in the study area. 

Ninety one percent (91.8%) of the 

respondents population pay for labour 

monthly, a combined 8.2% use daily and 

weekly methods of payments. This indicate 

that majority of the processors pay their 

workers salary at the end of every month. It 

shows that majority of the labours are salary 

earners and are not paid on wages.  

Markerting patterns revealed that majority of 

the producers distributes their bread from one 
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retailerôs shop to another. This will have a 

significant effect on the income of the 

producers as much money will be expended 

on transportation and maintenance of the 

vehicle that is been used in distribution or 

hawking around from one place to the other. 

Most producers bring the bread down to the 

door step of both the retailers and the whole 

sellers in small quantities to sell to the final 

consumers in unit. The production cycle 

therefore continues from the producers to the 

final consumers. This system of marketing 

will incurred more cost than the factory gate 

system of marketing.    

Table 2, presents the Gross Margin involved 

in the utilization of cassava flour in 

production of bread in the study area. The 

variable cost which include the cost of flour, 

transportation, labour and other costs. The 

revenue represented the revenue accrued from 

the sales of bread. For cassava flour 

processors, the Total Variable Cost (TVC) 

incurred in the processing of cassava flour 

into bread per month was #56,909,600 while 

the Total Revenue (TR) was #134,242,498 

and the Gross Margin (GM) was #77,332,898. 

 
Table 2. Gross Margin Analysis for Assessment of 

Cassava Flour in Production of Bread 

ITEM  AMOUNT  % of costs  

Cost of purchasing flour 44,184,300 77.6 

Cost of Transportation 6,501,700 11.4 

Other Cost 6,223,600 11 

Total Variable Cost 

(TVC) ñAò 56,909,600 100 

Total Revenue (TR) ñBò 134,242,498   

Gross Margin= B-A 77,332,898   

Source: Field Survey, 2017. 

 

Table 3, shows the result of the regression 

analysis techniques (stipulating the technical 

relationship between inputs and outputs) 

which was used to determine the relationship 

between some variables affecting the 

respondents in the study area. It is the 

relationship between the revenue of the 

marketers and factors affecting their level of 

income. The linear, semi-log and Cobb-

Douglas functional forms of the production 

function were tried using Ordinary least 

square method. The estimated functions were 

in terms of the statistical significance of 

multiple determinants (R
2
) as indicated by F-

value, the significance of the co-efficient of 

and the magnitude of standard errors. Based 

on these statistical and economic criteria, the 

linear functional form was selected as the lead 

equation. The result shows that the estimated 

coefficient of multiple determinations (R
2
) 

indicates that the postulated regressors 

explained 96.5% in the variation of the 

regression.  
 

Table 3. Regression Analysis for Assessment of use of 

Cassava Flour in Production of Bread 

VARIABLES  

 

FUNCTIONAL FORMS  

  LINEAR  

COBB-

DOUGLAS 

SEMI-

LOG 

Constant 

0.543 

(0.396) 

0.289 

(0.200) 

0.098 

(0.477) 

  

    Age of 

respondents 

0.215 

(0.146) 

0.087 

(0.054) 

0.105 

(0.126) 

    Educational 

levels 

-0.094 

(0.089) 

-0.065 

(0.077) 

-0.165 

(0.317) 

  

   Years of 

experience 

0.082 

(0.202) 

0.035 

(0.145) 

-0.077 

(0.756) 

  

   

Cost of purchase 

1.089 

(0.058)** 

0.954 

(0.0465)** 

9.898 

(0.602)** 

  

   Cost of 

transportation 

0.185 

(0.950) 

0.090 

(0.073) 

1.918 

(0.622)** 

  

   
R2 0.998 0.949 0.89 

Adjusted R2 0.965 0.971 0.874 

Standard error 0.921 0.096 0.85 

F-value 269.738 186.572 145.632 

Source: Own results. 

 

The table above shows that the linear equation 

earlier explained in the research methodology 

was used.  

From the table, it can be deduced that an 

increase in age will lead to a further increase 

in the revenue of the producers; this is due to 

increasing popularity and experience. The 

coefficient of educational level is negative and 

this implies that a decrease in the educational 

level leads to an increase in the revenue of 

producers; a general decline in the level of 

education could also lead to an influx of 
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people into the business. 

The coefficient of years of experience is 

positive and it connotes a corresponding 

increase in venue as years of experience rises, 

the coefficient of purchasing cost is positive 

and this connotes that the revenue of the 

producers will increase with an increase in 

purchasing cost as they tend to hike their 

prices. Finally, the coefficient of 

transportation cost is positive and it also 

signals an increase in revenue due to hiking 

when transportation cost is increased. 
 

CONCLUSIONS 

 

This study is centered on creating a balance in 

comparison between the acceptability of 

wheat flour and cassava flour. The presence of 

large scale firms is hugely limited as they take 

up 4.1% of the firms in the market, medium 

scale organizations are more pronounced as 

they take up 44.9% of the firms while small 

scale firms rack up an astonishing 51% of the 

firms available. 
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Abstract 

 

Each nation constituting its cultural identity is based on several symbols, customs, legends, religious beliefs, etc., 

which leave its mark on the development of society. One of the commonly used symbols is also the vine. In all times 

the painters were overwhelmed by the vine, the gift of the gods. On the canvases of the great masters of the past and 

of the present we see compositions related to the cultivation of the vine, as well as the production of wine. Over the 

course of his life, man struggled to make his own living space and beautify his living space. Still in the Stone Age, 

our ancestors were drawing bison, horses, tigers, mammoths and other animals on the walls of the cave. These were 

the first steps of mankind in the development of art. With the emergence of the first civilizations and the first cities, 

various techniques of expressing everything that is beautiful and capable of provoking positive emotions have 

developed. 
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INTRODUCTION  

 

In all times, man struggled to arrange and 

embellish his living space. Still in the Stone 

Age, our ancestors were drawing bison, 

horses, tigers, mammoths and other animals 

on the walls of the cave. These were the first 

steps of mankind in the development of art. 

In all times the painters were overwhelmed by 

the vine, the gift of the gods. On the sails of 

the great masters of the past and of the present 

we see compositions that are related to the 

cultivation of the vine, as well as the 

production of wine [2, 7]. 

 

MATERIALS AND METHODS  

 

As a subject of study have served the masters 

masterpieces in paintings from different 

periods, which have as theme the vineyard 

culture, exhibited in various collections and 

exhibitions [1, 3 - 5]. 

The comparative evolutionary analysis 

method was used [6]. 

 

RESULTS AND DISCUSSIONS 

 

Francesco del Cossa - was an Italian 

Renaissance painter. Among the basic works 

can be mentioned the cycle of six paintings 

representing museums. One of these paintings 

is "Polyhymnia". 1455-1460, (Fig. 1.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. ĂPolyhymniaò. Gemªldegalerie, Berlin 
 

Sandro Botticelli (Alessandro di Mariano 

Filipepi) - Italian painter of the Renaissance 

period. In his works we can see that the 

painted figures represent profound human 
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feelings. His characters with slightly 

melancholic faces generally have a dreamlike 

expression, Botticelli appears to us as a 

careful researcher of the human soul. 

The picture "Virgin and Child with an Angel " 

expresses the fact that Mary, with her slightly 

bowed and conceited head, touches the wheat 

spikes. In his arms he holds a babe with a 

raised hand in a sign of blessing. The young 

angel proposes a vase of grapes of wheat and 

grain of wheat as a sign of the sacrament of 

the Eucharist, of the Lord's future sufferings 

(Fig.2.). 

Fig. 2. ĂVirgin and Child with an Angel ò. Isabella 

Stewart Gardner Museum, Boston. 

 

Caravaggio (Michelangelo Merisi da 

Caravaggio) - an Italian painter who was 

precursor to Baroque style, undoubtedly one 

of the greatest innovators in the history of 

painting. In his works of the 1590s, 

Caravaggio represents exclusively busts. Its 

paste from that period is dense, golden, and 

the shaping of objects, though somewhat dry, 

is so exact that it makes them feel material. 

The artist likes to render the glass, water-

filled vessels, plastic form of fruit, òBacchusò 

òYoung Sick Bacchusò etc., (Fig.3., Fig.4.) 

making objects not only a part of his 

compositions with figures, but also creating 

one of the first static natures in the history of 

painting "Basket of Fruit" etc. òYoung Sick 

Bacchusò (it.: Bacchino Malato) painting is 

perhaps his self-portrait painted during 

hospital admission in 1593 (Fig.5., Fig.6.). 

The work "Bacchus" is the portrait of a boy in 

the style of the Greek god Bacchus. He is 

dressed in white robes, with a black girdle, the 

end of which he holds in his right hand. In the 

left hand he stretches a glass of wine, as he 

proposes to the one who looks at him to be 

part of him at this table. On the table, there is 

a plate of fruit, including grapes, and a wine 

grape. 
 

  

Fig. 3. òBacchusò (1595). 

Uffizi Gallery, Florence. 

Fig. 4. òYoung sick 

Bacchusò (1594). Galleria 

Borghese, Rome. 

  

Fig. 5. òBoy with a 

Basket of Fruitò (1593-

1594) Galleria Borghese, 

Roma. 

Fig. 6. òBasket of Fruitò 

(1596). Biblioteca 

Ambrosiana, Milan. 

 

Diego Vel§zquez (Diego Rodr²guez de Silva y 

Vel§zquez) - one of the most famous Spanish 

painters of the 17th century. Representative of 

the Baroque style. 

One of Diego Velasquez's most voluminous 

and impressive paintings is "The Triumph of 

Bacchus", or a more modest "The Drunks" 

name (Fig.7.). 

Velazquez describes the young god of wine, 

relaxed and drunk, in a company of those who 

cultivated the vineyards so carefully. Bacchus 

- surely he is the entourage of the people, with 

whom he stands and drinks wine. It differs 

from the others, just by being young, having a 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 39 

strong and well-uncovered body on the crown 

of the vine. The picture is charming and 

everything is proportional. 
 

Fig. 7. "The Triumph of Bacchus". Museo del Prado, 

Madrid. 
 

Frans Snyders - painter of deadly 

compositions and baroque animals. Unlike 

most of the painters of those times, Snyders 

chose the way of a narrow specialization, 

limiting in essence to the execution of dead 

natures and bruising scenes. However, he was 

closest to Rubens through the world's 

understanding, through the very spirit of 

creation. Snyders' paintings are a true hymn 

dedicated to the fruitfulness, the abundance, 

the richness of the earth. The artist has 

endeavored to embellish in his paintings the 

whole variety of animal and vegetable worlds. 

He represents large heaps of fruit, including 

vineyards and vegetables, fish, hunting 

animals, and remains faithful to nature, 

meticulously detailing each detail (Fig. 8 - 

Fig.10). 

Fig. 8. òThe Fruit Basketò. 1636. Museo del Prado, 

Madrid. 

 

 

Nicolas Poussin - French painter of Baroque 

classicism period. The works are executed 

with a historical, mythological and religious 

motif. A basic element through which the 

painter is represented is - the landscape. 

Nicolas Poussin in the "The seasons of the 

year" works are compositional themes related 

to the history of mankind, associated by the 

painter with the seasons of the year, according 

to the principle: birth, maturation, aging and 

death (Fig.11). 

The work is exposed to an evening 

mountainous landscape, which, according to 

the painter's idea, represents the Hanaan 

lands, recognized by fruitfulness. Late in the 

evening the workers finish the harvest. In the 

foreground, Abraham and Lot carry a huge 

grape vine. 

Fig. 11. òThe seasons of the year. The autumn.ò. 1660-

1640 

 

Francisco Jos® de Goya (Francisco Jos® de 

Goya y Lucientes), the painting "Grape 

harvesting", (Fig. 12.) is a work in which a 

lady is painted in the foreground in a yellow 

dress, in the entourage of a child, another lady 

and a gentleman in an imposing position, 

Fig. 9. ĂStill Life with 

Grapes and Gameò. 

National Gallery of Art, 

Washington D.C. 

Fig. 10. òThree monkeys 

stealing fruitò. Louvre. 
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holding a basket full of grapes in his left hand. 

On the head, the lady holds a basket of black 

grapes, and a grape of grapes in her hand, to 

which her hands and her neighbors stretch. In 

the post plan there is a slope and white clouds. 

Painted people are dressed in holiday clothes 

and light-colored shoes. Holiday festivity 

shows that harvesting grapes is no more than 

a celebration, not a job, and the heroes are 

happy, collecting vineyards and living in the 

mountains, admiring nature. 

 

 

Fig. 12. "Grape harvesting". 1786. Museo del Prado, 

Madrid. 

 

The Russian painter Karl Byiullov, during the 

Italian period (1823-1835), painted many 

scenes from everyday life, which will often 

feature as a vivid decoration. The famous 

òItalian Middayò Italian painting 

(ʀʪʘʣʴʷʥʩʢʠʡ ʧʦʣʜʝʥʴ) represents an oil on 

canvas, 64 x 55 cm, made in 1827 (Fig.13.). It 

is one of the most appreciated works of the 

painter, which is reproduced in hundreds of 

thousands of copies in various reproductive 

techniques. 

What caused this painting to be so 

appreciated? Of course, the artist's sincerity 

and craftsmanship, which has succeeded in 

bringing back the fascination of beauty, youth 

and light. Grape vines occupy a central place 

in the picture. The game of shadows and 

lights on leaves and bobsles gives the charm 

of a sunny summer day and the abundance of 

Italian nature. The young harvester of life is 

astonished and enchanted by the beautiful 

fruit of the vineyard. They overwhelm the 

look and the rays of light irradiating inside the 

berries. We could say that this bite of grape 

symbolizes the triumph of nature and that this 

painting visually embodies Cicero's words: 

"Grapes are the fruit of the sun. I do not think 

it's any more pleasant and desirable to see that 

the fruit of the calf-deviates." (Fig.14.). 
 

 

Fig. 13. òItalian Middayò. 1827. The State Russian 

Museum, Saint Petersburg. 

 

 

Fig. 14. òGirl, gathering grapes in the vicinity of 

Naplesò. 1827. The State Russian Museum, Saint 

Petersburg.  

 

The work "Terrace on the Seashore" 

("ɺʝʨʘʥʜʘ, ʦʙʚʠʪʘʷ ʚʠʥʦʛʨʘʜʦʤ") is an oil 

painting on a 42,5 x 60,8 cm canvas, made by 

the Russian painter Sylvester Shchedrin in 
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1828 in Naples. It is exposed to the Tretiakov 

Gallery in Moscow (Fig.15). 

S. Shchedrin created many paintings in Naples, 

called "interior landscapes", especially terraces 

with a verandah with a vegetal background, in 

the Italian pergola, that is, a gazebo or a spring-

covered arc with hanging plants. In choosing 

this type of landscape S. ķcedrin was 

motivated by the play of lights and shadows 

and air circulation. He tried to give up the 

warm colors, adding a blue-gray and silver 

tones to help sense the Italian air at night, when 

nature appears in all its splendor. This painting 

perfectly conveys the perception of that era by 

the Russian people of Italy - a world full of 

happiness, harmony and romance. 
 

 

Fig. 15. ĂTerrace on the Seashoreò. 1828. The State 

Tretyakov Gallery. 
 

It is worth mentioning the work of the painter 

Daniel Ridgway Knight, çEn Vendangesè, 

1870 (Fig.16). This paper presents the process 

of harvesting grapes. The author very 

carefully and thoroughly presented the fruit 

harvested by the grapevine. It also shows how 

much grapes the grapes are harvesting the 

workers. 

Fig. 16. òEn Vendangesò, 1870. Leeds Art Gallery, 

England. 

Vincent Willem van Gogh - a post-

impressionist painter, and his work through 

the range of vivid colors and emotional 

appearance, have greatly influenced XX 

century art. He painted paintings with the 

theme of the vine: "Red vineyard in Arles", 

1884; "Dead Nature: Grapes, Apples, Lemon 

and Pears", 1887; "Dead Nature: Grapes", 

1887; "Green vineyards", 1888 "Vineyard: 

Looking Over", 1890 (Fig.17.). 

Fig. 17. ò Dead nature: grapesò. 1887.  

 

The "Red vineyard of Arles" painting was 

painted by Vincent Willem van Gogh in 

November 1884 on oil cloth. At that time, 

living in southern France in Arles, Vincent 

Willem van Gogh is inspired by urban and 

rural landscapes, the imposing colors of 

nature in sunlight (Fig.18.). 

One day in Arles, Vincent Willem van Gogh, 

returning home from the suburbs of the city, 

noticed an unusual landscape: the sun in the 

sunset, with its light rays p, the leaves of the 

huts were colored violet-red and humans and 

the earth - in shades of gray-lilac. Shortly 

afterwards, Vincent Willem van Gogh began 

working on a painting, which involved grape 

harvesting. The author was not just a simple 

landscape but a model in which everything 

has a symbolic meaning. The giant sun of a 

red-hot in the yellow sky casts a green and 

orange glow. Everything on the earth, like 

melting under the sun. The leaves of the vine 

turn into a bright red, but the underlying soil 

takes on a lilac hue. The right side of the 

painting is dedicated to water, which reflects 

the sky in a flaming yellow flame. People, 

harvesting grapes, are the symbol of life. 

People's daily work, Van Gogh understood it 

as something that allows a person to become 
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an integral part of the universe. The painting 

is painted in such a way that everything that 

lies under the sky as if it is a whole. Through 

this, the idea of an entire human being and the 

environment was reproduced. 
 

 

Fig. 18. "The red vineyard of Arles". 1884. State 

Museum of Fine Arts "A.S.Pushkin", Moskova, Russia. 

 

Pablo Picasso (Pablo Ruiz y Picasso), has 

used various geometrical shapes in his work 

with decorative elements. This direction of art 

is called cubism. In "Violin and Grapes", the 

violin is unfolded in many small details, and 

the visitor is visually proposed to gather all 

these elements into an object. Although many 

details are painted, but all are executed with 

some detail. Pablo Picasso's goal was not to 

present the violin but to understand the song 

that can be played by this violin (Fig.19.). 
 

 
Fig. 19. "Violin and Grapes", 1912. Contemporary Art 

Museum, New York, USA. 

In Romanian painting, the grapes were 

rendered in static nature by Nicolae 

Grigorescu, Nicolae Tonitza, Theodor 

Pallady, etc. 

Aurel David (1935-1984), the fascinated 

painter of color and the author of the 

Eminescu Tree Engraving, painted oil 

paintings with live scenes: "Grape 

Harvesting" (1957, collection of the National 

Museum of Art), "At the Fruit of the Fame" 

1954, the collection of the Republican College 

of Fine Arts "A. PlŁmŁdealŁ") (Fig.20). 
 

 

Fig. 20. "Grape Harvesting", 1954 

 

For many generations of art lovers, Mihail 

Petric will remain the most representative 

master of the Basarabian panoramic 

landscape. 

The work "Vineyards" by Mihail Petric, 1974, 

gives the possibility and the desire to cultivate 

the vine, this being transmitted from an 

ancient ancestor. It is very fascinated and 

attractive by its pale colors and vineyard relief 

(Fig.21.). 
 

 

Fig. 21. "Vineyards". 1974.  

 

The jewelery objects do not make an 

exception by exposing and recreating the 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 43 

beauty of the vine. 

As a raw material for the creation of 

masterpieces serve mineral stones such as 

amethyst, jade, onyx, etc. 

Amethyst is a variety of quartz. It is also 

called purple agate, episcopal stone, Bacchus 

stone, etc. According to the legend, the name 

"amethyst" comes from the color of the stone. 

It is considered to resemble the color of the 

wine, which was strongly diluted. By serving 

such wine you can not get drunk. 

In Ancient Greece the wine was poured in 

cups with an amethyst, so that the guests at 

the ceremony would not get drunk. 

In Catholic countries the amateur is called the 

"Episcopal Stone". This choice is not 

accidental, it is believed that the amateur 

possesses magical properties to activate the 

spiritual forces. 

Amethyst meets in a wide range of colors 

ranging from colorless pale-violet, pink-blue-

violet, blue-violet to purple, dark purple, and 

sometimes black. Pink amber-purple and red-

purple amethyst stones are used as the raw 

material for the creation of jewelery. 

Using the technique of cutting and stones 

processing, the gyvagrowi creates decorative 

compositions by joining cuts of various 

precious stones on the theme of the grapevine 

(Fig.22.1. - Fig.23.2.). 
 

 
Fig. 22.1. "Grapes from amethyst" Collection of the 

Mineralogy Museum on behalf of A.E. Fersman, 

Academy of Sciences of Russia. 

 

 
Fig. 22.2. "Grapes from amethyst" Collection of the 

Mineralogy Museum on behalf of A.E. Fersman, 

Academy of Sciences of Russia 
 

 
Fig. 23.1. "Grapes from amethyst" Collection of the 

Mineralogy Museum on behalf of A.E. Fersman, 

Russian Academy of Sciences. 

Fig. 23.2. "Grapes from amethyst" Collection of the 

Mineralogy Museum on behalf of A.E. Fersman, 

Russian Academy of Sciences. 
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Fig. 24. òGrapes from nephriteò. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 25. òGrapes from onyxò. 

 

CONCLUSIONS 

 

During the development of civilization, the 

agricultural activities, including the wine-

growing, generated and conditioned the 

development of specific complementary 

crafts, such as carpentry - making wooden 

vessels for collecting and processing grapes, 

smashing, bleed, tea, tub, fermentation, 

preservation and transport of wine (barrels), 

pottery - the production of clay pots for 

preserving and transporting the wine 

derivatives, as well as for serving the wines, 

the blacksmithing - the metal making of the 

tools necessary for the cultivation of the 

grapevine and the processing equipment 

grapes: crushing-pressing, fermentation and 

storage of wines. 

The vine has also greatly influenced the 

development of painting, architecture, 

mosaics, etc. 
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violence in Iraq coincides with wheat 

planting. If farmers are displaced, or unable to 

venture to their fields, this will have 

implications for medium-term food security. 

Agriculture-based livelihoods also face severe 

constraints across the value chain [7]. 

 

MATERIALS AND METHODS  

 

This study involves the use of theory and 

statistical data. The theory may or may not be 

made explicit in the design of the research, 

although it will usually be made explicit in 

presentation of the findings and conclusions. 

In the paper the following indicators have 

been used: arithmetic mean, coefficient of 

variation, average annual growth rate, and 

statistical indicators. 

The formulas used for to calculate these 

indicators, are: 

  , 

where  = the arithmetical mean, = the 

average production values for a number of 

years (i); n= number of years taken into 

account 

The research method followed the following 

steps, beginning with scientific databases 

research of the relevant articles concerning 

organic agriculture in Iraq and marketing of 

the main agricultural products grown 

organically in Iraq, followed by an analysis 

and selection of the relevant data and the last 

step was extraction and summarization of the 

results based on interpretation and evaluation 

of data. 

 

RESULTS AND DISCUSSIONS 

 

In the Arab countries, the share of agriculture 

in the national GDP is around 6.7% in average 

for the period 2000 to 2012 [10] and the 

agricultural sector in Iraq represents the 

second largest industry of the non-oil 

economy, contributing 9.7% to GDP in 2013 

[5]. Recently, the agricultural sector has been 

identified by the Government of Iraq and the 

Kurdistan Regional Government (KRG) as a 

strategic area of focus to be prioritized. 

The selling of agricultural equipment started 

opening to private sector, while the 

government still maintained hegemony over 

importing and selling agricultural machinery 

and the government remained the main 

importer and seller of agricultural machinery 

until 1993 when a new law for the Ministry of 

Agriculture was issued, which pointed out that 

the main activities of the government should 

be addressed to agricultural research, services 

and extension [2]. 

In 2003, the new government and 

administration identified that such issues as 

mechanization-related problems and 

agricultural issues were mainly affecting the 

medium and small producers in Iraq [3]. 

Three years later, in 2006, three USDA 

agriculture advisors were assigned to the Iraqi 

Ministry of Agriculture to build its capacity in 

agricultural extension, agricultural strategic 

planning, and food safety and inspection. 

USDA provided also a public affairs specialist 

to be part of the U.S. embassy's public affairs 

team [12]. Iraqi imports had a value of almost 

$3 billion in food annually, and Iraq was the 

No. 2 buyer of U.S. hard red winter wheat in 

marketing year 2005-2006 [World Bank, 

2006] [14]. In addition, Iraq was the No. 1 

buyer of U.S. long grain milled rice in 2005. 

In the late 1980s, it was the top market for 

rice and one of the top 10 wheat export 

markets. USAID started helping Iraqi farmers 

improve production technologies for wheat, 

barley, rice, and maize [12]. 

The evolution of the surfaces occupied by the 

main crops  in Iraq 

The major portion of the agricultural land in 

Iraq is cultivated with field crops. Wheat and 

barley are the most important crops. Wheat is 

the most important staple food crop in Iraq 

and Barley is mainly used for animal feed. 

The large increase of wheat grown area after 

1991 is likely due to a national policy to 

increase food production in Iraq, possibly 

induced by international economic sanctions. 

Other crops of significance and major 

importance are pulses that include lentils, 

chickpeas, broad beans, oil seed crops such as 

cotton, sesame, sunflower [6]. 

The analysis begins with the evolution of 

surfaces that are cultivated with grain cereals, 

beans and other main crops. Form the first 

table it can be observed an increase of the 
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surface cultivated with wheat, with high 

variation between the years, 28.2%, and an 

annual growth rate of 4.11%. In the year 2014 

the wheat registered 2,109.5 thousand ha 

compared to 1,200 thousand ha in 2000. The 

barley crop is also cultivated on large areas, 

and its surface has increased in the last years, 

having high variations on years. The highest 

decreases can be observed at the chick peas 

crop, from 85.4 thousand ha has dropped with 

28% per year at just 0.9 thousand ha in year 

2014. The beans and sunflower are also two 

crops that have suffered important decreases 

in surface [1]. 
 

Table 1. The evolution of the surfaces for the main field crops in Iraq, during 2000-2014 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

Coefficient 

of variation 

The 

annual 

growth 

rate 

Th. ha Th. ha Th. ha Th. ha Th. ha Th. ha % % 

Wheat Th. ha 1,200.0 2,549.8 1,383.3 2,109.5 1,519 429 28.2 4.11 

Barley Th. ha 1,110.0 1,063.3 1,005.8 1,145.8 923 284 30.8 0.23 

Beans, dry Th. ha 9.0 5.0 0.9 1.2 3.7 3.1 84.9 -13.40 

Beans, green Th. ha 2.4 1.3 0.9 1.2 1.5 0.6 40.6 -4.83 

Broad beans, horse beans, 

dry 
Th. ha 6.5 4.5 5.1 1.2 3.8 1.6 42.5 -11.32 

Chick peas Th. ha 85.4 11.8 1.0 0.9 50 70 140.3 -28.02 

Cow peas, dry Th. ha 0.6 0.4 0.3 0.2 0.4 0.1 29.5 -6.77 

Lentils Th. ha 2.8 4.5 0.1 0.6 2 3 122.5 -10.83 

Maize Th. ha 72.8 173.8 113.1 84.6 130 38 29.4 1.08 

Potatoes Th. ha 38.8 51.0 13.0 25.7 37 11 30.3 -2.88 

Rice, paddy Th. ha 100.0 107.0 48.0 78.9 85 27 31.7 -1.67 

Sugar beet Th. ha 0.3 0.0 1.2 2.7 1.1 0.9 82.9 71.84 

Sugar cane Th. ha 5.0 0.0 0.6 0.5 1.3 2.3 168.5 19.13 

Seed cotton Th. ha 19.8 27.0 20.6 15.5 22 12 54.7 -1.72 

Sunflower seed Th. ha 6.0 15.8 5.8 0.8 7.2 4.4 61.4 -13.07 

Tobacco, unmanufactured Th. ha 2.4 2.4 2.5 2.6 2.3 0.3 12.5 0.55 

Source: FAOSTAT, 2014, Value of Agricultural Production,  http://www.fao.org/faostat/en/#data/QV[9] 

 

Important increases in surface are observed at 

sugar beet, from 0.3 thousand ha in 2000 to 

2.7 thousand ha in 2014, the sugar cane 

decreasing from 5 to 0.5 thousand ha.   

Almost all of the crops have high variation 

between the cultivated surfaces over the 

period, which represents a high instability on 

the market and for producers. 

The cultivated area of vegetables is estimated 

at about 9% (450,000 ha) of the total 

cultivated area and about 6% (300,000 ha) is 

covered by permanent fruit trees.  

Vegetables and fruits provide good 

supplementary and nutritive food in daily diet 

and they also fetch attractive price for the 

producers.  

Vegetables are grown all year round in Iraq. 

Similarly fruit trees are grown throughout Iraq 

as the climate is considered highly suitable for 

various fruits.  

Analyzing the second table, the surfaces for 

tomatoes and vegetables have decreased, with 

high variations on years and high annual rates 

between 2% and 5.53%. 

The tomatoes have a mean of 60 thousand ha, 

with a high coefficient of variation of 26.5% 

and standard deviation of 16 thousand ha. In 

the year 2014 it registered only 34.8 thousand 

ha cultivated. 

 

Table 2. The evolution of the surfaces for the main vegetable crops in Iraq, during 2000-2014 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

 

Coefficient of 

variation 

The annual 

growth rate 

Th. ha Th. ha Th. ha Th. ha Th. ha Th. ha % % 

Tomatoes Th. ha 77.3 67.0 53.2 34.8 60 16 26.5 -5.53 

Vegetables, fresh nes Th.  ha 30.0 27.6 22.8 19.4 25 3 13.2 -3.07 

Vegetables, leguminous nes Th.  ha 18.5 33.8 17.9 13.9 21 6 28.1 -2.01 

Source: FAOSTAT, 2017, GIEWS - Global Information and Early Warning System,[7] 
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The fruits production itôs a highly important 

part in the agriculture of Iraq, and the Table 3 

presents the data of the evolution of these 

crops. 
 

Table 3. The evolution of the surfaces for the main permanent crops in Iraq, during 2000-2014 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

Coefficient of 

variation 

The annual 

growth rate 

Th. ha Th. ha Th. ha Th. ha Th. ha Th. ha % % 

Apples Th. ha 9.0 10.8 30.3 66.2 24 21 85.4 15.32 

Apricots Th. ha 4.6 5.1 4.9 5.2 5 0 9.1 0.82 

Dates Th. ha 110.0 50.0 123.0 242.6 118 49 41.6 5.81 

Olives Th. ha 2.0 0.9 4.7 4.5 3 2 54.9 5.93 

Oranges Th. ha 28.0 26.5 37.1 59.6 35 12 33.1 5.54 

Tangerines, mandarins,  

clementines, satsumas 
Th. ha 3.0 1.2 0.7 0.8 2 1 56.5 -8.83 

Source: FAOSTAT, 2014, Value of Agricultural Production,  http://www.fao.org/faostat/en/#data/QV[9] 

 

-The apples have increased in surfaces from 9 

thousand ha to 66.2 thousand ha in year 2014, 

with a very high variation of 85.4% and 

15.34% yearly increase. 

-Dates are also very significant for the export 

of Iraq, the year 2014 registering a surface of 

242.6 thousand ha, more than double 

compared to the first year and almost five 

time more than the surface from year 2005. 

Iraq is considered to be the largest producer of 

date palm fruit in the world. 

-Increases in surface have also the olives and 

the oranges with high variations on years and 

the  Tangerines, mandarins, clementines and 

satsumas have decreased continuously to a 

surface of 0.8 thousand ha in 2014. 

The evolution of the total productions of the 

main crops  in Iraq 
The next three tables analyses the evolution of 

the total production mainly influenced by the 

changes in the cultivated surface, as it was 

shown in the previous tables, has had high 

variations on years. 

The wheat, the most cultivated crop in Iraq, 

has increased from 384 tons in year 2000 to 

5,055 tons in year 2014, with a variation of 

50%, and a very high standard deviation of 

1,182 thousand tons (Table 4). 
 

Table 4. The evolution of the total productions for the main field crops in Iraq 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

Coefficient 

of variation 

The 

annual 

growth 

rate 

Th. to Th. to Th. to Th. to Th. to Th. to % % 

Wheat Th. to 384 2,228 2,749 5,055 2,358 1,182 50.1 20.21 

Barley Th. to 400 754 1,137 1,278 803 258 32.1 8.66 

Beans, dry Th. to 8.9 8.4 4.1 7.2 6.8 2.5 37.5 -1.48 

Beans, green Th. to 8.0 7.0 5.6 7.2 7.6 2.3 30.9 -0.73 

Broad beans, horse beans, 

dry 
Th. to 3.0 4.0 11.3 0.6 8.0 4.3 54.2 -10.96 

Chick peas Th. to 48.9 13.0 0.8 0.8 28.5 38.7 135.9 -25.28 

Cow peas, dry Th. to 0.8 0.6 0.9 1.2 0.8 0.3 33.9 3.26 

Lentils Th. to 2.0 4.0 0.2 0.9 2.5 4.2 166.6 -5.80 

Maize Th. to 55 401 267 289 341 173 50.5 12.59 

Potatoes Th. to 545 808 205 402 582 215 36.9 -2.15 

Rice, paddy Th. to 60 309 156 403 258 121 46.8 14.57 

Sugar beet Th. to 7.5 0.1 10.7 7.9 8.6 6.9 79.4 49.25 

Sugar cane Th. to 65.0 0.0 12.5 8.7 17 26 149.4 12.29 

Seed cotton Th. to 33.0 29.0 45.3 38.0 38 19 49.2 1.01 

Sunflower seed Th. to 7.5 24.0 7.5 1.8 12 8 65.3 -9.61 

Tobacco, unmanufactured Th. to 2.3 2.3 2.3 2.3 2.3 0.1 4.5 0.16 

Source:FAOSTAT,2017, GIEWS - Global Information and Early Warning System,[8] 

 

The barley production has increased also, 

from 400 thousand tons to 1,278 thousand 

tons in year 2014, also with high variations on 

years. The beans have decreased in 

productions and together with the chick peas 

have the most important downward trend. 
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Overall, all the productions have important 

variations on years, with high standard 

deviations and also high annual growth rate, 

these fluctuations being main influenced by 

the variations in surfaces. 

The tomatoes increased their production until 

year 2010, when it was registered a total 

production of 1,013.2 thousand tons and 

decreased up to 770.6 thousand tons, with a 

mean of 934 thousand tons and a very high 

standard deviation of 253 thousand tons. 

The fresh vegetables have a continuous 

decrease over the years, with a rate of -3.64% 

per year and the leguminous vegetables 

increased their production up to 195 thousand 

tons in year 2005, and 108.2 thousand tons in 

year 2014 compared to year 2000 when the 

total production was 75 thousand tons (Table 

5). 

 

Table 5. The evolution of the total productions for the main vegetable crops in Iraq 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

Coefficient of 

variation 

The annual 

growth rate 

Th. to Th. to Th. to Th. to Th. to Th. to % % 

Tomatoes Th. to 989.0 939.0 1,013.2 770.6 934 253 27.0 -1.77 

Vegetables, fresh nes Th. to 140.0 129.2 103.8 83.3 113 16 14.0 -3.64 

Vegetables, leguminous nes Th. to 75.0 195.0 140.5 108.2 136 45 33.0 2.65 

Source:FAOSTAT,2017, GIEWS - Global Information and Early Warning System,[7] 

 

The fruits production has increased at apricots 

and olives and decreased with high rates at 

citrus and dates.  

The apples production is in year 2014 at 63.4 

thousand tons, almost the same with year 

2000, but with high variation over the years, 

and a slight decrease rate of 0.29%. 

The dates decrease from 932 thousand tons to 

662 thousand tons in year 2014, with a 

decrease of 2.41% per year and a high 

standard deviation of 187 thousand tons. 

The production of oranges is more than a half 

smaller in year 2014 compared with year 

2000, the coefficient of variation being very 

high for this category, 63.9%, but also for 

olives and tangerines and etc (Table 6). 
 

Table 6. The evolution of the total productions for the main permanent crops in Iraq 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 
Coefficient of 

variation 

The annual 

growth 
rate 

Th. to Th. to Th. to Th. to Th. to Th. to % % 

Apples Th. to 66.0 25.0 39.6 63.4 47 16 34.8 -0.29 

Apricots Th. to 6.0 11.7 15.7 16.1 12 4 32.8 7.28 

Dates Th. to 932 404 568 662 630 187 29.7 -2.41 

Olives Th. to 6.0 3.0 15.1 24.8 11 8 70.2 10.66 

Oranges Th. to 270.0 79.0 97.9 115.6 144 92 63.9 -5.88 

Tangerines, mandarins, clementines, satsumas Th. to 37.0 27.0 3.7 4.7 18 15 85.5 -13.74 

Source: FAOSTAT, 2014, Value of Agricultural Production,  http://www.fao.org/faostat/en/#data/QV[9] 

 

The evolution of the average productions/ha 

of the main crops  in Iraq 
The other responsible for the increase of the 

total production is the average production, as 

it will be demonstrated in the next three tables 

has very high variations over the years. 

The wheat production has increased from 320 

kg/ha to 2,396 kg/ha with an average of 1,542 

kg/ha and a standard deviation of 620 kg/ha. 

The barley production has achieved an 

average of 1,115 kg/ha in the year 2014, 

starting also with 360 kg/ha in 2000. 

The chick peas have variations between 572 

kg/ha and 1,106kg/ha, the production of sugar 

beet has a very high decrease from 22,727 

kg/ha to 2,995 kg/ha in 2014 and the maize 

also increased in production up to 3,420 kg/ha 

(Table 7). 

An important increase is observed at the 

tomatoes production, from 12,802 kg/ha to 

22,129 kg/ha, i.e. a growth rate of 3.99%. 

Also the leguminous vegetables almost 

doubled their production from 4,054 kg/ha to 

7,775 kg/ha, with an average of 6,486 kg/ha 

and a growth rate of 4.76% per year (Table 8). 
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Table 7. The evolution of the average productions for the main field crops in Iraq 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

Coefficient 

of variation 

The annual 

growth 

rate 

kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha % % 

Wheat kg/ha 320 873 1,987 2,396 1,542 620 40.2 15.47 

Barley kg/ha 360 709 1,130 1,115 932 323 34.7 8.41 

Beans, dry kg/ha 988 1,698 4,355 6,019 3,083 1,991 64.6 13.78 

Beans, green kg/ha 3,333 5,600 5,977 6,019 5,380 958 17.8 4.31 

Broad beans, horse beans, dry kg/ha 461 888 2223 488 2,306 1,417 61.4 0.41 

Chick peas kg/ha 572 1,106 839 967 747 332 44.4 3.82 

Cow peas, dry kg/ha 1,357 1,425 2,774 5,671 2,567 1,734 67.5 10.75 

Lentils kg/ha 727 888 1,520 1,565 1,163 344 29.5 5.63 

Maize kg/ha 756 2,307 2,358 3,420 2,523 752 29.8 11.38 

Potatoes kg/ha 14,064 15,843 15,717 1,5626 1,5315 2,228 14.5 0.76 

Rice, paddy kg/ha 600 2,887 3,248 5,104 3,098 1,168 37.7 16.52 

Sugar beet kg/ha 22,727 17,500 9,124 2,995 11,799 6,548 55.5 -13.14 

Sugar cane kg/ha 13,000 
 

20,000 15,993 17,198 4,380 25.5 -5.74 

Seed cotton kg/ha 1,670 1,074 2,201 2,451 1,867 476 25.5 2.78 

Sunflower seed kg/ha 1,250 1,523 1,304 2,156 1,744 369 21.2 3.97 

Tobacco, unmanufactured kg/ha 937 937 941 888 1047 199 19.0 -0.38 

Source: FAOSTAT, 2014, Value of Agricultural Production,  http://www.fao.org/faostat/en/#data/QV[9] 

 

Table 8. The evolution of the average productions for the main vegetable crops in Iraq 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 

Coefficient of 

variation 

The annual 

growth rate 

kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha % % 

Tomatoes kg/ha 12,802 14,014 19,046 22,129 15,633 2,863 18.3 3.99 

Vegetables, fresh nes kg/ha 4,666 4,682 4,545 4,298 4,506 199 4.4 -0.59 

Vegetables, leguminous nes kg/ha 4,054 5,777 7,853 7,775 6,486 1,532 23.6 4.76 

Source: FAOSTAT, 2014, Value of Agricultural Production,  http://www.fao.org/faostat/en/#data/QV[9] 

 

It is concerning how the apples production has 

decreased, a high dropdown from 7,333 kg/ha 

to 956 kg/ha in year 2014. Also the dates have 

high decreases in the average production, with 

a downward trend by -7.77% rate, the olives 

production has increased up to 5,527 kg/ha 

and the citrus have important decreases with 

very high variations over the year (Table 9). 
 

Table 9. The evolution of the average productions for the main permanent crops in Iraq 

Indicator MU 
2000 2005 2010 2014 Mean 

St. 

Dev. 
Coefficient of 

variation 

The annual 

growth rate 

kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha % % 

Apples kg/ha 7,333 2,325 1,307 956 3,083 2,208 71.6 -13.54 

Apricots kg/ha 1,300 2,300 3,240 3,100 2,555 714 27.9 6.40 

Dates kg/ha 8,472 8,080 4,615 2,730 5,922 2,230 37.7 -7.77 

Olives kg/ha 3,000 3,233 3,215 5,527 3,646 790 21.7 4.46 

Oranges kg/ha 9,642 2,981 2,638 1,39 4,669 3,829 82.0 -10.82 

Tangerines, mandarins, clementines, satsumas kg/ha 12,333 22,500 5,175 5,680 9,250 6,117 66.1 -5.39 

Source: FAOSTAT, 2014, Value of Agricultural Production,  http://www.fao.org/faostat/en/#data/QV[9] 

 

Date palm is the most popular fruit in Iraq, 

which is grown in the central and southern 

part of the country. 

A New York Times article [13] describes that 

Iraq produced 75% of the worldôs supply of 

dates, growing 629 different varieties. 

In recent years, Iraq has lost its position on 

the world market, and production (281,000 

tons) was in 2008 approximately half of 

production levels in the 1980's. The article 

states that the number of date palm trees has 

fallen from 33 million in the mid 50's to 9 

million in 2008. 

 

CONCLUSIONS 
 

The agricultural sector confronts enormous 

challenges to investment and growth. 

Settlement of unresolved land and water 

rights issues, renovation of Iraqôs irrigation 

infrastructure, development of a coordinated 

national program of de-salinization, as well as 
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the rebuilding of infrastructure for handling, 

storing, and distributing agricultural inputs 

and outputs will all likely be needed to fully 

restore producerôs confidence in increasing 

the cultivated surfaces and average 

productions. 

-The agricultural sector in Iraq represents the 

second largest industry of the non-oil 

economy, contributing 4.2% to GDP in 2013.  

-Overall, all the productions have important 

variations on years, with high standard 

deviations and also high annual growth rate, 

these fluctuations being main influenced by 

the variations in surfaces. 

-The large increase of wheat grown area after 

1991 is likely due to a national policy to 

increase food production in Iraq, possibly 

induced by international economic sanctions. 

-A New York Times article describes that Iraq 

produced 75% of the worldôs supply of dates, 

growing 629 different varieties.  

-In recent years, Iraq has lost its position on 

the world market, and production (281,000 

tons) was in 2008 approximately half of 

production levels in the 1980's. 

-Recently, the agricultural sector has been 

identified by the Government of Iraq and the 

Kurdistan Regional Government (KRG) as a 

strategic area of focus to be prioritized. 

-In 2006, three USDA agriculture advisors 

were assigned to the Iraqi Ministry of 

Agriculture to build its capacity in agricultural 

extension, agricultural strategic planning, and 

food safety and inspection.  

-USDA provided also a public affairs 

specialist to be part of the U.S. embassy's 

public affairs team. 

-Through the Agriculture Reconstruction and 

Development Program for Iraq (ARDI), 

USAID has helped the development of 

agriculture. 

-As a result and recommendation, a revision 

of effective policies with a new framework 

approach, such public-private partnership, 

will have to be considered to reap expected 

benefits in terms of agricultural growth. 

-The instability of land use and agricultural 

production is due to politic instability mainly 

and it is definitely an important issue that 

must be stabilized and prioritized. 
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Abstract 

 

Pseudarenthemum tunicatum belongs to the Acanthaceae family and an aqueous infusion of it is taken as a 

hematinic and for other medicinal purposes.  This work was aimed at  identifying compounds in dichloromethane/ 

methanol (1:1v)  and methanol extracts of P. tunicatum leaves using Gas Chromatography Mass Spectrometry 

analysis. Thirty compounds were identified in dichloromethane/methanol extract while thirty five compounds were 

identified in the methanol extract. The most abundant compounds in the dichloromethane/methanol extract 21-

methyl-17-isocholestane-16-[2- [formylthio]ethyl],methyl-5,9,21-octacosatrienoate, 9,19-Cyclolanostan-3-ol, 24-

methylene-, (3ɓ.)and n-Hexadecanoic acid which had relative abundance of 13.51%, 12.72%, 10.66% and 10.20% 

respectively. The most abundant compounds in the methanol extract were 2,5-Furandione- 3-methyl, 5-

Hydroxymethylfurfural, 9-Octadecenoic acid, (E) and n-Hexadecanoic acid which had relative abundance of 

14.01%, 13.27%, 12.25% and 11.87% respectively. Tetradecanoic acid (i.e myristic acid) and n-Hexadecanoic acid 

were the only compounds identified in both extracts. Results indicated that polarity of the solvents used in extraction 

influenced the relative abundance and type of compound extracted. Dichloromethane/ methanol extracted more of 

the triterpenoids and sterols while methanol extracted more of the flavonoids, fatty acids and fatty acid esters. 

