
Reprint        ISSN 1991-3036 (Web Version) 

 
International Journal of Sustainable Crop Production (IJSCP) 

 

(Int. J. Sustain. Crop Prod.) 

 
 

Volume: 17 Issue: 1 February 2022 
 
 
 
 

 
 

 
 

 

Int. J. Sustain. Crop Prod. 17(1): 1-12 (February 2022) 
 

WHAT ARE THE INDICATORS FOR ASSESSING AND MONITORING THE 

AGROECOLOGICAL TRANSITION AT THE TERRITORIAL LEVEL? 
 

C. AHOUANGNINOU, E.G. ACHIGAN-DAKO, P.K. TAPSOBA AND M. KESTEMONT
 

 

 
 

 
 

 
 
 

 
  
 

 
 
 
 
 
 

 
 

  

 
 

 
 

 

 
 

 

 

An International Scientific Research Publisher 

Green Global Foundation
© 

Web address: http://ggfjournals.com/e-journals archive 
E-mails: editor@ggfjournals.com and editor.int.correspondence@ggfjournals.com 

http://ggfjournals.com/e-journals
mailto:editor@ggfjournals.com
mailto:editor.int.correspondence@ggfjournals.com


                                                                                          1                                Int. J. Sustain. Crop Prod. 17(1):February 2022 

  

WHAT ARE THE INDICATORS FOR ASSESSING AND MONITORING THE AGROECOLOGICAL 

TRANSITION AT THE TERRITORIAL LEVEL? 
 

C. AHOUANGNINOU*1,4, E.G. ACHIGAN-DAKO2, P.K. TAPSOBA3 AND M. KESTEMONT4 

 

1National University of Agriculture of Porto-Novo (UNA)/School of Horticulture and Landscaping (EHAEV), Republic of Benin; 
2University of Abomey-Calavi (UAC)/Faculty of Agronomic Sciences (FSA)/Laboratory of Genetics, Biotechnology and Seed Science 

(GBioS), Republic of Benin; 3University of Abomey-Calavi (UAC)/Faculty of Agronomic Sciences (FSA)/School of Economics,  

Socio Anthropology and Communication for Rural Development (EESAC), Republic of Benin;  
4Catholic University of Louvain (UCLouvain)/Louvain School of Statistic,  

Biostatistic and Actuarial Sciences (LSBA), Belgium. 

 
Accepted for publication on 17 December 2021 

ABSTRACT 

Ahouangninou C, Achigan-Dako EG, Tapsoba PK, Kestemont M (2022) What are the indicators for assessing and monitoring the 

agroecological transition at the territorial level? Int. J. Sustain. Crop Prod. 17(1), 1-12. 
 

Agroecological systems stand as an alternative for sustainable agricultural production. This leads the stakeholders in 

farming to evolve towards sustainable farming that preserves ecosystems. However, the conventional production-

oriented farming system generally uses imbalance and excessive chemical inputs that harm the environment and 

human health. The study observed the agroecological transition, compares yields between organic and conventional 
farming on the one hand, and between ecological and conventional farming on the other hand. The study also 

identifies variables that can be used to set up indicators to assess the agroecological transition. The results of this 

meta-analysis indicate a significant increase in yield with conventional farming compared to organic farming and a 
significant increase in yield with ecological farming systems compared to conventional farming systems. The results 

also highlight some indicators which can be used in the assessment of the agroecological transition at territorial level. 

These variables are included in the environmental, socio-territorial, cultural and economic dimensions. This article is 
part of a reflection upstream of a process of construction of a set of indicators to objectively assess the progress of 

territory on agroecological transition. 
 

Key words: meta-analysis, transition, agroecology, indicators, territory 
 

INTRODUCTION  
 

Recently, the agricultural production model has focused on the intensive use of chemical pesticides and 

chemical fertilizers. Therefore, the conventional mode of production systems is a threat to the environment and 

biodiversity (Aubertot et al. 2005; Isenring 2010). Reducing chemical pesticide and fertilizer use to preserve the 

environment and human health is nowadays a societal demand. Consequently, it is imperative to reduce risks by 

increasing investment in more environmentally friendly production methods. A transition to agroecological 

production systems is necessary. Agroecology is based on traditional and ecological knowledge, values social 

capital (HLPE 2019). Farmers are increasingly being encouraged to adopt more sustainable production systems 

through programs that involve all agricultural stakeholders (researchers, local authorities, producers, NGOs, 

etc.). It is important to assess progress made in the ongoing paradigm shift. Previous research on assessing the 

performance of agroecological transition was more focused on the development of indicators to assess farm 

sustainability scores. Examples include the IDEA model of Vilain et al. (2008) in France that assesses the 

sustainability of mixed crop and livestock production systems, the IDPM model based on the IDEA model 

developed by Ahouangninou et al. (2016) in Benin, which evaluates sustainability scores of vegetable 

production farms, and the IDEM/BF model in Burkina-Faso (Ouédraogo et al. 2020). These models enable 

producers to make diagnoses and improve the performance of their farms on environmental, socio-territorial and 

economic dimensions. 
 

The environmental issues related to the functioning of agroecosystems cannot be solved only at the farm level 

(Oxfam 2014). Environmental processes (biogeochemical and ecological) occur beyond the plot and farm 

scales. The territory remains the appropriate scale for analyzing the amplification of the agroecological 

transition. According to Oxfam (2014), significant results can only be expected at the scale of territorial entities 

where ecological and economic threshold effects can be understood and influenced. Including the landscape 

provides a better overview of the various interactions between agricultural activities, the environment and the 

resources it provides (soil, water, biodiversity), and thus enables new paths for agroecological management to 

be explored (Gascuel-Odoux and Magda, 2015). 
 

By proposing an exhaustive review using meta-analysis methods, this paper aims to contribute to the existing 

literature on showing the performance of agroecology and to identify the factors leading to the development of 

agroecology, which will be used to propose agroecological transition assessment indicators at the territorial 

level. 
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MATERIALS AND METHODS 
 

This section describes the method of review selection and how the data was extracted. It also presents the meta-

analytic method used to compare the yields of different types of farming as well as the qualitative analysis 

approach used. 
 