Various compounds identified are known to have varying bioactivities such as antimicrobial, anticancer, 

antioxidant and antisickling. As such, P. tunicatum leaves could be useful in the preparation of neutraceuticals.  

 

Key  words: Pseudarenthemum tunicatum leaves, Gas Chromatography-Mass Spectrometry, triterpenoids,  

                    fatty acids  
 

INTRODUCTION  

 

Plants serve as source of medicine and an 

important component of the health care 

system [10]. Many plants contain compounds 

which have curative or protective properties 

against various diseases [16]. These 

compounds proffer positive health benefit 

such as being antioxidants which have the 

ability of ñmopping upò reactive oxygen 

species (ROS) and reactive nitrogen species 

(RNS) which are implicated in inducing 

oxidative stress resulting to various types of 

cancer in different body parts and other 

ailments associated with it. 

There has been an increasing interest on 

natural product research especially on 

medicinal plants which seem to have 

restorative properties [7]. The World Health 

Organization estimates that approximately 

80% of the world population in developing 

countries relies on traditional plant medicine 

for primary health care needs, of which a 

major proportion corresponds to plant extracts 

or their active principles [20]. They are a 

source of novel chemical entities that possess 

beneficial pharmacological and therapeutic 

properties [11]. Pseudarenthenum tunicatun 

leaves belongs to the family, Acanthaceae [5] 

[2] reported that plants belonging to 

Acanthaceae family have been reported to 

have anti-fugal, cytotoxic, anti-inflammatory, 

anti-pyretic, antioxidant, insecticidal, 

hepatoprotective, immunomodulatory, anti-

platelet aggregation and anti-viral activities. 

Red  colored infusion of this plant got after 

boiling the leaves in water is traditionally 

taken as 'blood tonic' by some human 

populations in the southern part of Nigeria 

and in some African countries who have a 

knowledge of its medicinal usefulness. 

Nutrient, phytochemical and amino acid 

profile of the leaves have been elucidated [3]. 

P. tunicatum is a woody herb or under shrub 
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reaching a height greater than 85cm with red 

flowers protruding at the tip. This under-shrub 

grows in evergreen forest and on rocks and 

near streams. It is found growing from Ghana 

to West Cameroon and Fernando Po and is 

wide spread throughout tropical African [5]. 

The main research interest in plants is aimed 

at unveiling the presence of some active 

components in them [17]. Identification and 

evaluation of these active compounds 

otherwise known as phytochemicals of 

uncommonly used plants could help provide 

information that would be useful in the 

development of a new drug [1] or in the 

production of a neutracuetical. It is in view of 

this that Gas Chromatography- Mass 

Spectrometry (GCMS) analysis was carried 

out to identify compounds present in P. 

tunicatum leaves. This will provide 

information about its usefulness and proposed 

use as a neutraceutical or as starting material 

in the synthesis of pharmaceutical drugs. 

 

MATERIALS AND METHODS  

 

Psuederathemum tunicatum leaves were 

harvested from nearby farms in Abia State 

University, Umuahia location in Umudike,  

Ikwuano Local Government Area in the 

month of January, 2017. It was identified by a 

taxonomist in the Department of Plant 

Science and Biotechnology, Abia State 

University Uturu, Nigeria. Specimen sample 

of the leaves were deposited in the herbarium. 

The leaves were de-stalked, washed in clean 

tap water and drained off the water. 

Subsequently, the leaves were dried under a 

shade for 5 days after which they were 

pulverized in a blender. Bioactive compounds 

were extracted according to the method 

described by [21]. Methanol and 

dichloromethane/methanol (1:1v/v) were used 

to extract bioactive compounds. 20g of the 

pulverized leaf sample was put into two 

labeled conical flasks respectively. 400ml 

dichloromethane/methanol and 400 ml 

methanol were added to the conical flasks 

containing the samples respectively and 

shaked vigorously. Each flask containing the 

sample and solvent were covered using 

aluminum foil and allowed to stand for 24h at 

room temperature before the sample mixtures  

were filtered through whatman filter paper 

No.1 respectively. The respective extracts 

were concentrated by evaporating excess 

solvent by boiling in a water bath. Hence, two 

extracts of P. tunicatum leaves were obtained. 

These extracts were subjected to gas 

chromatography-mass spectrometry (GCMS) 

analysis for the separation and identification 

of compounds respectively. This was done 

using GCMS (Model QP 2010 series, 

Shimadzu, Japan) equipped with Optima 5ms 

fused capillary column of 30mm length, 0.25 

mm diameter and 0.25 mm film thickness. 

Helium (99.99%) was used as carrier gas. The 

temperature programming was set with initial 

column oven temperature of 60
0
C hold time 

of 2mins by 120
0
Cmin to a final temperature 

of 300
0
C with hold time for 2mins. 2.0 Õl of 

the P. tunicatum leaf extracts were injected 

using a Hamilton syringe into the GC for total 

ion chromatographic analysis with split 

injection technique (3:1) respectively. The 

injector temperature was 250ÜC, ion source 

temperature was 200ÜC with an interface 

temperature of 280ÜC and recorded over a 

scan range of 45 to 650m/z with electron 

impact ionization energy of 70ev. Total 

running time of GC-MS for the methanol 

extract was 29 min, while for the 

dichloromethane/methanol extract was 23min. 

The relative percentage of each extract 

constituents were expressed as a percentage 

with peak area normalization. Compounds 

were identified by mass spectroscopy. This 

was done  by comparing retention indices and 

mass spectra fragmentation patterns of the 

compounds with those stored on the computer 

library of the National Institute of Standard 

Technology ( NIST/EPA/NIH  Mass Spectral 

Library, Version 2.0). Quantitative 

determinations were made by relating 

respective peak areas to TIC areas from the 

GC-MS. 

 

RESULTS AND DISCUSSIONS 

 

GC-MS analysis revealed the presence of 30 

compounds in dichloromethane/methanol 

extract and 35 compounds in methanol extract 

of Pseuderathemum tunicatum leaves. Peak 
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number, retention time, compound name, 

molecular weight,  molecular formula and 

relative abundance are stated in their various 

tables. Table 1 shows compounds identified in 

dichloromethane/methanol extract of P. 

tunicatum leaves which represented the  

lipophilic fraction. Four compounds were 

identified as the major bioactive compounds. 

They are 21-methyl-17-isocholestane-16-[2- 

[formylthio]ethyl] and it had a relative 

abundance of 13.51% and eluted as 

represented at peak 26. 

Methyl-5,9,21-octacosatrienoate had a relative 

abundance of 12.72% and eluted as 

represented at peak 19; 9,19-Cyclolanostan-3-

ol, 24-methylene- (3ɓ.) had a relative 

abundance of 10.66% and eluted as 

represented at peak 29 and n-Hexadecanoic 

acid (i.e. palmitic acid) had a relative 

abundance of 10.20% and eluted as 

represented at peak 17.  

 

Table 1. Bioactive Compounds indentified in Dichloromethane/ methanol extract of Pseuderathernum tunicatum 

leaves 

Peak 

No 

RT 

(mins) 

Name of Compound Molecular 

formula  

Molecular 

weight 

Relative 

abundance 

(%)  

1 3.709 n-Octanoic acid C8H16O2 144 0.12 

2 3.900 2-Butanone, 4-hydroxy-3-methyl C5H10O2 102 0.26 

3 

4 

5.857 

6.120 

1,8-Nonadien-3-ol 

Cyclohexanol, 5-methyl-2-(1-methylethyl)-, 

(1.alpha.,2.beta.,5.alpha.)-(.+/-.)- 

C9H16O 

C10H20O 

140 

156 

0.16 

0.91 

5 6.336 Methylene chloride CH2Cl2 84 0.07 

6 6.700 Cyclohexanone, 5-methyl-2-(1-methylethyl)-, (2S-

trans)- 

C10H18O 154 0.34 

7 6.941 Cyclohexanone, 5-methyl-2-(1-methylethyl)-, trans- C10H18O 154 0.17 

8 10.694 2-Decanynoic acid C10H16O2 168 0.10 

9 11.173 Z,Z-4,16-Octadecadiene-1-ol acetate C20H36O2 308 0.16 

10 11.273 5-Aminoimidazole-4-carboxylic acid, methyl ester. C5H7N3O2 141 0.15 

11 11.726 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) 

ester 

C16H22O4 278 0.23 

12 12.057 Z,Z-4,16-Octadecadien-1-ol acetate C20H36O2 308 0.34 

13 12.286 Z,Z-4,16-Octadecadien-1-ol acetate C20H36O2 308 0.34 

14 12.434 Tetradecanoic acid C14H28O2 228 0.67 

15 12.746 Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-

hydroxy-, (3ɓ, 17ɓ) 

C22H32O2 328 0.41 

16 13.558 Oxacyclododecan-2-one C11H20O2 184 0.70 

17 13.682 n-Hexadecanoic acid C16H32O2  10.20 

18 14.581 Phytol  C20H40O 296 3.70 

19 14.798 Methyl 5,9,21-octacosatrienoate C29H52O2 432 12.72 

20 14.904 2,4,6,8-Tetramethyl-1-octacosanol C32H66O 466 7.03 

21 15.144 Triamcinolone acetonide  C24H31FO6 434 3.41 

22 15.837 Olean-12-en-3-one C30H48O 424 4.70 

23 15.933 Olean-12-en-3-one C30H43O 424 4.19 

24 16.279 9,19-Cyclo-9ɓ-lanostane-3ɓ,25-diol C30H52O2 444 7.93 

25 16.532 Ergosta-7,22-dien-3-ol acetate (3ɓ, 5Ŭ) C30H48O2 440 4.92 

26 16.838 21-Methyl-17-isocholestane 16-[2-[formylthio]ethyl]- C30H52OS 460 13.51 

27 17.081 D:B-Friedo-B':A'-neogammacer-5-en-3-ol, (3ɓ) 

 (i.e Simiarenol) 

C30H50O 426 8.19 

28 17.284 Isocitronellol C10H20O 156 1.43 

29 17.689 9,19-Cyclolanostan-3-ol, 24-methylene-, (3ɓ)- C31H52O 440 10.66 

30 19.967 Ŭ-Tocopherol C29H50O2 430 1.39 

31 20.651 Cyclopentane, 1,1'-hexadecylidenebis- C26H50 362 0.90 

Source: Own findings. 
 

These represented 47.09% of the compounds 

present in the lipophilic fraction. These 

compounds consists of a stanol ester, 

unsaturated fatty acid, a triterpene  and a 
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saturated fatty acid.  Stanol esters  are a 

heterogenous group of phytosterol esters with 

a saturated ring structure which are known to 

reduce the low density lipoprotein  cholesterol 

when ingested [9]. n-Hexadecanoic acid  has 

been reported to have  activities  like being 

antioxidant [12] which is about 68% 

antioxidant activity [8] as well as having 

cytotoxic activity [14], anti-inflammatory, 

anti spasmodic and antiviral [15]. 9,19-

Cyclolanostan-3-ol, 24-methylene- (3ɓ.) has 

been reported to have antimicrobial activity 

[18]. It has been reported that plant sterols and 

stanols are of good therapeutic options for the 

management of hypercholesterolemia [23] 

while triterpenes have been reported to have 

cytotoxic activity [24]. The presence of 21-

methyl-17-isocholestane-16-[2- 

[formylthio]ethyl] which is a derivative of 

stanols, 9,19-Cyclolanostan-3-ol, 24-

methylene- (3ɓ.) which is a triterpene and n-

Hexadecanoic acid a saturated fatty acid 

found in appreciable quantities therefore  

suggests the usefulness of P. tunicatum leaves 

in human nutrition. 

Other compounds found in appreciable 

quantities include 2,4,6,8-Tetramethyl-1-

octacosanol (7.03%), Olean -12-en-3-one 

(8.89%), 9, 19-cyclo-9ɓ-lanostane-3ɓ-20-diol 

(7.93%), D:B-Friedo-B':A'-neogammacer-5-

en-3-ol, (3ɓ)- (i.e  Simiarenol) (8.19%). 

Results therefore indicated the presence of 

both tetracyclic and pentacyclic triterpenoids 

of dammarane, oleanane, cyclolartane and 

friedoursane type which constitutes about 

36.08% of the compounds present in 

dichloromethane/methanol extract of P. 

tunicatum leaves. It has been reported that 

simiarenol is present in the root of Rhododen 

rondayrium and may have in vitro 

leishmanicidal activity against leishmania 

donovani promastigoes [4]. Some other 

compounds identified in this extract which 

has been reported to have positive health 

benefits include phytol (3.7%) and ́ - 

tocopherol (ie vitamin E 1.39%). Phytol has 

been reported to have activities such as 

antimicrobial, anti-cancer, anti-inflammatory, 

anti-diuretic, immune-stimulatory and anti-

diabetic activities [19]. There are four 

tocopherol isoforms namely ́ , b, ɔ,d-

tocopherols among which -́tocopherol was 

found in dichloromethane/methanol extract. It 

is known to have the highest vitamin E 

activity amongs the isoforms [6]. ́  - 

Tocopherol has some biological activities 

such as being antioxidant, anti-inflammatory, 

anti microbial, radical scavenging and anti-

spasmodic [19]. 

 

 
Fig.  1. Gas Chromatography- Mass Spectrometry Chromatogram of   Dichloromethane-Methanol Extract of 

Pseuderanthemum tunicatum leaves. 

Source: Own findings. 
 

Table 2 shows results on compounds present 

in the methanol extract of Pseuderanthemum 

tunicatum leaves.The major compounds 

identified include 2, 5 ï furandone, 3- methyl 

which had relative abundance of 14.01% and 

eluted as peak 4; 5-hydroxymethly furfural 
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had a relative abundance of 13.27% and 

eluted as peak 15; n ï hexadecanoic acid (i.e. 

palmitic acid) had a relative abundance of 11. 

87% and eluted as peak 30 and 9-

octadecenoic ú (i.e. oleic acid) had a relative 

abundance of 12.25% and eluted as peak 34. 

These constitute 51.40% of compounds 

present in the hydrophilic fraction of P. 

tunicatum leaves.  2, 5- furandione, 3 ïmethyl 

has been reported to have anti-cancer  activity 

[15]. 5-hydroxy methyl furfural is a sugar 

derivative and is a heterocydic aldehyde 

widely present in foods. It is produced though 

the degradation of hexoses via Maillard 

reaction during heat treatment of foods 

containing reducing sugars and amino acids in 

an acid environment [25]. 5 ï hydroxyl 

methyl furfural has been reported to increase 

enzyme activities such as superoxide 

dismutase and glutathione peroxidase as well 

as potential therapeutic  agent for the 

treatment of Alzheimerôs disease [13]. 

n-Hexadecanoic acid (i.e palmitic acid), 9-

Octadecenoic acid (i.e oleic acid) and 

octadecanoic acid (i.e stearic acid) were the 

major fatty acids present in the methanol 

extract of P. tunicatum leaves.   

 

Table 2. Bioactive compounds identified in Methanol extract of Pseuderathernum tunicatum leaves 

Peak 

No 

RT 

(mins) 

Name of Compound Molecular 

Formula 

Molecular 

weight 

Relative 

abundance 

(%)  

1 3.382 1,3-Dioxan-5-ol,4,4,5 trimethyl C7H14O3 146 0.09 

2 3.625 3-methoxy-3-methyl-tetrahydro-pyran-2-one C7H12O3 144 0.20 

3 4.314 2-Furancarboxaldehyde, 5-methyl C6H6O2 110 0.16 

4 4.932 2,5-Furandione, 3-methyl- C5H4O3 112 14.01 

5 5.062 1H-Azonine, octahydro-1-nitroso- C8H16N2O 156 0.92 

6 5.638 Butanedoic acid, monomethyl ester C5H8O4 132 0.45 

7 5.806 2-Furancarboxylic acid, methyl ester C6H6O3 126 1.12 

8 6.051 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- C6H8O4 144 1.62 

9 6.139 2(3H)-Furanone,5-ethyenyldihydro-5-methyl. C7H10O2 126 1.14 

10 6.274 2,5-Furandione, dihydro-3-methylene  C5H4O3 112 0.87 

11 6.593 Heptanoic acid, 3-hydroxy-methyl ester. C8H16O 160 0.17 

12 6.783 Levoglucosenone C6H6O3 126 0.40 

13 7.057 Butanedioic acid, methylene-, 4-methyl ester C6H8O4 144 1.56 

14 7.205 1Ŭ, 2 Ŭ, 4Ŭ, 5ɓ-cyclohexanetetrol C6H12O4 148 0.64 

15 8.096 5-Hydroxymethyl furfural C6H6O3 126 13.27 

16 9.900 1,3-Dioxolane, 4,5-diethenyl-2,2-dimethyl C9H14O2 154 9.01 

17 10.056 2-Furanmethol C5H6O2 98 0.66 

18 10.802 Citric acid, trimethyl ester C9H14O7 234 5.11 

19 10.904 ɓ-D-Glucopyranose-1,6-anhydro C6H10O5 162 2.28 

20 11.212 Octanedioic  C8H14O4 174 0.46 

21 11.607 2-Hydroxypropane-1,2,3-tricarboxylic acid, dimethyl ester C8H12O7 220 4.71 

22 11.685 Undecanoic acid C11H22O2 186 2.43 

23 12.005 Nonanedioic acid C9H16O4 188 0.90 

24 12.307 n-Tetradecanoic acid  C14H28O2 228 1.97 

25 12.956 9-undecenol-2,10-dimethyl C13H26O 198 1.27 

26 13.035 9-undecenol-2,10-dimethyl C13H26O 198 0.47 

27 13.000 Pentadecanoic acid C15H30O2 242 0.43 

28 13.383 Hexadecanoic acid, methyl ester  C17H34O2 270 0.36 

29 13.578 cis-9-Hexadecenoic acid C16H30O2 254 2.24 

30 13.723 n-Hexadecanoic acid C16H32O2 256 11.87 

31 14.107 Eicosanoic acid C20H40O2 312 0.37 

32 14.304 Eicosanoic acid C20H40O2 312 0.75 

33 14.488 6-Octadecenoic acid, methyl ester (Z) C19H36O2 296 0.80 

34 14.823 9-Octadecenoic, (E)- C18H34O2 282 12.25 

35 14.932 n-Octadecanoic acid  C18H36O2 284 7.22 

36 18.469 Hexadecanoic acid, (3-bromoprop-2-ynyl) ester C19H33BrO2 372 0.46 

37 18.658 3Ŭ-(Trimethylsiloxy)cholest-5-ene C30H54OSi 458 0.40 

Source: Own findings. 
 

They have been reported to have antioxidant 

activities. However, [8] reported n- 

hexadecanoic acid to have 68% antioxidant 

activity while 9-Octadecenoic acid has only 
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moderate activity and n-Octadecanoic acid 

had poor antioxidant activity. Mostly 

identified compounds were ketones, dibasic 

acids, fatty acids, fatty acid esters, sterols, 

stanols, flavonoids, nitrogen compounds and 

triterpenoids. The polarity of the respective 

solvents played a major role to extract more 

specific compounds. This was confirmed by 

the isolation of phyto-compounds on polarity 

based extraction [22]. Dichloromethane 

methanol extracted more of sterols, stanols 

and triterpenoids while methanol extracted 

more of flavonoids, aldehydes, nitrogen 

compounds , fatty  acids and fatty acid esters. 

It was observed that some compounds were 

common to both dichloromethane/methanol 

and methanol extracts of P. tunicatum leaves 

but in varied relative abundance. They are 

tretradecanoic acid (myristic acid) and n- 

Hexadecanoic acid (Palmitic acid). 

 
Fig. 2. Gas Chromatography- Mass Spectrometry - Chromatogram of Methanol Extract of Pseuderanthemum 

tunicatum leaves. 

Source: Own findings. 
 

CONCLUSIONS 

 

In the present study 30 compounds from 

dichloromethane/methanol extract and 35 

compounds from methanol extract were 

identified in Psuederanthenum tunicatum 

leaves. The polarity of solvents used for 

extraction resulted to variations in compounds 

extracted. The dichloromethane/methanol 

extract revealed that P. tunicatum leaves has 

good quantities of triterpenoids of the 

dammarane, oleanane, cyclolartane and 

friedoursane type. 21-methy 1-17 

isocholestane ï 16- [2-[formylthio] ethyl] 

which is a stanol was the most abundant 

compound in the dichloromethane/methanol 

extract while 2,5- furandienee ï 3- methy 

(flavonoid) was the most abundant compound 

in the methanol  extract of P. tunicatum 

leaves. 
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Abstract 

 

The dynamic of crops domestication and use of edible wild plant species is well documented worldwide. The 

diversity of plant species used for food, changed during humankind history and lot of researchers pointed out the 

danger of species erosion that may negatively impact food security. The trade of crops is regulated at the 

international level and as a secondary effect is the promotion of new breed varieties. Today the scientific community 

is talking about neglected species and old varieties not eligible for trade and consequently removed from the today 

diet without taking into consideration the fact that their presence in the same agro-ecosystem for more than 50 

years, increases their capacity to adapt to climate change effects. Therefore, huge efforts should be done to re-

assessing our conservation strategies for breeding crops. At the European level it is already recognized the term 

ñvarieties under conservationò, that allows members states to maintain old varieties and landraces under specific 

conditions. The scope of this article is to evaluate the official status of conservation of Triticum ssp. in our country 

by taking into account the history of cultivation and breeding programmes. At least 6 edible fossilized wheat species 

were found in human settlements for more than 6,000 years (i.e.: T. aestivum, T. dicoccoides, T. dicoccum, T. 

durum, T. monococcum and T. spelta). If einkorn and emmer wheat were common between Neolithic and Middle 

Age, today they are almost absent. Only six varieties of bread wheat are today officially recognized as ñvarieties 

under conservationò, a series of more than 50 old varieties breed after 1927 being not yet officially recorded. 

 

Key words: breeding programme, on farm conservation, PGRFA. Romania Triticum ssp,  

                  varieties under conservation, wild crops relatives. 

 

INTRODUCTION  

 

During humankind wild plant species have 

been domesticated for more than 10,000 years 

ago and the process continues today [16]. The 

authors also recorded a historical dynamic of 

plant species domestication, such as the 

entering and loses of plant genetic resources 

for food and agriculture or PGRFA. Different 

archaeological studies revealed the presence 

of fossilised crop seeds that have been used in 

the archaic human settlements, all over the 

world [11; 13; 23; 26], including the present 

territory of Romania [9]. Such evidences 

become more relevant when considering new 

strategic directives for agriculture 

development that is today under myriad of 

pressure factors [18]. Moreover, by taking 

into account the history of ecosystems 

regarding crops cultivation and current 

pressures associated to climate changes (i.e. 

short heavy rains, long-term drying 

conditions, diseases and pests breakouts) it is 

relevant to take into consideration food 

security for the country [7; 8]. Thus, a specific 

agro-ecosystem may act today like a living-

gene-bank, by preserving all relevant genes of 

the species for supporting their continuous 

adaptation to environmental factors [13; 25]. 

By accessing the diversity of PGRFA in hot-

spots of agro-biodiversity may give relevant 

clues for breeding strategies on one hand and 

applied agricultural management on the other 

hand [19]. Romania developed the research 

infrastructure for crops breeding in between 

the World Wars for all three historical 

provinces (Transylvania, Moldova and 

Walachia) and cereals were among the main 

research subjects. A continuous development 

in cereal breeding was achieved in Romania 

starting with 1927. After the Second World 

War, cereal breeding recognized another step 

towards its development [6]. After 1989 

breeding cereals suffered some losses, 

especially in terms of capacity building by 

weakening the national system for ensuring 

the long-term development of cereal breeding 

programmes. Attention today is oriented 
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towards ñvarieties under conservationò that 

are officially regulated for European Union 

countries such as the following: Directive 

2008/62/EC (providing for certain derogations 

for acceptance of agricultural landraces and 

varieties which are naturally adapted to the 

local and regional conditions and threatened 

by genetic erosion and for marketing of seed 

and seed potatoes of those landraces and 

varieties), Directive 2009/145/EC (providing 

for certain derogations, for acceptance of 

vegetable landraces and varieties which have 

been traditionally grown in particular 

localities and regions and are threatened by 

genetic erosion and of vegetable varieties with 

no intrinsic value for commercial crop 

production but developed for growing under 

particular conditions and for marketing of 

seed of those landraces and varieties) and 

Directive 2010/60/EU (providing for certain 

derogations for marketing of fodder plant seed 

mixtures intended for use in the preservation 

of the natural environment). Under this term, 

it is regulated on-farm conservation of old 

crop varieties and landraces. This legal 

framework was developed as a direct result of 

crops erosion recording. Certain authors 

underlined the value of traditional crops for 

species genetic diversity and furthermore for 

their contribution to increasing biodiversity. 

Moreover, they recognized some 30 years ago 

the need to develop farmerôs skills and 

capacity to manage in a dynamic manner the 

conservation of crops [25]. Such genetic 

resources will be essential for improving 

crops in a genomic era by ensuring the rapid 

access to the genome of a certain species 

associated to a country [17]. Thus, today in 

the European Union it is possible to promote 

both old crops as well as new breeds based on 

the implementation of Multilateral System 

under the Plant Treaty (i.e. International 

Treaty on Plant Genetic Resources for Food 

and Agriculture) as well as on official 

catalogues for plant varieties and hybrids. 

Romania started to publish such varieties after 

2011 and by today there are listed six varieties 

for Triticum ssp. The scope of this article is to 

survey scientific and technical literature in 

order to evaluate the current relevance of 

wheat varieties recognized to be ñunder 

conservationò towards the future breeding 

programmes and for ensuring food security of 

the country.  
 

MATERIALS AND METHODS  

 

This article is based on a SWOT analysis of 

monographic papers or books and the official 

catalogues of Romanian plant varieties and 

hybrids, published between 1956 and 2017, 

regarding the long history cultivation of six 

wheat species such as: Triticum aestivum L. 

(bread wheat), T. dicoccoides (Kºrn. ex Asch. 

& Graebn.) Aarons., T. dicoccum Sch¿bl. 

(emmer wheat), T. durum Desf., T. 

monococcum L. (einkorn) and T. spelta L. 

(spelt) [21]. Surveying UPOV database [20] 

and Gene Bank of Suceava [1] completed the 

current study. 

 

RESULTS AND DISCUSSIONS 

 

The six species, belonging to Triticum genus 

(i.e. T aestivum, T. dicoccoides, T. dicoccum, 

T. durum, T. monococcum and T. spelta), have 

been cultivated for a long time on the current 

territory of Romania and all of them may 

become valuable genetic resources for the 

future wheat breeding programme aside other 

45 wild wheat relatives: T. amyleum Ser., T. 

armeniacum (Stolet.) Nevski & Nevski, T. 

arras Hochst., T. arvense Schreb., T. biflorum 

Brign., T. campestre Nyman, T. caninum L., 

T. cereale Asch., T. compactum Host, T. 

cristatum Schreb., T. cylindricum Ces., Pass. 

& Gibelli, T. dicoccon Schrank, T. elongatum 

Host, T. farrum Bayle-Bar., T. fragile Link, T. 

glaucum Desf., T. hordeiforme Host, T. 

hybernum L., T. imbricatum M.Bieb., T. 

intermedium Host, T. junceum L., T. 

laevissimum Habl.vel Hall. ex Steud., T. 

latronum Godr., T. maritimum L., T. ovatum 

Raspail, T. panarmitanum Bertol., T. 

pectinatum M.Bieb., T. pinnatum Moench, T. 

polonicum L., T. prostratum L.f., T. repens L., 

T. rigidum Schrad., T. sativum Lam., T. 

sativum var. compactum Hack., T. secale 

Link, T. sepium Lam., T. siculum Roem. & 

Schult., T. silvestre Asch. & Graebn., T. 

subulatum Banks & Sol., T. trichophorum 

Link, T. turgidum L., T. turgidum L. subsp. 
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pyramidale (Percival) Vald®s & H.Scholz, T. 

vaillantianum Wulfen & Schreb., T. villosum 

(L.) M.Bieb. and T.  vulgare Vill.) [5].  

Neolithic cultivation of wheat species 

Archaeological evidences regarding wheat 

cultivation in the today territory of the 

country, were proved down the Starļevo- 

CriἨ, Vinļa and Boian civilizations
 
[11; 22] or 

about 6,000 years B.C. that changed the wild 

Neolithic landscape inside the Carpathian 

Arche [5]. Based on a series of archaeological 

excavations it was proved the cultivation of 

four primitive wheat species such as: T. 

monococcum (einkorn), T. spelta (spelt), T. 

dicoccum (emmer wheat) and T. aestivum 

(bread wheat) based on fossils analysis in 

archaic human settlements [8]. As examples 

in Miercurea Sibiului, Sibiu county, the 

presence of einkorn and emmer wheat was 

proved and furthermore in the western part of 

the country (i.e. Banat region) bread wheat 

fossils were recorded. The first two species 

continue to be frequently identified after 

3,000 years down the CoἪofeni civilization 

(i.e. 80% by emmer and 20% by einkorn 

based on statistical estimations conducted by 

CiutŁ in 2009 [8]). Based on this author, 

gradually the bread wheat is covering more 

the archaic landscapes in the inner Carpathian 

arch and T. dicoccoides, spelt and T. sativum 

var. compactum Hack. were also recorded in 

human settlements. As a concluding remark it 

can be considered that at least 5 different 

species of Triticum (i.e. exception is T. 

durum, that was introduced later) have a long 

and continuous history of cultivation in this 

territory which makes them relevant for their 

future conservation and use in national 

breeding programmes for ensuring food 

security of the country. 

The cultivation of wheat species during 

middle-age.  

During the middle-age continues the 

cultivation of different species of Triticum 

especially the winter and spring wheat, as 

primitive cultivars. The politics of 18
th
 

century in Transylvania were also interested 

in recording the wheat leaf rust, relevant for 

the economy of villages [14]. Fiscal 

conscription of Transylvania is an economic 

recording book of all settlements. However, 

not all localities were described in the same 

manner, and that may be due to different 

persons in charge for recoding data from the 

field. Many localities from Transylvania were 

officially recorded for the cultivation of bread 

wheat, excepting those located in mountains. 

Instead, most localities were cultivating 

autumn wheat which was some time replaced 

in certain hilly-mountain areas with spring 

wheat or other cereals due to harsh conditions 

(i.e. long winter season). Also, almost half of 

localities were using both bread wheat 

varieties, and the production recorded for 

autumn wheat being almost all the time higher 

compared to the spring wheat. In certain 

cases, the officials are mentioning the 

cultivation of einkorn, especially for hilly-

mountain areas (i.e. Presaca and MetiἨ 

villages from Sibiu county). However, in the 

mountain villages, not appropriate for good 

wheat production, the fiscal office is using the 

common term of grains (this includes all 

above mentioned cereals and more). This 

fiscal conscription is among the first type of 

official communication method that supported 

the cultivation of productive species and in 

this case bread wheat.  

The cultivation of wheat species between the 

World Wars.  

Continuing this analysis, the presence of all 

wheat species, mentioned before were also 

recorded before the second World War [6; 

12]. 

The cultivation of wheat species after the 

Second Wold War.  

The history of wheat breeding in Romania 

after 1970 were published by agronomists [8; 

14, 24] and the famous silvic engineer 

Alexandru Beldie [5]. 158 wheat varieties are 

recorded under UPOV for Romania starting 

with 1981, proving a high interest for wheat 

breeding [20]. A summary of officially 

recorded varieties will be described below 

based on the type of wheat varieties.  

(a)The status of cultivation of Triticum 

aestivum L.  

The group of T. aestivum L. var. 

erythrospermum (Kºrn.) Velican.  

Under this wheat botanical group have been 

created and placed on the Romanian market at 

least 32 old varieties such as (in alphabetical 
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order): óA15ô, óBanatô, óBucureἨti 1ô (i.e. as a 

specific selection of hybrids resulted from 

óKanredô x óC.906ô), óCenad 117ô (i.e. an old 

wheat variety described in 1921, and possible 

extinct), óCluj 11ô (i.e. result of continuous 

selection of a local population), óCluj 650ô,  

óCrimeeaô, óDaciaô (i.e. placed on the market 

in 1967 as a variety based on the 

hybridization between óBucureἨti 1ô and 

óSkorospelska 3ô), óExcelsiorô (i.e. placed on 

the market in 1966 as a variety based on the 

hybridization between óBucureἨti 1ô and 

óSkorospelska 3ô), óFavoritô (i.e. placed on the 

market in 1966 as a variety based on the 

hybridization between óOdvos 241ô and 

óBezostaia 4ô), ógolden Romanian wheatô, 

óHarrachô (i.e. imported from Austria in 1958 

as a hybridization based on the white wheat of 

óTisaô x óCarman Redô), óMoldovaô (i.e. 

placed on the market in 1966 as a variety 

based on the hybridization between óBucureἨti 

1ô and óSkorospelska 3ô), óNr. 301ô (i.e. 

imported from Bulgaria in 1954 based on a 

complex hybridization between óNr. 16ô, 

óNoeô, óNr. 2010ô and óA 741ô), óPoncaô (i.e. 

imported in 1957 based on a complex 

hybridization between óKawvaleô, óMarquilloô 

and óTenmarkô), óSkorospelska 3ô (i.e. 

imported in 1960 from Russia has in its 

history the hybridisation between óKanred 

Fulcaster 266286ô and óKlein 33ô), óTisaô, 

óTriumphô (i.e. imported in 1957 from USA 

with a complex hybridisation history based 

on: óBlackhullô, óKanredô and óFloviceô), 

óTurda 195ô (i.e. placed on the market in 1970 

as a variety based on the hybridization 

between óICA 440ô and óSkorospelka 3bô). 

óDeliaô was obtained in 1997 from a complex 

hybridization between óFundulea 29ô, óLovrin 

32ô and óFlamura 80ô. Some results have been 

published by the National Agricultural 

Research and Development Institute (NARDI) 

Fundulea in 2010. Relevant wheat varieties 

such as óDaciaô, óExcelsiorô, óFavoritô and 

óFundulea 29ô where considered as wheat 

height standard varieties [24]. Due to dryness 

of the climate after 1980 the breeding strategy 

was oriented to semi-dwarf varieties creation 

(i.e. óFlamura 85ô, óFundulea 4ô and óDropiaô) 

followed by other six cultivars: óArdealô, 

óBoemaô, óDelabradô, óFaurô, óGlosaô and 

óGruiaô [23].  

The group of T. aestivum L. var. ferrugineum 

(Alef.) Velican 

This group was cultivated mainly in 

Transylvania and Moldova, known under 

different toponymies. Relevant is óT©rgu 

Frumos 16ô a cultivar for Moldova region 

[23]. 

The group of T. aestivum L. var. lutescens 

(Alef.) Velican,  

This group was cultivated during 1970 as the 

following 10 varieties in alphabetical order: 

óAuroraô (i.e. imported in 1968 from Russia as 

a variety based on the hybridization between 

óLutescens 314 h 147ô and óBezostaia 1ô), 

óBezostaia 1ô (i.e. imported from Russia in 

1960 and created by the former Krasnodar 

Agricultural Research Institute, currently the 

National Grain Center. P. P. Lukyanenko), 

óCaracal 277ô (i.e. placed on the market in 

1969 as a variety based on the hybridization 

between óBezostaia 1ô and óArnŁut 048ô), 

óKaukazô (i.e. imported in 1968 from Russia 

as a variety based on the hybridization 

between óLutescens 314 h 147ô and 

óBezostaia 1ô), óLovrin 10ô (i.e. placed on the 

market in 1969 as a variety based on complex 

hybridization between óAbondanzaô, 

óTriumphô and óBezostaia 1ô), óLovrin 231ô 

(i.e. placed on the market in 1969 as a variety 

based on the hybridization between óBezostaia 

1ô and óFiorelloô), óMŁgurele 7ô (i.e. placed on 

the market in 1970 as a variety based on the 

hybridization between óMarquisô and óBankut 

1201ô as a winter wheat), óMarquisô and 

óSelkirkô [23]. It is added to this a local 

population óUlcaô [5]. 

The group of T. aestivum L. var. milturum 

(Alef.) Velica  

Varieties belonging to this group are not very 

often cultivated in Romania. However, 

óLibelullaô was imported in 1970 from Italy as 

a variety based on the complex hybridization 

between óTevereô, óGiuliariô, ó1482-54-3ô and 

óSan Pastoreô [23]. 

T. aestivum as varieties under conservation 

for 2017  

By analysing the Official catalogue for 2017 

six varieties of Triticum ssp. have been 

officially recognized for their importance as 

conservation varieties. óBeti PIô belongs to T. 
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aestivum L. var. erythrospermum and it was 

obtained after a complex hybridization based 

on varieties óPI-2433-89ô and óF-141ô, being 

placed on the market in 2004 [15]. Since 2009 

it is recorded as a conservation variety. This 

variety is developed in IaἨi as a winter wheat 

[15] and appropriate for bread production 

[10]. óElianaô is another autumn wheat variety 

that belongs to the same group of varieties, 

recommended for the southern part of 

Moldavia [2] (i.e. dry weather conditions) 

aside óGasparomô, óPŁdureniô, óRomulus LVô 

and óἧimnic 30ô.  

(b)The status of cultivation of Triticum 

diccocoides (Kºrn. ex Asch. & Graebn.) 

Aarons. The presence of this species is 

recorded from Neolithic up to last century and 

appears to disappear after 1960 [5]. There is 

no varieties or local populations officially 

registered as variety under conservation 

(c)The status of cultivation of Triticum 

dicoccum Sch¿bl. Different local populations 

were recorded to be cultivated in all our 

country after the 50
th
 but disappeared after 

1960 [5]. There is no varieties or local 

populations officially registered as variety 

under conservation.  

(d)The status of cultivation of Triticum 

durum Desf. This species was not extensively 

cultivated currently and based on the UPOV 

data base there are officially registered 8 

varieties starting with óPandurô in 1996 [20]. 

Varieties of this species are cultivated mainly 

in the South and East part of the country. It is 

not present into the collections of Gene Bank 

of Suceava [1] and either as varieties under 

conservation. 

(e)The status of cultivation of Triticum 

monococcum L. The distribution of this 

species before 1950 was mainly recorded in 

Transylvania being cultivated in small plots in 

hilly-mountain areas of the following 

counties: MaramureἨ, BistriἪa-NŁsŁud, MureἨ, 

SŁlaj, Bihor, Cluj, Alba, Hunedoara and Sibiu 

being highly resistant against wheat leaf rust 

and powdery mildew. [6]. There is no 

varieties or local populations registered as 

variety under conservation.  

(f)The status of cultivation of Triticum 

spelta L. Different local populations were 

cultivated up 1950 and officially disappeared 

after 1960. Today it is used as a demonstrative 

field crop in the research stations together 

with T. polonicum and present in the 

grasslands [5].  

Wheat species into national ex situ collections  

The Genebank Suceava covers 153 entries for 

T aestivum, 27 of T monococcum and 4 of T 

turgidum [1]. However, there are no 

denominations regarding potential variety 

similarities.  

Ex situ collections exists in several research 

stations (i.e. Agricultural Research and 

Development Institute Fundulea, Agricultural 

Research and Development Station Turda, 

Agricultural Research and Development 

Station Suceava, Agricultural Research and 

Development Station Simnic, Agricultural 

Research and Development Station Podu 

Iloaie and Banatului University of TimiἨoara) 

but there is not direct connectivity to the 

portal of Multilateral System for fully 

ensuring the access to genetic resources. 

 

CONCLUSIONS 

 

Varieties under conservation are meant to 

maintain their on-farm cultivation based on 

legal requirements. Their on-farm 

maintenance will contribute to traditional 

knowledge development (i.e. regarding seeds 

selection, cultivation, storage and use). 

Romania is a very rich country in terms of 

agro-biodiversity habitats and therefore the 

number of varieties under conservation should 

fit this diversity.  

In this article over 50 varieties are described 

as relevant for our country history in 

cultivating Triticum ssp. Theoretically, all of 

them may represent a living-genetic-library 

that incorporates important heredity features 

for future breeding programmes. Some of the 

mentioned varieties are extinct or may 

become extinct (e.g. Cenad varieties) [4]. For 

others it was proved that they are key varieties 

for wheat breeding programme for their 

resistance towards diseases or pests, or 

productivity or nutritional values. Only six 

officially recognized varieties under 

conservation will not support the maintenance 

on-farm of wheat species germplasm. 

Moreover, by preserving these varieties they 
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should be available for being accessed into the 

Multilateral System too. The national wheat 

breeding programme needs for the future to 

take into consideration ex situ and on-farm 

collections as well as crops wild relatives. 
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Abstract 

 

The study analyzed cassava farmersô adoption and utilization of cassava production technologies in Imo State, 

Nigeria. Purposive and multi-stage random sampling techniques were used to select one hundred and twenty (120) 

cassava farmers. Data were collected through a structured questionnaire and analyzed with descriptive statistics 

such as: frequency counts, mean scores and percentages. The result revealed that 60% of the respondents were 

males, with mean ages of 51.2 years, 35% acquired secondary education, mean farming experience of 26.7 years, 

mean annual farm income of N278, 275.00 and extension contact ( = 2.2) times in a month.  Result reveals that 

farmers adopted cassava agronomic practices as; improved cassava cuttings (=4.7), ridge/mound making 

technologies practices (= 4.6), site selection /land clearing and weeding interval technologies (= 4.3), pest and 

disease control (=4.2) and planting dates and time of harvest (=3.9) with a grand mean adoption score of 4.3. 

The farmers also adopted intercrop technologies as; cassava/maize/egusi (=4.3) and cassava/maize/telferia and 

cassava value addition (=4.2) with a grand mean adoption of 3.4. The levels of utilization of cassava production 

technologies on agronomic practices indicate that the respondents utilized site selection/land clearing and 

ridge/mound making (=2.8), improved cassava cuttings, fertilizer application and weeding technologies (=2.7) 

and pest and disease control and planting spacing (=2.4) with grand mean utilization score of 2.6. The farmers 

also utilized intercrop technologies as; cassava/maize/egusi technologies (=2.9), cassava value addition 

technologies (=2.5) with grand mean utilization score of 2.1. High wage rate, lack of credit, technology attributes, 

inadequate land and pest and diseases infestation were serious constraints affecting adoption and utilization of 

cassava production technologies. Increased extension contact, access on improved varieties and subsidy on farm 

inputs were advocated for adoption and utilization of cassava production technologies in the study area. 

Key words: constraints, adoption, utilization, cassava, technologies 

 

INTRODUCTION  

  

Cassava, Manihot esculenta (crantz), is a 

perennial woody shrub with an edible root, 

which grows in tropical and subtropical areas 

of the world. It can tolerate drought and can 

grow in low-nutrients soils. In Africa, cassava 

provides a basic daily source of dietary 

energy, it roots are processed into a wide 

variety of granules, pastes, flours and among 

others; or consumed when freshly boiled [14]. 

Cassava often referred to as ñpoor man cropò 

produces acceptable yields on poor depleted 

soils where other crops will yield virtually 

nothing; therefore it can be used to take 

advantage of marginal soils [3]. The Federal 

Government of Nigeria, recognizing the need 

to develop agricultural innovations that are 

appropriate to the Nigerian environment, has 

set up a number of agricultural related 

research institutes to develop innovations 

appropriate to crops and animal husbandry in 

different ecological zones in Nigeria [9].The 

agricultural scientists in research institutes as 

well as the universities have been concerned 

about demonstrating that their innovations 

actually work and that their improved crop 

varieties out-yields local varieties and their 

new methods of farming is far better than the 

traditional methods of farming. Little or no 

efforts have been made by the researchers to 

investigate how their innovations are 

compatible with the farmerôs social and 

economic environment. [10] recommends the 

incorporation of social and economic as-

sessment into evaluations of agricultural 

innovations and the results of the assessment 

should be taken into consideration before 
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agricultural innovations are recommended to 

farmers for acceptance. According to [5], the 

factors related to determinants of adoption 

and utilization (financial, times and resources) 

and the complexity, visibility, profitability, 

divisibility, and the extent the innovation can 

be adopted in components, compatibility, 

agreeability to the existing culture, utility and 

group action. Adaptability and 

appropriateness of a technology determine its 

adoption.  

The level of adoption of new technologies 

may be influenced by factors such as 

effectiveness of the extension agencies, net 

value of technology, economic strength and 

educational status of farmers, integrated 

package of farm support measure, age of 

farmers and size of holdings [11]. This calls 

for improved cassava farming technologies 

and other information needed for improved 

production level. According to [2], the 

following recommended cassava production 

technologies have been developed and 

disseminated over the years in Nigeria are; 

Improved cassava varieties that are low in 

HCN levels and resistant to various diseases, 

Plastic mulch for nursery, Plant population 

density of 10,000 plants/ha, fertilizer 

application NPK 15:15:15, intercrop cassava 

with component arable crops, maize or 

cowpea, and spacing: 0.9 m x 0.9 or 1 m x 1 

m. Others include;   planting date: cassava can 

be planted alone from April to October but 

July gives best yield in rain forest zones. 

When planted with maize, it should be dome 

in early march or April. If intercrop with 

cowpea, planting should be done in July or 

August, weed control (early weeding at least 

twice 30 days after planting), herbicides 

application (Flumetoron or Diuron at 2.0 

mg/ha (pre-emergence) and use of pesticides 

(Aldrin, Carbuforan or Nuvacron). 

The International Institute for Tropical 

Agriculture (IITA) and National Root Crop 

Research Institute Umudike has also played a 

leading role in the development of improved 

cassava varieties which are disease and pest 

resistant, low in cyanide content, drought 

resistant, early maturing, and high yielding. 

The improved varieties have been introduced 

throughout Africaôs cassava belt. Varieties 

with resistance to the major diseases give 

sustained yield of about 50% more than the 

local ones. Today, 60% of the area cropped 

with cassava in Nigeria is planted with 

improved varieties and Nigeria is the current 

world leader in cassava production [16]. 

Despite the effort by these organizations in 

the development of these cassava 

recommended production technologies in the 

state, it is not certain whether the farmers 

efficiently adopted and utilized these 

technologies let alone its adoption and use. 

The objectives of the study were to:  

(i)describe selected socio-economic 

characteristics of farmers in the study area. 

(ii)ascertain the respondents levels of 

adoption of cassava production technologies 

in the study area. 

(iii)ascertain the respondents level of 

utilization of cassava production technologies 

in the study area. 

(iv)identify constraints to adoption and 

utilization of production technologies by 

farmers in the study area.  

 

MATERIALS AND METHODS  

 

The study was carried out in Imo State. The 

state lies within latitudes 40 45ôN and 70 

15ôN, and longitude 60 50ôE and 70 25ôE. It 

occupies the area between the lower River 

Niger and the upper and middle Imo River. 

The state is bounded on the North by 

Anambra State, while Rivers state lies to the 

South. It is also bounded to the West by River 

Niger and Delta state and to East by Abia 

state. The state is located within the rainforest 

belt of Nigeria, and the temperature ranges 

between 20
o
 C and 30

o
 C. Agriculture is the 

major occupation of the people. The major 

food produced includes cassava, yam, 

cocoyam, maize, and melon. Imo state is 

made up of 27 Local Government Areas 

(LGAs) and three Agricultural zones of 

Okigwe, Owerri and Orlu [7]. The population 

for this study comprised all the cassava 

farmers in the three agricultural zones of the 

state. Purposive and multistage random 

sampling techniques were adopted in the 

study.  Purposive sampling was used to select 

Agricultural Development Programme contact 
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farmers who were involved in cassava 

cultivation were chosen for the study. First, 

the three agricultural zones that make up Imo 

state namely; Owerri, Orlu and Okigwe were 

selected for the study. Two blocks each were 

randomly selected from the three agricultural 

zones to give a total of 6 blocks (Owerri ï 

Owerri North and Owerri South blocks:  Orlu 

ï Orlu and Nkwerre blocks and Okigwe ï 

Obowo and Isiukwuato blocks). Also, 2 

circles each were randomly selected from the 

selected blocks which gave a total of 12 

circles. Finally, ten cassava farmers each were 

randomly selected from each of the selected 

circles to give a sample size of 120 cassava 

farmers. Descriptive statistics such as 

frequency counts, percentages and means 

were used to analyze objective i, ii and iii, 

while the hypothesis was tested with Z - test 

analysis. 

Measurement of variables  

(i)The levels of adoption cassava production 

technology among famers in the study area 

were achieved using adoption scale analysis. 

A 5-point type Likert scale of; Aware = 1; 

Interest = 2; Evaluation = 3; Trial = 4; 

Accept= 5 was used. Farmers with adoption 

score of 3.0 and above were regarded as 

having reached mean adoption score of 

technology and below at any level of 

adoption. 

Decision Rule 

1.0 ï 1.49 = Awareness stage of the 

technology.  

1.50 ï 1.99 = Interest stage of the technology. 

2.0 ï 2.49 = Evaluation stage of the 

technology. 

2.50 ï 2.99 = Trial stage of the technology.  

3.0 and above = Adoption of the technology. 

(ii)The levels of utilization of cassava 

intercrop technologies was captured using a 3-

point Likert type rating scale namely; 

always=3, occasionally = 2 and never = 1. 

The bench mark was obtained thus; 3+2+1 = 6 

divided by 3 to give 2.0 

The following decision rule was obtained  

1.00- 1.50 (low) 

1.51- 1.99 (moderate)      

 2.0 and above (high) 

(iii) Constraints to adoption and use of 

production technologies by farmers in the 

study area were rated on a 4-point Likert type 

scale ñHigh constraintsò = 4: ñMedium 

constraintò =3:  ñLow constraintò =2: and ñNo 

constraintò =1: The mean score is derived by 

adding 4+3+2+1=10 and dividing by 4 to give 

2.5The mean of the response values which is 

2.5 was used as the cutoff point. Thus 

constraints with mean score of 2.5 and above 

were considered serious while those with 

mean score below 2.5 are not serious 

constraints. 
 

RESULTS AND DISCUSSIONS 

 

Selected Socio-economic Characteristics of 

Farmers 

The socio-economic characteristics of 

respondents are shown in Table 1. The result 

showed that most (60%) of the respondents 

were females. This infers that cassava farming 

dominated by females in the study area and is 

in tandem with the findings [1]. The result 

indicates that 30.17% of the farmers fell 

within the age bracket of 50 ï 60 years with 

mean ages of 51.2 years. The implication of 

this result is that older farmers dominate 

cassava production in Imo state and this 

makes them not to be receptive to new 

innovations especially in cassava production 

technologies. This result is in agreement with 

Asadu [4] that cassava farming is dominated 

by older farmers in Enugu state, Nigeria. The 

mean farming experience for the farmers was 

26.7 years. Farming experience has shown to 

enhance participation and adoption of 

improved farming practices by farmers 

thereby assuring farmers decision on 

technology utilization [13]. The result shows 

that 35% of the respondents acquired 

secondary education. [15] noted that 

education will enhance the adoption of 

modern farm technologies thereby increase in 

production. The result reveals that farmers 

had 2.2 contacts with extension in a month. 

The mean annual farm income of the 

respondents was N278,275.00. The income 

levels of the farmers depend largely on the 

enterprise combination and farm size. 

Extension contact enhances farmersô 

production through adoption and utilization of 

agricultural innovations. 
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Table 1. Distribution of Respondents according to  

Socio-economic Characteristics 
Variables Frequency Percentage 

Gender   

Male 49 40 

Female 71 60 

Age (years)   

20 ï 30 6 5.00 

31 ï 40 15 12.50 

41 ï 50 32 26.67 

51 ï 60 47 30.17 

61 ï 70 20 16.66 

Mean  51.2 

Education (years)   

No formal Education 10 8.33 

Primary Education 42 34.17 

Secondary Education 41 35.00 

Tertiary Education 27 22.50 

Farming 

Experience (years) 

  

1 - 10 18 15.00 

11 - 20 25 20.83 

21 - 30 53 41.67 

31 - 40 27 22.50 

Mean   26.67 

Farm Size 

(hectares) 

  

0.1 ï 1.0 44 36.67 

1.1 ï 2.0 62 51.67 

2.1 ï 3.0 8 6.66 

Mean   2.6 

Annual Farm 

Income (N) 

  

50,000 ï 150, 000 11 9.19 

151,000 ï 250, 000 13 19.83 

351, 000 ï 450, 000 78 65.00 

251,000 ï 350,000 11 9.97 

451, 000 ï 550, 000 7 5.83 

Mean  278, 275.83 

Extension Contact 

(numbers) 

  

1 ï 2 55 45.83 

3 ï 4 29 25.84 

No Contact 34 28.33 

Mean  2.2 

 Source: Field Survey, 2015    

IUSD = 175 Nigeria Naira (NGN) @ time of the 

Research 

 

Levels of Adoption of Cassava Production 

Technologies 

Result in Table 2 shows levels of adoption of 

agronomic practices and technology 

components/intercrop of cassava production 

technologies in the study area. The result 

indicates that the respondents adopted 

improved cassava cuttings and ridge/mound 

making technologies practices with mean 

scores of 4.7 and 4.6 respectively. Also, site 

selection and fertilizer application (=4.4), 

site selection/land clearing and weeding 

interval technologies (= 4.3) and pest and 

disease control (=4.2) were adopted by the 

farmers as against planting dates and time of 

harvest (3.9) with a mean adoption score of 

3.4 indicating high adoption of the 

technology. For cassava intercrop 

combination technologies, the farmers 

adopted Cassava/maize/egusi ( =4.3) and 

cassava/maize/telferia and cassava value 

addition ( =4.2) respectively. Furthermore, 

the respondents assert that cassava/maize 

single alternate row (=2.9) and 

cassava/maize/sweet potatoes (=2.8) were at 

the trial stages of adoption while, 

cassava/maize double alternate row (=2.1) 

were at the evaluation stages of adoption. The 

mean adoption scores for technology 

components/intercrop was 3.4 indicating high 

adoption. Adoption of improved production 

practices by farmers leads to improved yields 

of crops. Studies have shown positive 

correlation between adoption of extension 

recommendations by farmers and crop yields 

which translate into increased income and 

improved quality of life of farmers [3].  
 

Table 2. Distribution of Respondents according to their 

Levels of Adoption of Cassava Production 

Technologies 
Cassava Production 

Technologies  

Mean Adoption Score 

Agronomic Practices  

Site selection/ land clearing 4.4 

Ridge/mound making 4.6 

Use of improved cassava 

cutting 

4.7 

Planting date and spacing (1m 

x 1m at angle 450) 

 

3.9 

Fertilizer application 4.4 

Pest and disease control 4.2 

Weeding interval 

Grand Mean 

4.3 

4.3 

Intercrop combination  

Cassava/maize/egusi 4.3 

Cassava/maize/telferia 4.2 

Cassava/maize/sweet potato 2.8 

Cassava/maize single alternate 

row 

2.9 

Cassava/maize double alt®rante 
row 

2.1 

Cassava value addition 

technologies 

4.2 

Grand Mean 3.4 

Source: Field Survey, 2015 

 

Levels of Utilization of Cassava Production 

Technologies 

The distribution of respondents according to 

levels of utilization of cassava production 

technologies is shown in Table 3. The 

utilization of cassava production technologies 

is grouped into agronomic practices and 
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technology components/intercrop. The result 

indicate that farmers utilized site 

selection/land clearing and ridge/mound 

making with mean scores of 2.8 respectively. 

Again, the respondents utilized improved 

cassava cuttings, fertilizer application and 

weeding technologies respectively with mean 

score 2.7. Furthermore, the farmers utilized 

pest and disease control and planting spacing 

with mean ratings of 2.4. The grand mean 

utilization score for agronomic practices was 

2.6, indicating that the technologies were 

highly utilized.  

 
Table 3. Distribution of Respondents according to 

levels of Utilization of Cassava Production 

Technologies 
Cassava Production Technologies  Mean Utilization Score 

Agronomic practices  

Site selection/ land clearing 2.8 

Ridge/mound making 2.8 

Use of improved cassava cutting 2.7 

Planting date and spacing (1m x 1m 

at angle 450) 

 

2.4 

Fertilizer application 2.7 

Pest and disease control 2.4 

Weeding interval 2.7 

Time of harvest 

Grand Mean  

2.5 

2.6 

Technology 

Components/Intercrop 

 

Cassava/maize/egusi 2.6 

Cassava/maize/telferia 2.9 

Cassava/maize/sweet potato 1.7 

Cassava/maize single alternate row 1.8 

Cassava/maize double alternate row 1.3 

Cassava value addition technologies 2.5 

Grand mean 2.1 

Source: Field survey, 2015 
 

On technology components/intercrop, farmers 

utilized cassava/maize/egusi technologies 

with mean score of 2.9, and cassava value 

addition technologies (=2.5). The grand 

mean ( = 2.1) shows that the technologies 

were utilized. The high utilization of these 

technology may be due to the extensively 

cultivation of cassava as an annual crop in 

tropical and sub-tropical regions for its edible 

starchy tuber roots. According to [6], cassava 

is the third largest source of carbohydrates for 

meal in the world. Its high resilience and 

adaptability to a wide range of ecological 

conditions has sustained its production 

through many generations in sub-Saharan 

African. The adoption of these packages may 

be due to the marketing potentials the 

products possess when processed.  

Constraints to Adoption and Use of 

Cassava Production Technologies 

Result in Table 4 shows the mean scores of 

constraints to adoption and utilization of 

cassava production technologies in the study 

area. Result reveals that high wage rate 

( =3.8) and = 3.7 for adoption and 

utilization of cassava production technologies 

were serious constraints. However, lack of 

credit (( = 3.8 and =  3.5) constrained 

utilization and adoption of cassava production 

technologies respectively, inadequate land 

( =3.7 and =3.3), technology attributes (=  

3.6 and =  3.5) and poor extension contact 

( =3.3 and =2.7), inadequate land ((= 3.3), 

pest and diseases (=  3.2) were also serious 

constraints to adoption and utilization of 

cassava production technologies in the study 

area. [8] in his study of community-based 

farmers involved in Abia and Cross River 

States identified these serious constraints as 

affecting arable crop production.  
 

Table 4. Distribution of Respondents according to 

Constraints to Adoption and Utilization of Cassava 

Production Technologies among Farmers in the Study 

Area 
Constraints Mean Adoption Mean Utilization 

Inadequate land  3.7* 3.3* 

Lack of farm credit 3.5* 3.8* 

Disease and pest 
infestation 

3.2* 3.2* 

Marketing 

problems 

3.0* 2.6* 

Poor extension 
contact 

3.3* 2.7* 

Attributes of 

technology 

3.6* 3.5* 

High wages of 
labour 

3.8* 3.7* 

Poor income from 

cassava farming 

2.9 2.4 

Illiteracy  2.8 2.4 

Gender 
sensitiveness of 

the technology 

2.9 2.4 

 Source: Field Survey 2015 

*Constraint 
 

Improper packaging of research results thus 

leading to misinterpretations, release of vague 

technologically not feasible, economically 

unviable and culturally incompatible 

technologies in existing farming systems as 

factors impeding cassava production in the 

study area [12].  
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CONCLUSIONS 

 

Results show that there was high adoption and 

utilization of cassava production technologies 

among farmers in the study area. High wage 

rate, lack of credit, technology attributes, 

inadequate land and pest and diseases 

infestation were serious constraints affecting 

adoption and utilization of cassava production 

technologies in the study area. The study 

therefore recommends; intensive extension 

campaign on adoption and utilization of 

cassava production technologies, provision 

and access and subsidy of improved varieties 

and inputs, while technologies that are at the 

trial stages need to be properly demonstrated 

by extension agents to facilitate adoption and 

utilization. 
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Abstract 

 

Considering the fact that milk is one of the strategic products for the economy of each country, there is a tendency to 

provide the population with sufficient quantities through the development of primary milk production. According to 

the conducted analysis, out of 1.5 billion liters of milk per year, approximately half, about 50%, is purchased by the 

dairy processing industry. Milk production and processing in Serbia is mainly focused on products that do not 

require a lot of time nor complex or lengthy technological processes of production. Such products have a short shelf 

life, but are most often consumed on the market. Fermented dairy products are the most important group of 

products in the market structure of domestic supply and demand. These products are the most popular commercial 

industrial products because they contain probiotic microorganisms that have a beneficial effect on the human 

digestive system. Since whey is a by-product of cheese and casein production, it is one of the underutilized by-

products of the dairy industry in Serbia. Therefore, the first part of this paper analyses the production of cowôs milk 

and dairy products intended for the market in the period 2013-2015 with special emphasis on fermented milk 

products. The second part focuses on the utilization of whey, as one of the more effective solutions in the production 

of functional fermented whey-based beverages in the food industry, which mainly uses whey concentrate or whey 

powder.  

 

Key  words: milk products, whey, cost-effective production                                                                   

 

INTRODUCTION  

 

According to the Ministry of Agriculture, 

milk processing takes place in about 200 dairy 

plants in Serbia. Milk is directly submitted to 

the dairies by milk producers through their 

raw material network or is purchased from 

raw material companies that have their own 

collection facilities. Average capacity 

utilization of registered dairy plants is at the 

level of about 60%. There are 25 industrial 

facilities in Serbia with over 10 tons of daily 

milk purchase, accounting for 85% of 

purchased milk. Then, there are 175 small 

milk facilities, with daily purchase of 3-10 

tones, accounting for 15-20% of purchased 

milk. There are numerous mini-dairies that 

purchase less than 5 tons per day [5]. From 

the standpoint of the range of finished 

products according to the installed capacities, 

there are several different kinds of basic 

facilities for raw milk processing. There are 

capacities:     

-For the production of pasteurized and 

sterilized milk (i.e. drinking milk) 

-For the production of fermented products 

(yogurt, sour cream, sour milk, etc.) and 

-For the production of solid dairy products 

(cheese, butter and milk powder). 

Production capacities of the majority of dairy 

plants are predominantly oriented toward the 

production of fermented milk products and 

the production of solid milk products; 

whereas the production of liquid milk 

products (drinking milk) is significantly lower 

[11]. Milk producers are the largest producers 

of whey, which is formed during the 

production processes in an amount that is 

approximately equal to the amount of 

processed milk. Whey processing would lead 

to an increase in its price and would solve the 

problem of its utilization which would 

consequently have a direct economic benefit 

for the producers. 

Whey contains high amount of lactose, 

proteins of highest biological value, essential 

minerals and immunoactive substances as 

well as the B-group vitamins. Such 

mailto:slavica_a@iep.bg.ac.rs
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composition makes it convenient for the 

preparation of fermented and probiotic 

beverages where within a single process all 

the potential of whey as a raw material is 

exploited. Thus, material which is a hazardous 

biological pollutant is removed from the 

environment, and on the other hand an 

inexpensive, completely healthy and natural 

product is obtained [13]. 

Production of fermented whey beverage 

makes whey become a healthy and tasty 

product with extended shelf life, which, 

according to numerous studies, has a positive 

effect on a number of different functions in 

the human body. On the other hand, the loss 

due to underutilization of whey is transformed 

into a 100% gain. Expanding range of 

fermented milk and whey products in 

competitive conditions in the market has a 

strong commercial character and brings higher 

profits to processors [8].  
 

MATERIALS AND METHODS  
 

The first part of the paper presents the state 

and the tendency of movement of total cow 

milk production in Serbia from 2010-2015. 

By calculating the base index, where 2010 

represent the basic year, according to which 

statistical data processing leads to results that 

indicate a decline in the total production of 

cow's milk compared to the basic year untill 

the 2013, but in 2014 and 2015 there is a 

slight increase. In the second part of the paper 

work statistical data obtained from the 

Statistical Office of the Republic of Serbia 

(SORS - SZS) for 2015, which are related to 

milk products from cow's milk obtained in 

dairies and intended for the market in the 

period from 2013 to 2015 with special 

emphasis on fermented dairy products. Also, 

the production of cheese in which process 

comes to the production of large quantities of 

whey, which represents one of the underused 

auxiliary products of the dairy industry in the 

Republic of Serbia. Therefore, the paper 

presents the possibility of full utilization and 

use of whey in the production of fermented 

functional drinks, whose production is 

economically justified for the dairy industry. 

 

RESULTS AND DISCUSSIONS 

 

Production of milk and dairy products 

From the nutritional point of view it can be 

concluded that milk is the most complete and 

most balanced foodstuff. In Serbia, the most 

common is cow's milk and is mainly used in 

the production of dairy products, while 

sheepôs and goatôs milk are produced in 

smaller quantities and they together account 

for only about 2% of total production. In 

recent years there has been an increasing 

emphasis on their advantages, which has 

resulted in larger production of sheepôs and 

goatôs milk both at home and abroad. 

Total milk production in Serbia amounts to 

over 1.5 million tonnes, but in the period 2010 

- 2015 a decrease in total milk production was 

observed, comparing 2010 as the base year to 

2014 when there was a slight increase of 

1.98%. In 2015 there was an increase in 

production of up to 2.7%, as can be seen in 

Table 1, which is very little compared to the 

previous year. With regard to the displayed 

total milk production index, milk yield per 

cow has a reverse trend. There was an 

increase beginning with 2010 (reaching its 

highest level in 2015 with 3,477 litres), which 

makes an average of 3.1 thousand litres per 

cow in the observed period (Table 1.) 

(Statistical Yearbook of the Republic of 

Serbia 2013-2016) [15]. 
 

Table 1. The amount of produced cowôs milk in Serbia 

in the period 2011-2015 and base  

Year 

Total 

cowôs milk  

production 

in ml 

Index ï total 

production 

2010=100 

Liters of 

milk 

per cow 

2010 1462 100 2.795 

2011 1434 98,08 2.865 

2012 1442 98,63 2.920 

2013 1451 99.25 3.246 

2014 1491 101,98 3.269 

2015 1501 102.67 3.477 

Average 1.464 600.61 3,1 

Source: Authorôs calculations based on the data 

provided by Statistical Yearbook of the Republic of 

Serbia 2013-2016 (without data for Kosovo and 

Metohija) [15]. 

 

If we look at different regions throughout 

Serbia there are differences in terms of milk 

yield per cow. Thus, Vojvodina has much 
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higher milk yield of 3,890 litres per cow, 

since great breeders of dairy cows are situated 

there, compared to central Serbia where milk 

yield is 2,730 litres per cow. One important 

reason for these differences in milk yield is 

the breed composition, because Friesian-

Holstein breed prevails in Vojvodina with 

52%, while Simmental cattle and cattle of 

Simmental type are dominant in central 

Serbia. Another important factor, in addition 

to breed difference, is the quality of animal 

feed, especially in mountainous regions 

(central Serbia), which do not meet the needs 

of dairy cattle, thus  resulting in lower 

production than in lowland areas such as 

Vojvodina [16].  

Cowôs milk and milk products are of excellent 

nutritional value, water and dry matter are the 

basic components of milk. Water is a 

dominant component in milk and ranges from 

80 to 90%, 87.3% on average. Dry matter in 

milk contains proteins, fat, lactose and 

minerals. Its composition is not constant, but 

varies depending on the species, breed, 

lactation period, diet and other factors [19]. 

Besides being a foodstuff milk is also a raw 

material with great potential as it is a basis for 

a large number of products such as sour milk, 

yogurt, a variety of cheeses, sour cream, 

butter, fermented milk products and other 

products that are obtained from milk [10]. 

Lately, new, enriched dairy products could be 

found on the market, by which dairy 

manufactured products, well known from 

ancient times, have been developing into a 

new generation of dairy products with 

different characteristics and better nutritional 

and health values [1].  

Some milk products can be prepared under 

very simple technical conditions, whereas 

many other products require appropriate 

technical equipment, usually of high capacity, 

which only industrial dairies own. In order to 

be sold to the final consumers, it is necessary 

that milk be prepared following specific 

procedures of control, processing and 

packaging [20].  

In Serbia, dairy industry is highly developed 

and there is a large number of dairies. 

However, their big problem is a small amount 

of milk on the market, seasonal variations in 

milk production and the existing milk quality. 

With regard to milk quality, the existing 

regulations are complied with the EU 

regulations, but they are still not sufficiently 

implemented in practice. Milk quality directly 

affects the structure of dairy production as 

well as the product quality and shelf life, but 

also the production efficiency [1, 2].  

The paper work presents results According to 

the Report of  SORS - SZS Belgrade for 2015 

and data processing for dairy products from 

cow milk (1,000 t) obtained in dairies for 

market realization in the period from 2013 to 

2015, where one can notice the movement of 

certain products on the annual production 

level [7]. 

Given that there are a number of dairy 

products, this paper will take into account 

only those market products that are relevant to 

the subject of this paper, such as drinking 

milk, fermented products and cheese 

production. 
 

Table 2. Total produced amount of drinking milk 

(1,000 t) for placement on the market in the period 

2013-2015. 

Year 
Drinking 

milk 

% in 

total production 

over 3 years 

2013 251.04 34.53 

2014 237.27 32.64 

2015 238.73 32.83 

Total 726.97 100 % 

Source: Authorôs calculation according to the data of 

the Statistical Office of the Republic of Serbia, 

Belgrade [7]. 

 

Taking in account total volume of production 

of drinking milk intended for the market, for 

the observed years it amounts to 726.97 

thousand tons. Observed by years, the largest 

production is in 2013, which in the total 

production for the three years (2013-2015) is 

34.53%. The next two years there is recording 

a slight decline in the production of drinking 

milk marketed for the market, as can be seen 

from Table 2. 

According to the data of the Statistical Office 

for the given period (2013-2015), as in the 

above table, there was a slight decrease in the 

production of fermented milk products 

intended for the market as of 2013 as shown 

in Table 4, but with a slight increase in 2015 
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compared to the previous year.  

According to the data of the Statistical Office 

for the given period (2013-2015), as in the 

above table, there was a slight decrease in the 

production of fermented milk products 

intended for the market as of 2013 as shown 

in Table 3, but with a slight increase in 2015 

compared to the previous year.  
 

Table 3. Total produced amount of fermented milk 

products (1000 t) for placement on the market in the 

period 2013-2015. 

Year 
Fermented 

milk products 

% in 

total production 

over 3 years 

2013 214.22 34.24 

2014 200.73 32.1 

2015 210.59 33.66 

Total 625,54 100 % 

Source: Authorôs calculation according to the data of 

the Statistical Office of the Republic of Serbia, 

Belgrade [15]. 

 

Table 4, shows that production of cheese 

intended for the market increased from 2013 

to 2015, which means that during cheese 

production the amount of whey as a by-

product, that could be used in the production 

of various fermented and other products, 

increased too.  

 
Table 4. Total production of cheese from cowôs milk 

for placement on the market in the period 2013-2015. 

Year 
Total production 

of cheese 

% in 

total production 

over 3 years 

2013 28.22 27.54 

2014 33,71 32.89 

2015 40.55 39.57 

Total 102.48 100% 

Source: Authorôs calculation according to the data of 

the Statistical Office of the Republic of Serbia, 

Belgrade [15]. 

 

The biggest problem of the dairy industry is 

that only 10-20% of milk is used for the 

preparation of a product, while whey 

comprises 80-90% of milk entering the 

process [13].  

The amount of whey obtained during the 

process of cheese making is nearly equal to 

the amount of milk required for its 

production. That means that during the 

production of 1 kg of cheese an average of 9 

kg or 8-12 l of whey is obtained, depending 

on the variety of cheese produced [14]. 

Scientists believe, on the basis of data on 

cheese production projected by 2019, that the 

world whey production will record a 

permanent annual growth of about 2% by the 

end of 2019 [9, 12].  

Therefore, the dairy industry is increasingly 

developing new, fortified milk products which 

have proved very successful, with different 

characteristics and better nutritional and 

health properties. Whey-based beverages 

certainly belong to this group of new 

products, although whey as a by-product has 

long been disposed of as waste or used as 

animal feed. 

The possibility of full utilization and use of 

whey 

Due to the rapid population growth and 

insufficient food production, and despite 

increased production, the issue of rational 

utilization of food, which has already been 

produced for human consumption (ex. 

cheese), is raised. With regard to the 

production and processing of milk, whey is 

certainly one of the most common by-

products, which retains the largest quantity of 

milk nutrients. Whey contains 93% water on 

average, and over 50% dry matter of milk, 

depending on the basic composition of milk 

and the technological processes of cheese or 

casein manufacture. The dry matter of whey is 

composed essentially of  lactose (about 70%), 

which is a very important energy source, 

whey proteins make up approximately 1% and 

water-soluble minerals and vitamins are 

present in smaller quantities. 

In our country and the world, dairy industry 

treated whey as a waste product obtained 

during the cheese making process up until a 

few years ago. Today, however, bearing in 

mind that whey is rich in lactose, proteins, 

(especially lactalbumin and globulin), 

minerals and vitamins; there is a tendency to 

use this product in as cost-effective way as 

possible, either completely or as individual 

whey components. Today, the best-known 

whey preparations are acid and sweet whey 

powder, condensed whey, and modified whey 

powder [19].  One of the most economical and 

efficient procedures in improving the structure 

and viscosity of many life groceries is the use 

of whey preparations.  
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Whey preparations are widely used as 

additives in the food industry, where they 

contribute to valuable food products 

characterized by improved organoleptic 

properties, increased shelf life and higher 

levels of nutrients. Baking industry is the 

largest consumer of dry whey for human 

consumption. Considering the fact that the 

vast quantity of skimmed milk powder is used 

in baking and dairy industry, it can be 

substituted with dry whey. Whey has similar 

properties as milk powder, which is preferred 

for use in the baking industry, and there are 

also strong economic reasons to replace the 

more expensive skim milk by cheaper whey, 

either by whey powder or condensed whey 

[18].  

Whey is also widely used in the dairy 

industry, especially in the production of ice 

cream and similar frozen dairy products. It is 

used in the production of processed cheese as 

well, and whey is especially desirable 

ingredient in the production of soft and 

spreadable processed cheese and similar 

products.  

It is also suitable for producing various 

toppings, gives good texture and enhances the 

taste of cheese. Whey is also used in other 

food products in smaller quantities, such as 

mixtures for cakes, sauces, spices and the like. 

The use of whey is constantly increasing in 

the confectionery industry and it has also been 

applied in the meat industry.  

Due to the high amount of lactose and 

biologically valuable proteins wide ranges of 

baby food as well as various types of dietary 

supplements are made on the basis of whey. 

Whey is very important for the 

pharmaceutical industry as well, due to 

lactose which is used in the manufacture of 

tablets and pills, most often as an inert carrier 

for the drug substance.  

Among numerous possibilities of whey 

processing, a very important role belongs to 

alcoholic and non-alcoholic beverages. The 

use of whey in beverage production began 

back in the 1970s, and a large group of whey 

beverages has developed so far.  

Analysis of production of non-alcoholic whey 

beverages, compared to alcoholic beverages, 

has so far given many favorable results 

throughout the world. 

Bakoviĺ, D. and Tratnik, Lj. (1979, 1980) 

provide numerous possibilities of using whey 

and its products in many branches of the food 

industry, by means of pasteurization, 

thickening and fermentation. Today, the food 

industry in particular shows the tendency 

towards the production of lactic acid 

fermented products such as soft drinks based 

on fruit and vegetables, milk and whey-based 

beverages, which represent a very healthy, so-

called ñfunctional food productsò [3, 4]. 

Fermented whey-based beverages proved to 

be the best option in preparation of products 

with favorable sensory characteristics. 

Fermented whey-based beverages hold a 

special place among   whey beverages, and 

can be divided into two groups: functional and 

probiotic. Both groups have beneficial effects 

on the host organism but in two different 

ways [6].  

Probiotic drinks are characterized by direct 

effects of live microorganisms (probiotics), 

while functional drinks are characterized by 

indirect effects through metabolites 

synthesized during fermentation, which are 

also called biogenic. 

During the fermentation of whey its 

components are broken down into various 

functional substances, such as lactic acid, 

butyric acid, bioactive peptides, ɓ-

galactosidase and exopolysaccharides which 

show a significant effect on the human 

organism [17].  

Therefore, nowadays, the issue of whey 

mostly amounts to finding the types and forms 

of whey products that will be as useful and 

affordable as possible. Further research in this 

field and close cooperation with the dairy 

industry would offer the possibility of greater 

utilization of whey through products that 

would be of interest from the standpoint both 

of nutrition and placement. 

In most industrialized countries in Europe and 

the United States whey has already found an 

important place in the food industry.  

There is a wide range of whey products on the 

markets of these countries.  

Efforts have been made in our country as 

well, to utilize this important by-product of 

dairy industry as much as possible in order to 
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reduce the loss of whey nutrients. 
 

CONCLUSIONS 
 

The importance of the dairy sector in Serbia is 

reflected in the fact that milk production: 

among the all agricultural sectors with the 

highest value of primary production of over 

500 million Euros a year, which additionally 

increases in processing, the sector that covers 

over 280 thousand producers and significantly 

contributes to the rural development of Serbia, 

the sector which, due to the quantity and 

nutritionally significant consumption, is 

important for the food safety of the country, 

the sector that is most demanding by the 

standards that need to be met when joining the 

EU, and the sector in which Serbia has 

significant potential only for further 

development. 

Structure of milk production in Serbia is such 

that fermented products and liquid milk 

account for almost 90% of products 

manufactured each year.  

With regard to fermented products, the 

amount of fermented whey products is minor, 

which leads to the conclusion that by whey 

fermentation we could obtain products with 

significant place among the range of dairy 

products intended for mass consumption. 

Regarding the current lack of facilities for 

whey processing, a huge amount of money 

would be saved if whey processing was 

stimulated in Serbia instead of being 

imported. In terms of prospects of utilization 

of whey as a raw material and in accordance 

with the existing equipment situation in 

Serbia, the main goal should be incentives for 

utilization of whey in the food industry. 

One of the ways to include whey in daily diet, 

i.e. to activate its regular processing in the 

food industry, is to produce functional 

fermented whey-based beverages.  

This is another effort to preserve as much of 

the whey for human consumption, by creating 

products using simple and economically 

viable technology for our industry. 
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Abstract 

 

The paper aims to make an assessment related to the Romanian mountain areas, insisting on the aspects in 

connection with the population from the rural areas and the evolution of the value chains in these areas.  The 

research method is rather empiric, based on the recent evolutions related with the population and the food chain 

supply from the mountain areas. Most of the data are provided by the recently established Romanian Agency for the 

Mountain Area and the Ministry of Agriculture and Rural Development from Romania. The discussions are focused 

on how this mountain area evolved in the last years, in relation to the needs of its inhabitants. The paper is 

developing the idea of the mountain as a marketing argument. The results indicates that many aspects related with 

the mountain areas are not supported by the field studies and the researches in this field are a necessity.  

 

Key words: Romania, mountain, rural areas, value chains 

  

INTRODUCTION  

 

The sustainable and growth-orientated 

development of the Romanian mountain areas 

is depending on the understanding of the need 

to extend the current level of knowledge by 

carrying out more faithful studies in these 

beautiful but disadvantaged areas. This study 

aimed to report to what is known about the 

mountain areas from Romania in order to give 

new directions of research which can 

contribute to the sustainable development of 

these areas. The Carpathians were evaluated 

from the point of view of social sustainability 

of agriculture in the neighbour country Serbia 

[5], based on a set criteria related with: 

density of agricultural population, density of 

active agricultural population or density of 

employees in agriculture. As in the other 

European countries with significant mountain 

areas, the rural depopulation affected most of 

the isolated and poor Romanian mountain 

areas [1].  A third of the Romanian territory in 

which live 15 % of the national population [2] 

is situated in the mountain areas. Almost 1 

milion households faces harsh living 

conditions, threatened by the lack of jobs and 

a variable income which already generated 

internal and abroad exodus of the young 

generation.  Romania is the fourth largest 

mountainous agricultural area in the European 

Union, with 2.9 million ha [3], after Spain 

(7.4 million ha), Italy (4.4 million ha) and 

France. (Source 1), but even if at the national 

level where identified 658 territorial 

administrative units situated in the mountain 

area, we couldnôt find any specific study 

dedicated to them. These territorial 

administrative units belongs to 27 of 42 total 

counties existing at national level. The lack of 

detailed studies related with the mountain 

areas from Romania is confirmed within the 

Memorandum Regarding the National 

Strategic Orientations (2014-2020) for 

sustainable development in the less-favoured 

mountain areas from 2014, which include 

many references about mountain agriculture 

in Romania from EU studies made by JRC 

and many outdate aspects related with the 

Romanian agricultural census from 2010.     

The Romanian Agency for the Mountain 

Area, which was established in 2014 provides 
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some data related only the repartition of the 

mountain territorial administrative units 

within the counties and the related mountain 

area, also calculated per county. Studies made 

within this agency [6] indicate in the 

Romanian mountain areas is situated 18.71 % 

from the total of Romanian agriculture land 

and 5.84 % from the total arable surfaces, 

21.94 % from the total fruit trees, 1.7 % from 

the all vineyards, 37.43% from the total 

existing pastures at the national level and 

59.51 % from meadows. Is also estimated that 

the ratio of land covered by forest vegetation 

in the mountain areas is about 56% while the 

share of the forest in the mountain areas is 

59% from the total national forest area.  
 

MATERIAL AND METHODS  

 

The study is based on data provided by the 

Romanian Agency for the Mountain Area and 

the Ministry of Agriculture and Rural 

Development from Romania. The research 

method is rather empiric, the study being 

focused on the evolution of two components 

related with the mountain areas: the 

population and the value chains. One of the 

challenges for the mountain areas approached 

in this paper is the use of the term of 

mountain product as an optional quality 

argument, which can lead to more attractive 

promotion and increased sales of products 

made in the mountain areas.  

 

RESULTS AND DISCUSSIONS 

 

Population living in the mountain areas. 

The population that is living in the mountain 

area is decreasing, and the problems that the 

mountain people faces cannot be easily solved 

in order to change this trend. Approximately 

3.3 million inhabitants, representing 15% of 

the national population, live in the mountain 

area. The mountain areas faced a double 

exodus: to the urban area and to the EU 

countries, especially Italy, Spain, Germany 

and UK. The exodus is noticed especially 

among young people who are looking for 

better live conditions and higher income jobs. 

The rate of natural increase of the population 

in the mountain area is negative, and it is 

higher than the national average. Besides the 

economic aspects related, the population from 

the mountain areas face problems related with 

the poor infrastructure and reducing number 

of schools and hospitals, mostly in the rural 

areas. The rural population of the mountain 

area accounts more than half from the total 

population living in this area, but the future is 

uncertain. Only from 2005 to 2011, the 

number of pupils enrolled in primary and 

secondary schools decreased by 13%, while 

the number of primary and secondary units 

was reduced by 37%. [4] 

Challenges related with value chains. The 

Romanian Carpathian, one of the high 

mountains of Europe, have the food supply 

chain affected by a significant inequality of 

bargaining power. Farm producers are 

generally small and economically drawback 

by limited access to the market, where the 

rules are made by processing industry and the 

retail actors. The livestock in the mountain 

area decreased in two phases: one related with 

the change of economic system from 1989 

and one with the integration in the EU, when 

the farmers faced new challenges generated 

by the increase of food and safety standards 

and the rules related with animal welfare. The 

transhumance is still practiced in Romania, 

and large herds travel up to 1,500 km starting 

from middle of September when the pastors 

move their livestock from the mountain areas 

to the low valleys where they own or rent 

some winter stables. Until May the sheep and 

goats are returning to the mountain.  The 

distances traveled are higher due to the areas 

they are not allowed to cross. The evolution of 

the livestock is related with the recent 

evolutions on the food supply chain. As a 

good example we can underline here the case 

of milk supply chain. In the communist era, in 

the milk sector, were organized state 

enterprises for the collection and 

industrialization of the milk. Some of these 

enterprises changed into joint stock 

companies since 1990 and have undergone 

several sales of the majority stake while other 

collapsed and disappeared from the market. 

From over 1,800 enterprises specialized in 

production of milk and milk products, around 

32 are part now of the employers' association 
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in the milk industry (APRIL), which include 

the main brands on the market, but few of 

them have a network in the mountain areas. 

As regarding the production of milk, the 

impact of collectivization was not as 

accentuated in the mountain areas as in the 

plain parts of the country and the mountain 

farmers kept their traditional animal 

husbandry system despite the economic and 

political changes. The milk which is not used 

for self-consumption is brought nowadays by 

farmers in collection points where can be 

found milk cooling tanks distributed in the 

villages, by SMEs specialized in 

industrialization of the milk, who designates a 

person in charge with each collection point. 

Several hundreds of liters are collected each 

day from each collection point, using auto 

tankers that belongs to the SMEs.  Usual a 

SMEs industrialized thousands litres of row 

milk per day and have several processing 

hale, resulting in different varieties of dairy 

products. The price of the milk in the 

supermarkets is 4-5 times larger than the farm 

gate, which has discouraged production and 

led to a significant reduction of the number of 

milk cows in Romania in the last 

decade.While some SMEs specialized in the 

milk industrialization have their own network 

stores and also promote their product through 

websites and also developed online selling, 

other producers have contracts with retailers 

or wholesalers. The deliveries made for the 

online command are made either faster by 

deliver companies, and the consumer support 

the transport cost, which is related with the 

weight (e.g. 4 euro/ 1 to10 kg for goat dairy 

products, or 6.5 euro/10 to 19 kg for the same 

products), or through the SMEs own transport 

system which is made in specific days of the 

months through all country regions and is 

usual free of charge. The reduction of the 

livestock led to raw milk shortage and the 

SMEs with large industrial capacity are 

obliged to import milk from abroad in order to 

maintain the level of production and their 

commitments. At national level, in Romania 

there is monopoly in the commercialization of 

pharma-veterinary products. Only one 

enterprise has a national network for selling 

biological products, medicaments, medicated 

and vitamin-mineral premixes, feed additives, 

culture medium, disinfectants, hygienic-

sanitary materials, protective equipment, 

either manufactured in Romania or imported. 

Is mountain a marketing argument? Since 

2016, when in the national legislation were 

implemented the provisions of EU Regulation 

no 665/2014 related with the conditions of use 

of the optional quality term ómountain 

productô,   several producers applied and have 

been accepted with their products in The 

National Mountain Products Register.  

 
Table 1. Samples with the products entitled to use the 

optional quality term: ``Mountain product`` - Category: 

Milk and milk products, included in The National 

Mountain Products Register  

Year County Products Company 

2017 MureἨ 

 

 Cascaval 

IbŁneἨti   

S.C. 

Mirdatod 

Prod 

S.R.L. 

2017 MureἨ 

 

Smantana IbŁneἨti  

S.C. 

Mirdatod 

Prod 

S.R.L. 

2017 MureἨ 

 

Urda IbŁneἨti  

S.C. 

Mirdatod 

Prod 

S.R.L. 

2017 Prahova Cascaval taranesc 

Valdostana 

Br©nzŁ de burduf 

Valdostana 

CaἨcavea 

Valdostana 

S.C. Ferma 

IP Valea 

Doftanei 

S.R.L. 

Source: Ministry of Agriculture and Rural 

Development from Romania 

Source of images: http://mirdatod.ro 
 

Now this register includes 30 produces in the 

categories: milk and milk products (21), meat 

and meat products (2), fruits and vegetables 

(6) and honey (1). Some of these products are 

http://mirdatod.ro/
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well identified on the market, but most of 

them are products without any brand image 

promoted on the internet. 

 

CONCLUSIONS 

 

Few studies are approaching the mountain 

rural areas and their current issues. The 

studies related with the value chain are not 

recently and none of them was focused on the 

mountain rural areas. Few things are known 

about who is dealing with farmers, both on the 

factor and food side. Also few data are known 

about local food chains.  The population from 

these areas have for certain low levels of 

income but no average income was calculated 

for a region or for the all mountain areas. The 

national statistic is not divided between the 

plane and mountain areas and data related 

with farm structure or land use are few or 

inaccurate. Mountain yet is rarely a marketing 

argument, but several efforts made by 

entrepreneurs or enterprises are on their way 

to be rewarded on the market.    
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Abstract 

 

The ramp-up of the agricultural industry output requires the use of new, high-performance machines, whilst the 

complicated world economic situation has made it difficult to purchase foreign agricultural equipment. All these 

factors contributed to an increase in the demand for both domestic and Belarusian equipment. Tractors and various 

attachments are the most popular type of farm machinery with agricultural producers, which is used in almost all 

farm works. In this regard, there is a significant load being placed on them which leads to frequent breakdowns. At 

the same time, the age of tractors in farms of the Novosibirsk Region is mostly more than 10 years, which is also one 

of the reasons for failing. Most farms are simply unable to regularly update their machine and tractor fleet; 

therefore, during the spring field works or crop harvesting, it often happens that machines break down and wait for 

repairs for a long time. This results in crop losses and low yields. It is necessary to develop such a mechanism of the 

material support for agricultural producers which will help to avoid equipment downtime and lead to an increase in 

the gross collection.  

 

Key words: agriculture, tractors, trade-in, after-sales service, MTZ, purchase and sale 

 

INTRODUCTION  

 

The farming industry of the Novosibirsk 

Region is a dynamically developing branch of 

the national economy and one of the drivers 

of the regional economic development. 

Because of the growing demand for food 

commodities, which has been observed in our 

country in recent decades, agricultural 

producers are expected to increase production 

volumes and efficiency, which is impossible 

without the use of modern high-performance 

agricultural equipment. The high level of 

mechanization determines the growth in the 

volume and quality of farm products. The 

issue of technical modernization of the 

farming industry is of big importance for 

commodity producers, for the state, and for 

producers and sellers of the agricultural 

equipment [12]. 

The machine and tractor fleet of agricultural 

producers in the Novosibirsk Region is in a 

rather worn condition, and needs 

modernization. MTZ tractors are the most 

popular technique equipment for agricultural 

producers, which is confirmed by statistical 

data: about 40% of all tractors in the 

Novosibirsk Region are the MTZ tractors [2].  

The efficiency of farm production depends 

more on the level of energy supply of farm 

organizations. The Novosibirsk Region is one 

of the country's leaders in terms of the pace of 

technical and technological reequipment of 

the industry, but at the same time, it is still not 

enough and the fleet is in a rather worn 

condition [15].  

 

MATERIALS AND METHODS  

 

The research aimed to develop theoretical 

foundations and recommended practices for 

the implementation of the material support 

mechanism for the farming industry. 

The target of research is the organizational 

and economic relations that arise between 

agricultural producers and service centers in 
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the region. 

The subject of research is the economic 

processes and patterns of development of the 

material and technical resources of the 

farming industry. 

The objects under observation are agricultural 

organizations and service centers of the 

Novosibirsk Region. 

The information basis of the research is the 

official materials of the Federal State 

Statistics Service of the Russian Federation; 

the Novosibirsk Region territorial body of the 

Federal State Statistics Service; the latest 

information of the Ministry of Agriculture of 

the Novosibirsk Region; the data of statistical 

and accounting reports of agricultural and 

processing organizations; normative and legal 

acts of the Russian Federation, executive and 

legislative authorities of the regions; scientific 

publications on the problem under study and 

other sources. 

The theoretical and methodological 

background of the research is provided by 

scientific works of domestic agricultural 

economists on the development of material 

and technical resources, development and 

recommendations of research institutes and 

universities, normative and methodological 

materials, authorial calculations and 

generalizations. Various methods of economic 

research are applied in the work: abstract-

logical, statistical-economic, balance, 

computational-constructive, dialectical, 

monographic and others. 

To determine the profit loss in crop 

production or animal husbandry, the 

following formulas were used: 

-loss of profit from 1 ha of crops = average 

crop yield x area of crops x price of crop; 

-loss of profit from 1 liter of milk = Average 

milk yield per 1 cow x volume of milk loss x 

milk price. 

 

RESULTS AND DISCUSSIONS 

 

With a view to increase the efficiency of the 

material support of agricultural organizations, 

we propose the sale of agricultural machinery 

through the trade-in technology, the essence 

of which is the acquisition by dealers of used 

equipment from customers as payment for 

new equipment [18].  

The trade-in agreement allows upgrading the 

fleet of used equipment without problems 

associated with its sale in the aftermarket and 

getting new high-performance equipment with 

guaranteed quality. Trade-in is designed to 

make the sale of old equipment safe and to 

simplify as much as possible the acquisition 

of new generation equipment, protecting 

buyers from all sorts of risks that may arise in 

case of self-sale. This scheme opens up new 

opportunities for agricultural producers which 

expand their production, implement new 

technologies or replace equipment even if 

they do not have temporary free funds by that 

time [7]. 

This mechanism is an effective tool for 

increasing the material and technical security 

of agricultural producers in the Novosibirsk 

Region as well as for increasing the dealer's 

sales and improving the quality of services 

provided [4]. 

Calculation showed that in case of a tractor 

failure, the replacement tractor delivery 

mechanism did not work and the farms lost 

significant money, both in the crop and 

livestock industries. At the same time, the 

more the acreage or the number of dairy cows, 

the greater the loss of production. 

Using tractors from a fleet of replacement 

vehicles will result in the growth in revenue 

and production efficiency: production 

profitability up to 35.1%, profitability of sales 

up to 26%, main production cost recovery up 

to 101.5%. 

Analysis of the use of agricultural 

producers' machine and tractor fleet in the 

Novosibirsk Region  

Tractors are the kind of machinery that is 

present in every farm and performs a 

significant amount of agricultural work [20]. 

The efficiency of the entire production in an 

agricultural organization depends on their 

normal functioning. Figure 1 shows the 

quantity of tractors in each municipal district 

of the Novosibirsk Region, as well as the 

number of repaired machines [9]. 

According to the number of tractors in 2017, 

the region's leaders are the Toguchinsky 

District with 740 units, among which 634 

units or 86% are the repaired ones, and the 
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Krasnozersky District with 750 units, 692 

repaired units (92%). Areas with a very little 

number of tractors are the Severniy District 

with 55 units, the Ubinsky District with 129 

units, and the Moshkovsky District with 130 

units. On the average in the region, 93% of all 

tractors are in good order. Their total number 

is 10,809 units. 
 

 
Fig. 1. Distribution of the total number of tractors, including those reconditioned, in the Novosibirsk Region as of 

July 1, 2017.  

Source: http://mcx.nso.ru/ 
 

Let us consider the acquisition of tractors by 

farms in the municipal districts of the  

Novosibirsk Region in 2016 (Figure 2). 
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Fig. 2. Number of purchased tractors in the Novosibirsk Region in 2016.  

Source: http://mcx.nso.ru/ 

 

In 2016, the greatest number of tractors was 

purchased in the Bagansky District (19 units), 

and the Krasnozersksky District (13 units). In 

Kyshtovsky, Severniy and Chulymsky 

Districts, no machines were bought. 

As already mentioned above, the most 

common type of machinery at farms are 

tractors aged mostly more than 10 years 

(Table 1). The most common model of the 

tractor in the agricultural organizations of the 

Novosibirsk Region (about 40% of the total 

tractor fleet) is the MTZ-80 and MTZ-82. K-

700A, K-701 are also quite popular tractors 

models. 

More than half of all available tractors are 

older than 10 years; at the same time, as for 

tractors MTZ, only 33% of them can be 

attributed to this category [3].
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Table 1. Availability of tractors with agricultural producers in the Novosibirsk Region in 2016 

No. 

 

Brand of machine 

  

Available, in total 

 

Older than 10 years 

Total % 

1.  K-700A, K-701, K-744 68 68 100.0 

2.  T-150K, T-150, KhTZ 56 56 100.0 

3.  T-130, T-170, T-100 39 39 100.0 

4.  T-4A 1 1 100.0 

5.  DT-75, DT-75M 22 21 95.5 

6.  MTZ-80, MTZ-82 204 68 33.3 

7.  UMZ-6, ZTM-60 8 8 100.0 

8.  T-40, T-40AM, LTZ-60 13 12 92.3 

9.  T-16, T-25, VTZ-30 8 8 100.0 

10.  Other, incl. self-made tractors 91 34 37.4 

11.  TOTAL of tractors 517 281 54.4 

Source: http://mcx.nso.ru/ 

 

According to the Ministry of Agriculture of 

Russia, deviations in the basic performance 

criteria are characteristic for more than 30% 

of the units produced; many tractors provide 

an average mean time to failure 2 to 3 times 

lower than the performance standards, since  

more than half of them have a leak of fuel,  

oils, have various gaskets damaged, etc. The 

main types of defects detected during testing 

are, first of all, poor-quality assembly of 

machines (10-20% of all failures) and poor 

quality of welding (9-13%). Up to a third of 

spare parts and components of agricultural 

machinery are scrapped. They are bought up 

at lower prices at the plants by for-profit 

businesses, and then sold to agricultural 

producers as high-quality ones. Along with 

this, they do not bear any pecuniary 

responsibility for this [11].  

In 2016, 4,252 tractors out of 10,809 units 

underwent a technical check-up, only 273 of 

them not meeting the safety requirements 

(Table 2).  

 

Table 2. Results of technical check-up of the Novosibirsk Region agricultural producers' machine and tractor fleet in 

2016

 

Trailers  
Self-propelled 

vehicles 
Tractors 

Other self-

propelled 

vehicles 

Registered in the inspection of 

Gostekhnadzor (State supervision of the 

technical condition of self-propelled 

machines and other types of equipment) 

2,371 17,176 10,809 582 

Submitted for technical checkup 595 7,398 5,313 149 

Passed technical checkup 547 6077 4,252 141 

of them after drawing up a report of 

technical checkup  
94 1166 663 68 

including within 20 days from the date of 

registration of the technical checkup report 

containing information on the non-

compliance of the machine with the safety 

requirements  

17 337 271 0 

Total of drawn up acts of technical checkup 129 991 730 6 

including for the reasons:     

lack of information on the state fee payment 

for issuing a technical checkup confirmation 

document 

1 63 52 0 

failure to submit documents  45 554 374 0 

non-conformity with the data specified in the 

submitted documents  
12 35 31 0 

non-conformity with safety requirements  71 339 273 6 

Source: http://mcx.nso.ru/ 

http://mcx.nso.ru/
http://mcx.nso.ru/
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Characteristics of the trade-in technology 

All violations associated with the operation of 

the machine and tractor fleet of agricultural  

producers result in the fact that the costs of 

agricultural organizations for the repair and 

maintenance of the acquired equipment reach 

80-85% of their book value over the period of 

operation. In addition, the constant breakdown 

of equipment during the execution of 

technological operations significantly prolong 

their time, which inevitably leads to lost 

production [14]. At the same time, the annual 

scrapping of equipment exceeds new 

machinery put into service. The improvement 

of machinery for agricultural organizations in 

the Novosibirsk Region for the period under 

review was 7-34%, while it was by 80% due 

to the acquisition of agricultural machinery 

used in the operation by other organizations. 

With a view to increase the efficiency of the 

material support of agricultural organizations, 

we propose the sale of agricultural machinery 

through the trade-in technology, the essence 

of which is the acquisition by dealers of used 

equipment from customers as payment for 

new equipment [18].  

The old equipment acquired from agricultural 

producers is prepared for exploitation in 

service centers and goes on sale with warranty 

[13]. Accordingly, some agricultural 

producers renew their technical fleet, others 

get an opportunity to purchase more 

affordable equipment, while dealers expand 

the circle of customers and increase the sales 

results [8]. 

The purchase and sale of equipment under the 

trade-in scheme involves the receipt of one 

machine in exchange for another. The cost of 

the first one is deducted from the cost of the 

second one, and the difference is paid either 

by ready cash or by credit [17]. 

The term "trade-in" means "repurchase" in 

English. This is a system of offset whereby 

used equipment can be used as a means of 

partial payment for new equipment. This 

principle of sales has been successfully 

working in America and Europe for many 

years. Trade-in is the exchange of a used 

car for a new or another vehicle [6]. 

In European countries, the trade-in system has 

been successfully working for several 

decades. With the help of this scheme, 

Western companies are constantly updating 

their fleet of vehicles, acquiring more and 

more advanced models of equipment. In 

Russia, this method of payment is already 

becoming popular in the sales of motor  

vehicles. As for trucks, buses, special and 

farming machinery, this scheme is just 

beginning to be applied [5]. 

The old equipment purchased from customers 

under the trade-in scheme undergoes a 

predelivery inspection with the replacement of 

all defective units and assemblies, and then is 

put up for sale [19].  

Advantages of trade-in:  

(i)An agricultural producer gets rid of 

unclaimed equipment with minimum fuss, 

without wasting time searching for a buyer 

[10]. 

(ii)The farmer gets new equipment 

immediately, and not after the old one is sold. 

(iii)The agricultural producer minimizes the 

amount of money needed for the new 

equipment. 

(iv)The agricultural producer optimizes its tax 

base. 

(v)An agricultural producer forms a machine 

and tractor fleet for specific tasks, exchanging 

used machinery that is not needed at this point 

for new one that is required now [16]. 

A scheme for selling tractors using the 

trade-in technology  

The uniqueness of the trade-in agreement is 

that it combines two processes: the sale of the 

old and the purchase of the new equipment 

[1].  

Figure 3 shows a scheme for selling tractors 

by OOO "Trading Company MTZ-Sibir" 

through the trade-in technology. 

1. An agricultural commodity producer goes 

to OOO "Trading Company MTZ-Sibir" to 

purchase a tractor "Belarus". Then a sales 

contract or a TRADE-IN sales contract can be 

concluded with a discount and gift to the 

buyer in the form of a BELARUS brand 

wrench kit. Also, a service agreement is 

concluded, within the framework of which it 

is possible to purchase a package of services 

allowing the client to apply for services to 

OOO "Trading Company MTZ-Sibir". Three 

types of service packages are implemented in 

http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BC%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C
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the organization: - Starter Package: warranty 

service with a dealer guarantee; 

- Basic Package: "Starter package" plus 24-

hour service response; 

- VIP package "Starter package" plus "Basic 

package" plus offering of replacement  

equipment for the period of repair. 

2. In case of customer complaint on, in his 

opinion, a poor-quality service, expressed 

orally or in writing, and requiring a response,  

reaction of the manufacturer or seller, service  

specialists will directly visit the agricultural 

producer. A minor malfunction will be 

promptly eliminated, and if complicated 

repairs are required, the farmer will be 

provided with a similar equipment from the 

fleet of replacement vehicles of OOO 

"Trading Company MTZ-Sibir". 
 

 
Fig. 3. Mechanism for selling tractors by OOO "Trading Company MTZ-Sibir".  

Source: developed by the authors. 

 

The fleet of replacement vehicles is formed 

through the sale of trade-in sales contracts. 

After the receipt of used tractors, OOO 

"Trading Company MTZ-Sibir" carries out a 

defect identification, as well as works to 

restore the equipment. As a result, a fleet of 

replacement vehicles and a fleet of restored 

equipment are being formed for sale. 

In the absence of necessary spare parts and 

accessories or the occurrence of long-term 

repairs (complex repairs), the trading 

company can offer the agricultural producer, 

for the time of repair, replacement machinery 

from the TRADE-IN fleet. In case of his 

consent, an invoice for prepayment is issued 

and delivery of the equipment is carried out 

within 5 hours (provided that the remoteness 

of the farm is not more than 200 km). 
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the equipment in accordance with the 
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claim equipment, the calculation of the 

replacement equipment use is made and the 

final bill is issued to the agricultural producer. 

The acceptance of the replacement equipment 

is also carried out through the act of delivery 

and acceptance. If the state of the replacement 

equipment is different from the act of delivery 

and acceptance, discrepancies marks are 

made, and the agricultural producer is billed 

in the case of his fault. 

Aftersales service mechanism 

Let us consider in detail the mechanism of 

aftersales service of OOO "Trading Company 

MTZ-Sibir". Alongside with the purchase of 

the tractor, the company concludes a service 

agreement with the customer with the 

possibility to purchase one of the above 

service packages. In case of a customer's 

complaint about any malfunction of the 

tractor (notice of defect), first, the company's 

engineer concludes an agreement with him for 

the provision of services (to be safe), and, 

secondly, prepares service teams for visit to 

the site of breakdown. As already mentioned 

above, simple breakdowns are eliminated on 

site, and in case of complex ones, the 

equipment is transferred according to the act 

and the replacement tractor is delivered from 

the trade-in fleet for the period of repair 

works.  

At the same time, the service agreement can 

be concluded not only with the clients of 

OOO "Trading Company MTZ-Sibir", but 

with third-party agricultural producers, too.  

A notice of defect is a buyer's claim against 

the seller or supplier regarding the improper 

quality of the delivered goods during the 

warranty period. 

In that way, the customer's notice of defect is 

realized as follows (Figure 4): 

(i)A customer's notice of defect on the 

operation of machinery and equipment during 

the warranty period can be received by the 

technical service department either in written 

or oral form. It is accepted by a service 

engineer. 

(ii)Consideration of the application for 

warranty repair can be initiated if the 

machinery and equipment: 

(iii)were acquired in "Trading Company 

MTZ-Sibir" (confirmed by the relevant fiscal 

documents); 

(iv)notices of defect on the operation of the 

machinery and equipment are made during the 

warranty period of operation of this 

machinery and equipment as of the date of the 

customer's appeal; 

(v)were serviced by specialists of the 

maintenance service department, in 

accordance with the service agreement (if 

available). 

The service engineer is responsible for the 

quality of work performed in accordance with 

the requirements of the service agreement, as 

well as for accepting the results of the work 

by the customer, including the completion and 

signing of the relevant fiscal and basic 

documents. The acceptance and registration of 

a customer's notice of defect are carried out 

continuously. 

After receiving a client's claim, notice of 

defect on the operation of the machinery and 

equipment (hereinafter notices of defect), the 

service engineer:  

-checks for the availability of a concluded 

service agreement; 

-assesses the conditions on the basis of which 

the equipment will be repaired. 

In the event that a service agreement with the 

customer is not concluded, the service 

engineer: sends a request to the client to 

provide a package of documents for the 

consideration of the notice of defect. 

In the event that the service agreement has 

been concluded with the customer, the service 

engineer verifies with the customer the 

fulfillment of the service agreement terms for 

the machinery and equipment specified in the 

complaint. On the basis of the documentsô 

analysis (package of documents sent by the 

client or the service  

agreement), the service engineer draws up and 

forwards to the immediate supervisor an 

acceptance conclusion (or refusal) of the 

notice of defect for approval. The conclusion 

on accepting a notice of defect may be a 

phone call or an e-mail containing a notice 

that repair works during the warranty period 

will be initiated after the client has agreed on 

the terms of an on-sight visit and execution of  

work (Figure 5). 

The conclusion on the notice of defect refusal 
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must be executed in the form of a letter using 

official or registered correspondence at the 

stage of consideration of the submitted 

package of documents and is accepted in the 

following cases: the contractual warranty 

period for the machinery and equipment is 

expired, the installation and operation of 

machinery and equipment have been 

performed with violation of its installation 

and operation conditions; the routine 

maintenance has not been made, or has not 

been carried out in full; the notice of defect 

refers to the machinery and equipment not 

purchased in the trading company; the 

received package of documents does not 

correspond to the requested one, and the 

submitted documents are issued in violation 

of the established requirements; there are 

violations or non-fulfillment of the 

requirements (conditions) of the contract of 

sale; there are violations or non-fulfillment of 

the requirements (conditions) of the service 

agreement. 

Main activities of the service team 

The service engineer, following the results of 

the taken decision, performs the following 

actions: 

(i)if the equipment failure is not recognized as 

a warranty case, calls up the client, through e-

mail or fax sends the client a dismissal of the 

notice of defect, invites the client to carry out 

commercial repairs, and issues a provisional 

invoice; 

(ii)if the equipment failure is recognized as a 

warranty case, specifies information about the 

nature of the failure, the form of its 

manifestation, etc., with the purpose of 

preliminary determining the components, 

units and assemblies that require repair or 

replacement (to form a fund of spare parts for 

the on-sight visit), as well as the probability of 

the exploitation or manufacture fault;  

(iii)in case the client agrees to carry out 

commercial repairs, requires them to 

guarantee payment (letter of guarantee);  

(iv)after receiving the payment guarantee, 

organizes a visit to the client. 

The service engineer coordinates with the 

client the terms of departure of the service 

team for repair works and performs the 

following actions: 

(v)forms the composition of the service team, 

depending on the complexity group; 

(vi)in the event that the customer service is 

located at a significant distance from the 

client and the insignificance of the operation 

of machinery and equipment failure, the 

service engineer may, in agreement with the 

immediate supervisor, entrust the elimination 

of the failure to a third-party organization; 

(vii)issues a signed and printed work order to 

the service team for obtaining spare parts and 

consumables from the storekeeper; 

(viii)instructs the service team on the scope of 

work to be performed, controls the departure, 

as well as the preparation of all necessary 

documents: notice of defect; certificate of 

completion; invoice. 

(ix)notifies the service team of the scope of 

work to be performed, supervises the 

departure, as well as the preparation of all the 

necessary documents (notice of defect, 

certificate of completion, invoice). 

Upon arrival to the client, the service team: 

-checks the availability and correctness of 

registration of the originals of technical and 

maintenance documentation for the failing 

machinery or equipment; 

-makes a full inspection of the machinery and 

equipment for detecting violations of 

operating and maintenance rules. 

-if violations of operating and maintenance 

rules are revealed, notifies the customer about 

the removal of obligation for warranty, draws 

up an act of notice of defect, and proposes to 

eliminate the failure of machinery and 

equipment on a fee paid basis.  

In the event that the client refuses the paid 

repair, the service team makes a note in the 

act of notice of defect about the failure in the 

operation of machinery and equipment by the 

fault of the client and organizes the signing of 

the notice of defect by the client. 

-in the absence of violations of the rules of 

operation and maintenance, repairs the 

machinery and equipment with replacement, 

if necessary, of damaged parts, assemblies 

and units with new ones, performs repair 

work in accordance with agreements with the 

client. 
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Fig. 4. After-sales service of OOO "Trading Company MTZ-Sibir".  

Source: developed by the authors. 
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documents to the service engineer for 

releasing an official letter to the client, signs 

the act of removal of equipment from the 

warranty service and invoices for the on-sight 

visit at the immediate supervisor's office. 

Specificity of the procedure of the complex 

repair of equipment  

In cases of "complicated repair" (lack of spare 

parts for repair, repair of equipment for more 

than 1 day, etc.). 

(i)The service engineer, when accepting a 

notice of defect from the client, initially 

assesses the scale of repair of the equipment 

in comparison with a company's capabilities 

(availability of free service crews, availability 

of necessary spare parts, conditions for 

repairs, etc.); 

(ii)In the case of "complicated/permanent 

repair" of equipment, to avoid equipment 

downtime during the agricultural season and 

violation of the agrotechnical terms, the 

service engineer offers the customer a 

replacement tractor from the fleet of trade in 

campaign vehicles;  

(iii)Given the clientôs consent, the service 

engineer: 

-chooses the necessary tractor from the trade-

in fleet; 

-calls up and agrees with the trading company 

on the delivery of the tractor to the client (a 

contract with the trading company is 

concluded in advance); 

-calculates the preliminary cost of renting a 

tractor (the estimated lease time is determined 

by the tractor's repair time) + shipping cost; 

-provides the invoice to the client for tractor 

rental advance payment, and requests from 

them a letter of guarantee; 

-forms the entire package of documents for 

the replacement tractor and sends it with the 

driver to the service team (availability of a 

laptop and a portable printer within the 

service team is welcome, as well as a digital 

device for visualizing the technique during 

delivery and acceptance); 

-when a replacement tractor arrives to the 

customer, the service team personnel will 

personally transfer it to the client's 

representative, after delivery and acceptance, 

sign the required package of documents and 

accept from the customer the original 

prepayment of services guarantee letter; 

-the service engineer, having received 

information from the service team on the 

tractor's breakdown scale, calls up the 

customer, and the following is determined: 

(a)Repair of the tractor at the customer's sight. 

(b)Repair of the reclamation tractor at the 

service premises of the company (in this case, 

to motivate the customer, they can be 

informed that the transportation of the tractor 

is free of charge). 

(c)The customer repairs the tractor themselves 

(only in case of commercial repairs). 

-after the recovery of the client's tractor, they 

are billed for the services provided (repair + 

replacement tractor rental); 

-after the invoice is paid by the client, the 

repaired tractor is delivered to them and the 

replacement tractor is returned according to 

the certificate of delivery and acceptance. The 

process of delivery and acceptance of the 

equipment takes place with the personal 

presence of a service engineer or service 

team; 

-in the event that a breakdown/defect due to 

the customer's fault is detected during the 

delivery and acceptance of the replacement 

tractor, the service engineer makes a mark in 

the certificate of delivery and acceptance, 

notifies/proves to the customer their fault and 

checks the customer's confirmation of this by 

their signature (under power of attorney) in 

the certificate of delivery and acceptance. 

When the replacement tractor arrives to the 

premises of the company, the service engineer 

performs an identification of defect occurred 

due to customer's fault, calculates it in terms 

of value, invoices the customer and monitors 

the payment from the customer. 

Thus, the service system of OOO "Trading 

Company MTZ-Sibir" is as follows: in case of 

customer complaint on, in his opinion, a poor-

quality service, expressed orally or in writing, 

and requiring a response, reaction of the 

manufacturer or seller, the service specialists 

will directly visit the agricultural producer. A 

minor malfunction will be promptly 

eliminated, and if complicated repairs are 

required, the farmer will be provided with a 

similar equipment from the fleet of 

replacement vehicles of OOO "Trading 
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Company MTZ-Sibir". This mechanism is an 

effective tool for increasing the material and 

technical security of agricultural producers in 

the Novosibirsk Region as well as for 

increasing the dealer's sales and improving the 

quality of services provided [4]. 
 

 
Fig. 5. Algorithm of tractor aftersales service.  

Source: developed by the authors. 
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Losses in crop and animal production as a 

result of idle machinery  

The economic efficiency of the mechanism 

proposed by us is determined by the reduction 

in the amount of losses of crop and animal 

products as a result of the downtime of 

farming machinery.  

Here we calculate the estimated losses per day 

and per hour (Table 3).  

To determine crop losses in crop production 

due to a tractor failure, we identified 4 types 

of work carried out by this equipment: tillage, 

pre-sowing works, sowing and harvesting. 

Two types of crops were also considered: 

milling grain (1st class wheat) and coarse 

grain crops (5th class wheat), which were 

used to feed animals. The yield index is the 

average for the last 3 years in the farms of the 

Novosibirsk Region. For the first type of 

crops it is 14 dt/ha, for the second one ï 17 

dt/ha. As a result of determining the 

approximate losses of crops, it was found that 

the greatest amount of losses of the1st class 

wheat occurred during the harvesting period ï 

up to 26.6 kg/ha per day and, respectively, 

0.06 kg/ha per hour. For coarse grain crops, 

the situation was similar, here losses during 

harvesting and sowing were the same and 

amounted to 11.9 kg/ha. 

To calculate the yield losses in rubles, the 

average prices for wheat at the end of the year 

were used during the period from 2015 to 

2017. In our case, this was 8,776 rubles per 

tonne without VAT. 

Thus, we identified losses in crop production 

during the idle time of a single tractor. 
 

Table 3. Crop losses as a result of deviations of the field work completion time from the agrotechnical one 

Crop Type of work 
Productivity, 

dt/ha 
Type of CROP 

Approximate crop 

losses, kg/ha 

Approximate yield 

losses, rub/ha 

per day per hour per day per hour 

Milling grain 

Tillage 14 1st class wheat 1.54 0.06 13.4 0.6 

Presowing 14 1st class wheat 7 0.29 60.9 2.5 

Sowing 14 1st class wheat 11.2 0.47 97.4 4.1 

Harvesting 14 1st class wheat 26.6 1.11 231.4 9.6 

coarse grain crops 

Tillage 17 5th class wheat 1.87 0.08 16.3 0.7 

Presowing 17 5th class wheat 8.5 0.35 74.0 3.1 

Sowing 17 5th class wheat 11.9 0.50 103.5 4.3 

Harvesting 17 5th class wheat 11.9 0.50 103.5 4.3 

Source: http://mtzsibir.ru/ 

 

Now let us calculate the same index for 

animal production. In this industry, milk 

losses occur due to untimely feeding of 

animals and their underfeeding (Table 4). 

The intensity of losses in the cases considered 

differs. As a result of underfeeding of cows in 

the dry period due to breakage of the tractor, 

the yield of milk throughout the herd 

decreases by 10-22%, depending on the 

degree of underfeeding. In connection with 

the untimely feeding of animals due to 

breakage of the tractor, the milk yield is 

reduced by 5-8% throughout the livestock.  

 

Table 4. Losses in animal production due to idle machinery 

Cause of losses in  

animal production 

Average milk 

yield per cow 

and day, (l) 

Average 

amount of milk 

losses, 

(l/day) 

Cost of milk 

purchase, (rub/l) 

Loss of profit from 

1 liter, (rub/day) 

Underfeeding of cows in 

the dry period due to 

breakage of the tractor 

11.6 2.6 

19 

49.4 

Untimely feeding of 

animals due to breakage of 

the tractor 

11.6 0.9 17.1 

Source: http://mtzsibir.ru/ 
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On an average in the Novosibirsk Region, the 

daily milk yield per cow is 11.6 liters, of 

which 2.6 liters are lost as a result of 

underfeeding, 0.9 liters - as a result of 

untimely feeding of animals. The average 

purchase price for milk is 19 rubles per liter. 

Accordingly, the loss of profit of farms in the 

first case is equal to 49.4 rubles/day, and in 

the second case is 17.1 rubles/day on one 

cow.  
 

Table 5. Calculation of a tractor's idle time 

Index  New equipment 
Equipment with a useful 

lifetime of no more than 10 years 

Technique, with a useful 

lifetime of more than 10 years 

% of the time for current 

repairs and service 
       5                 10                   20 

Number of days in the agr. 

season (May-October) 
      180 

Number of work hours per 

day (08:00-22:00) 
       13 

Source: http://mtzsibir.ru/ 
 

 

In connection with the absence in the 

agricultural organizations of a specially 

dedicated staff unit for calculating the idle 

time of equipment during the period of 

agricultural work, the following action plan of 

actions was made a rule (Table 5). 

 

Downtime calculation 

The algorithm for calculating the downtime is 

as follows: 5% of working time for the new 

equipment, 10% for the equipment no older 

than 10 years, 20% for the equipment older 

than 10 years. The results of the downtime 

calculation are presented in Table 6. 
Table 6. Tractor downtime 

Type of 

equipment 
New equipment 

Equipment with a useful lifetime 

of no more than 10 years 

Technique, with a useful lifetime 

of more than 10 years 

Tractor 

No. of days  

per season  

No. of hours  

per shift  

No. of days  

per season  

No. of hours  

per shift  

No. of days  

per season  

No. of hours  

per shift  

         9            0.65        18         1.3         36          2.6 

Source: http://mtzsibir.ru/ 

 

The older the equipment, the more days in a 

season it costs: 9 days for the new one, 4 

times more ï 36 days over for the equipment 

older than 10 years. 

Thus, we determined how long the tractor is 

idle for one agricultural season and how much 

money is lost by the farm as a result. 

However, the mechanism for creating a fleet 

of replacement vehicles prevents these losses.  

In the Novosibirsk Region, this mechanism 

was tested at four farms: ZAO "Kubanskoe" 

of the Kargatsky district, ZAO "Bobrovskoye" 

of the Suzunsky District, OAO "Priobskoye" 

of the Novosibirsk Region, and ZAO "Skala" 

of the Kolyvan District. The above 

organizations purchase tractors from OOO 

"Trading Company MTZ-Sibir". Table 7 

shows the number of tractors in these farms. 

We will calculate the loss of money by farms 

as a result of a tractor failure. The age of 

tractors is no more than 10 years, accordingly, 

1 tractor is idle 18 days in a season. As 

already mentioned above, we identified 4 

types of work, to each of which falls within 

4.5 days (uniform distribution). 

That is, for the 1st class wheat losses of 

profits will be:  

-13.4 rub/ha Ĭ 4.5 days = 60.3 rub/ha during 

tillage; 

-60.9 rub/ha Ĭ 4.5 days = 274.1 rub/ha during 

presowing works; 

-97.4 rub/ha Ĭ 4.5 days = 438.3 rub/ha during 

sowing; 

-231.4 rub/ha Ĭ 4.5 days = 1041.3 rub/ha 

during harvesting. 

With the change of the type of work, the value 

of the crop, which can be lost, grows. In total, 

due to the downtime of one tractor, the farm 

will lose 1,814 rubles per each hectare of 

arable land. 

Let us make a similar calculation for the 

animal production: 

-Owing to the underfeeding of cows, 49.4 

rubles are lost per one cow per day. 

http://mtzsibir.ru/
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Downtime is 18 days per season. 

-Because of the untimely feeding of animals, 

17.1 rubles are lost per one cow per day. 

Downtime is 18 days per season. 
 

Table 7. Availability of tractors with agricultural producers in the Novosibirsk Region, which are using the 

replacement vehicles fleet mechanism 

Organization Name and Location Tractor Brand Quantity, pcs. 
Total MTZ Tractors in the 

Farm, pcs. 

ZAO "Kubanskoe",  

Kargatsky district   

Belarus-82.1 13 

18 
Belarus-82.1MK 2 

Belarus-922.3 2 

Belarus-1221.2 1 

ZAO "Bobrovskoye",  

Suzunsky district 

Belarus-80.1 9 

20 
Belarus-82.1 6 

Belarus-922.3 2 

Belarus-1221.2 3 

OAO "Priobskoye",  

Novosibirsk Region 

Belarus-80.1 2 

20 

Belarus-82.1 12 

Belarus-1223 3 

Belarus-1221.2 2 

Belarus-1523 1 

ZAO "Skala",  

Kolyvan district 

Belarus-80.1      6 

26 

Belarus-82.1 15 

Belarus-920 2 

Belarus-921 1 

Belarus-922.3 2 

Source: http://mtzsibir.ru/ 

 

The economic efficiency of the aftersales 

service mechanism  

Calculations showed that if, in case of a 

tractor failure, the replacement tractor 

delivery mechanism did not work, then the 

farms under investigation would lose 

considerable money, for example, ZAO 

"Kubanskoe" would lose more than 13 million 

rubles per year only in crop production (Table 

8). 
 

Table 8. Losses in crop and animal production as a result of one tractor downtime 

Name of  

the company  

Area of 

arable land, 

ha 

Losses in crop 

production, 

ths. rub 

No. of dairy cows, 

animal units 

Losses in animal production, ths. 

rub 

underfeeding untimely feeding 

ZAO "Kubanskoye"       7,312          13,264           1,000      889      308 

ZAO 

"Bobrovskoye" 
     8,690          15,764             830      738      256 

OAO "Priobskoye"       620          1,124                -        -        - 

ZAO "Skala"      6,984          12,669              651      579       201 

Source: developed by the authors  

 

 

At the same time, the more the acreage or the 

number of dairy cows, the greater the loss of 

production.  

As a result, the total losses of agricultural 

organizations will amount to 14,661 thousand 

rubles in ZAO "Kubanskoe", 16,758 thousand 

rubles in ZAO "Bobrovskoye", 1,124 

thousand rubles in OAO "Priobskoye", and 

13,449 thousand rubles in ZAO "Skala". The 

result of the proposed measures and 

shortening the downtime of agricultural 

machinery will be a significant increase in 

revenues from the sale of agricultural 

products, as well as performance indicators of 

farms: the level of profitability of production 

and sales, as well as cost recovery of the main  

production (Table 9). 

Next, we will make similar calculation of the 

total losses of all agricultural organizations in 

the Novosibirsk Region (Table 10). The 

number of forage-fed cows in the region is 

127.5 thousand animal units, the area of 

arable land is 2,204.6 thousand hectares. 

Consequently, the downtime of just one 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 99 

tractor for a period of 18 days during the 

agricultural season leads to a shortage of 

revenues of agricultural organizations in the 

amount of 3,999,061 thousand rubles in crop  

production and 152,618 thousand rubles 

inanimal production. 
 

Table 9: Calculation of the effectiveness of the proposed measures for selected farms 

Activities 
ZAO 

"Kubanskoye" ZAO "Bobrovskoye" OAO "Priobskoye" ZAO "Skala" 

Revenues from sales, ths. 

rub 

de facto 181,656 146,883 100,664 113,745 

planned 196,117 163,641 101,788 127,194 

Cost of sales, ths. rub 
de facto 165,817 128,822 81,447 91,662 

planned 165,817 128,822 81,447 91,662 

Gross profit, ths. rub 
de facto 15,839 18,061 19,217 22,083 

planned 30,300 34,819 20,341 35,532 

Cost of the main 

production, ths. rub 

de facto 211,967 211,812 90,690 153,334 

planned 211,967 211,812 90,690 153,334 

Production profitability, % 
de facto 9.6 14.0 23.6 24.1 

planned 18.3 27.0 25.0 38.8 

Profitability of sales, % 
de facto 8.7 12.3 19.1 19.4 

planned 15.4 21.3 20.0 27.9 

Main production cost 

recovery, % 

de facto 85.7 69.3 111.0 74.2 

planned 92.5 77.3 112.2 83.0 

Source: developed by the authors 
 

Table 10. Calculation of losses of farms in the Novosibirsk Region in 2016 as a result of idle agricultural equipment 

Region 

Area of 

arable land, 

ha 

Losses in crop 

production, 

ths. rub 

No. of dairy cows, 

animal units 

Losses in animal production, 

ths. rub 

underfeeding untimely feeding 

Novosibirsk Region 2,204,554        3,999,061         127,500      113,373        39,245 

Source: developed by the authors 
 

Using the mechanism of providing the tractor 

from the fleet of replacement vehicles for the 

period of repair would allow the region's 

agricultural organizations to significantly 

improve their financial results (Table 11). 

The result of the use of a tractor from a 

replacement vehicles fleet will result in an 

increase in sales revenues by an average of 

10.5%, and gross profit by 57.6%. The 

efficiency of production will also increase: 

production profitability up to 35.1%, 

profitability of sales up to 26%, main 

production cost recovery up to 101.5%. 

 

Table 11. Calculation of the effectiveness of the proposed measures for the agricultural organizations of the 

Novosibirsk Region 

Index De Facto as for 

2016 
Planned 

Deviation 

% Ñ 

Revenues from sales, 

ths. rub 
39,550,859 43,702,538 110.5 415,1679.0 

Cost of sales, ths. rub 32,338,299 32,338,299 100.0 0.0 

Gross profit, ths. rub 7,212,560 11,364,239 157.6 415,1679.0 

Cost of the main 

production, ths. rub 
43,039107 43,039,107 100.0 0.0 

Production profitability, 

% 
22.3 35.1 x 12.8 

Profitability of sales, % 18.2 26.0 x 7.8 

Main production cost 

recovery, % 
91.9 101.5 x 9.6 

Source: developed by the authors. 
 

As already mentioned above, this calculation 

was made only for the situation when one 

tractor broke down. In practice, the number of 

broken tractors is greater, hence, financial 

indicators would be higher if tractors from the 

fleet of replacement vehicles would be used 

for the time of repair use. 
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CONCLUSIONS 

 

Constant breakdown of equipment during the 

execution of technological operations 

significantly prolong their time, which 

inevitably leads to the loss of production. At 

the same time, the annual scrapping of 

equipment exceeds new machinery put into 

service. The improvement of machinery for 

agricultural organizations in the Novosibirsk 

Region for the period under review was 7-

34%, while it was by 80% due to the 

acquisition of agricultural machinery used in 

the operation by other organizations. 

In order to reduce the downtime of 

agricultural equipment, we offer a service 

mechanism based on the creation of a fleet of 

replacement vehicles at OOO "Trading 

Company MTZ-Sibir". Alongside with the 

purchase of a tractor, the trading company 

concludes a service agreement with the 

agricultural producer with the possibility to 

purchase one of the service packages. In case 

of a customer's complaint about any 

malfunction of the tractor, first, the company's 

engineer concludes an agreement with him for 

the provision of services (to be safe), and, 

secondly, prepares service teams for visit to 

the site of breakdown. Simple breakdowns are 

eliminated on site, and in case of complex 

ones, the equipment is transferred according 

to the act and the replacement tractor is 

delivered from the trade-in fleet for the period 

of repair works. The fleet of the replacement 

equipment is created by means of the trade-in 

mechanism, within the framework of which 

OOO "Trading Company MTZ-Sibir" 

purchases an old tractor from the agricultural 

producer and sells instead a new tractor with a 

significant discount.  
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Abstract 

 

The aim of this paper is to emphasis the main trends on the Romanian vegetal products. Vegetal production has a 

particular importance because of its contribution to feed people and livestock, on the one hand, and, on the other 

hand, ensure the income for the farmers from export. The field crops placed under natural environment are 

constantly under the natural risk factors (weather, producing floods, droughts and so on), with unpredictable 

repercussions, especially under the current climate and climate conditions. The fertility ensures soil favorability for 

different uses, such as agricultural crops. Using quantitative statistical methods, the paper proposes an economic 

analysis in the period 2015-2017. These analysis shows that Romania cultivates large areas with vegetal products, 

ranking on the highest place to cereals. The role of management and technical methods remains a key element in 

Romanian agriculture in respect with good practices and sustainability.  

 

Key  words: vegetal production, environment, agricultural land, stress factors  

 

INTRODUCTION  

 

The life and human activity are food-

conditioned and, alongside evolution, to be 

less dependent on hunting and gathered from 

wild fruits, people began to produce their own 

food. But food production leads to a high 

pressure on the natural balance, knowing that 

plants form the basis of any food pyramid, not 

just humans. The production of sufficient food 

for humans and animals goes hand in hand 

with keeping of other living organisms  under 

control [17]. If these are removed from the 

environment (field), there is pressure on 

biodiversity, both directly and indirectly. 

Maintaining life on earth, in its own right, has 

its origin in agricultural activity and others 

with natural resource exploitation character. 

By judicious management of natural resources 

and by resorting to the latest scientific results 

in the field, the vegetal products obtained in 

the field have diversified both by the number 

of species and by the cultivars, namely 

varieties and hybrids. It should be stressed 

that in the temperate climate characteristic of 

Romania, two productions can be obtained on 

the same area of land in one year [9].  

The plant production is classified from many 

points of view and is spread under natural and 

artificial areas. As such, it is proposed to 

analyze the local Romanian natural 

environment exploited by field crops, ie, 

species with a weight in agriculture [10, 11]. 

As location, in Romania the forms of relief 

are structurally harmonious, most of the soil 

types are found on the continent, and the four 

seasons (Romania is crossed by the 45th 

Parallel) manage seasonally agricultural 

crops. The foundation of the agroecosystem, 

the soil (an indicator of the environmental 

evolution features), has received several 

classifications from the Romanian 

researchers, the latter dividing it into 12 

classes. What is important is the mechanism 

of clay accumulation, an organic matter that, 

in relation to a multitude of other physic-

chemical properties of the soil, promotes 

fertility. Ecological consequence, fertility 

ensures soil favorability for different uses, 

such as agricultural crops. Out of the total 

agricultural area, about 65% is occupied by 

field crops. From this area, considering the 

mailto:mariana.bran@eam.ase.ro
mailto:soare.elenausamv@gmail.com
mailto:mariana.bran@eam.ase.ro
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qualification degree (the classification of the 

land in quality classes - 5 classes), about 74% 

belong to the first 3 classes. Therefore, the 

arable naturally favors plant production 

(organic fertilizer application is indicated). 

The plains and partly the hilly regions are the 

relief forms in which the field crops spread, 

predominantly on cernisoils, luvisoils, but 

also at their interference. The soil, constantly 

adapting to natural and/or artificial changes in 

the environment, has undergone changes (in 

the last negative period, according to various 

practitioners). Managed accordingly to 

sustainable use, the provision of goods and 

services is ongoing. Determining the relative 

value of a land (its cost-effective use) 

contributes to the foundation of technologies, 

investments, labor remuneration in agriculture 

and so on. 

 

MATERIALS AND METHODS  

 

The amount of crop yield per unit area, such 

as the productivity of crops, depends on the 

whole set of environmental conditions as well 

as on the manager's experience, which can 

alter the natural factors or the crop's qualities 

to the best of the conditions natural. The soil-

plant system involves numerous processes 

influenced by soil work, herbicide action, 

crop rotation, and differentiated application, 

depending on pedoclimatic conditions [1, 2, 4, 

5, 8]. The solutions for the rational 

exploitation of arable land are given by the 

practical methods and recommended scientific 

applications [7]. The agronomic technique is 

based on the notions specific to pedology, 

microbiology, physics, agro-chemistry, 

physiology, agricultural machinery, ecology 

[15]. At the same time, they represent the 

basis of other disciplines of agronomic 

specialty (plant, viticulture, vegetable 

growing, management, agricultural economy). 

In order to ensure energy security, many 

countries have intensified the use of energy 

from renewable sources such as biofuels, 

whose production is still - under the current 

global economic context - an emerging 

industry [14]. It is active as long as there are 

enough resources, the technologies are 

reliable, the transformation yields are high for 

the whole chain (the final user farmer), and 

biofuel prices are competitive. 

Romania has the higher agricultural potential 

compared to the world's agricultural potential, 

but there are some deficiencies (structure of 

agricultural crops, farming systems, 

unqualified professional labor force, 

insufficient endowment and technologically 

outdated with machinery and equipment) 

which sporadically, influence economic 

development [16]. 

In order to analyze the management of vegetal 

production it was started from the situation of 

Romanian agriculture. The analysis was made 

at the national level for evolution of cultivated 

areas, yields and weights/ha in main cross in 

the period 2015-2017. The statistical data 

used in this study were taken from the 

National Institute of Statistics and National 

Agricultural Research and Development 

Institute. To get an overview of the vegetal 

production in Romanian agriculture were 

consulted more specialized materials.  

 

RESULTS AND DISCUSSIONS 

 

The scientific approach of crop yield is based 

on research about the living conditions and 

productivity of ecosystems natural and 

cultivated communities [3]. Based on NIS 

(Romanian National Institute of Statistics) 

data, Figure 1 shows percentage differences in 

cultivated areas, outputs and yields in two 

consecutive years (2015 and 2016) [12, 13]. 

There are increases in the areas cultivated 

with legumes for grains (without soybean) 

and rapeseed, species where production 

increases are observed, but also on yield. 

Decreases in surface area were registered for 

industrial crops, vegetables and fodder plants, 

all of which recorded low yields. 

Quantitatively, variable yields are achieved 

both due to climatic variability/risk, as well as 

the contribution of knowledge in the field and 

the farmer's experience. 

The land and the climate provide the support, 

but the profitability is given by the input 

allocation, the necessity of spending, the 

higher the intensity of the technological 

system. 
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Fig.1. Evolution of cultivated areas, yields and weights/ha in main cross, 2016 as compared with 2015 (%) 

          Source: NIS,  2017; Author own processing based on data from http://www.insse.ro/, [13] 

 

 
Fig. 2. Area cultivated with groups of species and 

species cultivated in arable land in 2016 (thousands ha) 

Source: NIS, 2017; Author own processing based on data from http://www.insse.ro/, [13] 

 

The environmentally-friendly, eco-efficient 

systems also require health, investment, the 

unitary ones being even higher than in the 

previous case. 

Under favorable environmental conditions, 

mankind is provided with both food and 

environmental demand [6]. In Romania, crop 

production in arable land includes small 

grains, legumes, oil plants, tuber crops, sugar 

beet, industrial crops, tobacco, medicinal and 

aromatic plants, fodder plants, vegetables, 

strawberries, ornamental plants; they have the 

http://www.insse.ro/
http://www.insse.ro/
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annual, biennial or perennial vegetation cycle. 

In 2016, the total area cultivated in arable land 

was 8,409,242 hectares, of which 4,982,912 

ha in individual agricultural holdings 

(59.25%). The areas occupied by the crops 

and their structure are presented schematically 

in the Figure 2. 

The weight of the crop species in the 

cultivated area of Romania in 2016 is 

presented in Fig.3. 

 

 
Fig.3. The share of share of  crop species in the arable 

area in 2016 (%) 

Source: NIS, 2017; Author own processing based on 

data from http://www.insse.ro/, [13] 

 

Agricultural crops are important due to the 

existence of a main product (egg: 

grains/seeds, vegetative organisms, strains, 

green or dehydrated plants), which can be the 

raw matter for the food industry, light 

industry but also animal and poultry feed and 

byproduct, useful in animal husbandry or as a 

source of biodegradable organic matter. 

From the Figure 4 it appears that the exploited 

arable provides large quantities of agricultural 

products to the population. There is a 

predominance of cereals, which provides 

bread and pasta, but also concentrated fodder 

and industrial raw materials (alcohol, oil, 

starch and so on).  

In the genetic code of each plant species are 

written requirements for environmental 

conditions, which, if they are favorable, 

ensure adequate yields. Therefore, the 

ecological zoning of cultivated species is the 

ecological support of the agricultural 

production area. Thus, in relation to the 

ecological factors and the ecological 

optimum, the grouping of the natural areas 

was achieved by degrees of favorability. 

 

 
 

Fig. 4. Yield per capita in 2015, kg 

Source: NIS , 2017; Author own processing based on 

data from http://www.insse.ro/, [12] 

 

Areas are understood to mean several 

administrative territories that are characterized 

by the unity of environmental factors and 

which have more or less similar conditions for 

agricultural crops. For example, the Romanian 

Plain (delimited by the Danube River that 

drives the southern border on a distance of 

840 km and north of the Hilly Regions, it is a 

broad strip of at least 20 km in Oltenia and a 

maximum of 140 km on the Zimnicea line - 

Piteĸti) was originally dominated by steppe 

and forestry ecosystems, and nowadays is the 

area of agroecosystems, respectively fulfilling 

the most suitable conditions for the field 

crops, the production of fodder plants (grasses 

and leguminous plants), vegetables and so on. 

However, there are crops which, although 

ecologically suitable for the area, do not yield 

yields in this area due to the lack of irrigation 

systems. The less favorable conditions have 

been amplified by the degree of land 

fragmentation and, implicitly, the dominance 

of semi-subsistence farms. 

  

CONCLUSIONS 

 

Romania's agricultural potential suffers 

because of the excessive fragmentation of 

property (the impossibility of intensive agro-

cultivation) and the global climate changes, 

http://www.insse.ro/
http://www.insse.ro/
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with a reflection on Romania (excessive 

frequent drought, periodic excess of humidity, 

erosion). As a result of the emergence of 

various forms of degradation, arable land 

losses were reported, limiting the expansion 

of the performing agriculture. Consequently, 

there must be a major interest in innovative 

technologies, sustainable land use systems, 

preventing or minimizing soil degradation, 

restoring productive capacity and vital 

processes of degraded soils.  

Taking into account the market requirement, 

small grains are the first in their preferences, 

providing light industry with raw matters, 

fodder concentrate and coarse fodder, and, 

more recently, the biofuel industry (fossil 

fuels alternative) with starch products and 

biomass. Some cereal species are established 

in the autumn (September - October), and 

they harness the local moisture and 

temperature conditions, and others spring 

(March - May) and are subject to summer 

moisture stress. Climate risk may exist under 

both situations, but the farmer must manage 

the situation through technical tricks. 

However, the grain harvesting campaign 

debuts early in the summer and ends at the 

end of October. Taking into account the 

sowing and harvesting campaigns, it is found 

that more than half of the year is working 

intensively for cereals. National Agricultural 

Research and Development Institute (NARDI) 

Fundulea, through the activity of the field 

researchers, recommends for grain cereals an 

impressive number of varieties and hybrids 

(over 250), both of Romanian origin and 

abroad (acclimatized, but with significantly 

reduced yields for wheat, for example). 

Also worth mentioning are oilseeds, both for 

the yield of food fats and for the production of 

biodiesel. As a result, the field species can be 

successfully introduced into the energy crop 

group. After harvesting and processing any 

field crops, the biomass and the biofuel raw 

materials are generated. The collection of all 

bio-organic residues in the field 

(lignocellulosic) is important in order not to 

hamper soil tillage but to perpetuate diseases 

and pests of successive crops and, at the same 

time, to the biofuel industry. The paper shown 

that for the vegetal production of Romanian 

agriculture, the following assessments are 

made:- organic farming has a major 

contribution to sustainable development and 

increased interest in rural areas; 

technologically, at the same investment effort 

and under the same conditions as labor and on 

the same soil, economic results depend on 

natural factors; conventional technologies, 

although economically efficient, should be 

gradually replaced by durable, conservative 

technologies; from the economic point of 

view, assessments are made (total arable land, 

crops available - field crops, inputs on crops 

and the availability of these resources); the 

viable field holding must comply with some 

requirements: full cultivation of arable land; 

cultivating field species in a balanced 

structure, according to the natural conditions 

and the market; the possibility to achieve crop 

rotation and rotation according to scientific 

criteria; socially, agricultural yield in 

Romania meets the consumption needs of the 

local population. 
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Abstract 

 

The quality of the soil cover due to the use of various agricultural technologies is the subject of this study. The large 

number of agricultural technological works that are executed under the conventional technologies can reduce the 

natural soil fertility by modifying the soil agrochemical indicators. These negative phenomena have led to the 

emergence and development of the concept called "system of agricultural works for soil conservation" [8], 

according to which the system of works needs to maintain or improve the productive potential of the soil. The paper 

presents the results of the researches carried out in order to know the effect caused by the long application of the 

various soil cultivation systems, on the chernozem type of Baragan Plain, soil with very high fertility potential, 

where the humus content is on average 3.8%. Having as comparison base the classical soil cultivation technology 

performed by classic plowing (conventional soil tillage), at a depth of 22 cm, various variants with low soil works 

were taken into consideration, namely the replacement of classical works with disc or chisel works (conservative 

soil tillage). 

  

Key words: disking, plowing, chernozem, humus, pH, total nitrogen, conservative soil tillage 

 
INTRODUCTION  
 

Precision agriculture is the most advanced 

form of agriculture practiced in developed 

countries in Europe and US and consists in 

the involvement of modern technologies, 

informatics, satellites in the assessment of soil 

fertility indicators, vegetation factors, in 

inputs metering and crops protection, in the 

extension of new generations of agricultural 

technologies, soil and crops protection [3], 

[13].  

All these requirements of agriculture have led 

to the introduction and development of a new 

concept called "system of agricultural works 

for soil conservation " [9], according to which 

the system of works should improve the 

productive potential of the soil.  

This soil cultivation technique requires 

waving at the total or periodic plowing, the 

rationalization of the number of works and the 

preservation at the soil surface of at least 15- 

30% of the total vegetal debris, system which 

is applied on approx. 45% of arable surface 

worldwide and is projected to expand to 75% 

over the next 15 years [11]. 

MATERIALS AND METHODS    
 

The studies and observations were made on 

the chernozem type soil with a dusty clay 

texture, 3% humus content and slightly 

alkaline reaction (8-8.5) in the Baragan Field, 

with field experiences with 3 soil work 

systems and the witness where the normal 

plowing was applied at 22 cm.  

Researches were conducted under a corn crop.  

The soil works applied on the experimental 

plots were: 

A - annual autumn plowing at 22 cm, (witness 

variant); 

B ï Performed in autumn over 3 years with 

disk harrow; 

C ï Performed in autumn over 3 years with 

the chisel; 

Chemical analyses were determined in the 

laboratory through following methods: humus 

through the determination of organic carbon, 

pH at 1:25 in aqueous suspension was 

determined potentiometrically and total 

nitrogen (Nt) by Kjeldal method. 

Determination of humus content is done 

through the indirect assessment of the content 
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because direct methods are accompanied by 

errors resulting from Danilic oxidation [6], so 

the determination of organic carbon [2] is 

used. Transforming the organic carbon 

content into humus is done by multiplying 

these values by a factor (1,724). 

For the determination of total nitrogen, the 

Kjeldahl method was used, based on the wet 

oxidation method of organic nitrogen 

compounds in the soil [5]. 

The methodology for the elaboration of 

pedological studies (National Research and 

Development Institute for Soil Science, 

Agrochemistry and Environmental Protection 

- ICPA) indicates the limits of interpretation 

of the humus content and the corresponding 

values of organic carbon content [16], pH 

values and total nitrogen content [9]. 

The soil was researched on the 0-30 cm depth, 

at the corn crop, soil samples being taken 

from 10 cm to 10 cm.  

The calculation of the experimental data was 

done according to the variance analysis 

method.  

 

RESULTS AND DISCUSSIONS  

 

The specific climatic conditions of the area 

and the technological methods of soil 

cultivation cause changes in the agrochemical 

quality of the soil.  

The native soil has a moderate humus content 

of 3.8% on the surface, slightly decreasing in 

profile, reaching about 1.3% up to the depth 

of 1 m [15]. 

This type of soil has a poor alkaline reaction 

across the soil profile. Nitrogen soil condition 

in the first 20 cm is medium.  

In conclusion, we can speak of a soil with a 

high fertility that ensures to plants a good 

growth and development.  

 
 

Table 1. Chemical properties of chernozem soil not cultivated ïBaragan Plain 

 

Chemical properties 

Horizons and depth (cm) 

Ap Aph Am AC Ccl Cc2 

0-19 19-26 26-42 42-70 70-105 105-180 

Soil reaction 7.9 8.0 8.2 8.2 8.4 8.4 

Organic matter (%) 3.8 2.7 2.4 1.3 0.6 0.3 

Report  C: N 12.54 11.01 10.3 9.87 8.35 - 

Total nitrogen (%) 0.210 0.148 0.142 0.115 - - 

Calcium carbonate (%) 0.8 3.4 7.6 10.9 17.1 15.5 

Source: Own research. 

 

After the soil analyzes carried out in the 

variants with various systems of soil works, 

the influence of the soil working method on 

the chemical properties of the chernozem is 

found. If on a native, non-worked land (Table 

1) the soil humus content is in the first 20 cm 

of 3.8%, we notice that after the application of 

the technological works it has improved by 

using the proper crop technologies, reaching 

3,9%, under the condition of soil work with 

the chisel or the disk [4]. 

Humus content in soil 

If the average values of the humus content 

were 3,80% on the non-cultivated soil in the 

first 20 cm, after taking the land in the crop, 

and plowing the crop every year, it reached 

3.35% in the year 2014, rising by 0.15% by 

year 2016, but keeping it below the values of 

unworked chernozem.  

Hence we notice a significant decrease in the 

humus content of 0.50% when applying this 

technology (Table 2 and 3). 

The work of soil with disk harrows 

determines the highest accumulation of 

humus, on the depth of 10-20 cm, reaching 

average values of 3.86%, after 3 years of 

works.  
 

Table 2. The humus content modification (%) under the 

soil works influence, year 2014 

Soil tillage systems Depth (cm) 

0-10 10-20 20-30 

Plowing  (witness) 3.37 3.35 3.30 

The annual disk 3.30 2.98 2.85 

Chisel plowgh 

annually 

3.36 2.85 2.84 

DL5% (for A- soil works) = 0.04 

DL5% (for B-depth) = 0.02 

DL5% (for AXB) = 0.07 

*DL - the limit difference (variance analysis method) 

Source: own research. 

https://www.researchgate.net/institution/National_Research_and_Development_Institute_for_Soil_Science_Agrochemistry_and_Environmental_Protection
https://www.researchgate.net/institution/National_Research_and_Development_Institute_for_Soil_Science_Agrochemistry_and_Environmental_Protection
https://www.researchgate.net/institution/National_Research_and_Development_Institute_for_Soil_Science_Agrochemistry_and_Environmental_Protection
https://www.researchgate.net/institution/National_Research_and_Development_Institute_for_Soil_Science_Agrochemistry_and_Environmental_Protection
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The work of soil with the chisel determines 

the humus content to be close to the limit 

values of the unworked chernozem.  

The humus content is kept in all researched 

technological variants, on a depth of 0 - 30 cm 

in average values limits. 

 
Table 3. The humus content modification (%) under the 

soil works influence, year 2016 

Soil tillage systems Depth (cm) 

0-10 10-20 20-30 

Plowing (witness) 3.40 3.62 3.50 

The annual disk 4.00 3.72 3.59 

Chisel plough 

annually 

3.82 3.70 3.25 

DL5% (for A- soil works = 0.06 

DL5% (for B-depth) = 0.09 

DL5% (for AXB) = 0.18 

*DL - the limit difference (variance analysis method) 

Source: own research. 

 

In the next 10 cm, the highest humus content, 

as a result of the applied technological works, 

was recorded in the variant were the plowing 

was used, the limits of the humus reached 

3.4%, followed by the variant where the soli 

was worked with the disc each year with an 

average content of 3.22% and followed by the 

variant where the chisel was used (3.04%). 

Soil reaction 

The pH value is a dynamic measure and is 

affected by the seasonal variation of the 

hydrothermal regime.  

The soil reaction class in which most of the 

studied variants fall is slightly alkaline, as are 

the native soil reactions values (Table 4 and 

5). 

 
Table 4. The pH values modification under the soil 

works influence, year 2014  

Soil tillage 

systems 

Depth (cm) 

0-10 10-20 20-30 

Plowing  (witness) 7.18 7.44 7.37 

The annual disk 7.30 7.31 7.35 

Chisel plough 

annually 

7.75 7.66 8.01 

DL5% (for A- soil works) = 0.02 

DL5% (for B-depth) = 0.03 

DL5% (for AXB) = 0.07 

*DL - the limit difference (variance analysis method) 

Source: own research. 
 

Only the classical soil tillage (plowing) causes 

a decrease in the soil's response at 0-10 cm 

depth reaching values of 7.19 and 7.16 pH 

units, which puts the soil in the neutral 

reaction class, values sustained also by other 

researchers: [14], [7] and [1]. 

Determinations made on this non-cropped soil 

type show pH values ranging from 7.90 to 

8.34 (low alkaline).  

The large number of works carried out in this 

perimeter led to an improvement in the soil's 

reaction due to the reduction in the surface of 

the substances leached by the soil works in 

the vegetation period. 

Soil reaction between years 2014 and 2016, in 

the first 10 cm, shows an average decrease of 

up to 7.19 in the case of plowing and 7.38 in 

the disk work, limits that fall into the neutral-

low alkaline field.  
 

Table 5. The pH values modification under the soil 

works influence, year 2016 

Soil tillage systems Depth (cm) 

0-10 10-20 20-30 

Plowing (witness) 7.20 7.48 7.62 

The annual disk 7.47 7.61 7.85 

Chisel plough 

annually  

7.84 7.67 7.74 

DL5% (for A- soil works) = 0.04 

DL5% (for B-depth) = 0.03 

DL5% (for AXB) = 0.08 

*DL - the limit difference (variance analysis method) 

Source: own research. 

 

In all experimental variants, the soil reaction 

is maintained in the same low alkaline range 

(7.18 - 8.01) due to the high carbonates 

concentration which increases the pH and due 

to the climatic conditions with precipitations 

above the normal average of this region. 

In the variant with the chisel work there is a 

pH decrease from 8.00 to 7.80 pH units, not 

very significant, due to the leaching of salts in 

the deeper layers. In this variant the pH 

maintains the limits of alkalinity.  

The content of total nitrogen in soil 

Regarding the nitrogen content of the soil, it is 

assumed that the arable layer of the cultivated 

soils in the temperate zone contains on 

average between 0.09-0.38% total nitrogen 

and is influenced by the climate, the type of 

vegetation, topography and parental rock [10] 

and [12]. 
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Table 6. The total nitrogen content of the soil under the 

influence of soil work method (ppm), year 2014 

Soil tillage systems Depth (cm) 

0-10 10-20 20-30 

Plowing (witness) 0.265 0.202 0.196 

Disk 0.298 0.222 0.172 

Chisel plough 

annually 

0.215 0.178 0.173 

DL5% (for A- soil works) = 0.01 

DL5% (for B - depth) = 0.01 

DL5% (for AXB) = 0.02 

*DL - the limit difference (variance analysis method) 

Source: own research. 

  
Table 7. The total nitrogen content of the soil under the 

influence of soil work method (ppm), year 2016 

 

Soil tillage 

systems 

Depth (cm) 

0-10 10-20 20-30 

Plowing (witness) 0.232 0.189 0.180 

Disc 0.260 0.225 0.184 

Chisel plough 

annually 

0.215 0.186 0.170 

DL5%  (for A - soil works) = 0,01 

DL5%  (for B - depth) = 0,01 

DL5%  (for AXB ) = 0,02 

*DL - the limit difference (variance analysis method) 

Source: own research. 

 

The total nitrogen content of the soil 

following the application of various soil 

works methods, during the period 2014-2016, 

recorded the highest values after soil work 

with the disc (0.298%) and the chisel work 

caused an average drop of 0.035% in the first 

10 cm compared with the conventional 

plowing, being also the variant with the 

lowest nitrogen content (Table 6 and 7). 

The limit for the interpretation of nitrogen 

content is medium and it is found in all 

variants with works, only the variant with the 

disc records large values in the first 10 cm.  

On a depth of 10 - 30 cm, during the period 

2014-2016, the total nitrogen content is kept 

within the mid-range limits in all variants with 

soil works.  
  

CONCLUSIONS 

 

Due to the anthropic activity, especially of the 

technological works of the soil, the initial 

aspect of the natural framework can change 

beneficial or detrimental to the soil nutrient 

content. The proposed works have the role of 

intensifying pedogenetic processes for the 

formation of fertile soil. 

Soil works methods have little influence on 

the humus content, its modification being 

insignificant and keeping within medium 

range limits. The work of the soil with the 

disc harrow determines the highest 

accumulation of humus, at a depth of 10-20 

cm, with average values of 3.50%. The 

highest humus content is found in the 0-10 cm 

layer due to an accumulation of organic 

matter not introduced on the soil depth. 

 The soil reaction, has passed from the neutral 

field to the field taken in the crop and 

ploughed annually by returning the furrow to 

the native soil where the pH had slightly 

alkaline values (7.90) under the influence of 

the soil works. Variants with disk and chisel 

do not modify significantly the soilôs pH, but 

fall within the lower limit of the low- alkaline 

interval. 

The total nitrogen content in the soil was 

lower in the variants with plowing and disk 

works, and the variant worked with the chisel 

determined the best mineralization of the 

nitrogen. The difference between the variants 

in terms of total nitrogen content is generated 

by the distribution of organic matter on the 

soil profile and the microbiological activity in 

the soil and decreases on the depth of the 

arable layer.  
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Abstract 

 

The aim of the paper is to highlight, from the point of view of the specialized literature, the role of the Romanian 

rural household in rural economy, while taking into consideration the opportunities and constraints of the new rural 

development paradigm. The basic activity of the Romanian rural household is agriculture, with subsistence as main 

characteristic; yet it should not be neglected that agriculture must ensure food security, ensure the rural 

populationôs stability through job opportunities and decent incomes, contribute to environment protection, hence the 

need to increase the competitiveness and efficiency of  farming activities on the subsistence household farm. The 

rural household (which partially overlaps with the small peasant farm) has a recognized role in maintaining the 

rural settlements, being responsible for the preservation of natural, social and cultural resources. The present 

generation of farmers, according to the European Commission, has the multiple role of farmer, custodian of rural 

areas and entrepreneur.  

 

Key words: rural household, rural economy, sustainable rural development 

 

INTRODUCTION  
 

The rural household, as main actor in the rural 

area, needs to get adapted to the new national 

and European rural development trends.  

Having in view the experience of developed 

countries, at present, the less developed rural 

countries are confronted with new challenges 

and new opportunities that the developed 

countries had not faced before. The challenges 

include a more demanding international 

competitive environment, rural population 

ageing, depopulation of predominantly rural 

areas, increased pressure on the limited 

natural resources and climate changes. The 

opportunities include technical progress in 

information and communications, agriculture, 

energy and health.  

Thus, a new paradigm is needed for rural 

development, which should not neglect the 

lessons of the past, but also cope with the new 

challenges and opportunities of the 21
st
 

century (climate change, demographic 

changes, international competition and fast 

technological changes)[11]. 

 

MATERIALS AND METHODS  

 

The methodology used consisted in the 

European and Romanian literature review 

with regard to the role of the rural household 

with agricultural activity in the Romanian 

rural economy from sustainable rural 

development perspective.  

 

RESULTS AND DISCUSSIONS 

 

The rural household most often overlaps with 

the peasant household farm/individual farm, 

which is a production and consumption entity 

having agriculture as main activity. The rural 

household, irrespective of its agricultural 

dimension, has an important role in 

maintaining human settlements in rural areas 

[12].  

In Romania, there is a large number of small-

sized farms, as subsistence and semi-

subsistence farms, operating a significant part 

of the countryôs agricultural area. These farms 

have low productivity and a poor technical 

endowment, are highly fragmented and apply 

traditional agricultural practices with low 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 116 

economic efficiency, having difficulties in 

adapting to the new technologies [7].  

The developed countries of the European 

Union plead for the family farms, the 

medium-sized farm being considered a model 

of the agricultural policy in the Community. 

The family farms, with an adequate size, 

based on the private ownership upon land, or 

land lease, on which family labour is the main 

labour input, with a diversified production out 

of which a great part goes to the market ï are 

a result of the orientation and support policies 

in agriculture, taking full advantage of the 

market laws.  

Due to the low diversification level of the 

Romanian rural economy, the development of 

the rural area is conditioned by the agrarian 

economy, by the structure and viability of 

farms [3]. 

Brief history of the Romanian rural 

household 

In order to highlight the main   demographic, 

social, economic and cultural characteristics 

of the Romanian rural households, their 

evolution in recent history will be 

investigated, i.e. in the 20
th
 century and early 

21
st
 century. This period has been marked by 

three great restructurings of the political 

regime and agriculture in Romania. Thus, the 

first restructuring was triggered by the great 

reform after World War 1
st
, followed by the 

communist restructuring and the post-

communist restructuring (transition period 

and accession to the European Union).  

The rural household in the inter-war period 

had the following characteristics:  

- a great number of members on the 

household, consisting of several nuclei, child-

centered households [1];  

- the household had a low dependency on the 

products coming from outside the household; 

- excessive fragmentation of property; 

- the basic occupation of household members 

was agriculture;  

- the household incomes were insufficient to 

meet the basic needs ï poor population;  

- excessive taxation;  

- absence of an adequate and coherent credit 

system.  

The rural household in the communist period 

had the following characteristics:  

-diminution of the number of household 

members, diminution of the number of nuclei;  

- expropriation of rural households; 

- loss of individual farm autonomy; 

-widespread emergence of agricultural 

workers and commuters;  

-emergence of mixed occupations in the 

family, households consisting of persons 

working in agriculture and industry;  

In the post-communist/present period, the 

rural household is characterized by:  

-diminution of the demographic size of 

household, the rural household being almost 

equal to the urban household from this point 

of view;  

-re-emergence of the individual farm resulting 

from land restitution to former owners;  

-small land properties divided into a large 

number of parcels;  

- lack of material endowments to support the 

agricultural activities;  

-large number of persons working in 

agriculture and forestry; 

-demographic ageing and increase of the 

number of pensioners and people on social 

welfare;  

-weak presence on the market of domestic 

food products directly from producers;  

- low incomes generated from agriculture and 

lack of non-agricultural activities as an 

alternative.  

Following the empirical analysis by historical 

periods, we can notice that there are great 

similarities between the post-war and post- 

1989 periods; at the same time, during the 

communist period we can notice that the 

agricultural property consolidation was 

hindered, with the loss of production 

equipment and of the interest in the 

agricultural activities (through a massive rural 

exodus in the communist period). Even 

though the land properties were restituted 

after 1989, these could be farmed only by 

resorting to third-party agricultural work, as 

the agricultural equipment was lacking, and 

this situation generated high costs that the 

family could not cover. The repeated changes 

of the political regime resulted in lack of 

continuity, stability and sustainability of the 

Romanian agricultural sector [13].  

Present characteristics of the Romanian 
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rural households in the context of rural 

area sustainable development  

The rural household is the main component of 

the rural area, providing stability and 

dynamics to the entire system. The stability 

provided by households refers to their 

resilience in the moments of crisis, based on 

the consumption of own-produced foodstuffs,   

as well as to the continuity of traditions and 

customs by household anchoring to the social, 

economic and social system. The dynamics 

refers to the moment when the household 

accepts and acquires the modernization 

elements and gets adapted to the social and 

economic behaviour of the new rural 

development trends. Mitrofan and CiupercŁ 

(1998) reveal that permanent mutual transfers 

of norms and values are taking place between 

the rural and urban families [2]. 

In the year 2015, 43.5% of the number of 

Romaniaôs households were found in the rural 

area, accounting for 3,312 thousand 

households where 9,150 thousand persons 

were living.  

 
Table 1. Number of households in Romania, by 

residence areas (number of households)  

  Total Urban Rural 

1992 7,288,676 3,970,435 3,318,241 

2002 7,392,131 3,995,239 3,396,892 

2010 7,470,429 4,208,032 3,262,397 

2015 7,470,000 4,158,000 3,312,000 

Source: General Census of Population and Housing 

1992, 2002 and 2011, NIS, Living Conditions of the 

Population in Romania, in the Year 2015, NIS [8] 

 

It is worth noting that there is a general 

upward trend of households in Romania, yet 

the number of rural households decreased by 

3.96% from the 2002 Census to the Census of 

2010. In the period 1992 ï 2002, the number 

of rural households increased by 2.37%. In the 

urban area, the number of households was 

higher by 5.98% in the year 2010 as against 

1992. 

The average size of rural household, in the 

year 2015, was 2.76 persons/household, down 

from 3.12 persons/household in 1992 to 2.83 

persons/household in 2010, as revealed by the 

General Agricultural Censuses of Population 

and Housing, in line with the decreasing trend 

of the population in Romania. Another reason 

that led to the decrease of the average 

household size is the fact that the nuclear 

family replaced the extended family, as an 

effect of lifestyle modernization [10].   

   
Table 2. Average household size in Romania, by 

residence areas (persons/household) 

 1992 2002 2010 2015 

Total 3.07 2.89 2.67 2.65 

Urban 3.03 2.79 2.54 2.57 

Rural 3.12 3.01 2.83 2.76 

Source: General Census of Population and Housing 

1992, 2002 and 2011, NIS 
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Fig. 1. Share of households by the number of members 

on household, 2002, 2011 and 2015 

Source: General Census of Population and Housing 

2002 and 2011, NIS, Living Conditions of the 

Population in Romania, in the Year 2015, NIS [8] 

 

In the period 2002 ï 2005, the number of rural 

households slightly increased, while the 

average household size decreased. The 

structure of households changed in terms of 

the number of members: the share of 

households with 6 members or more was 

down from 8.84% in 2002 to 7.27% in 2011 

and 5.98% in 2015; at the same time, the 

share of households consisting of 1-2 

members increased from 46.67% in 2002 to 

51.64% in 2011, to reach 51.27% in 2015.  

In the year 2015, 51.27% of total rural 

households had only 1-2 members and only 

26.44% had dependent children. These data 

outline a picture of households with limited 

demographic reproduction capacity, most 

households consisting of pensioners. This 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 118 

picture can be completed with the profile of 

household head: man (75.17% of households), 

aged 65 years and over (37.70%), with 

secondary education (78.85%), which reflects 

the traditional status of the household with 

man being the chief of the family, old-aged 

and with low educational level.  
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Fig. 2. Educational structure of household heads in the 

rural area, 2016 

Source: NIS, 2017, Coordinates of the Living Standard 

in Romania. Incomes and Consumption of the 

Population. Year 2016 [9] 

  

According to the household headôs 

educational level, the lowest educational level 

is noticed on the households run by 

pensioners (66.53% graduated only primary 

and secondary education) and those run by 

farmers (52.07% graduated only primary or 

secondary education). The household heads 

with a non-agricultural activity as main 

activity, who are employed and work in non-

agricultural sectors, have higher educational 

level (the employees with vocational, high 

school and post-high school training account 

for 79.04% and 63.64% of workers engaged 

in non-agricultural activities).  

According to the household headôs 

occupational status, 37.60% are run by 

pensioners and 31.10% are run by employees 

and only 18.20% are run by farmers, which 

means that farming is a subsidiary practice, 

which generates a subsistence agriculture 

without positive perspectives in the 

orientation towards a competitive economic 

activity.  

In the year 2016, the total household income 

was 2,447.0 RON per household per month 

and 867.6 RON per person per month in the 

rural area. The average incomes per 

household in the rural area were by 26.45% 

lower than in the urban area, while the 

average incomes per person by 34.43% lower 

than in the urban area. 

According to the household headôs 

occupational status, the households run by 

employees and pensioners have the highest 

average incomes per person in the rural area, 

i.e. 1,114.81 RON per person and 894.68 

RON per person respectively.  
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Fig. 3. Structure of total average incomes per person in 

the rural area, 2016 

Source: NIS, 2017, Coordinates of the Living Standard 

in Romania. Incomes and Consumption of the 

Population. Year 2016 [9] 

 

In the rural area, farm production was the 

main source of household incomes, 

accounting for 24.9% of total incomes, which 

represented the value of consumption of self-

produced agri-food products (17.9% of total 

incomes), while the value of agricultural 

products under the form of cash incomes 

represented only 7.0% of total incomes of 

households in the rural area.  

Wages and social benefits are the most 

important income categories for the rural 

household, as they represent 42.2% in the case 

of wages and 25.6% in the case of social 

benefits; yet depending on the household 

headôs occupational status, we can notice very 

great differences in their contribution to the 
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total income per person, namely:  

- in the case of wages, their contribution to 

total income ranges from 10.70% in the case 

of households run by workers in non-

agricultural activities and those run by 

farmers to 79.00% in the case of households 

run by employees;  

- as regards the social benefits, their 

contribution to total income ranges from 

5.50% in the case of households run by 

employees  to 53.10% in case of households 

run by retirees. 
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Fig. 4. Structure of cash incomes by origin of money in 

the rural area, 2016 

Source: NIS, 2017, Coordinates of the Living Standard 

in Romania. Incomes and Consumption of the 

Population. Year 2016 [9] 
   

Having in view the two main economic 

activities in the rural area, namely agricultural 

and non-agricultural, these have a lower 

contribution to the total average incomes per 

person, i.e. 7.00% and 3.10% respectively. 

The share of expenditures in incomes is 

relatively similar in the two residence areas, 

namely 87.86% in the rural area and 84.50% 

in the urban area, yet the structure of 

expenditures by the two areas is different. The 

share of cash expenditures account for 94.8% 

in the urban area as against 79.7% in the rural 

area, this situation being generated by the 

high share of own-produced food in rural 

areas. The rural households pay less on food 

and beverages, services and fees, taxes and 

different social contributions, yet their 

investment and production expenditures are 

higher than on urban households.  
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Fig. 5. Structure of average monthly expenditures by 

residence areas, 2015 

Source: NIS, 2017, Coordinates of the Living Standard 

in Romania. Incomes and Consumption of the 

Population. Year 2016 [9] 

 

The structure of expenditures by the 

occupational status of household head reveals 

certain differences, among which the most 

important are the following:  

- in the case of households of employees, the 

category of tax expenses, contributions and 

fees represents 25.5%, as against other 

households where the share of these 

expenditures range from 3.3% in the case of 

households of non-agricultural workers to 

9.7% in the case of the unemployed;  

- in the case of households of farmers, the 

greatest expenditures are represented by 

investments and production, both in value and 

in percentage terms.  

In the year 2016, Romania had 3,300,672 

individual farms, accounting for 99.55% of 

the total number of farms without legal status. 

These holdings provide a clear/pertinent 

picture of the farming activity of rural 

households.
1
 

The average size of utilized agricultural area 

is 2.04 ha.  

The distribution of farms by rurality level is 

the following:  

- 59.84% of individual farms are located in 

the predominantly rural areas, using an 

average land area of 1.99 ha;  

- 39.54% of individual farms are present in 

                                                           
1
 In the absence of data on all indicators analyzed at the level 

of individual farms, the data on agricultural holdings without 

legal status will be used.  
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the intermediate areas, using an average area 

of 2.15ha; 

- 0.61% of individual farms are found in the 

predominantly urban areas, using an average 

area of 1.01 ha.  

Out of total individual farms, 92.06% have an 

area up to 5 ha. The medium-sized farms, 

from 5 to 20 de ha, account for 7.23% of total 

farms. The developed countries of the 

European Union have pleaded for the family 

farm, the medium-sized farm being 

considered the model of the agricultural 

policy of the Community, with beneficial 

effects at economic, social and cultural level 

as well as in terms of environmental 

protection. 

The structure of individual farms [4] 

according to the farming activity carried out 

results in the grouping of farms as follows:  

- in the predominantly rural and intermediate 

areas, 74% of farms were engaged in crop and 

livestock farming, 24% only in crop farming 

and 2% only in raising animals;  

- in the predominantly urban areas, 52% of 

farms were involved in crop and livestock 

farming activities, 44% only in crop farming 

and 4% only in livestock farming.  

Romaniaôs agriculture is at the level of EU-6 

from the years 1964-1970: 

- The primary production value per hectare on 

the Romanian farms (900 euro/ha) is almost 

2.5 times lower than the EU average (2,000 

euro/ha);  

- the Romanian farm endowment (350 euro 

tangible assets) is about 26 times lower than 

on the average farm in the EU (9,000 euro);  

- the banking credits provided to a Romanian 

farm (110 euro/ha) are 16 times lower than 

those provided in the EU (2,000 euro/ha) [5]. 

In Romania there is a large number of small-

sized farms (90% individual subsistence and 

semi-subsistence farms) that use a significant 

part of the countryôs utilized agricultural area 

(56%). These farms have low productivity, a 

poor technical endowment and fragmented 

land properties, they apply traditional farming 

practices with poor economic performance, 

with great resilience to the process of the new 

agricultural technology integration.  

Under NRDP 2014-2020, support measures to 

small-sized farms (with an economic size 

ranging from 4,000 to 11,900 Euro SO) 

appeared for the first time, in order to improve 

the small-sized farm management and to 

increase their incomes). The support will be 

provided under the form of a lump sum for the 

implementation of objectives provided for in 

the Business Plan (sub-measure 6.3.). The 

number of potential eligible beneficiaries is 

about 370,000 farms.   

Under NRDP 2014-2020, support measures 

for the small-sized agricultural holdings 

appeared for the first time, for small farms 

(with an economic size ranging from 4,000-

11,900 euro SO), aiming at improving the 

small-sized farm management and increasing 

the market orientation and revenues for this 

category of farms [7]. The support will be 

provided under the form of a lump sum for the 

implementation of objectives established in 

the Business Plan (sub-measure 6.3). The 

support provided to small-sized farms is 

mainly meant to determine the structural 

change [6] and opening to the market of the 

small farms with potential to become viable 

agricultural farms, as well as to increase the 

capacity to identify new opportunities to sell 

their products.  

Sub-measure 6.5 is addressed to small farmers 

who participated in the Small Farmer Scheme 

under Pillar I for one year at least and who 

commit themselves to definitively transfer 

their entire agricultural holding and the 

corresponding payment rights to another 

farmer. According to APIA data from 2011, 

the number of potential beneficiaries for the 

Simplified Small Farmer Scheme under Pillar 

I was estimated at 840,000 farmers. 

This sub-measure takes into account that, in 

addition to transfers of ownership right, the 

voluntary transfer of land by some farmers to 

other farmers can also be achieved by long-

time disposal of the right of land use (e.g. land 

lease), in order to facilitate land/farm 

consolidation and therefore, alongside other 

measures, farm restructuring. 

 

CONCLUSIONS 

 

The rural household nowadays has to face the 

same challenges faced by the rural area it is 

part of. At present, the farming sector prevails 
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in the Romanian rural economy, and its main 

characteristic is the high share of subsistence 

farms, largely overlapping with the rural 

households, which mainly produce for self-

consumption and only occasionally for the 

market and use the largest part of UAA and a 

great part of labour input. The farming 

practice must ensure food security, contribute 

to the fight against climate change, provide 

jobs and incomes to the rural population.  

The individual rural household represents the 

basic element in the organization of the 

contemporary world, representing a way of 

existence that ensures the 

maintenance/preservation and functioning of 

the rural space. This entity must be considered 

as a living organism, integrated into the 

natural, social and economic environment, 

with an important role in the proper operation 

of the rural society it is part of. The rural 

household survival is absolutely necessary as 

its disappearance would have serious 

consequences, among which the following:  

- diminution of workforce that supports 

environmental and nature responsible 

activities;  

- biodiversity diminution and loss of the 

genetic fund of plants and animals of 

autochthonous origin;  

- gradual diminution of traditional products;  

- gradual diminution of food security and 

independence;  

- loss of cultural peasant identity (traditions, 

folklore, peasant ethics) and disappearance of 

specific occupations.  

 

REFERENCES 

 
[1] BŁdescu, I., Cucu-Oancea, O., ἧiseἨtean, G., 2012, 

Tratat de Sociologie RuralŁ. Editura Mica Valahie. 

BucureἨti, pp.59.  

[2] BŁdescu, I., 2012, Sociologie RuralŁ. Editura Mica 

Valahie. BucureἨti, pp.261.  

[3] Bold, I., Dragomir, V., LŁcŁtuἨu, G., 2015, Structuri 

agrare dupŁ 25 de ani in òEconomie agrarŁ Ἠi 

dezvoltare ruralŁ. RealitŁἪi Ἠi Perspective ´n Rom©niaò. 

EdiἪia a VI. Editura ASE. BucureἨti.  

[4]Dona, I., 2015, Economie RuralŁ. Editura 

EconomicŁ, BucureἨti, pp.104. 

[5] Eurostat Data base, 2018, 

http://ec.europa.eu/eurostat/data/database, Accessed 

January 20, 2018 

[6] GiurcŁ, D., Alexandri, C., Rusu, M., 2012, Reforma 

Politicii Agricole Comune ´n contextul perspectivei 

bugetare post-2013. Institutul European din Rom©nia, 

BucureἨti,  pag. 131.  

http://beta.ier.ro/documente/spos_2011/SPOS_2011_-

_nr_1_RO-EN.pdf, Accessed January 20, 2018 

[7]National Rural Development Program for the period 

2014 - 2020 

[8]National Institute of Statistics, General Census of 

Population and Housing 2002 and 2011 

[9] National Institute of Statistics, 2017, Coordinates of 

the Living Standard in Romania. Incomes and 

Consumption of the Population. Year 2016 

[10]National Institute of Statistics, 2016, Living 

Conditions of the Population in Romania, in the Year 

2015 

[11]OECD, 2016, A New Paradigm for Rural 

Development Paradigm for the 21st Century. A Tooklit 

for developing countries, 

http://oecdinsights.org/2016/03/31/a-new-paradigm-

for-rural-development/, Accessed January 12, 2018 

[12]Popescu, G., Istudor, N., 2017, GospodŁria 

ἪŁrŁneascŁ ´n economia ruralŁ.  Probleme de politicŁ 

agrarŁ. ColecἪia 4. Editura ASE, pp. 35 

[13] Steriu, V., Otiman, I., P., 2013, Cadrul NaἪional 

Strategic pentru Dezvoltare DurabilŁ a Sectorului 

Agroalimentar Ἠi a SpaἪiului Rural ´n perioada 2014-

2020-2030, Editura Academiei Rom©ne, pp. 38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 122 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 123 

ROMANIAôS LABOUR FORCE IN REGIONAL PROFILE AFTER THE 

ACCESSION TO THE EUROPEAN UNION  

 
Mihai Alexandru CHIἩEA 

 

Institute of Agricultural Economics, 13 Calea 13 Septembrie, District 5, 050711, Bucharest, 

Romania, Phone: +40213182411, Email: mihai_chitea@yahoo.com 
 

Corresponding author: mihai_chitea@yahoo.com 
 

Abstract 

 

The paper approaches the issue of the labour force from Romania in regional profile at a decade after the accession 

to the European Union. The economic, political, technological and financial changes occurred at different 

aggregation levels have, profoundly, influenced the volume and structure of the labour force at national level. The 

analysis is based on statistical data available at national and European level and follows the evolution in regional 

profile. The result reveal an unprecedented dynamic of the national labour force and support the need for efficient 

public policies in the field of education and employment, adapted to the new coordinates of the economic activity. 

 

Key  words: labour force, regions, structural changes 

 

INTRODUCTION  
 

Throughout the 20
th
 century, numerous 

economist but also representatives of the 

academic sector have approached the labour 

force dynamics based on the demand-offer 

relation, the influence of capital and  other 

factors that determine the behaviour of the 

labour force. Early American researches from 

the 1930' pointed out that the unrealistic 

expectations of the private sector translates 

into anemic investments plans, determining 

the economy to follow a downwards 

trajectory and was advocating for the 

government's involvement through monetary 

and fiscal policy in supporting the 

employment rate's growth [5]. Others, 

identified a negative relations between the 

hourly salary level and the participation rate 

of adult workers on the labour market [16]. 

Decades later, some approaches shifted 

towards the determinant factors of the labour 

force's behaviour highlighting the importance 

of growth of women's participation on the 

labour market and of part-time labour. [1]. 

Other authors recognized , as main factors of 

the labour force participation, a combination 

between the economic stagnation and 

inflation, as well as a persistent, high level of 

unemployment in western European countries 

[17]. Researches approaching the labour force 

at national and regional level and by urban-

rural typology,  have also been conducted in 

Romania. Some studies analyze the rural 

labour force by dynamics, starting from the 

demographic structure of rural population and 

its socio economic characteristics with an 

important role placed on the educational level, 

professional training and the re-conversion of 

rural labour force [10]. Others, focus on the 

participation of rural labour force, compared 

to urban labour force, pointing out the 

predominant nature of rural areas as a 

production space where primary sectorôs 

activities hold a high share of its economy [2]. 

Other authors consider the labour force as a 

restrictive factor for rural areasô development, 

having in view a set of characteristics of the 

rural space as accelerated ageing, low level of 

professional training, lack of investments and 

employment opportunities [12]. These 

researches developed by the academic sector 

have been complemented by others evolved 

from the economic and institutional sectors. 

Some reveal a specialization of Romanian 

economy in low competitiveness sectors at 

European level, which generate low added 

value and turn to cheap and unqualified labour 

force [11]; others evaluate the labour force 

market from the perspective of the 

entrepreneurial environment ant its strategies 

for adapting to the new economic realities [7].      
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MATERIALS AND METHODS  

 

The present paper turns to the analysis of 

official statistical data, regarding the 

Romanian labour force, and following the 

typology of regions defined at European level 

ï predominantly rural, intermediate and 

predominantly urban regions. The data has 

been extracted from the Tempo online 

database of the National Institute of Statistics 

[9] as well as from Eurostat database [3], and 

processed using standard statistical methods. 

The graphical representations (maps) have 

been created by the author based on a specific 

software for GIS representation ï GeoDa.   

 

RESULTS AND DISCUSSIONS 

 

Labour force represents a key element of 

human capital, both nationwide and at the 

other (regional, county, local) aggregation 

levels; its characteristics (volume, 

professional and vocational training, mobility) 

significantly influence the economic activity 

and the specific policies elaborated in this 

field. At the same time, labour force is 

influenced by the economic, political 

technological and financial changes produced 

at different aggregation levels [13]. 

Romaniaôs integration into the European 

Union structures brought about new 

challenges for the economic activity and 

labour force, such as the free and fast 

movement of capital flows and commodities, 

as well as the great mobility of labour force, 

determining an unprecedented dynamics of 

labour, generated by the opportunities 

provided by its relocation in the developed 

member states while looking for jobs, which 

ensures much higher incomes than at national 

level. Without any doubt, the best product of 

Romaniaôs export after 1989 was human 

capital, the vital force of any economy. 

Migration for employment was the most 

important component of national migration in 

the last decades, yet the intensity of this 

phenomenon has not been fully reflected by 

the official statistics [14].  

ñExternal migration was a very prompt and 

harsh reaction to the economic situation in the 

country, on the one hand, and to the 

advantages provided by the migration to 

another developed country on the other handò 

[4].  

Labour market liberalization and the free 

movement of labour determined by 

Romaniaôs EU membership led to the 

intensification of the migration phenomenon. 

According to the United Nations statistics, by 

the year 2016, more than 3.4 million 

Romanians had left to work abroad, or 

definitively settled their residence there. The 

financial support provided by them to their 

families who remained in the country 

contributed to the increase of their life quality, 

yet it was doubled by a series of socio-

demographic problems: the depopulation of 

areas of origin, of rural areas in particular, the 

demographic ageing and degradation of 

family relations, mainly between the parents 

who left for work and their children looked 

after by their relatives [14].   

All these added to internal factors, such as 

rural ï urban migration and the strong 

demographic decline; all these together 

contributed to the current situation of labour 

force at national level, its adaptation to the 

new requirements with regard to the 

vocational training and stability on the labour 

market.   

Romaniaôs economy is heading towards an 

acute crisis of the labour market, which might 

grow stronger in the future, in the absence of 

integrated educational and employment 

strategies that should make it possible to 

develop the labour resources according to the 

new coordinates of the economic activity.  

ñThere is probably no company in Romania 

that does not currently face the effects of 

staffing crisis. Whether we speak about IT 

programmers, engineers or finance experts, 

there are more and more companies claiming 

that they do not find qualified staff. As a 

proof, NIS statistics reveal that the number of 

vacancies almost doubled, from 38,625 in 

2009 to 59,753 in 2016ò [6]. 

Romaniaôs labour resources have declined 

after the accession to the EU. They represent 

that category of population that has all the 

physical and intellectual capacities enabling it 

to carry out useful work in one of the 

activities of the national economy [8].  
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In the year 2006, Romaniaôs labour resources 

totalled 13,801.6 thousand persons, out of 

which 51.75% men and 48.25% women. Out 

of total labour resources, the resources in the 

predominantly urban regions accounted for 

10.88%, the remaining resources being almost 

equally distributed between the intermediate 

regions and the predominantly rural regions, 

i.e. 44.29% and 44.83% respectively. In the 

first two years of EU membership, the total 

labour resources began to decrease slightly, 

this phenomenon being followed by a period 

of growth at about the same rate. The year 

2011, marked by the peak of the global 

economic and financial crisis, which had a 

strong impact in Romania, signals out the 

beginning of the decline: the labour resources 

gradually decreased nationwide (mainly in the 

period 2013-2014) to reach 12,481.1 thousand 

persons by the year 2015, by 9.56% lower 

than the value in the reference year.  
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Fig. 1. Labour resources, according to urban-rural 

typology  

Source: Own processing of Tempo Online NIS data. 

 

The strongest decline was found in the 

predominantly rural regions, where the 

labour resources were down by 12.13% 

(750.6 thousand persons); the intermediate 

regions come next, with 9.85% (602.4 

thousand persons). In the same period, in the 

urban regions, the labour resources slightly 

increased, by 2.16%; this phenomenon can be 

explained by the numerous employment 

opportunities provided by the urban area and 

the higher incomes that can be obtained. As 

regards the structure of labour resources, no 

significant changes were produced in the 

investigated period, the variation being lower 

than 1 percentage point in terms of the 

increase of male resources, respectively the 

decrease in female labour resources.  

Fig. 2. Labour resources 2015/2006, by county  

Source: Own processing GeoDa of Tempo Online NIS 

data 

 

At county level, the most affected by the 

decline of the labour resources where the 

counties from the south-east and north-east 

regions, namely NeamἪ, Tulcea, BrŁila and 

BacŁu (over 20%); at the same time, only four 

counties registered higher values compared to 

the reference year - Ilfov, TimiἨ, Bihor and 

Cluj. 
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Fig. 3. Active civil population, according to urban-rural 

typology  

Source: Own processing of Tempo Online NIS data. 

 

The labour supply decreased nationwide, 

throughout the investigated period, the 

most affected being the predominantly 

rural regions. The active population 

represents the potential labour supply, 

including the employed civil population and 

the registered unemployed. In the reference 

year (2006), Romaniaôs active civil 
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population totalled 8,929.8 thousand persons, 

out of which 52.95% men and 47.05% 

women. The predominantly rural regions 

included almost 44% of the active population, 

followed by the intermediate regions (about 

43%) and the urban regions (almost 13%).  

The first two years of EU membership were 

marked by the increase in number of the 

active civil population, mainly in the 

intermediate and predominantly urban 

regions, followed by three consecutive years 

when the number of the active population 

decreased, under the background of the global 

economic-financial crisis. The strongest 

impact was felt in the intermediate and 

predominantly rural regions, the active 

population decreasing by 270.1 thousand 

persons on cumulated basis in this period. 

After a temporary recovery in the year 2012, 

the active population resumed its downward 

trend, to reach 8,776.8 thousand persons at the 

end of the period, down by 1.71% than its 

value in the reference year. Throughout the 

period 2007-2015, the active civil population 

had successive periods of growth and 

decrease; the predominantly rural regions 

were mostly affected by the decrease of the 

active population volume (about 5%), 

followed by the intermediate regions, with 

about 2.5%, while the predominantly urban 

regions experienced a significant growth of 

the active population, by about 12%;  in this 

context, at the end of the period, the share of 

active population in the predominantly urban 

regions represented about 15% of total active 

population. In terms of gender structure, the 

active population experienced a slightly 

increase of the share of male population ï 

about 54%, compared to the reference year. 

The predominantly urban areas as 

polarizing centres for the workforce. The 

indicator Employed population includes all 

the persons aged 15 years and over who were 

engaged in an economic activity producing 

goods or services for at least one hour during 

the reference period. In the investigated 

period, the employed population had a similar 

evolution to that of the active population, in 

close connection to this: a first growth period 

(2007, 2008), under the background of the 

economic activity dynamics generated by the 

accession to the European Union, followed by 

three consecutive years of decline (2009-

2011), which coincided with the restructuring 

of activity in the public and private sectors 

determined by the financial-economic crisis; 

the slight recovery in the year 2012 was 

followed by another period of three years of 

decline, with the active population reaching 

8,340.60 thousand persons by the end of the 

period, down by 1.5% compared to the 

reference year (2006). In this case as well, 

throughout the investigated period, the 

predominantly urban regions were the net 

beneficiary of the labour force transfer 

between the three regions (mainly from the 

predominantly rural regions); in this case, the 

employed population increased by 12.8%, 

while in the predominantly rural and 

intermediate regions, the employed population 

volume decreased by 5.2% and 2.2% 

respectively. 
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Fig. 4. Employed population, according to urban-rural 

typology  

Source: Own processing of Tempo Online NIS data. 

 

Besides the decrease in the volume of the 

employed population, changes were also 

produced in terms of its structure by main 

activity sectors in the period 2008-2015. At 

national level, the most dynamic sector was 

the tertiary sector, the sector of services, as 

this attracted an increasingly larger part of the 

labour force each year; in the year 2015 this 

sector accounted for 45.83% of total 

employed population, as against 41.92% at 

the beginning of the investigated period. At 

the same time, the secondary sector, the sector 

of industries and constructions, the second as 

share in total employed population, had an 

oscillating evolution, marked by consecutive 
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ups and downs, at the end of the period 

reaching a similar share to that in the 

reference period, i.e. around 30%. As regards 

the primary sector, i.e. agriculture, forestry 

and fisheries, after a consecutive growth 

period of its share in total employed 

population, in the period 2009-2012 (which 

confirms the hypothesis regarding the 

character of the rural space, as a 

temporary space of refuge for the labour 

force, in the economic recession periods), a 

decline period followed, to reach 24.02% in 

2015 (as against 27.52% in 2008).  
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Fig. 5. Structure of employed population, by activity 

sectors 

Source: Own processing of Tempo Online NIS data. 

 

This situation is also present at the level of the 

urban-rural typology, with the tertiary sector 

taking the largest share of the employed 

population in all the three regions: 

predominantly urban ï 71.33%, intermediate 

ï 45.00%, predominantly rural ï 37.76%, 

followed by the secondary sector, i.e. industry 

and constructions. The predominantly rural 

regions are an exception, where although the 

primary sector experienced a restructuring 

process in the investigated period, this 

continues to be the second activity sector in 

terms of its share in the employed population 

structure, with 33.40%.  

The employed population structure continues 

to reveal a high share of employment in 

activity sectors with low productivity and 

value added (the primary sector), which is the 

largest share in EU, at great distance from the 

next countries in the ranking [15]. 

The counties from the south and north-east 

regions stand out in this hierarchy, values 

over 40% (population employed in the 

primary sector - agriculture) being registered 

in Olt, Teleorman, Giurgiu, CŁlŁraἨi, IalomiἪa, 

Vaslui and BotoἨani conties. 

Fig. 6. Share of employed population in agriculture, 

2015, by county  

Source: Own processing GeoDa of Tempo Online NIS 

data 

  

The employment rate ï increasing trend, 

yet continues to be under the EU level. The 

employment rate of the population of working 

age at national level followed an upward trend 

in the period 2007-2015, yet continuing to be 

under the EU-27 average, by about 4 

percentage points. Depending on the urban-

rural typology, the most important increase of 

the employment rate was noticed in the 

predominantly rural regions, this exceeding 

the national average beginning with the year 

2012, to reach 63.5% (71.7% in men and 

54.9% in women) in the year 2015. 
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Fig. 7. Employment rate of the population of working 

age, according to urban-rural typology  

Source: Own processing of Eurostat data. 

 

As regards the predominantly urban 

regions, these had the highest values of the 

employment rate, throughout the 

investigated period; in the year 2015, the 

employment rate was 66.9% (74.4% in men, 

59.9% in women). The only regions where a 
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decline was noticed in the employment rate in 

the period 2007-2015 were the intermediate 

regions, with values significantly lower than 

those in the urban and predominantly rural 

regions ï at the end of the period, the 

employment rate in the intermediate regions 

was 56% (64.1% in the case of men and 

47.8% in the case of women). 

Unemployment ï decreasing trend, values 

under the EU average, yet continues to be 

high in the case of young population. 

Unemployment is another important indicator 

ï expressed as number of persons looking for 

a job, as unemployment rate respectively.  

The number of the unemployed people had a 

decreasing trend nationwide in the 

investigated period, to reach 623.9 thousand 

in 2015, by 14.34% less than its value in the 

reference year (2006)[3]. The structure of the 

unemployed by gender was 63.3% men and 

36.7% women, quite similar to that in the 

reference year. According to the urban-rural 

typology, the regions where the number of the 

unemployed people decreased, in the period 

2006-2015, were the intermediate regions (by 

90.2 thousand persons) and the predominantly 

rural regions (by 16.6 thousand persons). In 

the same period, in the predominantly urban 

regions, the number of the unemployed rose 

by about 3%, under the background of rising 

unemployment among men. However, the 

predominantly rural regions still had the 

highest share in the total number of the 

unemployed ï about 59%, followed by the 

intermediate regions ï about 29% and the 

predominantly urban regions ï 12%. 

Nationwide, the unemployment rate 

followed a trajectory similar to that of EU-

27, yet with lower values compared to this. 
Under the background of the development of 

the economic activities in the first years of EU 

membership, unemployment rate began to 

decrease, as against the reference year, to 

reach a minimum value of 5.6% in the year 

2008. The effects of the global economic-

financial crisis that followed, transposed into 

the restructuring of the economic activities, 

both at national and European level, 

determined the increase of the unemployment 

rate up to 7.2% (2011), which is identical to 

its value in the reference year.  

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

%

Predominantly urban Intermediate Predominantly rural Total national EU-27  
Fig. 8. Unemployment rate, according to urban-rural 

typology  

Source: Own processing of Eurostat data 
 

The effects were also felt after this moment, 

as the unemployment rate began to decrease 

slightly, with a relatively constant value 

around 6.8%, by 2.6 percentage points lower 

than the EU-27 level (year 2015). According 

to the urban-rural typology, the predominantly 

urban regions had lower unemployment rates 

in the investigated period as against the 

intermediary and predominantly rural regions, 

except for the years 2013 and 2014, to reach 

the value of the reference year by the end of 

the period, i.e. 5.7%. Although the 

predominantly rural regions had lower 

unemployment rates compared to the 

intermediate regions, throughout the 

investigated period, in the last year of the 

investigation (2015) they reached the highest 

value in the three regions, namely 7.3%, 

higher than the level in the reference year, i.e. 

6.9%.  

Fig. 9. Unemployment rate, 2015 by county 

Source: Own processing GeoDa of Eurostat data 
 

At county level, the highest unemployment 

rates in 2015 were concentrated in the south-

west, north-east and south-east regions, while 

lower levels where registered by counties 

from central, north-west and west regions.  

The unemployment rate in the young 
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population (15-24 years) also had a similar 

evolution in the predominantly rural regions, 

to reach 21.7% in the year 2015 (as against 

20.7% - the value of the reference year), yet 

ranking second in size, next to that of the 

intermediate regions ï 22.8%. Both values 

were above the national average ï 20.6% and 

the EU-27 average ï 18.6%. The 

predominantly urban regions were an 

exception, where the unemployment rate in 

the young population was under the (national 

and EU-27) reference values, with 18%. 

Unemployment in the young population 

represents a very important social problem; in 

order to solve this problem, efficient policies 

are needed in the field of education and 

employment. In the absence of these, the 

young people continue to depend on their 

families and are not motivated to carry out an 

income gaining activity. This type of socio-

demographic pressure is also doubled by the 

dependency rate
2
, which reveals the level of 

support that the young generation and/or 

elderly people need from the population of 

working age. In the year 2016, the young 

peopleôs dependency rate (calculated as ratio 

of population under 15 years old to the 

population of working age, 15-64 years) at 

national level, was 23.12%, above the EU 

average (21.99%), lower in the case of 

predominantly urban regions and the highest 

in the predominantly rural regions (24.30%). 

This situation is also found in the case of the 

dependency rate of elderly people (above 65 

years), the predominantly rural regions having 

the highest value, 27.84%, yet under the EU 

average of 28.86%. Thus, the accelerated 

demographic decline that the predominantly 

rural regions from Romania had to face in the 

last decade, and the need for a strategic 

approach to their development, are 

highlighted once again. 
 

CONCLUSIONS 
 

Overall, in the period 2007- 2015, the 

labour force at national level followed a 

downward trend in terms of volume 

indicators (resources, active population, 

                                                           
2
 Processing of NIS, Eurostat data. 

employed population), with consecutive 

periods of growth and decrease, being 

influenced by the changes determined both by 

the EU membership and by the economic 

restructuring that followed after the global 

economic-financial crisis of the period 2008-

2011, whose effects can be also felt at present. 

Opening up the European-wide labour market 

for the citizens of the EU member states has 

generated unprecedented mobility of the local 

labour force mobility, looking for jobs to 

ensure a much higher level of incomes; at the 

same time, at national level an increasing 

mobility between the rural and urban 

regions can be also noticed, the latter having 

an upward evolution of the specific indicators, 

supported by the accelerated development and 

the multiple opportunities provided to labour 

force in terms of diversity of activities and 

higher incomes. At the same time, the 

predominantly rural regions were mostly 

affected, the specific volume indicators 

having significantly lower values as against 

those in the reference year. These add to a 

structure of employed population dominated 

by the primary sector (agriculture); its values, 

although decreasing throughout the 

investigated period, continue to be much 

higher than those at national and EU-27 level, 

which reveals a still high dependency on 

agriculture of the population from these 

areas and the lower opportunities, compared 

to the other employment areas in the 

secondary and tertiary sectors. The 

unemployment phenomenon also contributes 

to the overall picture, which mainly affects 

the young population (15-24 years) and 

having higher values than at national and EU-

27 level; this calls for a deep reform of the 

educational system, in general, and of the 

technical education in particular, in order to 

ensure its correlation with the current 

requirements of the labour market as regards 

professional and vocational training, thus 

providing for real employment opportunities 

for the young population.  
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Abstract 

 

In order to evaluate the influence of the worm compost on the physiological development of the peas, depending on 

the phenological phases, the researches were carried out during the first year of action of two types of worm 

compost: worm compost I - obtained using as the bio transformer of the Red Hybrid of California and worm 

compost II ï using descendant F2 of the new line of earthworms, obtained by crossing the California Red Hybrid 

earthworm with local rubbish earthworm. Materials for research were: worm compost, the soil and the peas variety 

"Renata". The worm compost was incorporated into the soil, early spring, on the autumn plowing   taking into 

account the dose of 4 t / ha (or 40kg/acres). Previously the worm compost and soil samples taken according to the 

usual methods were subjected to biochemical analyzes. At the end of the experiment, essential changes in the soil 

samples were not found, except for the content of organic matter and humus, which in the soil samples of the 

experimental lots exceeded that in the samples of the control lot, respectively by 10.00% -21, 12%; 10.34% -22.05% 

and 17.14% -19.74%; 11.43% -13.16%. As a result of the study of the phenological phases of the development of 

peas, it was found that peas cultivated with worm compost fund (experimental lots) developed for 5-9 days earlier 

than the cultivated with natural background (the control lot).  

Thus, using the usual methods, the influence of worm compost on the physiological development of peas was 

evaluated. 

Key words: organic fertilizer, peas, phenological phases, soil, worm compost. 

 

INTRODUCTION  
 

Obtaining organic farming is a social issue of 

global importance. The global environmental 

situation, including the region, has worsened 

in the last century due to the industrialization 

and chemicalisation of agriculture, the 

increase in the number of means of transport, 

the storage, the preservation and the non-use 

of organic waste, etc. These have resulted in 

pollution of the environment and its 

components. 

A special role in the improvement of the 

environmental situation lies to the technology 

of bioconversion of organic waste by worm-

cultivation and the use of its products in order 

to solve problems in the agrarian sector [1], 

[2]. 

Bioconversion of organic waste through worm 

cultivation as a new direction of science and 

agro biological practice deserves a special 

attention with fundamental research [3], [4]. 

Science and world practice conducted 

research aimed at moving the negative 

influence of harmful substances on the 

organisms, paying special attention to the 

problems of bioconversion, through worm 

cultivation, of organic waste from various 

branches of the national economy, including 

agriculture. The aim of this biotechnology is 

the obtaining of the organic ecological 

fertilizer, the worm compost, the 

incorporation of which in the soil increases 

the amount of humus [11]. 

In recent years there has been a significant 

decrease in the amount of humus in the soil. 

The loss of annual humus in soil constitutes 

0.5-0.7 t/ha. In order to bring the humus 

balance to the level without deficit (zero), it is 

necessary to incorporate in soil about 6.3 t/ha 

of the obtained compost [10]. 

The amount of humus in the soil is one of the 

main indicators of soil fertility. Humus has a 

multilateral influence on agrochemicals, 

hygroscopic, thermal, technological and 

biological soil activities. In humus, are 

concentrated up to 98% of nitrogen reserves, 

60% phosphorus, 80% sulphur, essential 

https://docviewer.yandex.ru/r.xml?sk=fbc00875ecee4fbaae44000bee1d3a8c&url=mailto%3Akremeneak%40yandex.ru
mailto:draganta8@gmail.com
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quantities of other micro- and microelements. 

Under natural conditions the accumulation of 

humus in the soil flows very slowly. For the 

formation of one centimetre of soil it is 

necessary to pass a period of 100 years. Under 

the influence of the anthropogenic factor, this 

process may take 3-5 years. The incorporation 

into the soil of the traditional compost 

obtained from the manure of different animals 

is effective but costly because only 20 kg of 

humus is formed from a tone of compost [7]. 

The incorporation of the worm compost in a 

dose of 4-8 tons/ha, depending on the amount 

of humus contained in the soil, essentially 

improves its quality, because in a tone of 

worm compost it is contained from 270 to 300 

kg of humus. Therefore, the use of worm 

compost allows the essential reduction of the 

period of completing the humus deficit in the 

soil [10].  

According to the research carried out, it has 

been found that the incorporation of the worm 

compost into soil increases not only the 

quantity of nutrients but also the biological 

activity of the soil. Also, the worm compost 

reduces soil density (from 2.70 to 2.67g / 

cm
3
), maintains the humidity in the soil. The 

incorporation of the worm compost into the 

soil contributes to the reanimation of soil 

fertility and its purification of toxic 

substances [10]. 

As a result of the research it was found that 

the worm compost has a beneficial effect on 

the physiological development of crops, 

quality, quantity of production, acceleration of 

the baking process, resistance to unfavorable 

climatic conditions and different diseases of 

agricultural crops, but also to the process of 

obtaining ecologic agricultural production [5], 

[6].  

The article presents the results of the research 

conducted on the evaluation of the 

physiological development of peas, in various 

phenological phases, in the first year of action 

of the worm compost, incorporated into the 

soil, taking into account the dose of 4 t/ha (or 

40 kg/acre). 

It has been found that worm compost reduces 

the duration of plant phonological phases, 

increases plant resistance to phytopathogenic 

attack and unfavorable climatic conditions, 

improves production quality and increases 

crop productivity [10]. 

 

MATERIALS AND METHODS  

 

For conducting research on the evaluation of 

the physiological development of peas, in 

various phenological phases, in the first year 

of action of the worm compost, under the 

practical conditions of the TES "Maximovca", 

was organized an experiment according to the 

scheme outlined in the Table 1. 
 

Table 1.Experiment Scheme 

 

The lot 

 number 

 

 

The 

conditions of 

the 

experiment 

Investigations 

during the 

experiment 

I. 

Control 

Natural 

background 

- Biochemical 

investigations of 

worm compost 

(active acidity, 

humidity, dry 

substance, 

organic matter 

and humus); 

- Observations on 

the physiological 

development of 

peas 

II. 

 Experimental 

I 

Worm 

compost I ï 

40 kg/acre 

III  

 Experimental 

II  

Worm 

compost II ï 

40 kg/acre 

Source: Own design. 

 

The research material served: the soil, two 

types of worm compost (worm compost I - 

obtained using as the bio transformer the Red 

Hybrid of California earthworm and worm 

compost II - using F2 descendants of the new 

line of earthworms, obtained by crossing the 

Red Hybrid of California earthworm with the 

rubbish local earthworm) and peas soul 

"Renata". In the experiment were used three 

lots with the surface of one are, including a 

control lot and two experimental lots. On the 

control lot the plants were cultivated with 

natural background, and on experimental lots 

- with a worm compost background.  

In the experimental lots, until the sowing of 

the peas were incorporated as fertilizers worm 

compost I and worm compost II, at a dose of 

40 kg /acre, taking into account the dose of 4 

t/ha. Until the incorporation of fertilizers into 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 1, 2018 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  
 

 133 

the soil their biochemical quality was 

determined. From each lot, up to the 

incorporation of fertilizer, and 3 months after 

incorporation, soil samples were taken from 

the depth of 0-10 cm and 15-20 cm for the 

purpose of determining the active acidity, 

moisture content, dry matter, organic 

substance and humus. During the experiment, 

observations were made on the physiological 

development of peas depending on four 

phenological  phases (emergence, beginning 

of blooming, end of blooming and beginning 

of pods formation and final baking). The 

duration of the experiment constituted 3 

months. 

The biochemical analysis of worm compost 

and soil was performed according to the usual 

methods presented in Razumov B.A.'s manual 

ĂHandbook of the laboratory assistant chemist 

for analysis on feedsò [12] and in  the 

Standards [8], [9]. 

 

 RESULTS AND DISCUSSIONS 
 

Analyzing the obtained results regarding the 

quality indicators of the I and II worm 

compost (Table 2), it was found that the value 

of the active acid (pH) does not differ 

essentially. The content of humidity, dry 

matter, organic matter and humus in the 

samples of the worm compost I are different 

from those of worm compost II. 
 

Table 2.Quality indicators of worm compost 
 

Crt. 

No. 
Indicators 

Name of fertilizers 

worm 

compost I 

worm 

compost II  

1 Active acidity, u.c. 7.23 Ñ 0.002 7.21Ñ 0.02 

2 Humidity,  % 61.08 Ñ 0.05 
51.20Ñ 

0.01 

3 Dry substance, % 38.92Ñ 0.05 48.80Ñ0.01 

4 Organic substance, % 30.85 Ñ 1.65 
28.40 Ñ 

0.90 

5 
Quantity of 

humus,% 
36.40 Ñ4.20 

30.87 Ñ 

2.27 

 Source: Own results. 

 

Thus, it was found that the value of humidity, 

organic matter and humus in the samples of 

the worm compost I increased, corresponding 

to 19.30%; 8.63% and 17.91%, and the 

content of dry matter decreased by 20.25%, 

compared to the same indicators of worm 

compost II. 

As a result of the analysis of the obtained data 

(Table 3), it was found that in soil samples 

collected from lots, from the deep of 0-10 cm 

and 15-20 cm till the sowing of the peas, the 

quality indicators are not essentially different. 

The results of the research shown in Table 4 

demonstrate that after 3 months of the 

incorporation of the fertilizers, the 

biochemical indicators of the soil taken from 

different levels during the experimental. 

 

Table 3. Particularities of the biochemical  composition 

of the soil until the incorporation of the fertilizer 

Lots and 
sampling 

depth, 

(cm) 

Biochemical indicators, (M  Ñ m) 

Active 
acidity, 

u.c. 

Humidity, 

% 

Dry 
substance, 

 % 

Organic 
substance, 

% 

Humus 

content, % 

I ï control 

a) 0-10 

b)15-20 

 

7.22Ñ 0.10 

7.28Ñ 0.12 

 

13.10Ñ 0.07 

17.10Ñ 0.10 

 

86.90Ñ 0.07 

82.90Ñ0.10 

 

4.38Ñ0.07 

4.43Ñ0.09 

 

3.30Ñ 0.08 

3.50Ñ 0.40 

II ï exp. 

a) 0-10 

b)15-20 

 

7.21Ñ 0.05 

7.14Ñ 0.10 

 

12.20Ñ0.00 

15.55Ñ0.14 

 

87.80Ñ0.00 

84.45Ñ0.14 

 

3.68Ñ0.26 

5.37Ñ0.10 

 

3.50Ñ 0.12 

3.50 Ñ0.07 

III ï exp. 

a) 0-10 

b)15-20 

 

7.30 Ñ .05 

7.25 Ñ .08 

 

8.11Ñ 0.10 

17.45Ñ0.05 

 

91.89Ñ .10 

82.55Ñ0.05 

 

5.28Ñ0.10 

5.28Ñ0.10 

 

3.30Ñ 0.12 

3.70 Ñ .15 

Source: Own results. 

 

The results of the research shown in Table 4 

demonstrate that after 3 months of the 

incorporation of the fertilizers, the 

biochemical indicators of the soil taken from 

different levels during the experimental period 

did not change significantly. However, the 

value of organic matter and humus in samples 

taken from the depth of 0-10 cm of 

experimental lots II and III increased 

respectively, by 10.00%; 22.05% and 19.74%; 

13.16%, and in the ones taken from the depth 

of 15-20 cm respectively increased by 

21.12%; 10.34% and 17.14%; 11.43%, 

compared to the same soil indicator of the 

control lot. 

So, as a result of the research, it was found 

that in the first year of action of the worm 

compost soil fertility was partially improved 

by increasing the amount of organic substance 

and humus. 
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Table 4. Particularities of the biochemical composition  

of the soil after incorporation of the fertilizer 

Lots and 

sampling 
depth, 

(cm) 

Biochemical indicators, (M  Ñ m) 

Active 

acidity, 
u.c. 

Humidity, 

% 

Dry 

substance, 
 % 

Organic 

substance, 
% 

Humus 

content, % 

I ï control 

a) 0-10 

b)15-20 

 

7.17 Ñ 0.28 

7.29 Ñ 0.50 

 

13.55Ñ0.18 

17.42Ñ0.34 

 

86.45Ñ0.18 

82.58Ñ0.34 

 

4.40Ñ0.03 

4.45Ñ0.02 

 

3.80Ñ 0.15 

3.50 Ñ 0.07 

II ï exp. 

a) 0-10 

b)15-20 

 

6.93 Ñ 0.24 

7.01Ñ 0.20 

 

13.73Ñ0.19 

18.03Ñ0.41 

 

86.27Ñ0.19 

81.97Ñ0.41 

 

4.84Ñ0.10 

5.39Ñ0.02 

 

4.50Ñ 0.01 

4.10 Ñ 0.15 

III ï exp. 

a) 0-10 

b)15-20 

 

6.80 Ñ 0.17 

6.82 Ñ0.17 

 

9.81Ñ 0.16 

18.98Ñ0.34 

 

90.19Ñ0.16 

81.02Ñ0.34 

 

5.37Ñ0.02 

4.91Ñ0.11 

 

4.30Ñ 0.07 

3.90 Ñ 0.07 

Source: Own results. 

 

As a result of the conducted observations 

during the first year of action of the fertilizers 

on the phenological phases (Table 5), it was 

found that the peas cultivated with the worm 

compost fund of the experimental lots I and II 

had properly grown on the 10-th and 11-th 

day after sowing. Peas from the control lot 

cultivated with natural background began to 

rise on the 16-th day after sowing. 
 

Table 5. Evaluation of the influence of the worm  

compost on the phenological phases of peas 

         Lots 

 The period of the phenological 

phase (after sowing) ï days 

E
m

e
rg

e
n

c
e 

B
e

g
in

n
in

g
 

o
f 

b
lo

o
m

in
g 

B
e

g
in

n
in

g
 

o
f 

p
o

d
s
 

fo
rm

a
ti
o

n 

fi
n

a
l 
b

a
k
in

g 

Control 

(natural 

background) 

16 49 57 88 

Experimental I 

(worm compostl I) 

 

10 

 

40 

 

48 

 

80 

Experimental II 

(worm compost II) 

 

11 

 

41 

 

49 

 

81 

Source: Own results. 

 

From the above mentioned it was found that 

the peas cultivated on the lots with the worm 

compost I and II, rose by 6-5 days earlier than 

the one on the control lot. 

The blooming of peas on experimental lots I 

and II (with a worm compost background) 

(photo 1 and photo 2) started properly on the 

40-th and 41-th day, after sowing. 

 

 
 Photo 1. The physiological development of cultivated  

peas with a worm compost background ( the I 

experimental lot ),  in the second  phenological phase 

Source: Original. 

 

 
Photo 2. The physiological development of cultivated 

peas with a worm compost background (the II  

experimental lot ),  in the second phenological peas 

Source: Original. 

 

Analyzing the results in the Table 5, it was 

found that the plants in the control lot    

(Photo 3) began to blossom on the 49-th day 

after sowing. 
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Photo 3. The physiological development of cultivated 

peas with natural background, in the second 

phenological phase 

Source: Original. 

 

Thus, as a result of the observations, it was 

found that in this phenological phase the peas 

on the experimental lots, with a worm 

compost background, developed by 9-8 days 

earlier than the one cultivated with natural 

background (the control lot). The mass 

blooming of the plants and the formation of 

the pods grown on the lots with a worm 

compost background took place after 48 and 

49 days, and on the control lot after 57 days 

after sowing. According to the obtained 

results in this phenological phase, the 

physiological development of peas, on the 

experimental lots, took place by 9 and 8 days 

earlier than the one on the control lot. 

As a result of the observations made, it was 

found that the same phenomenon was also 

manifested in the last phenological phase of 

peas development (the final baking phase). 

Peas on experimental lots reached the final 

baking stage by 8 and 7 days earlier than that 

on the control lot. 

Therefore, as a result of the carried out 

research, it was found that in all phenological 

phases peas on experimental lots cultivated 

with organic fertilizer background (worm 

compost I and II) had an earlier development 

than that on the control lot. 

Thus, the physiological development of peas 

was evaluated under the influence of the 

worm compost in its first year of action. 

 

CONCLUSIONS 

 

As a result of the research it was found that: -

the value of humidity, organic matter and 

humus in the samples of the worm compost I 

increased, corresponding to 19.30%; 8.63% 

and 17.91%, and the content of dry matter 

decreased by 20.25%, compared to the same 

indicators of worm compost II; 

-in soil samples collected from lots, from the 

deep of 0-10 cm and 15-20 cm till the sowing 

of the peas, the quality indicators are not 

essentially different; 

-after 3 months of the incorporation of the 

fertilizers, the biochemical indicators of the 

soil taken from different levels during the 

experimental period did not change 

significantly, however, the value of organic 

matter and humus increased compared to the 

same soil indicator of the control lot; 

-in the first year of action of the worm 

compost soil fertility was partially improved 

by increasing the amount of organic substance 

and humus; 

-the fertilization of the soil with two types of 

worm compost (worm compost I - obtained 

using as the bio transformer the Red Hybrid 

of California earthworm and worm compost II  

- using F2 descendants of the new line of 

earthworms, obtained by crossing the Red 

Hybrid of California earthworm with local 

rubbish) improved soil quality and reduced 

the duration of the physiological development 

of the peas: emergence for 5-6 days, the 

beginning of the bloom, the appearance of the 

pods and the final baking by 8-9 days. 
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Abstract 

 

The paper presents aspects concerning the management of natural resources (climate conditions, soil fertility and 

relief conditions) and anthropic resources (the orchard infrastructure), as well as the quantification and 

characterization of the indicators of these resources in an expert system-CROM. The main objective of this study 

was the monitoring of the natural and anthropic resources, at the private farm in Domasnea locality, in order to 

establish the restrictions and recommendations for the improvement of the plots and of the plum orchards. 

 

Key words: plum trees, plots, orchards, expert system  

 

INTRODUCTION  
 

It is unanimously admitted that a category of 

assortments can achieve its biological potential 

only if the ecological offer of the area 

optimally satisfies the biological needs. [2, 6]  

The model applied in the expert system-

CROM is comparable with similar systems in 

Germany, Czech Republic, Slovakia and other 

states from the European Union. The 

advantages are the different approach, more 

appropriated for the local conditions, the more 

technical and economic rapport between the 

baseline resources and the direct consequences 

on production and quality of fruits and on the 

socio-administrative field. [2, 4] 

The private farm where the expert system-

CROM was applied is located in the Domaĸnea 

locality, the Fourth Development Macro 

Region, the West Region, in the south-eastern 

part of Caras Severin County, in the north of 

the Domaĸnea-Mehadia depression, at an 

altitude of 492 m. The nearest town (Herculane 

resort) is 25 km away. [3] 

The study was made on the fruit trees of the 

species Prunus, the variety Early Tuleu and 

Anna Spath. The species of the rootstock is 

Prunus and the variety used is the Cherry plum. 

The tree age in the orchard is 17 years old.  
 

MATERIALS AND METHODS  
 

In order to characterize the natural and 

anthropic resources at the private farm in 

DomaἨnea, an integrated expert system was 

used. The expert system-CROM was 

developed in accordance with an original 

methodology by I.C.P.A. [2, 8, 9, 10], which 

quantifies by addition points and 

depreciations points the climate resources, the 

soil and infrastructure resources, the 

production and the quality of fruits. 

In this system: 

- The meteorological elements are quantified 

in accordance with the frequency of 

repetitiveness of optimal climatic intervals 

and thresholds for each fruit tree category, in 

ten years. Climate resources can get between 

0 and 40 addition points; 

- The soil conditions are granted with 0-25 

addition points;  

- The relief conditions depending on their role 

in the fruit tree ecosystem are granted with 0-

15 addition points; 

- The indicators for orchards characterization 

can get between 20 and 100 addition points; 
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- The orchards infrastructure can receive 0-35 

depreciation points. 

To evaluate the fruit tree lands and orchards 

in the expert system, from the sum of the 

addition points the depreciation points will be 

subtracted. Depending on the obtained values, 

the fruit tree lands and orchards will be 

grouped in three categories: without natural 

and anthropic restrictions, with natural and 

anthropic restrictions, improper for fruit tree 

cultivation. 

For this study statistical data from the 

National Institute of Statistics (INS) were 

collected and processed and they were used 

indicators such as: the number of plum trees; 

the total plum production; the average 

production per plum tree for the period 2005-

2016. 
 

RESULTS AND DISCUSSIONS 
 

Climate resources expertise 

The following indicators were used for the 

expertise of the climatic resources at the 

private farm in DomaἨnea, CaraἨ-Severin: the 

average air temperature, the absolute 

minimum temperature, the thermal amplitude 

in November-February and the rainfalls in the 

period between the V-VII months. 

For the plum tree cultivation, the optimal 

average air temperature is between 7
0
C and 

10
0
C. In the study period it was 10.3

0
C and 

the frequency of repetitiveness of the 

optimum intervals was 90%. 

The absolute minimum temperature of -22
0
C 

for plum species was not recorded. The 

thermal amplitude in November-February 

greater than 20
0
C had a frequency of 

repetitiveness about 40% (Figure 1). 

The rainfalls were quantified for May-July, 

and the optimum quantity of 200-260 mm was 

recorded with a frequency of repetitiveness of 

40%. 

The obtained yields for the 2 varieties of plum 

trees at the private farm in DomaἨnea were 

studied in relation to the thermal amplitude. 

For the studied years the plum yield fluctuated 

according to the climate and to the thermal 

amplitude. The yield decreases while the 

quantum of the thermal element is higher than 

20
0
C (Figure 1). 

Fig.1. The relation between the yields and the thermal amplitude (
0
C, XI-II months) for plum trees, Early Tuleu and 

Anna Spath varieties, at the private farm in DomaἨnea, CaraἨ-Severin 
 

Table 1. The quantification of the climatic resources 

for plum trees, Early Tuleu and Anna Spath varieties, 

at the private farm in DomaἨnea, CaraἨ-Severin  

Species/variety/ 

rootstock/age 

Class of 

expertise 

Addition 

points 
Prunus/Early Tuleu/ Anna 

Spath/ Cherry plum /17 

With climatic 

restrictions 

39 

 

From the quantification of the climatic 

resources for plum trees, in the expert 

system-CROM, 39 addition points were 

obtained (Table 1). 

Soil resource expertise 

In order to expertise  the soil resources for 

plum trees the following indicators were 

used:  the active edaphic volume, pH, 

salinization, alkalization, exchangeable Al 

content, CaCO3 with depth of horizons Cca,  

Cpr, Rz, active CaCO3 from carbonates 

horizon and the effect of the industrial 

pollution. Depending on the baselines values, 

the soil properties, at the private farm in 
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R 
2 
 = 0.3278 

r=0.572 
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DomaἨnea, receive 25 addition points. The 

plots and the plum orchards were included in 

the class without soil restrictions (Table 2). 
 

Table 2. The quantification of the soil resources for 

plum trees, Early Tuleu and Anna Spath varieties, at 

the private farm in DomaἨnea, CaraἨ-Severin  
Species/variety/ 

rootstock/age 

Class of 

expertise 

Addition 

points 
Prunus/Early Tuleu/ Anna 

Spath/ Cherry plum /17 

Without soil 

restrictions 

25 

 

Land resources expertise 

For characterization of the plum plots 

resources the indicators concerning the relief 

conditions (slope, aspect, surface and deep 

erosion, landslides) and drainage conditions 

(un-negleyed non-pseudogleyed soil volume 

and aeration porosity) were used. The relief 

conditions and the drainage conditions are 

granted 15 addition points using an expert 

system-CROM and the plum tree lands and 

the orchards were included in the category 

without land restrictions (Table 3). 

 
Table 3. The quantification of the plot resources for 

plum trees, Early Tuleu and Anna Spath varieties, at 

the private farm in DomaἨnea, CaraἨ-Severin  
Species/variety/ 

rootstock/age 

Class of 

expertise 

Addition 

points 

Prunus/Early Tuleu/ Anna 

Spath/ Cherry plum /17 

Without land 

restrictions 

15 

 

Expertise for plum orchards characterization 

criteria, production and the quality of the 

fruit 

The criteria for the characterization of the 

plum orchards are: the age of the trees, the 

assortment of species, the varieties and the 

rootstock, the stage of vegetation for the 

orchards, the production and the quality of 

the fruits. All of these are granted 91 addition 

points in an expert system-CROM (Table 4). 
 

Table 4. The expertise of plum orchards, Early Tuleu 

and Anna Spath varieties, at the private farm in 

DomaἨnea,CaraἨ-Severin  
 

Species/variety/ 
rootstock/age 

Class of 
expertise 

Addition 
points 

Indicators of 
characterization 

 

Prunus/Early 

Tuleu/  
Anna Spath/ 

Cherry plum 

/17 

   5-10 years       34     Age of plum trees 

  H i g h        40    A s s o r t m e n t  

of species 

  Good        17    S tage of  vegeta t ion 
for the orchards 

 T o t a l   

addition 

 p o i n t s 

    91     

- 

Expertise for the plum orchards 

infrastructure  

To characterize the plum orchards there are 

quantified: the equipping degree of the plots 

and plantations, the possibilities for 

valorising fruit production, the possibilities of 

access to the market and the degree of 

modernization of the transport routes. In this 

case 5 depreciation points are marked, for the 

possibilities of access to the market (Table 5).   

 
Table 5.The expertise of plum orchards infrastructure, 

Early Tuleu and Anna Spath varieties, at the private 

farm in DomaἨnea, CaraἨ-Severin  
Species/variety/ 

rootstock/age 

Class of 

expertise 

Depreciation  

points 

Indicators of 

characterization 

 
 

 

 
Prunus/Early 

Tuleu/  

Anna Spath/ 
Cherry plum 

/17 

H i g h 0 
The equipping 
degree of the 

plots and orchards 

H i g h 0 
Possibilities for 
valorising  fruit 

p r o d u c t i on 

H i g h 0 
Proximity of the 

m a r k e t 

L o w 5 
Possibilities of 

access to the market 

D e p re c i a t i on 

p o i n ts 
5 

 

- 

 

If the production potential is not in a proper 

balance with a proper management the 

economic indicators and the profitability of 

the investment are affected. 

The statistical data that have been processed 

and will be presented later highlight the 

leading position of Caras-Severin County in 

the cultivation of plums. 

The analysis of Figure 2 shows that the 

Fourth Macroregion has the largest number 

of plum trees (the state and private sector), 

compared to the other Macroregions of 

development, during 2005-2016. 
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Fig.2. The dynamics of the total number of plum trees 

per Macroregions of development 
Source: [5], own interpretation. 
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This number is decreasing, with the highest 

value registered in 2010 - 23,903,571, and the 

lowest in 2016 - 14,102,572. The decrease in 

the total number of plum trees is registered 

also for the other Macroregions of 

development. 
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Fig.3. Dynamics of the number of plum trees in the 

private sector, by Macroregions of development 

Source: [5], own interpretation 

 

Regarding the number of plum trees in the 

private sector during the period 2005-2016 

(Figure 3), on the first place is the Fourth 

Macroregion, with the highest number in 

2010 - 23,184,272 plums, and the lowest in 

2016 - 14,082,023 plumes. Remarkable is the 

same tendency to decrease the number of 

plums also in the private sector. 

The share of plum trees cultivated in the 

private sector, total of plum trees - for the 

Fourth Macroregion - ranges between 

96.99% (2010) and 99.96% (2013). 

Figure 4 shows the number of plums 

cultivated in the private system in the West 

Region, part of the Fourth Development 

Macroregion. Caras Severin County, where 

Domaĸnea is located, has the largest number 

of plum trees cultivated in the private system. 

The highest value was registered in 2007 - 

6,009,678 plum trees, and the lowest in 2012, 

2,034,827 plum trees. 

Fig.4. The dynamics of the total number of plum trees 

in the counties of the Fourth Macroregion of 

development 
Source: [5], own interpretation 

The largest plum production in the West 

Region, in the period 2005-2016, in the 

private sector, was obtained in Caras-Severin 

County, in 2008 - 31,654 tons (Figure 5). For 

the same county, the smallest production was 

17,798 tons in 2016. 
 

Fig.5.The plum production in the private sector of the 

West Region by county 

Source: [5], own interpretation 

 

Figure 6 shows the average plum production, 

in kg /plum tree, obtained in the West 

Region,  

in the private sector, during 2007-2016. 

Fig.6. Average plum production obtained in the 

Western Region in the private sector 

Source: [5], own interpretation 
 

For Caras-Severin County, the smallest 

production 5 kg / plum tree was harvested in 

2007, and the highest was 11 kg / plum tree 

(2011, 2012, 2013).  

Regarding the average plum production, in 

Arad County and in Timis County, they 

recorded the highest values (Arad 22 kg / 

plum tree - 2009, respectively Timis 21 kg / 

plum tree - 2015). 

In areas with natural favourability or with 

potentiated favourability (in the condition of 

the irrigation facility) equal to or higher than 

2, (Annexe 7 ñareas STPò 4.1a, [1]) the 

cultivation of plums or fruit trees in general 

represents a business opportunity. 
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The statistical data show that the number of 

people leaving the city is higher than those 

who leave the rural environment [7]. 

The EU non-reimbursable funds that can be 

accessed through the Romaniaôs Agency for 

Rural Investment Financing (AFIR, [1]) 

constitute a point of interest for those who 

give up city life in favour of the rural 

environment, as well as for the agricultural 

education graduates. 
 

CONCLUSIONS 

 

Following the application of the expert 

system-CROM, the plum plots and the 

orchards at DomaἨnea private farm received   

175 points and were included into the 

category: with natural and anthropic 

restrictions. 

Natural conditions favour plum trees 

cultivation, only the thermal amplitude (XI-II 

months) greater than 20
0
C has negative 

effects on the plum yields. The Anna Spath 

variety was less affected than the Early Tuleu 

variety. 

In order to avoid production fluctuations, it is 

recommended to use a larger assortment of 

varieties to compensate the decrease of plum 

yields caused by the climatic factor. 

To improve access to the market, it is 

recommended to build asphalt roads. 

The largest number of plum trees in the 

private sector is cultivated in the Fourth 

Development Macroregion. 

The County of Caras-Severin ranks first in 

the West Region in the number of plum trees 

cultivated in the private sector. The highest 

value was recorded in 2007 - 6,009,678 plum 

trees, and the smallest, in 2012 - 2,034,827 

plum trees. 

The largest plum production in the West 

Region, in the period 2007-2016, in the 

private sector, was obtained in the county of 

Caras-Severin in 2008 - 31,654 tons. 

The average plum production obtained in the 

Caras-Severin county ranges between 5-11 

kg/ plum tree. 

European non-reimbursable funds are one of 

the reasons why young people choose to 

return to rural areas. 
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Abstract 

 

This article presents the findings of evaluating the level of ICT (information and communication technology) 

advancement in the agricultural production of the Russian Federation. The primary goal of this paper is to identify 

priority areas for intensifying agriculture using information and communication technologies for the ICT 

advancement in agricultural production. The study is based on application of theoretical and general scientific 

research methods, as well as comparative analysis of statistical data reflecting the development of information and 

communication technologies in rural areas of the Russian Federation. Analysis of the current state of 

informatization of the agricultural industry in the Russian Federation allows to draw a conclusion that information 

systems enabling automatization of the processes to ensure national food security in state authorities have been 

established in the country by now. At the same time, the information resources required by agricultural producers 

are rather scattered and poorly systematized. Evaluation of the ICT utilization in agricultural production of the 

Russian Federation reveals that the state of the information infrastructure and the advancement of information 

technologies among rural population are much inferior to similar indicators in urban areas. A positive trend should 

be noted: ICTs are increasingly spreading in rural areas, and differences between the city and the countryside are 

fading. The author agrees with the opinion of experts who claim that the task of information technologies is to 

maximize automation of all stages of the production cycle to reduce losses, increase business productivity and 

optimize resource management. In the author's opinion, two key areas of the agricultural production intensification 

with the use of information technologies can be identified: creation of a unified information base on resources for 

agricultural producers and introduction of the Internet of things (IoT), and digitalization of agricultural production 

in the Russian Federation. 

 

Key words: information technologies, agricultural industry, agriculture, ICT, informatization, mobile technologies,  

                  digitalization, internet of things 

 

INTRODUCTION  

 

The demand for food is expected to increase 

by 60% over the next 35 years, since the 

world's population is estimated to reach 9.2 

Billion people by 2050 [14]. Agriculture is a 

vital sector for the survival of mankind and a 

driver of international trade. If this production 

problem cannot be solved, food shortages may 

occur, which would entail social and political 

instability, and the global security may be 

threatened. 

Agricultural production is currently 

developing under the conditions of stagnating 

expansion of arable land, lack of water 

resources, environmental degradation, 

negative effects of climate change, rapid 

urbanization, and reduction in agricultural 

labor. 

Coordinated and concerted efforts are 

required from all stakeholders, including the 

public and private sectors, in order to solve 

the problem of food security. Achieving 

improved and sustainable agricultural 
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production and productivity growth largely 

depends on the advancement of agricultural 

research and its efficient application in farmer 

fields through the transfer of technology and 

innovation. 

FAO (Food and Agriculture Organization) 

estimates that 91% of the global food 

production will increase until 2050; one 

should proceed from the increasing yield of 

existing arable land through the promotion of 

agricultural research, as well as its application 

and transfer to farmers through efficient 

research links. ICTs, geoinformation systems, 

remote probing, precise agriculture and many 

other technologies or processes have an 

enormous potential in the development of 

agriculture and advancement of the national 

food security [13]. 

Mobile technologies will efficiently improve 

the transfer of agricultural research findings 

for use in farmer fields [16]. Timely reporting 

of transboundary animal diseases using 

mobile technology will save lives of a large 

number of animals and minimize financial 

losses [30]. 

At the same time, the ICT utilization in 

agricultural production is significantly lower 

than in other branches of the economy and is 

constrained by a number of problems, 

including insufficient technological and 

intellectual training of employees at 

agricultural enterprises. 

Creation of a system of state information 

resources that support electronic accounting in 

the agricultural sector remains among the 

topical issues. 

The goal of this paper is to evaluate the 

intensity of the information and computer 

technologies application in the agricultural 

sector of the Russian Federation and define 

the priorities for the ICT development in 

agricultural production. 

Literature review  

The review of international practices on the 

ICT usage in agriculture of various countries 

indicates that the scope of its application is 

quite extensive [20]. 

ICTs in agriculture are used for [1]: 

(i)Promoting multiple innovations. 

As the innovation activity in agribusiness 

intensifies, the role of information and 

communication services increases, since 

information and knowledge act as the most 

important production resources for shaping 

sustainable agriculture [15]. 

An innovative approach to agriculture 

development requires creation of a strong 

favorable environment (supporting and 

efficient legal, tax and political regimes) and 

adequate infrastructure systems (roads, 

transport, telephones, means of storage, 

processing and marketing, as well as 

information systems) [26]. 

(ii)Obtaining pricing information and analysis 

of prices for commodities and stock markets. 

Not only information on agricultural 

marketing available to farmers helps them sell 

their products at more favorable prices, but 

also provides reliable information about prices 

for products to policymakers in order to 

prevent price volatility and speculation. This 

contributes to improving food security [35]. 

(iii)Collecting meteorological data. 

Regular monitoring of global food reserves, 

including mapping of agricultural production 

and areas where food shortages exist, is the 

first step towards ensuring food security [36]. 

Information and communication technologies 

(ICTs) are primary tools for monitoring the 

environment and climate and predicting 

climate change at the global level [2]. 

(iv)Providing farmers with consulting services 

relating to agricultural production expansion. 

Consulting services are arranged and provided 

via various information channels, of which the 

Internet and mobile telephony are most often 

used [25]. However, the development of ICT 

infrastructure ï especially access to the 

Internet, and hence access to the necessary 

and timely information, ï remains challenging 

in rural areas [6]. 

(v)Establishing an early warning system for 

disaster prevention and control; 

(vi)Collecting statistical data in agriculture, 

etc. 

Farms, which form the basis of agricultural 

production (AG) worldwide, are the key 

factor for the industry development. To meet 

the growing demand for food, small farmers 

need to achieve critical success in managing 

tasks, create an efficient system for 

monitoring crops and livestock breeding, and 
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move on to efficient agricultural practices 

[37]. 

ICTs will play a critical role in achieving the 

goals set by providing integrated and 

available cyber physical systems (CPS) that 

are able to measure, analyze and control AG 

operations [32]. 

Contemporary studies note that ICTs include 

hardware, software and applications for 

creating, managing and presenting digital 

content (for a user), knowledge management 

and shared use, as well as aspects of 

institutional management and organizational 

structures associated with information, data 

and knowledge sharing [33]. 

This set of technologies and processes is 

called the Information and Communication 

Management (ICM) [22, 23]. 

Challenges of ICM of agricultural production 

in developing countries are reviewed in the 

papers of Chalemba, L. [5], Nelcon, R. and 

ʉʦʝ, R. (2016), Jukan A., Masip-Bruin X. and 

Amla, N. [17], C§ceres R., Pol E., Narv§ez L. 

[4] and others. 

Impact of ICT on knowledge management 

processes in the agricultural sector attracts 

particular attention of modern researchers 

[34]. 

Rizvi, S.M.H., Dearden, A. note that advances 

in the field of ICTs and their application in the 

fields of development have significantly 

improved the prospects for human 

development [29]. 

Kelly N., Bennett J.M., Starasts A. 

theoretically justified the adoption of the 

network paradigm of training agricultural 

producers, which connects farmers at different 

distances for constructivist training [18]. 

Modern information technologies allow 

solving problems of soil fertility management 

[27], creation of intelligent irrigation systems 

[12], etc. The world practice indicates that 

introduction and development of ICTs in 

agriculture has an efficient impact on the 

increase in productivity, income of 

agricultural producers, food security and 

employment in the sector [19]. 

However, lack of integrated approach, basic 

principles and tools for the ICT usage in 

agricultural services at the national level leads 

to inefficient use of resources [7]. 

As such, the agribusiness sector should start 

using public networks and advances in 

communication and information technologies 

to be able to develop business ponentially [8, 

31]. 

 

MATERIALS AND  METHODS  

 

The primary goal of this study is to identify 

promising areas for improving the efficiency 

of agricultural production using information 

technologies. 

The study solves a number of problems to 

achieve this goal: 

-Evaluate the intensity of ICT usage in 

agricultural production in the Russian 

Federation; 

-Identify priority areas for intensification 

using ICTs. 

Academic publications of Russian and foreign 

experts on the development of the agricultural 

sector and the problems of introducing 

information technologies in agricultural 

production served as the theoretical basis of 

the study. 

The study uses methods of analyzing the 

results of observations, dynamic and 

comparative analysis of statistics provided by 

Rosstat, the Ministry of Agriculture of the 

Russian Federation, the Ministry of 

Communications and Mass Media of the 

Russian Federation, etc. 

 

RESULTS AND DICUSSIONS 

 

Informatizatio n of agricultural industry as 

a priority of the Russian National Policy 

Agriculture is the most important sector of the 

Russian economy, since food security is 

among the key national priorities. The state 

supports agricultural producers with subsidies, 

grants and concessional lending. This 

situation has led to an increase in investment 

in the development of large-scale projects in 

the agricultural industry [3]. 

At the same time, sanctions against Russia 

helped accelerate import substitution, while 

retaliatory measures aimed at restricting the 

import of certain types of food from the 

European Union, the US, Australia, Canada 

and Norway to Russia provided a "window of 
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opportunities" for domestic producers and 

gave positive impetus to the industry. 

As such, due to a set of measures in the field 

of import substitution, agricultural production 

has grown by 11% over 3 years, while imports 

of food have almost halved over 3 years: from 

$43 bln to $25 bln in 2016. Positive results 

were noted in most agribusiness branches. For 

example, gross harvest of grain has increased 

by 14.2% over 2014-2016, production of 

livestock meat and poultry has increased by 

9.1%, catch of aquatic biological resources 

has increased by 5%. Sugar beet and oil crops 

are leading in the production of vegetables, 

demonstrating an increase of 53.3% and 

26.4% respectively at the year-end. 

Fundamental indicators of the Russian 

agricultural industry for 2014-2016 are 

presented in Table 1. 

 

 
Table 1. Fundamental indicators of the Russian agricultural industry for 2014-2016 

Indicator 2014 2015 2016 
Change, 2016/2014 

+/- % 

Agricultural production, bln. rub. 4,319.1 5,165.7 5,626.0 1,306.9 130.3% 

including crop farming 2,222.5 2,791.4 3,170.5 948.0 142.7% 

including livestock breeding 2,096.6 2,374.3 2,455.5 358.9 117.1% 

Crop acreage, thous. ha 78,525 79,319 79,993 1,468.0 101.9% 

Gross yield of grain, thous. tons 105,315 104,786 120,672 15,356.7 114.6% 

Gross yield of sugar beet, thous. tons 33,513 39,031 51,367 17,853.5 153.3% 

Gross yield of oil crops 12,859 13,837 16,258 3,399.1 126.4% 

Production of meat and poultry, thous. tons 9,070.3 9,565.2 9,899.2 828.9 109.1% 

Field vegetables and vegetables under glass 15,458 16,111 16,283 825.5 105.3% 

Source: Federal State Statistic Service of Russian Federation 

http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/efficiency/#) 

 

Imports/exports balance for individual 

products has also improved. Russia 

approached the positive balance of 

exports/imports of food in some months of 

2016. This situation is observed for the first 

time in recent history. 

Informatization of the industry is among 

priority areas for the development of modern 

agriculture. The key provisions of information 

support for agriculture are reflected in Federal 

Law No. 264-FZ "On the development of 

agriculture" [24]. 

The procedure for creating and maintaining 

the system of state information support in 

agriculture is established in the Regulation 

approved by the Government of the Russian 

Federation in 2008 [28]. 

Establishment of state information resources 

is among key dimensions of the State program 

for the development of agriculture and 

regulation of markets for agricultural 

products, raw materials and food for 2013-

2020 [28]. Under Russian law, the Ministry of 

Agriculture of Russia is granted the functions 

of the state information system operator. 

At the moment, the Ministry of Agriculture 

has introduced and improved information 

systems that automate technological processes 

in the established area of activities for such 

government agencies as FGIS USMT, AIS 

NSI, PK "Elektronnye gosuslugi", SM PB, IS 

PK GP, AIS "Subsidii APK". Following the 

results of 2016, state information resources in 

the field of ensuring food security are used by 

98.4% of regional and 62.6% of 

administrative bodies of agribusiness. 

The Foundation of Agriculture Promotion 

carries out consistent work on informatization 

of Russian agricultural producers. "Farmer's 

Workstation "ZARYA" became the first 

hardware and software package successfully 

tested by farmers in four pilot regions. 

The Foundation launched the all-Russia 

information and maintenance service 

"AgroContactCenter" in early March 2017, 

which solves many problems of agricultural 

producers with the sale of agricultural 

products, with the development of agricultural 

cooperatives, with a lack of information, with 

a deficit of literate specialists in the 

countryside, etc. 

Evaluating the intensity of ICT usage in 

agricultural production in the Russian 

Federation 

http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/efficiency/#)
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Statistical indicators of the ICT industry 

advancement and the results of monitoring the 

economic situation and public health [11] 

reveal that the information infrastructure of 

rural areas is not sufficiently developed. 

The telephone density per 100 people of the 

rural population amounted to 10.97, which is 

significantly lower than in urban areas 

(27.92). The volumes of commissioning of 

rural PBXs decreased by one third compared 

to 2010 and amounted to 389.3 thous. 

numbers by late 2015. The number of public 

telephones, including payphones, fell by 17%  

over five years [21]. 

The telephone network in rural areas is 

compressed more rapidly than in urban areas, 

but due to the decrease in the number of rural 

population, the gap in the provision of 

townspeople and villagers (per 100 people) 

with public telephones remains wide: 2.6 

times by general provision; 2.1 times by home 

devices (2.3 in 2010). 

Percentage of settlements with a telephone 

line in rural areas decreased from 89.1% in 

2014 to 88.2% of the total number of rural 

settlements over three years. 11.8% of 

villages do not have access to landline 

telephone network. 

Reduction in the landline telephone network 

in rural areas is largely due to the 

development of mobile telephony and the 

Internet. 

Information technologies are increasingly 

being introduced in rural areas. Following the 

results of 2016, 61.4% of rural households 

have PCs, 63.5% have access to the Internet, 

56.2% of rural families have broadband 

Internet access (Figure 1). 

 

 
Fig. 1. Availability of PCs and access to the Internet following the results of 2016. Sources: compiled by authors on 

the base of statistical data [11, 21] 
 

Rural households still lag far behind urban 

ones by computerization and access to the 

Internet, but these differences rapidly fade. 

The ratio of rural and urban areas by the 

availability of PCs was 78.2% in 2014, while 

this figure was 75.2% in 2015.  

At the same time, the availability of mobile 

phones is 1.2 times higher than the urban level 

(Table 2). 
 

 

Table 2. Availability of ICT equipment in rural and 

urban households in 2015, pcs per 100 households 
Name  Village City Village to City, % 

Personal computer 49 65 75.4 

Portable computer (laptop, 
tablet, iPad) 

41 71 57.7 

Mobile phone 214 182 117.6 

Smartphone, iPhone 36 75 48.0 

TV (all kinds) 157 186 84.4 

Radio (wired and wireless) 14 16 87.5 

Source: Federal State Statistic Service of Russian 

Federation 

(http://www.gks.ru/wps/wcm/connect/rosstat_main/ross

tat/ru/statistics/efficiency/#) 

http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/efficiency/#)
http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/efficiency/#)
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It must be noted that only 26.4% of rural 

residents use the Internet to send emails, 8.1% 

use it to look for a job and only 1.8% for 

distance learning (Figure 2). 

 
Legend: 
1 - participating in social networks (for example, Vkontakte, Odnoklassniki, Facebook, etc.) 

2 - downloading movies, images, music; watching videos; listening to music or radio 

3 - voice calls or video calls over the Internet (using, for example, Skype or other apps) 
4 - searching for information about goods and services 

5 - gaining knowledge and information on any topic using Wikipedia, online encyclopedias, etc. 

6 - playing video or computer games/games for mobile phones or downloading them 
7 - sending or receiving emails 

8 - uploading personal files (books/articles/magazines, photos, music, videos, programs, etc.) to websites, social networks, cloud storage for 

public access 
9 - conducting financial transactions 

10 - reading or downloading online newspapers or magazines, e-books 
11 - communicating via instant messaging systems (chats, ICQ, QIP, etc.) 

12 - selling/buying goods and services (including via online auction sites) 

13 - looking for a job 
14 - searching for information about education, training courses, workshops, etc. 

15 - downloading software (other than computer games) 

16 - distance learning 
17 - participating in online voting or consultations on public and political issues (urban planning issues, signing petitions and appeals) 

18 - participating in professional networks (for example, Linkedin, Xing, E-xecutive.ru, etc.) 

19 - posting opinions on public and political issues via websites, participating in forums 

Fig. 2. Purposes of Internet usage by rural population, % of respondents. Sources: compiled by authors on the base 

of statistical data [11, 21] 

 

According to the results of statistical 

observation on the ICT usage by the 

population, about 36.5% of rural residents do 

not have access to the Internet from their 

home computer. As a result, villagers 

(including farmers) can check email about 

once a month, when they go to the district  

center. 

The main reason for this is lack of the need or 

desire to use this information source. Another 

reason constraining the Internet usage in rural 

areas is the high cost of its connection (Figure 

3). 

26.7% of rural residents cite the lack of web 

browsing skills. 8.6% cited the lack of a 

technical ability to connect to the Internet. 

The advanced growth of agriculture is of 

critical importance for the economy and food  

security of Russia. However, agriculture will 

have to deal with two major challenges. 

The first is the loss of arable land for non-

agricultural uses due to industrialization and 

urbanization. The second is soil erosion due to 

intensive farming and environmental 

degradation.
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Fig. 3. Reasons for non-use of the Internet by rural residents. Sources: compiled by authors on the base of statistical 

data [11, 21] 

 

The experts widely recognize that increasing 

agricultural productivity is critical to 

maintaining high growth of the national 

economy and reducing poverty. 

The study of expert opinions allowed to 

determine the perspective areas for 

development of information technologies in 

Russian agriculture: 

(i)Creating a unified information base on 

resources for agricultural producers 

(ii)Introducing the Internet of things (IoT) and 

digitalization of agricultural production  

Creating a unified information base on 

resources for agricultural producers 

At present, the information resources required 

by agricultural producers are quite scattered 

and poorly systematized. 

It is required to integrate the resources needed 

by agrarians into a unified information base 

that will accumulate all the information 

required by rural entrepreneurs about 

machinery, goods and services in one place. 

The Foundation of Agriculture Promotion 

proceeded to the implementation of this 

project in 2017. Undoubted advantage of the 

information base is that the information 

collected in it will be available in both 

"online" and "offline" modes. This will allow 

to cover most of the interested audience. 

According to experts, the creation of such a 

database is a necessary step to agriculture 

intensification and optimization of the costs of 

agricultural production. 

Introducing the IoT and digitalization of 

agricultural production 

Productivity of agriculture is an indicator 

reflecting the volume of output per employee 

and describing the level of living labor costs 

in production, labor intensity of production 

and, ultimately, its competitiveness. 

The resulting indicator of productivity is the 

yield of crop farming (or livestock breeding 

productivity), as well as the maximum 

utilization of resources (each ha of area, each 

unit of equipment, kg of fertilizer, 

agrochemistry, ruble invested, etc.). 

Russia has at least a three-fold reserve of 

increase in the yield of grain crops in 

comparison with the US and Germany. 

The lag by labor productivity in agriculture in 

general is 3 times compared to Germany and 

more than 20 times compared to the US. For 

example, following the results of 2015, the 

gross value of agricultural products in Russia 

per employee was $8 thous. dollars, while in 

the USA it was $195 thous. [10]. 

One of the relevant tasks of Russian 

agriculture is the accelerated narrowing of the 

technological gap with developed countries, 

increase in agricultural productivity due to the 

use of precision farming technologies, 

improvement of instruments for collecting and 

analyzing data and automation of agricultural 

processes. 
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The analog period in agriculture is over; the 

industry has entered the digital age. 

Investment bank Goldman Sachs predicts that 

the application of next generation 

technologies is able to increase the 

productivity of global agriculture by 70% by 

2050 [9]. 

Experts estimate that due to precision farming 

technologies based on the IoT, there can be 

such a surge in yields which humanity has not 

seen even at the time of emergence of tractors, 

invention of herbicides and genetically 

modified seeds. 

Realization of the IoT projects in agriculture 

shapes the partner ecosystem. There is 

interaction between the members within this 

system, where cooperation is much more 

beneficial than competition with each other. 

Members of this ecosystem can use the 

common infrastructure and the IT platform 

interface to introduce innovations and create 

new products that they could never create on 

their own and that will be made available to 

general consumers. Within such cooperation, 

each ecosystem member promotes a common 

solution, achieving positive result for all 

members. Required members of IoT projects 

are device suppliers, telecom operators, IoT 

platforms, system integrators, app developers 

and customers. 

Experts estimate that such a model of creating 

added value, based on the IoT technology and 

integrated automation of production business 

processes in agricultural production will allow 

to: 

-Approximately halve the price level for basic 

food products in Russia, while improving 

their quality. This can be achieved through a 

3-5-fold increase in labor productivity in 

agriculture, resulting from a reduction in the 

mark-up in the wholesale and retail chain. The 

volume of the food and agricultural products 

market is expected to increase by 1.5 times, 

and the annual increase in net profit may 

reach 200 bln rubles. 

-Significantly improve the level of automation 

of the key production and business processes 

of rural households. 

According to preliminary estimates, this will 

increase the consumption of information 

technologies by agricultural producers by 156 

bln rubles (+22% to the current volume of the 

IT market in Russia) and data transmission 

services by 11 bln rubles annually (+19% to 

the current volume of data transmission by the 

corporate sector in Russia). 

-Increase availability of borrowed resources 

for agricultural producers. Switch to 

integrated automated supply chains for 

agricultural products will ensure transparency 

of this process for banks and reduce lending 

risks, which in turn will increase the volume 

of lending to agricultural producers by 500 

bln rubles. 

-Create skilled jobs in the village with a 

higher level of wages. 

According to experts from Jôson & Partners 

Consulting, the total economic impact of the 

introduction of the rural production business 

model based on the IoT and digitalization can 

reach more than 4.8 trln rubles per year, or 

5.6% of Russian GDP growth (relative to 

2016 figures), while the possible increase in 

the volume of consumption of information 

technologies in Russia can amount to +22% 

due to the digitization of only one industry ï 

agriculture. 

 

CONCLUSIONS 

 

Results of the conducted study lead to the 

following conclusions: 

-Information systems are currently introduced 

in Russia that allow to automate the processes 

to ensure the national food security in state 

authorities. State information resources are 

used by 98.4% of regional and 62.6% of 

municipal administrative bodies of 

agribusiness. 

-The information infrastructure in rural areas 

is not sufficiently developed compared with 

the urban area. However, the results of the 

conducted study indicate that information 

technologies are becoming more widespread 

in rural areas. More than 60% of rural 

households have PCs and Internet access. 

-According to many experts, modernization of 

production systems and application of modern 

information and digital technologies are 

drivers for increasing agricultural productivity 

and intensifying the agricultural sector. 

Having reviewed the expert opinions, the 
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author outlined two key areas of agricultural 

production intensification using information 

technologies: creating a unified information 

base on resources for agricultural producers 

and introducing the IoT, and digitalization of 

agricultural production in the Russian 

Federation. 
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Abstract 

 

Research goal was to gather data regarding soil tillage, operations with agricultural implements and machines to 

alter soil features and to guide vegetation factors (water, air, heat, nutrients and biological activity) thus developing 

optimum conditions for crop development. Research objective was unconventional soil tillage on vertisol. Soil 

tillage has been integrant part of agriculture since times immemorial and it has helped preparing the germination 

bed, reducing soil compaction (to increase soil aeration and improve root system development), reducing weeding, 

incorporating fertilisers and amendments, and managing plant debris.  

 

Key words: soil, fertilisers and amendments, vertisol 

 

INTRODUCTION  
 

Soil conservation covers a set of activities, 

measures and technologies competing to 

maintain soil fertility without sensibly 

reducing crops or cropping costs.  [13] 

This concept developed from the fact that soil 

is the most important asset of human 

existence ensuring food production, raw 

matter for the various industries, energy etc. 

[5] 

Therefore, maintaining soil biological 

capacity is a must for social life.  

For a long period of time, agriculture and soil 

tillage have been seen as synonyms. [4] 

Soil tillage have been an integrant part of 

agriculture since the very beginning and it has 

helped preparing the germination bed, 

reducing soil compaction (to increase soil 

aeration and improve root system 

development), reducing weeding, 

incorporating fertilisers and amendments, and 

managing plant debris. [2] 

Maybe the most deeply negative effect of soil 

tillage in the world has been soil degradation 

because of wind and water action.  

About 80% of agricultural area at world level 

suffer because of moderate erosion with soil 

losses of 30-40 t/ha/year. [7] 

Incorporating plant debris and leaving the soil 

uncovered allow wind and water to move soil 

particles as dust or sediments.  

Increasing apparent density and reducing 

porosity in degraded soils makes difficult soil 

penetration by the plant root system and its 

access to nutrients. [1] 

Applying soil tillage widely in Romania aims 

at conserving soil fertility; it is extremely 

important particularly because arable areas are 

increasingly cultivated without a specialistôs 

opinion and without a system that takes into 

account short-, medium- or long-term 

consequences. [9] 
 

MATERIALS AND METHODS  

 

Research was conducted on a vertisol. The 

soil work system consisted in minimum or 

low soil tillage.  

It involved basic soil tillage without furrow 

turning, keeping 15-30% of plant debris as 

mulch on soil surface or superficially 

incorporated.  

Mouldboard ploughing is accepted once in 3-

5 years.  

Depending on the implements used in the 

basic tillage, this system can have several 

variants: 

-disc harrowing; 

-chiselling; 

-paraploughing;  

-rototilling;  
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-milling; 

-shanking; 

-combined aggregates. 

a. Disc harrowing  

One can say that disc harrowing has been the 

most researched tillage due to the relatively 

good machine park.  

Heavy disc harrows are sued. 

Their active parts have concave discs set 

sidelong the advancing direction and inclined 

vertically.  

They penetrate the soil up to 10-12 cm, 

cutting and mincing the soil and then partially 

turning it over.[3] 

 It is known that the disc contributes the most 

to deteriorating soil structure, which 

recommends avoiding excessive use; when 

use, it need optimum soil moisture time.  

Disc harrowing alone is followed by rhizome 

weeding (rhizomes are fragmented).[15] 

 

 
Photo 1.Harrowing equipment. 

 

b. Chiselling 

Chisel is an implement that aerates the soil up 

to 16-20 cm deep (maximum 40 cm for deep 

aeration). The working organ (rake) is an arch 

sheet with a claw-like cutter. 

Chiselling aerates the soil without mixing, 

turning over or reversing soil layers.  

High clay-content soil recovers its initial state 

quickly.  

 

 
Photo 2. Chiselling equipment. 

Tillage is high quality when the soil is 

relatively dry. 

 It is recommended particularly in cereal 

crops.[17] 

c. Paraploughing 

Paraploughing is a plough in which 

mouldboards are replaced by active parts that 

aerate the soil without turning it over.  

When used on a soil with plant debris, they 

also use a corrugated disc to mince them.  

Tillage depth is 22-25 cm (maximum 30 cm). 

Using paraploughing is adequate on slope 

lands for anti-erosional protection, on soils 

with a short arable horizon, on sandy soils 

subjected to wind erosion, on salty soils etc. 

[6] 

 

 
Photo 3.Paraploughing equipment. 
 

d. Rototilling 

Rototillers are meant to prepare the 

germination bed at depths between 8 and 18 

cm.  

They are attached to the power take-off shaft 

of the tractor.  

There are several variants of rototillers with 

different tillage widths and tillage organs. 

 It allows simultaneous sowing and 

germination bed preparing.  

 

 
Photo 4. Rototilling equipment. 
 

Soil tillage is done without bringing up moist 

soil layers, thus preserving soil moisture for 

better seed germination.  
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The Packer roller ensures supplementary 

mincing and slight settling and levelling of the 

soil.[10] 

g. Milling  

Agricultural mills are meant to mince and 

aerate the soil to prepare the germination bed 

6-25 cm deep in field crops, orchards, truck 

farming, vineyards, grasslands and haymaking 

fields, on marshy and peaty lands.  

The main uses of the mills are preparing the 

germination bed by mincing, aerating and 

mixing soil layers with organic debris on soil 

surface.  

Their inconvenient consists in a high energy 

consumption compared to other tillage 

machines.[11] 

 

 
Photo 5.Milling equipment. 

 

f.Shanking 

Cultivators are used to till soil superficial 

layers aiming at aerating them and killing 

weeds.  

Soil aeration cultivators can be equipped with 

shanks that are fixed on a 2-3-row frame 

flexibly or rigidly.  

In general, these cultivators also have support 

wheels to regulate tillage depth.  

They operate like chisel-cultivators but only 

10-15 cm deep, mainly on light soils. [12] 

 

 
Photo 6.Shanking equipment. 

 

g.Combined aggregates 

Combined aggregates used in minimum 

tillage allow a single passage in the following 

soil works[8]: 

-aerating the soil without furrow turning up to 

40 cm deep; 

-preparing the germination bed; 

-sowing and rolling. 

Usually, these combined aggregates operate 

on non-aerated soils. 

Optionally, one can use them only to aerate 

the soil and prepare the germination bed on 

non-aerated soils (without a sowing 

equipment) or only to prepare the germination 

bed and sow on ploughed lands (with no 

aerating organs).  

During the tillage process, aeration organs 

split and dislocate the soil at the depth and the 

cutter rotor tills the soil by crushing and 

mincing dislocated soil fragments.  

The cutter rotor minces and aerates by 

breaking down soil fragments, not by cutting, 

which maintains soil natural structure.[1] 

 

 
Photo 7. A combined aggregate. 

 

RESULTS AND DISCUSSIONS 

 

Conservative soil tillage differs from the 

conventional low-tillage in the area covered 

by plant debris after sowing, which should be 

over 30%, and by the less frequent and intense 

aerating tillage. 

Among conservative low-aerating soil tillage 

there is also minimum till.  

This name generated significant confusion in 

the definition and delimiting of conservative 

and conventional tillage systems. 

 It has been considered synonym of low-

tillage, without differentiating between 

conventional and conservative.  

Minimum tillage is defined as minimum soil 

tillage to ensure normal growth and 

development of crops. 
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However, the name minimum soil tillage 

meant to meet the normal plant requirements 

depending on soil features through different 

mechanical soil works ï from direct sowing to 

ploughing by completely turning the furrow ï 

is terminologically rather evasive since it 

covers a rather wide range of technological 

possibilities. [14] 

Minimum tillage could also mean stripe tillage 

or just reducing ploughing depth or giving up 

secondary works in the preparation of the 

germination bed. 

 

CONCLUSIONS 

 

The main conclusions of Romanian research 

generally meet references in world literature 

and they concern: 

-a sensitive growth of indicators of 

compactness (apparent density, resistance to 

penetration) in the superficial soil layer 

without reaching values that could damage 

soil quality or crop growth and development; 

-often important reduction of compactness in 

the layer beneath the superficial one, i.e. a 

tendency to remove the plough sole and its 

negative effects; 

-an increase of water seepage speed into the 

soil with positive consequences for soil water 

regime and avoidance of water excess; 

-on sloppy lands, it sometimes reduces 

significantly the amount of eroded soil, hence 

soil protection and prevention of degradation 

through erosion; 

-higher accumulation of organic matter in the 

superficial soil layer with direct effects on 

physical degradation processes through de-

structuring and crust formation; 

-improvement of biological activity by 

increasing nutrient resources as a result of 

larger amounts of plant debris and of less soil 

tillage; 

-lower energy consumption and costs despite 

the sensitive increase of costs to control 

weeds, diseases and pests. 
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Abstract 
 

Sustainable development is managing and conserving basic natural resources and choosing to make technological 

and institutional changes to meet human needs for current and future generations. Assessing the negative effects of 

ploughing such as practiced in intensive agriculture generated the idea of reducing the number of works ï 

minimum tillage ï and even of totally removing it ï no tillage. 
 

Key  words: minimum tillage, no tillage, sustainable 
 

INTRODUCTION  
 

Direct drill in the stubble is seen as the most 

conservative soil tillage system since it is the 

closest to the natural soil settlement state in 

perennial plants.  

This is the system that combines in the most 

suggestive way the oldest ploughing practice 

and sowing seeds in the most natural way. [3]. 

This technological practice is the result of 

permanent changes in agricultural production 

systems, in soil tillage methods, in 

modernising and improving the machine 

system and, at the same time, a consequence 

of intensifying soil degradation specific to 

conventional technologies. [6]. 

Preventing soil degradation and the 

degradation of other natural resources and 

improving degraded soils through 

conventional technologies, reducing energy 

consumption, increasing soil productive 

potential and increasing the efficacy of water 

use have triggered the implementation and 

extension of direct drill in modern agriculture. 

Direct drill is the most performing technology 

developed in agriculture nowadays [4]. 

This system involves sowing on no-tillage soil 

that is not maintained mechanically or treated 

for weed control [1]. 
 

MATERIAL S AND METHODS  
 

Direct drill can only be applied in a modern, 

performing agricultural system based on high-

quality management inputs with strict 

requirements for good results to be observed. 

One needs to mention that direct drill is a 

technology in which mulch is a must since 

this is the only way to prevent evaporation 

and preserve soil moisture.  

This requires precision machines to sow, 

integrated pest control measures, and the 

proper fertilisation system. 

The ñno-tillageò system developed by Phillips 

and Young (U.S.A.), in 1960 in maize is not 

another way of preparing the soil, but a 

system in which all interventions 

(fertilisation, herbicide application, etc.) are 

done according to directions.  

In the U.S.A. and Canada, they direct drill on 

52% of the arable area; in Latin America, 

44%, in Australia, 2%, and in Europe, Asia 

and Africa, about 2%. 

Direct drill can be used in a wide range of 

crops except for potato, intensive vegetable 

crops and some special crops.  

In passing from classical technology to direct 

drill we need a transition period of about 3-4 

years. 

 During this time, production decreases but it 

adapt to the new tillage system.  

From a cultivation point of view, soil 

structure improves, humus content increases 

due to increased mineralisation, soil porosity 

increases, and so does water availability [2]. 
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Passing to direct drill supposes the following 

steps:  

-Choosing the land: the soil needs to be 

clayey, silt-loamy, be well-structured, 

properly aerated, biologically active, and with 

a high content of humus.  

Among soils meeting these requirements are 

faeziom, chernozem, gleisol, etc.  

Depending on the soil type, they apply solid, 

liquid mineral fertilisers or organic fertilisers; 

-Basic soil tillage in summer (ploughing, 

aeration works) together with fertilisation; 

-Preparing the germination bed and sowing 

winter cereal; 

-Harvesting the next year maintaining plant 

debris (straw, stubble) on the soil; 

-Killing perennial weeds on the stubble and 

direct drilling without any other soil work. 

Since the soil is covered with plant debris 

from the previous crops and direct drill is 

done only on the stripes to be sowed, we need 

to ensure proper control of water and wind 

erosion and save labour force and fuel [7]. 

 

 
Fig. 1. The technological scheme of a sowing machine 

for sowing plants 

Legend: 1-frame machine; 2-frame section; 3- disc for 

shredding vegetal remains; 4-disk cleaning line; 5-

coulter double disc; 6-seed box; 7- distribution 

apparatus; 8-stroke depth adjustment; 9-row row 

compression. 

 

A direct drill machine needs to aerate and mix 

the soil as little as possible and put the seed 

into the soil so that it enjoys optimum 

germination and growth conditions.  

Working organs are devised to allow working 

on both dry and moist soils with large 

amounts of plant debris. [8]. 

 
Fig. 2. Placement of seed in the soil at direct sowing 

machines 

Legend: 1-disc for opening the soil strip; 2-tube 

signage control; 3-seed placement in the soil; 4-wheel 

for sowing depth adjustment; 5-stroke wheel. 

 

Machine active organs operate narrow 

openings to introduce the seeds (disc furrow) 

and also, sometimes, fertilisers.  

 

 
Fig. 3. Aggregate consisting of tractor and direct 

sowing machine 

 

Direct drill machines differ from the ones 

used in classical technology mainly by using 

other types of coulters and some 

supplementary auxiliary organs to remove 

plant debris, to cover the soil with seeds, etc.  

They use, in general, disc coulters and chisel 

coulters, but also combined coulters. 

They have noted the efficacy of the 

corrugated coulters that ensure better mincing 
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of plant debris along the rows.  

The direct drill machine needs to be able to 

operate with large amounts of plant debris.  

For the disc coulters to penetrate the soil at 

the desired soil depth, we need a pressing 

force per coulter of about 270 daN.  

This means, for a machine sowing straw 

cereals with a width of 3 m, a weight of at 

least 3 t.  

Therefore, direct drill machines need high 

power tractors.  

To reduce the general weight of direct drill 

machines and maintain coulter pressing force, 

they have designed precision machines that 

transfer the force from the hydraulic lift to the 

coulter with lever and arch mechanisms [5]. 

Chisel coulter direct drill machines need 

lower load and can be lighter.  

These machines mix soil more along the rows 

and make better aeration favouring better 

heating and seepage of water around the seed; 

however, when the amount of straw is high, 

the machine cannot operate at its best. 

Direct drill is another working system, not 

another sowing system, which is also obvious 

because of the acceptable weeding rate. 

 The failure to use direct drill is caused by 

improper weed control. 

 

RESULTS AND DISCUSSIONS 

 

Research show that effective weed control 

methods in direct drill need to rely on a 

complex of herbicides and mechanical and 

cultivation methods specific to each crop 

depending on the weed structure and biology. 

These weed control methods can be grouped 

into preventive methods, that prevent seeds 

from being brought in from other sources, and 

curative methods, that act directly on the 

weeds.  

The no-tillage system differs from classical 

sowing technologies: in order to be 

successful, we need to observe all the steps 

involved in the sowing technology. 

  

CONCLUSIONS 

 

Agricultural research and practice show that 

disc direct drills remove the danger of 

clogging even with large amounts of plant 

debris.   

There are deficiencies in functioning on moist 

soils where the disc does not cut plant debris 

but rolls them over pushing them at the 

bottom of the furrow and placing the seeds on 

them. With larger amounts of plant debris and 

under drought conditions, germination is 

hindered until plant roots penetrate the vegetal 

layer and ease the action of disc coulters of 

opening the ditch; direct drill machines have 

organs for the cleaning of the operated area. 
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Abstract 

 

Changing demand against locally produced foods amongst Igbo farm households in South-eastern Nigeria is in the  

increase. Food items such as rice, fish, and poultry products are among imported foods that presently challenge 

consumer preferences.  It is pertinent across farm household ages and income groups to determine factors that 

inform trade-off in consumption of imported foods which types are locally produced.  A survey of the core Igbo 

states was carried out following a multi-stage cluster sampling method that selected five of the seven States that are 

traditional home of the Igbos.  A total of 480 farm households were chosen as panel of respondents from whom 

socio-economic and food consumption information was gathered using a mixture of methods. Data on protein and 

carbohydrate intakes were gathered by interviewing each household member except infants on the food consumed 

on a 48ïhour-recall approach. The analysed data revealed that foods produced included roots, tubers, cereals, 

legumes, fats and oil, fish, meat, eggs, fruits, vegetables, and spices. There were significant differences between 

value of annual per capita nutrition gaps in intake of energy foods and protein (respectively) by Children, 

Adolescents and Adults in the farm households.  The age of the household head was a factor that positively favoured 

consumption of own foods against their imported brands. The study recommended that households should patronize 

own products and call for change of tastes, preferences and value as well as adjust their production plans to 

produce more legumes in their product mix.  

 

Key  words: consumption attitude, own products, imported foods, Igbos, Nigeria  

 

INTRODUCTION  
 

With increasing globalization, spread in 

education and travels by human population, 

the lifestyles are seriously changing especially 

in feeding within and across geographical 

areas with limited diversity in food products. 

In south-eastern Nigeria with dominance of 

starchy roots and tuber crops (21 species), 

vegetables (116 species), legumes (20 

species), nuts/seeds (21 species), fruits (36 

species) and 12 species of mushroom [20], 

spending on foods by rural households has 

joined this trend especially with exposure to 

risk of consuming imported foods. This is 

either in preference or complement to 

farmersô own products.  This changing 

demand for locally produced foods in South-

eastern Nigeria seem likely to be shaped  by 

same factors that have affected developed 

countryôs demand for their own locally 

produced products. These factors amongst 

others include food availability, seasonality, 

affordability, convenience, tastes and health 

concerns. [4] have recognized that there is a 

trade-off in food choices of wealthy educated 

households between tastes and health 

concerns.  

Full community participation is needed to 

understand reasons, plans to alter quality of 

local products and positively influence their 

consumption by households especially those 

involved in producing them. This requires 

good understanding of customary values of 

indigenous foods and changing of the 

attitudes of people who least prefer them to 

the more or less instant foods imported into 

the country (especially inmates of the farm 

households). Most imported foods come into 

global markets in their processed forms which 

obviously have elements of value addition. In 

Nigeria and other less developed economies, 

low-income and relatively less educated 

households dominate settlements in the rural 

areas and inhabitants feed mainly on less 

healthy diets. This might be as attributed to 

mailto:emerolechriso@yahoo.co.uk
mailto:chimaezeh@yahoo.com
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relatively high cost of the healthy foods 

[7,12], while consumption of the better diets 

by educated consumers often domicile in 

urban areas are attributed to having superior 

health knowledge [8, 25].  

Amongst the Igbos, it is glowing penchant to 

brag of feeding and clothing on foreign made 

items. [5] observed that Nigerian consumers 

rated made-in-Nigeria products lower than 

products made in more economically 

developed nations on basis of superior 

reliability and technological advancements.  

Certain food items such as rice, fish, and 

poultry products are among imported foods 

that are presently challenging consumer 

preference for their local production. This has 

adversely affected the foreign exchange 

reserve and contribution of Agriculture to the 

Gross Domestic Product (GDP), and 

worsened the per capita income of the 

farmers. Malnutrition cases especially in the 

rural areas have also been recorded [10].  

There is the problem of rural-urban 

interactions [19] influencing consumption of 

locally produced foods. What happens to 

consumption in urban areas gradually has a 

way of being transmitted to people producing 

foods in the rural areas and vice versa. 

Problems faced by producers in developing 

economies have much to draw from their 

household socio-economic, cultural, and 

ecological factors as well as the behaviour of 

consumers [16] especially when considered in 

the contemporary shifts of macro-economic 

transformations and value-chain reforms [8]. 

Unavoidable increases in population within 

the core Igbo states with fragile soils, 

declining land-man ratios, changing patterns 

in traditional occupation, and exposure of the 

people to foods from other areas of the 

country and abroad  are encouraging trade-off  

in consumption of local species and varieties 

of foods as well with other foods purchased 

and brought into the area by traders.  

This study was to analyze the consumption 

attitudes of farm households in Igbo rural 

communities to their own produced foods and 

to such brand of foods imported into Nigeria. 

Specifically the study: 

(i)identified traditional foods produced locally 

and their nutritional content; 

(ii)estimated the annual per capita nutrition 

gaps in protein and energy food intakes of  

children, adolescents and adults of the Igbo 

rural households; 

(iii)determined factors that inform trade-off in 

consumption of imported foods which types  

are produced traditionally by Igbo rural 

households.  
 

MATERIALS AND METHODS  

 

Study Area 

This study was carried out in core Igbo 

inhabited south eastern states of Nigeria. A 

region located between Latitudes 4
0
 10

/ 
N and 

7
0
 05

/
 N of the Equator and Longitudes 7

0
 08

/
 

E and 9
0
 15

/
 E of the Greenwich Meridian. 

The Igbos, is a race that number over 23 

million with population densities ranging 

from 300 to over 1,000 persons per square 

kilometre, and the highest in West Africa 

dominate the South-eastern Nigeria [18]. 

Permanent Igbo settlements are widely 

distributed in six ecological areas within the 

Igbo culture area. These comprise: the 

southern half of the scarp lands of South 

Eastern Nigeria, the southern half of the lower 

Niger basin, the Midwest lowland, the Niger 

Delta, the Palm Belt of South-eastern Nigeria 

and the Cross River Basin [20]. In the present 

structure of Nigeria into states, these 

permanent Igbo settlements are in Abia, 

Anambra, Ebonyi, Enugu, Imo and parts of 

Delta, and Rivers States of Nigeria.  

Sampling Technique 

This study adopted a cluster sampling method 

that selected five of the seven States that are 

traditional home of the Igbos. The chosen 

States were Abia, Anambra, Ebonyi, Enugu 

and Imo. From each of the chosen States, two 

agrarian local Government Areas (LGAs)- 

one from the North and the other from the 

southern part of the state were randomly 

selected to ensure adequate coverage of the 

states. The chosen LGAs are: Bende and 

Ukwa West from Abia State; Ohaji and 

Obowu from Imo State; Onitsha North and 

Awka South from Anambra State; Ezza North 

and Ivo from Ebonyi State; Enugu North and 

Udi from Enugu State. Two (2) agrarian 

communities were selected from each chosen 
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LGA. The communities involved following 

the above sequence were Akoli Imenyi, 

Itumbuzo, Omuma Uzo, Umuekechi; 

Obosima, Avu, Avutu, Otoko; Atani, Odekpe, 

Umuatu Nibo, Ekwulobia; Ezza, Ngwo, 

Ishiagu, Mile 2; Obolo, Obolo Afor, Obinagu, 

and Eke;   This gave a total of twenty (20) 

communities involved in this study. With the 

assistance of Agricultural Block Extension 

Supervisors (BES) in the chosen LGAs, 

twenty eight (28) farm households were 

randomly selected from each community for 

Panel formation and primary data gathering. 

A total of 480 farm households constituted the 

panel of respondents from whom socio-

economic and food consumption as well as 

behavioural information was gathered at the 

first visit. Subsequently a form with questions 

requesting for information on the same food 

consumption behaviour was administered on 

members of the panel fortnightly for three 

months. 

Data Gathering 
Primary data were gathered from members of 

the panel of respondents using questionnaire. 

Data collected included household 

demographics of age, household size, level of 

formal education; traditional foods produced 

by farm households; hectare of land in present 

and previous cultivation of cultivated 

traditional foods; annual farm income; 

preference for foreign type of the  locally 

cultivated foods; number of times product is 

eaten weekly; price of imported and price of 

locally produced product; value of foreign 

type of a locally produced product consumed; 

value of foreign type of a locally produced 

product received as gift; and farmer 

perception of local product quality compared 

to foreign type consumed.  

Data on the protein and carbohydrate intakes 

was gathered by interviewing each household 

member except infants (persons who are 

breast fed) on the food consumed within the 

last 48 hours. Fifteen infants were 

encountered in these households. A total of 

3,600 individuals as members of 480 

households were thus interviewed using the 

approach of 48ïhour-recall of meal(s) eaten.  

The members were asked the type and 

quantity of food they ate during each meal in 

the previous meal and in the day after. The 

protein and carbohydrate content in each food 

item (in percentage) was used to estimate the 

protein and carbohydrate proportion in all the 

meals consumed per person per day and 

projected for a year. 

Data Analytical Technique  

Objective i had its result displayed and 

discussed with frequency distribution table. 

Objective iii was addressed with Probit 

regression analysis of commodity trade-off of 

consumption function. This model as 

emphasized by [14] is appropriate when the 

decision takes one of only two possible values 

(eg. Yes or No). 

 

[Fzi]                                                       .... (1) 

Given 

Zi = ɓ0 + ɓ1X i                                       

Y i = ɓi + ɓ2X2i + é + ɓk Xki + ɛ          .....(2) 

Y* is unobserved but Yi =0 if yi* = 1 then Y* 

Ó 0 

P(Yi = 1) =P(Yi*Ó0) 

P(ɛi Ó -ɓ1- ɓ2X2iééé..  - ɓk XkL                ....(3) 

where i = 1, 2éééééééé480 

consuming farm households; 

ɓi= A Vector of unknown coefficients. 

X i = independent variables- 

characteristic/variable observed on ith 

individual. 

Implicitly, the model was specified as 

follows: 

Ct=f ( Y,T, Ld, Gf, Dp, Pg, Kc, Ag , Ed, ɛi) 

where: 

Ct= Consumption trade-off (Preference for 

Foreign product-yes=1; Otherwise =0); 

Y = Annual Farm income (Nô000);   

T = Number of times product was eaten 

weekly (Proxy for consumer taste); 

Ld= Declined hectare of land from previous 

cultivation (ha); 

Gf = Value of foreign type of locally produced 

product received as gift (Nô000); 

Dp= Declined average yield of produced crops 

(tonne/ha); 

Pg= Unit Price gap of imported and locally 

produced product (N/tonne); 

Kc= Farmer perception of local product 

quality (lower=1; otherwise= 0); 

Ag = Age of head of household (Years); 

Ed = Level of formal Education of head of 
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household (Years); 

ɛi = Stochastic error term randomly 

influencing individual consumption trade-off. 

Per Capita Food Quantities 

The quantity of different food items 

consumed weekly were collected in different 

units of measurement and converted to grain 

equivalent value. The weekly values so 

obtained were extrapolated for the month and 

for the year. The annual per capita values 

were generated by dividing the annual grain 

equivalent values by the appropriate total 

number of household members.  

Estimation of protein intake followed 

procedures of previous works [3,15]. The 

protein content in each food item consumed 

was determined and used in estimating the 

proportion in the total food intake of each 

member of the household. The per capita 

daily protein intake was estimated following 

the model they used, thus: 

         m 

Ci = ×  aijɓj 

       i=1 

where: 

Ci= Per capita daily protein (g) intake level of 

the ith individual in the study area; 

aij = the weight in grams of the average daily 

intake of the food commodity j by the ith  

individual; 

ɓj = the standardized food protein content of 

the j food commodity. 

The household protein and carbohydrate 

intake was estimated as the weighted average 

of per capita intakes in the households using 

the male adult equivalent. The male adult 

equivalent refers to the total food (protein or 

carbohydrate) requirements of a household 

divided by the food nutrient requirements of 

an adult male. The amount of energy provided 

by carbohydrates is almost constant for all 

forms as one gramme of it provides 4.0 kilo 

calorie of energy regardless of the source. The 

[29] stipulated that an adult male is a male 

aged 20-45 years. The generated daily per 

capita food nutrient intakes was weighted to 

male adult equivalent daily intakes and 

projected to the annual per capita nutrient 

intake in the households by multiplying each 

estimate by 365 days.   

Test of hypotheses 

To test hypothesis H0:1 involving interaction 

between the three mean values of annual per 

capita quantities of traditional foods produced 

and consumed and those of their imported 

types consumed by high, medium, and low 

income groups: 

H0: ɛ1= ɛ2= ɛ3 

H1: ɛ1Í ɛ2Í ɛ3 

A two-way Analysis of Variance (ANOVA) 

of the means was carried out. The test of 

hypothesis H0:2, about differences among the 

own-produced foods (A) was obtained by 

comparing FA with F t ï 1, (r ï 1) (t -1)  at 0.05 

alpha level of probability and similarly, 

differences among the imported food types 

(B) was tested by comparing FB with F r -1, (r ï 

1) (t -1). 

The test of hypothesis H0:3 involving three 

means of consumption (by age classes) via 

nutrition gaps of protein and energy foods 

intake respectively was carried out with one-

way ANOVA as follows: 

H0: ɛ1= ɛ2= ɛ3 

H1: ɛ1Í ɛ2Í ɛ3 

A one-way Analysis of Variance of the means 

(ANOVA) was done. 

The test of hypothesis was actually done by 

comparing computed F-ratio with tabulated F 

t-1, n-t at 0.05 alpha level of probability. 

 

RESULTS AND DISCUSSIONS 

 

Household Demographics 

The age, gender, level of education and work 

earning ability of household members, help in 

defining their roles and statuses in the 

functional social setting.  These are shown in 

Tables 1é4.   

Table 1 revealed that a good proportion 

(16.04%) of  household of respondents was 

within the age range of 0 ï 5 years and  a 

dominant (40.63%) of the members were aged 

between 18 and 60 years. The school age 

cohort of 6 ï 17 years constituted 27.92% of 

the households. The retireeôs age 

cohort of above 60 years constituted 15.41% 

of the number of persons in the household. 

This population structure has worrisome 

implication on both production and 

consumption behaviour. The structure 

revealed a young population with high 
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dependency ratio that could engender low 

local production, high commodity demand 

with inherent difficult in meeting household 

food demands and informs reliance on 

imported foods in the area. 
 

Table 1. Distribution of farm households in Igbo 

Communities by age  

Age (Years) Number 

(n=480) 

Percent 

(%)  

0 - 5 77 16.04 

6- 17 134 27.92 

18 - 60 195 40.63 

61 and above 74 15.41 

Total 480 100.00 

Source: Own Calculation. 
 

Revealing the gender composition of the 

household population by age, Table 2 showed 

relatively more females (263) than males 

(229) across the age cohorts in the area. This 

slight dominance of females, conveys a 

potential source of more women labour for 

farm activities and consumption of own foods. 

Previous studies [1, 21] have recognized 

participation of more women in food crop 

production and other economic activities in 

households. Findings of a study funded by the 

United Nations Development Programme 

(UNDP) also revealed that depending on 

region in Nigeria, that women produce about 

two-third of food crops [27]. 
 

Table 2. Distribution of farm households in Igbo 

Communities by gender 

Age Cohort Gender 

Male Female 

0 - 5 33 54 

6- 17 66 68 

18 - 60 94 101 

61 and above 36 40 

Total 229 263 

Source : Own Calculation 
 

In terms of acquisition of formal education by 

heads of the farm households, Table 3 showed 

that cumulatively, more than 92.00% of heads 

of farm households or household consumption 

decision makers in the area had formal 

education. This revealed increased literacy 

levels amongst heads of farm households in 

the Igbo states of Nigeria. Illness-based 

reports on what influence educational level of 

head of households and foods consumed had 

been documented [22]. According to the 

report, high level of educational attainment of 

heads of households was associated with more 

reports of illness based on what was 

consumed.  

This shows that education rightly creates 

awareness of what constitute good foods to be 

consumed.  

Table 3 revealed that many of the heads of the 

farm households were people that had at least 

primary education. Among them, 33.96% had 

completed their primary education, 17.08% of 

them had attempted primary education.  
 

Table 3. Distribution of heads of households by level of 

education attainment 

Formal Education 

of 

Household Heads 

Number of 

Farmers 

Percent 

(%)  

No formal Educ 37 7.71 

Pry Sch. Attempted 82 17.08 

Pry Sch Completed 163 33.96 

Sec Sch. Attempted 77 16.04 

Sec Sch Completed 66 13.75 

Voc/Teacher 

Training 

38 7.92 

Tertiary Educ 

Attempted 

6 1.25 

Tertiary Educ 

Completed 

11 2.29 

Total 480 100.00 

Source: Own Calculation. 
 

Persons that had secondary education 

contributed to production and participated in 

consumption as 16.04% had attempted 

secondary education and 13.75% had 

completed secondary education. The heads of 

households that had tertiary education were 

the least in proportion as 2.29% and 1.25% 

had completed and attempted tertiary 

education respectively in the farm households.   

Table 4 showed that the highest mean annual 

farm income of N727,000.00 was from 

livestock and earned by 101 households in the 

area, followed by N103,000.00 earned from 

cash crops and earned by 130 households and 

the least of N40,000.00 was earned from food 

crops by 249 households. 
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Table 4. Distribution of households by main enterprise 

and annual farm income in Igbo Communities 
Enterprise Number of 

Households 

Annual 

income 

(Nô000) 

Mean 

Annual 

income 

(Nô000) 

Food crops 249 9,958 39.99 

Cash crops 130 13,400 103.08 

Livestock 101 73,418 726.91 

Total 480 96,776 201.62 

Source: Own Calculation 

 

Traditional Foods Produced and their 

Bundle Types. 

Table 5 showed traditional foods produced in 

farm households by their classes in Igbo farm 

households. The Table revealed food classes 

of roots, tubers, cereals, legumes, fats and oil, 

fish, meat, eggs, fruits, vegetables, and spices.  
 

Table 5. Traditional foods produced by their classes in 

Igbo farm households 

Food 

Class 

Food items/food Bundle 

                    Energy Foods 

Roots Cassava (foo foo, tapioca/Nsisa, Gari, Eba);  
Cocoyam  

Tubers Yam (boiled, roasted, fried, porridge) 

Cereals Rice (boiled, Jellof, fried), Maize (roasted, 

 boiled) , Akamu, Agidi,  

Legumes Beans (Akidi,) breadfruit, Moi moi, Akara,  

Melon/Egusi (caked or boiled), 

Fats and 

Oils 

Palm oil, Coconut, Pears, Cashew nuts, Ground nuts, 

Bambara ground nuts(Okpa) 

                                            Protein Foods 

Fish Cray fish, Cart fish (fresh, dried), Tilapia (fresh, 

dried), 

Meat Chicken, Goat meat, Pork, Snail 

Eggs Chicken egg 

            Vitamins, Minerals and Antioxidant Foods 

Fruits  Banana, Pineapple, pepper, garden eggs, cashew 
fruit, oranges, Chrystophylum albicum, Plantain, 

Paw paw 

Vegetab

les 

(leafy and fruit vegetables) Fluted pumpkins, Bitter 

leaf, broad leaf pumpkin, Uha, Okra, 

Spices Ogiri, Curry leaf, Scent leaf 

Source: Own Calculation. 

 

The roots, tubers, cereals, legumes, fats and 

oil are basically energy foods; fish, meat, and 

eggs, supply mainly proteins while fruits, 

vegetables, and spices amongst others supply 

mainly vitamins and antioxidants. The bundle 

of energy foods included Cassava (foo foo, 

tapioca/nsisa, gari), Yam, Plantain, Maize 

(akamu, agidi), rice and cocoyam. Other 

energy supplying foods are the palm oil, and 

dried coconuts, local pears and cashew nuts 

that supply needed oil and fats. Protein 

sources included Legumes (beans, akidi,  

bambara groundnut (okpa), breadfruit 

(ukwa)), chicken eggs, pork, goat meat, snails 

and fish.  

The fruits and vegetables among others 

included banana, pineapple, pepper, garden 

eggs, cashew, fluted pumpkins, uha, udara 

(Chrystophylum albicum), okra, and oranges 

widely eaten in the area supply people with 

the needed vitamins, antioxidants and [23, 

24].  

All the foods are primarily eaten to stop 

hunger and improve livelihood and are the 

entitlements of the households [6].  

Annual per capita quantities of the 

traditional foods produced and consumed 

with their imported types consumed 

Table 6 showed estimated mean annual 

quantities of some selected foods produced 

and consumed. These are staple crops and 

meat including the quantities of their imported 

types equally consumed by types of 

households. The selected food are rice, 

cooking oil (red palm oil and/or bottled 

vegetable oil), fish (fresh, frozen and dried), 

chicken (frozen and live) and spices. The farm 

households produced these traditional foods 

and consumed part or all of them. Some 

others for purposes of satisfying their tastes or 

preferences went ahead and purchased the 

imported form of the same foods they 

produced to meet their household needs. The 

per capita estimates of traditional foods 

produced and consumed compared with their 

imported types consumed gave clue to the 

dynamics and structure of food trade off 

behaviour.  

Table 6 showed that households in high and 

medium income groups preferred the 

imported rice to the rice they produced 

locally.  

The households in the low income group had 

zero differentials in quantities of the locally 

produced rice they consumed compared with 

the quantities of the imported rice they 

consumed.  

This suggests practice of subsistence farming 
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amongst the low income category of food 

producers and awakened the need to 

encourage them to go into commercial 

farming that guarantee sustainable household 

food provision. 

Comparing own products with their imported 

brands, the Table revealed a positive own-

produced product differential in respect of 

cooking oil, chicken and spices.  

The households consumed more of their 

produced red palm oil, chicken and locally 

grown spices while consuming less of 

imported types of these products.  

For fish (a protein source consumed), the 

consumption mean differential favoured the 

imported fish (mostly frozen type) and 

equally signalled household insecurity in 

respect of fish as food in the region. 

 
Table 6. Mean annual per capita foods (Own produced 

versus imported types) consumed by income groups in 

Igbo farm households 
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15.0 
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-0.4 

 

+0.2 
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*Based on [2] Classification in ñRenaissance Capital Survey on booming 

Nigerian Middle Classò N75,000.00--N100,000.00 monthly (US$480-

US$645 monthly). n varied according to number of  respondents that fall 

to each income category. 
Source: Own Calculations 

 

Test of hypothesis 1 

Ho:1 There is no significant interaction 

between the value of annual per capita 

quantities of traditional foods produced and 

consumed and their imported types consumed 

by high, medium, and low income rural farm 

households. 

H0: ɛ1= ɛ2= ɛ3 

H1: ɛ1Í ɛ2Í ɛ3 

 The result of two-way Analysis of Variance 

(ANOVA) of the means is shown as Table 7 

(a) *. 

 
Table 7 (a). Analysis of variance (ANOVA) of 

traditional foods produced and their types imported and 

consumed 

Source d.f SSD MSD F-

rati o 

Own-

produced 

food (A) 

2 25090.56 12545.28 1.357 

Imported 

food type 

(B) 

1 36557.44 36547.44 3.954 

Error  2 18484.4 9242.2  

Source: Own Computations. 

*This hypothesis test could not include quantities of 

cooking oil consumed as there was conflicting reports 

of quantities of red palm oil mixed with some imported 

vegetable oils. 

The test of hypothesis about differences among the 

own-produced foods (A) was obtained by comparing 

FA with  

F t ï 1, (r ï 1) (t -1)  at 0.05 alpha level of probability and 

similarly, differences among the imported food types 

(B) was tested by comparing FB with F r -1, (r ï 1) (t -1). 

At 0.05 alpha level of probability, F t ï 1, (r ï 1) (t -1) = 

F1,(2)(1) = 18.5 

 

Table 7 (a) showed own produced foods (A) 

and imported foods (B) with F-ratios of 

1.3574, and 3.9544 computed. The ratios were 

less than 18.5 tabulated at 0.05 alpha levels of 

probability and appropriate degrees of 

freedom. The decision was that the interaction 

between the value of annual per capita 

quantities of traditional foods produced and 

consumed and their imported types consumed 

by high, medium, and low income rural farm 

households was not significant. The null 

hypothesis was thus accepted. The decision to 

combine consumption of traditional foods 

produced and consumed and their imported 

types consumed by high, medium, and low 

income rural farm households was purely the 

personal choice of the consuming units 

(households) and their earnings had not much 

interfering with it.  
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Per capita food energy  distribution and 

gaps 

Traditional energy foods in south-eastern 

Nigeria are mainly roots and tubers. These 

were widely grown by the farm households, 

who also eat much of their produce. The 

carbohydrates were the least expensive . The 

amount of energy provided by carbohydrates 

is almost constant for all forms as one 

gramme of carbohydrate provides 4.0 kilo 

calorie of energy regardless of the source. 

 

Table 7 (b). Estimated per capita energy foods 

(Carbohydrates) consumed by age cohorts in Igbo farm 

households (Percent) 
                Age Cohort (Male and Female) 

 

Food 
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Aged 

(> 60 Yrs) 

Roots 38.41 39.10 50.22 54.57 55.51 

Tubers 38.55 39.11 36.31 34.70 34,30 

Cereals 38.52 39.10 35.29 34.69 34,31 

Legumes 33.27 37.51 51.32 52.65 40,12 

Fats and 

Oils 

  1.86   1.89   2.51   2.53 2.11 

Fish 30.27 32.51 50.22 51.65 50,11 

Meat 31.27 32.51 50.32 52.65 51,12 

Eggs 30.27 37.49 50.12 50.65 49,11 

Fruits  32.27 37.51 41.32 42.65 42,12 

Vegetables 30.27 31.51 40.22 40.45 40,12 

Spices 30.27 31.51 40.12 40.65 40,12 

Others   2.66   2.41   3.14   2.33 3.33 

 

Carbohydrate 
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capita  
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Total Carbohydrate = The percentage of total energy 

available after taking into account that consumed as 

protein and fat (WHO, 2003) .  

Source: Own Estimation. 

 

Table 7 (b) showed energy food intakes by the 

farm households in the study panel distributed 

by their relevant age cohorts. The Table 

showed that the trend in the gap of daily per 

capita intake of total carbohydrate increased 

steadily from pre-school through children, 

adolescents, to the adults but fall slightly with 

the aged. Across the age cohorts, the daily per 

capita total carbohydrate intakes and (energy) 

ranged from 59.56g and (238.24 Kcal) 

amongst the pre-school infants to 73.84g and 

(295.36 Kcal) amongst the adults. These 

values are within anticipated mean (55.75%-

75.0% energy goal) per person per day 

recommended by the [52]. The Table further 

showed that other food groups such as 

legumes, fruits, vegetables, spices, fats and 

oils and protein sources supplied 

carbohydrates in the daily diets consumed in 

the households. 

Test of hypothesis H0:3 (a) 
H0:3 There is no significant difference in the 

annual per capita nutrition gaps in Energy 

food intakes of Children, Adolescents and 

Adults in rural farm households.  

H0: ɛ1= ɛ2= ɛ3 

H1: ɛ1Í ɛ2Í ɛ3 

To carry out this test, one way analysis of 

variance (ANOVA) of the means of energy 

foods consumed by groups gave the results 

presented in Table 7 (c). 

Since 794.99 (Table 7(c)) computed was 

greater than the theoretical 3.00 at alpha 

probability level of 0.05, we concluded that 

there was a significant difference between the 

value of annual per capita nutrition gaps in 

Energy food intakes by Children, Adolescents 

and Adults in rural farm households of the 

Igbo communities of South-Eastern Nigeria. 
 

Table 7 (c). Estimated analysis of variance of 

consumed energy foods by respondents 
Source d.f SSD MSD F-Ratio 

Total 479 28178
846 

  

Treatment 2 21676
035 

10838017.5 794.99 

Residual (error  

or  

within samples) 

477 65028

11 

13632.727  

Source: Own Calculation. 
At 0.05 level Ft-1, n-t = 0.05 at F2, 477 = 3.0 

 

This meant a rejection of null hypothesis 

(Ho1) and acceptance of the alternative (H1). 

Adolescents and adults who do more 

laborious duties consumed more of the energy 
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foods to sustain their lives. This observed 

difference in consumed energy foods might 

suggest that each age group had access 

(mainly from roots, tubers and cereals) to the 

required quantities of carbohydrate food 

nutrient needed. Any deficit in food 

production may have been supplemented with 

foreign brands. 

Per capita protein distribution and gaps 
The protein intake by age cohorts of members 

of the farm households in Igbo communities 

are shown as Table 7 (d). The Table revealed 

variation in percentage contribution of each 

food group to their daily and annual per capita 

intake of protein amongst relevant social age 

cohorts of the households. It as well revealed 

a trend in that the households sourced protein 

in descending order of the following food 

groups: Legumes, Cereals, Fish, Roots, 

Tubers, Meat, Eggs, Fruits and Vegetables. 

Legumes and cereals took the lead in 

supplying protein in meals of Igbo farm 

households an evidence of dominance of 

crops as key sources of protein supplies to the 

households. This revelation also agreed with 

the findings of [3, 15] in Edo State, Nigeria.  

Further, the Table showed that the adults (18-

60 years) and the adolescents (11-17 years) 

consumed the highest daily (21.15g; 21.09g) 

and annual (7,720.79g; 7,699.65g) per capita 

protein respectively compared with the aged 

that consumed the least daily (17.76g) and 

annual (6,481.18g) per capita protein in the 

households.  
 

 

Table 7 (d). Estimated per capita foods protein consumed by age cohorts in Igbo farm households (percent *) 
Food Group Age Cohort (Male and Female) 

Pre School 

(<6years) 

Children 

(6-10 years) 

Adolescents 

(11-17 years) 

Adults 

(18-60 years) 

Aged 

(> 60 years) 
Roots 10.247 11.689 10.213 9.837 6.332 
Tubers 5.782 6.577 5.427 5.631 4.933 
Cereals 22.946 10.617 20.873 23.451 20.551 
Legumes 31.712 33.642 35.213 33.141 29.162 
Fats and Oils 0.000 0.000 0.000 0.000 0.000 
Fish 14.894 14.681 13.327 14.806 12.507 
Meat (Beef, 

Chicken, goat 

meat) 

6.049 3.526 6.173 6.665 5.567 

Eggs 1.983 13.511 9.411 7.634 5.631 
Fruits  0.115 0.126 0.311 0.543 0.441 
Vegetables 0.673 0.112 0.132 0.642 0.712 
Spices 0.135 0.113 0.116 0.117 0.139 
Other animal 

products 
0.112 1.114 1.111 0.121 0.142 

Total Protein 

daily per capita 

intake (g) 

 

19.52 

 

19.73 

 

21.09 

 

21.15 

 

17.76 

Total Protein 

Annual per 

capita intake (g) 

7,123.23 7,203.01 7,699.65 7,720.79 6,481.18 

(*estimate based on %/100g of dry matter consumed) 

Source: Own Calculations 

 

The children and infants consumed relatively 

lower daily (19.73g; 19.52g) and annual 

(7,203.01g; 7,123.23g) per capita protein 

respectively in the area. These protein gaps 

are against the nutritional recommended 

requirements for the age groups and the entire 

households [26]. The protein consumption 

across the age cohorts in the households was 

below the recommended 44.4g per person per 

day which goes to suggest unhealthy gap and 

critical need of protein in the diets of these 

households. These gaps might therefore be 

bridged by the farm households intensively 

embracing technology of animal husbandry 

and aquaculture, (especially those that are yet 

to adopt such).   

Test of hypothesis H0:3 (b) 
H0:3 There is no significant difference in the 
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annual per capita nutrition gaps in Protein  

food intakes of Children, Adolescents and 

Adults in rural farm households.  

H0: ɛ1= ɛ2= ɛ3 

H1: ɛ1Í ɛ2Í ɛ3 

To carry out this test, an analysis of variance 

(ANOVA) of the means of protein intakes by 

groups gave the results presented in Table 

7(e). 

 
Table 7 (e). Analysis of variance (ANOVA) of per 

capita protein of different age groups 
Total 479 9492958.67   

Treatment 2 5419218 2709609 317.27 

Residual 

(error or 

within 

samples) 

477 4073740.67 8540.337  

Source: Own Calculations 

At 0.05 level Ft-1, n-t = 0.05 at F2, 477 = 3.00 

 

Since 317.27 (Table 7 (e)) computed was 

greater than the theoretical 3.00 at alpha 

probability level of 0.05, we concluded that 

there was a significant difference between the 

annual per capita nutrition gaps in Protein  

food intakes by Children, Adolescents and 

Adults in the rural farm households of south-

eastern Nigeria. This meant rejection of null 

hypothesis (Ho1) and acceptance of the 

alternative (H1). The computed 317.27 was 

about half the computed 794.99 for 

carbohydrates (Table 7(c)) and goes to 

suggest that the households consumed far less 

proteins than they consumed carbohydrates in 

the area. 

Determinants of trade-off in Food 

Consumption in Farm Households 

Estimates of factors that influenced decision 

to trade-off food consumption in Igbo farm 

households are shown in Table 8.  

The Table showed that education level, 

declined average yield of produced crops, and 

annual farm income were factors that 

negatively but very highly influenced decision 

to trade-off consumption of foods (decision to 

prefer own produced foods to the imported 

alternatives) within the Igbo farm households. 

Other factors that had significant, negative but 

moderate influence on householdôs decision to 

trade-off locally produced foods with their 

imported types were: number of times product 

was eaten weekly, decline area of land from 

previous cultivation, and unit price gap 

between imported and locally produced 

products. Another significant factor that had a 

slight negative influence on this decision was 

value of foreign type of locally produced 

product received as gift. These revelations 

suggest that, the more educated the food 

purchasing decision maker is, the more the 

declined average yield of produced crops, the 

more the fall in annual farm income, reduced 

number of times product was eaten weekly, 

decline in area of land from previous 

cultivation and increase in the naira value of 

foreign type of locally produced product 

received as gift the less the Igbo farm 

households preferred own products to 

imported ones. 

By these revelations, hypothesis Ho:2 on 

factors influencing food trade off in respect of 

level of education, declined average yield of 

produced crops, annual farm income, number 

of times product was eaten weekly, decline 

area of land from previous cultivation, and 

unit price gap between imported and locally 

produced products was rejected. 

The negative influence of the unit price gap 

between the locally produced farm products 

and their imported alternatives strictly showed 

that the lower the unit price of the product, the 

more the households consumed it. The 

importance of prices of food items on 

household demands and consumption 

expenditures had long been emphasized [23, 

24, 10]. 

Further, Table 8 showed that most of the 

significant household-based variables except 

age of the decision maker (head of 

households) were negatively signed. In terms 

of age (with implications of cultural inertia 

and/or patriotism), the Table revealed that the 

more aged the household heads are, the more 

they preferred feeding on own-produced foods 

to swapping their products with the imported 

types. By this revelation also, hypothesis Ho:2 

in respect of age of household head (decider 

of foods eaten) was equally rejected. 
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Table 8. Maximum Likelihood Estimates of First-Stage 

Probit function of factors influencing rural farm 

households consumption attitudes to own produced 

against imported foods in Igbo States, Nigeria. 
Variable Coefficient Std. 

Error  

t-ratio  

Number of times 

product was eaten 

weekly 

-0.358** 0.18 -1.99 

Education Level 0.162*** 0.026 -6.12 

Value of foreign type 

of locally produced 

product received as 

gift  

 

-0.930* 

 

2.71 

 

-1.45 

Declined average 

yield of produced 

crops 

2.375*** 0.775 -3.064 

Annual Farm income 3.779*** 1.105 -3.42 

Decline area of land 

from previous 

cultivation 

-3.448** 1.227 -2.81 

Unit Price gap of 

imported and locally 

produced product 

 

-0.633** 

 

0.213 

 

-2.97 

Farmer perception of 

local product quality 

1.084 0.912 1.19 

Age of head of 

household 

0.334*** 0.044 7.59 

Constant 4.869*** 0.74 6.58 

-2lnLikelihood  71.32***   

Sample size (n) 480   

*Significant at 10.0%; ** Significant at 5.0%; 

***significant at 1.0% alpha level. 

Source: Own Estimations 

 

This however was the only significant factor 

that favoured consumption of own foods. The 

decisions of households to feed on own 

produced food against the available imported 

ones therefore was hinged on their experience 

and taste both of which are akin to age and the 

cultural value they placed on their own 

produced foods. This cultural value placed on 

own produced foods might be one reason why 

farmers in these communities celebrate some 

of their indigenous crops (yam, Discorea 

spp.; cocoyam, Colocasia esculanta) with 

remarkable annual festivals (new yam 

festival) and Coco yam ceremonies, with 

special recognition on farmers who relatively 

produced much of them. 

 

 

CONCLUSIONS 

 

The following conclusions were drawn from 

the findings of this study: 

(i)The farm households in the south eastern 

Nigeria produced many traditional foods as 

carbohydrates, protein, fats, oil, and vitamin 

sources; 

(ii)There was a positive own-produced 

product differential in respect of cooking oil, 

chicken and spices.  

(iii)Adolescents and adults who do more 

labourious duties consumed more of the 

energy foods than did the infants to sustain 

their lives.  

(iv)There was also  significant differences 

(P<0.05) between the annual per capita 

nutrition gaps in Carbohydrates and Protein 

food intakes (respectively) by Children, 

Adolescents and Adults in the rural farm 

households of south-eastern Nigeria; 

(v)The households also consumed far less 

proteins than they consumed carbohydrates in 

the area; 

(vi)The interaction between the value of 

annual per capita quantities of traditional 

foods produced and consumed and their 

imported types consumed by high, medium, 

and low income rural farm households was 

not significant; 

(vii)The decisions of households to feed on 

own produced food against the available 

imported ones  was hinged on their experience 

and taste both of which are akin to age and the 

cultural value they placed on their own 

produced foods.  

The findings led us to the following 

recommendations: 

(i)Household heads who relatively are young 

and who carry out household purchases 

should follow the footstep of the aged 

household heads in feeding more on own 

products than on their imported brands. This 

indeed is a call for change of tastes, 

preferences and value system; 

(ii)The unhealthy gap across age cohorts and 

critical need of protein in the diets of the 

households demand that as farmers, the 

production plans should be adjusted such that 

more legumes and livestock  form the hub of 

their enterprise and product mix; 
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Abstract 

 

The Main objectives for this work design a small hydrogen gas production unit and maximize hydrogen gas from 

water. A small unit was designed from stainless steel with a number of cells (9, 11, 13, 15 cells), cell distance (1.5, 

1.0, 0.5 mm), duration of unit operation (15, 30, 45, 60 min) and Type of water (Acidic water and Saline water (sea 

water in particular)). The experimental results of hydrogen cells production unit are presented. It is used for 

electrical analysis of two types of water (acidic - saline). The results obtained showed that the highest production of 

hydrogen energy was observed with (15 cells) number was (5.12 kWh) at working time (60 min), distance between 

cells (0.5 mm), cell temperature (46.7ÁC) and water temperature (56.1ÁC) in the presence of saline water. At same 

time the lowest hydrogen energy observed with number of cells (15 cells) number was (2.606 kWh), working time 

(15 min), distance between cells (1.5 mm), cell temperature was (35.5ÁC) and water temperature was (31.2ÁC) in 

the presence of acidic water. Total energy was increased by 96.47%, increasing number of cells and lack of distance 

between cells. 

 

Key words: hydrogen gas, fuel cells, consumed energy, produced energy, cell temperature, evaluate  

 

INTRODUCTION  
 

Hydrogen is one of the most promising 

renewable fuels because it can generate from 

resources like biomass and water. Hydrogen 

gas energy carrier is growing fast with the 

development of fuel cells and its application 

such as the fuel cell, and hydrogen usage as 

transportation fuel in the form of a 

compressed gas.   

Used Electrolysis of saline water (sea water in 

particular) is examined as feedstock for the 

production of hydrogen by electrolysis. 

Hydrogen could be produced from abundant 

sources of sea water along with solar energy, 

for countries where fresh water is scarce. 

However, due consideration is not given to 

the availability and quality of raw materials 

used in the production of hydrogen; this is 

water. In normal operating conditions, the 

electrolysis cell behaves to produce H2 / Cl2 

instead of H2 / O2. The experimental results of 

the electrolysis of a wide range of saline water 

(0.5 - 7.0% TDS) are presented and 

explanations are given for two key 

characteristics of cell operation are the rate of 

hydrogen production and chlorine evaluation 

[5].  

According to the type of used electrolyte (tap 

water, margin, gas, liquor, waste water from 

cooking, puckered olive, urine, vinegar of 

pink, municipal waste water and finally milk, 

water), there is variation of the hydrogen flow 

rate produced by supplying the electrolytes in 

electrical current by the photovoltaic module 

as the energetic efficiency does not change 

often in the same direction as the produced 

hydrogen flow [12]. 

Enabled such systems can be designed to 

produced additional purified hydrogen as a by 

product by feeding additional fuel and then 

purifying the hydrogen-rich ñanode tail gasò 

from the fuel cell into purified hydrogen [5].  

The hydrogen supply options include 

'hydrogen production via electrolysis process 

using renewable and carbon dioxide-free 

electricity sources such as solar, wind or wave 

powered electrolysis, gasification of coal, 

petroleum coke and biomass with carbon 

dioxide capture and storage technology, the 

mailto:asaadderbala@yahoo.com,
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splitting of water by thermo chemical means 

such as high temperature nuclear and solar 

heat [10]. 

Hydrogen gas can be electrochemically 

produced in microbial reverse-electrodialysis 

electrolysis cells (MRECs) using current 

derived from organic matter and salinity-

gradient energy such as river water and 

seawater solutions. Here, it is shown that 

ammonium bicarbonate salts, which can be 

regenerated using low-temperature waste heat, 

can also produce sufficient voltage for 

hydrogen gas generation in an MREC. The 

maximum hydrogen production rate was 1.6 

m
3
 H2/m

3
Ŀd, with a hydrogen yield of 3.4 mol 

H2/mol acetate at a salinity ratio of infinite. 

Energy recovery was 10% based on total 

energy applied with an energy efficiency of 

22% based on the consumed energy in the 

reactor. The cathode over potential was 

dependent on the catholyte (sodium 

bicarbonate) concentration, but not the 

salinity ratio, indicating high catholyte 

conductivity was essential for maximizing 

hydrogen production rates [8]. 

Studied was proposed to develop a new 

method for hydrogen production in significant 

amounts. Furthermore, it was an innovative 

method for hydrogen production. In fact, SO2 

was fed into a PEM electrolyzed stack. The 

dissolved SO2 was oxidized at the anode 

which led to the production of sulphuric acid; 

whereas, hydrogen (H2) was produced at the 

cathode. This new method was able to treat 

3.7 t/day of SO2 in order to produce 0.116 

t/day of hydrogen and recover 5.6 t/day of 35 

wt.% H2SO4. Results showed that the studied 

procedure was more economical in terms of 

energy consumption than the Westinghouse 

hybrid process. Hence, 67% of the energy 

needed for the decomposition step. After the 

presentation of the principles of the new 

process design, each part of the process was 

sized. The calculations showed that the 

number of electrolyzes could be calculated 

using the same formula used for the number 

of electrolyzes for water [6]. 

Hydrogen was produced by electrolysis of 

formalic acid solutions. The effect of Formic 

acid and NaOH concentrations on the voltage 

was studied. The voltage was found to be 

related to the actual formic acid concentration. 

When the actual formic acid concentration is 

higher than 0.8 Ĭ 10
-9

 m, the initial electrical 

voltage can be low to 0.30 volts, which is 

much lower than the open circuit voltage in 

the proton exchange membrane fuel cell. 

Specifically in 1.0 M Sodium Hydroxide and 

4.0 HCO, the constant voltage value increases 

from 0.62 to 0.70 V with a current density 

increase of 1.0 to 6.0 mA / cm
2
. In 3.0 m 

HCO and 2.5 M Sodium Hydroxide, the 

hydrogen production rate is 53 ɛm / h under 

8.0 mA / cm
2
 [2]. 

Found that, electrodes were added with 

carbon loads in order to control the grain size 

and with this, the current density for hydrogen 

evolution in alkaline media. A carbon 1.59 % 

weight present produced a 3.4 nm grain size 

and the lowest over potential for the HER at 

polarization current density 0.12 A/cm
2
. In a 

layer by layer preparation of Ni-Fe-C 

electrodes on Cu.  [13]. 

Measured slope it was found that nickel 

Raney added with PTFE increased its electro 

active area in 102 - 103 times compared to the 

geometric area. Using Ti, Cr and Fe as 

additives stable electrochemical performance 

was seen at 60ÁC. Changing growth 

conditions during electro deposition process 

showed an effect on catalytic properties of 

nickel alloys, in particular Ni-W, which 

grown under super gravity conditions [7]. 

Reported that, electrolysis of both synthetic 

sea water and Arabian Gulf water were 

carried out using a simple Hoffman 

electrolysis apparatus simulated composition 

of sea water was chosen to cover the range all 

the way from brackish (say 4,000 ppm) to 

MSF desalination rejects (say 60,000 ppm). 

Electrolysis took place under the conditions 

of: 6 - 20 V, 25 - 126 mA/cm
2
 and up to 1000 

coulombs of electricity. For the solutions 

investigated, it was found that the hydrogen 

production rate was dependent upon the 

applied current density alone. The quantity of 

hydrogen produced on a platinum electrode of 

area l.5835 cm
2 

is 85 ml h-1 for 120 mA cm
-2

 

current density. Similarly, the rate of 

hydrogen production increases chemically 

(follows Ohm's law) with the increase in 

voltage for natural and synthetic seawater. 
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However, the rate of increase at low values of 

voltage, say 6 - 8 V, is rather slow, since the 

production rate is dependent on the current 

density. At higher voltages (l0 V and above), 

the initial conductivity is no longer affecting 

the current density and the solution behaves 

like a resistance, with lower resistance at high 

TDS; hence, the increase in salinity level 

gives a proportional increase in the hydrogen 

productivity [4]. 

Produced hydrogen can be used either directly 

as a fuel or as a reducing agent in chemical 

processes. Water splitting can be realized both 

at low temperatures (typically below 100 
Á
C) 

and at high temperatures (steam water 

electrolysis at 500, 1000 
Á
C), while different 

ionic agents can be electrochemically 

transferred during the electrolysis process 

(OH, H
+
, O2). Singular requirements apply in 

each of the electrolysis technologies (alkaline, 

polymer electrolyte membrane and solid oxide 

electrolysis) for ensuring high electro catalytic 

activity and long-term stability. The aim of 

the present article is to provide a brief 

overview on the effect of the nature and 

structure of the catalyst electrode materials on 

the electrolyserôs performance. Past findings 

in the development of efficient anode and 

cathode materials appropriate for large-scale 

water electrolysis are presented [11.] 

There are five major types of fuel cells being 

known or used in the market. They all have 

the same basic design as mentioned above, 

but with different chemicals used as the 

electrolyte. These fuel cells are: Alkaline Fuel 

Cell (AFC), Phosphoric Acid Fuel Cell 

(PAFC), Molten Carbonate Fuel Cell 

(MCFC), Solid Oxide Fuel Cell (SOFC) and 

Proton Exchange Membrane Fuel Cell 

(PEMFC). All the above fuel cells require 

fairly pure hydrogen fuel to run. However, 

large amount of hydrogen gas is difficult to 

transport and store. Therefore, a reformer is 

normally equipped inside these fuel cells to 

generate hydrogen gas from liquid fuels such 

as gasoline or methanol [3, 9].  

From these options, hydrogen production via 

electrolysis of water seems to be the most 

viable method. The Main objectives for this 

work design a small hydrogen gas production 

unit and maximize hydrogen gas from water. 

MATERIALS AND METHODS  

 

This research work was carried out at 

Gemmeiza Agricultural Research Station, 

Department of Agricultural Engineering and 

Agricultural Research Center in Giza, to 

investigate the possibility of manufacture a 

small unit to producing hydrogen gas from 

water during summer (2016). Four different 

study parameters were investigated including 

water type, space between cells, working time 

and number of cells. 

-Water type (Tap - Acidic - Saline) 

-Distance between cells (0.5- 1.0 - 1.5 mm). 

-Numbers of cells were used (9-11-13-15 

cells) 

-Working time (15 - 30 - 45 - 60 min).  

The water temperature and temperature cell 

were measured also produced gas (l/h) and the 

quantity of energy produced and consumed 

(kWh). 

The hydrogen production unit   
The production unit of hydrogen gas consisted 

of a group stainless sheets of negative and 

positive poles.  

 

Fig.1.The assembly of fuel cells, plan, elevation and 

side view of the hydrogen gas production unit. 

Source: Own design. 

 

Between each two successive stainless steel 

sheets, Gasket ñAspectsò was uses to avoid 

leakage of both water and hydrogen gas. 

Gaskets were also used to control the distance 

between cells. Acrylic covers of 25 cm * 35 

cm were used to cover and link the whole 

unit. 
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Measurement of current intensity  

MY-61Digital 

Multimeter/Volt/Amp/Diode/Ohm/Capacitanc

e tester Transistor VEJ56 T18 0.5 was used 

for measuring current intensity and voltage 

and this device. 

1. Principles of electrolysis  

The principle chemical equations are shown 

in reaction 1, where the electrochemical flow 

is shown for acidic and alkaline environments. 

This work involves the alkaline reaction 

pathway. 

Net Reaction: H2O Ÿ H2 + İ O2 ............  (1)         

Acidic Reaction            

Anode: H2O Ÿ İO2 + 2H
+
 + 2e

- 
 
 

 
             Cathode: 2H

+
 + 2e

-
 Ÿ H2

 

Alkaline Electrolysis                         

2OH
-
 Ÿ İO2 + H2O + 2e

- 

                   2H2O + 2e
-
 Ÿ H2 + 2OH 

2. Fuel Cell Efficiency 

Fuel cell efficiency is commonly taken to 

mean the actual efficiency of the 

electrochemical reaction. This efficiency can 

be derived as follows.  

The amount of energy released when 

hydrogen and oxygen combine to form water 

according to the reaction H2 + İO Ÿ H2O is 

quantified as the ñenthalpy of reactionò (æH
Á
). 

This value is measured experimentally and 

depends on whether the water is formed as a 

gas or a liquid. For fuel cells, the water forms 

as a gas and the enthalpy of reaction is known 

to be:  

        

.................................................................(2)                     

molewater= 6.023*10
23

 molecules of water  

.................................................................(3)                                        

This value of the enthalpy of reaction is only 

strictly correct at 25ÜC and 1 atmosphere.  

Gibbs free energyò (æG
Á
) for gaseous water at 

25ÁC and 1 atmosphere this is known to be: 

The negative sign denotes that the energy is 

released during the reaction, and not 

absorbed. Gibbs free energy can be 

determined from the following equation.  

       

...................................................................(4)                     

The voltage of each cell (Ůcell) is related to the 

Gibbs free energy according to the equation: 

       ......................................(5) 

where:  

n = Number of electrons involved in the 

reaction. This is most conveniently Expressed 

as "mole of electrons" (or mole e
-
) where each 

mole e
-
 is equal to 6.023x10

23
 electrons. From 

the anode and cathode reactions (H2 Ÿ 2H
+
 

2e
-
 and İ O2 + 2e

- 
+ 2H

+ 
Ÿ H2O) two 

electrons are involved in the formation of 

each water molecule.
 
Thus n = 2 mole e

-
 for 

every 1molewater formed. 

 ꞈ = Faraday's constant. Equal to 96.500 

coulombs/mole e
-
 Coulombs are Aunt of 

electric charge. Substituting values into the 

equation (using imperial units): 

 

         

...................................................................(6)  

 

Similarly, using metric units:  

 

         

............................................................................(7) 

Thus each cell can generate a maximum 

theoretical voltage of 1.187V (at 25ÜC and 1 

atmosphere). The fuel cell efficiency is 

therefore simply the proportion of the actual 

voltage the cell produces with respect to this 

theoretical maximum: 

    .......(8)                                               

For a real fuel cell, typical voltages are 

between 0.5 and 0.6V at normal operating 

loads and can reach 1.1V at open circuit 

conditions.  

3.Efficiency of the unit for producing 

hydrogen gas  

It was calculated according Mario  et al. 

(2007) Equation:-  

       .................(9)                       

Where: 

              V = Size (m
3
)  

              n = Number of moles. 

              T = Temperature (
Ü
C) 

              p = Pressure (Pa) 

              R = Constant. 
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              a = Coefficient approximation to the 

impact of reform pressure.  

              b = Coefficient approximation to 

reform the effect size. 

 

RESULTS AND DISCUSSIONS 

 

Experiments and laboratory tests to evaluate 

the performance of the proposed design unit 

and its ability to produce hydrogen gas in 

varying amounts in different periods of time 

were conducted. The unit production of 

hydrogen gas test, data has been collected to 

get the best set of operating standards under 

study analysis. However, Can the results of 

this current work discussed under the 

following headings: 

1.Influence of water type on produced 

hydrogen. 

Indicated in Figure (2) the impact of water 

used in the different types of study in 

hydrogen produces. 

 

 
Fig.2. Effect of water types and working time on 

produce hydrogen. 

Source: Own design based on the obtained results. 

 

Thus, the previous measurements show that 

the lowest output hydrogen was 96.41 L/h for 

acidic water and 143.41 L/h for saline water 

with 15 cell counts, 0.5 mm cell distance, 15 

min working time, the hydrogen produced 

with saline water was 48.75% higher than 

acidic water. The highest output capacity was 

118.37 L/h of acidic water and 171.42 L/h of 

saline water with 15 cell counts, distance 

between cells 0.5 mm, running time of 60 

min, thus the hydrogen produced with water 

saline increased by 44.81% for acidic water. 

2.Effect of water used on the difference 

consumed and produced energy. 

Effect of different types of water used on 

consumed and produced energy as shown in 

Figure (3).   

Power gen, for the case of two types of water 

when distance between cells (0.5 mm), 

number of cells (15 cells) and working time 

(15, 30, 45, 60 min) were changed. The 

results slow that: Acidic water, The lowest 

value of the power gen was obtained. The 

difference was 2.8649 kWh with distance 

between 0.5 mm cells, number of 15 cells and 

working time 15 min. While the highest value 

of power gen was 3.4638 kWh with number 

of 15 cells, working time 60 min. and distance 

between cells was 0.5 mm. 

   

 
Fig. 3. Effect of water types and working time on 

power gen. 

Source: Own design based on the obtained results. 

 

Saline water. The lowest value of the power 

gen was obtained. The difference was 4.1883 

kWh with distance between 0.5 mm cells, 

number of 15 cells and working time 15 min. 

While the highest value of power gen was 

5.0078 kWh with number of 15 cells, working 

time 60 min. and distance between cells was 

0.5 mm. As shown above, the net energy 

between produced and consumed energy 

increases with saline water in acidic water by 

44.57%. This is due to the increase in cations 

in saline water that accelerate the separation 

of hydrogen from them in acidic water. 

3. Effect of number of cells and water types 

on produce hydrogen. 

Figure (4) shown the effect of number of cells 
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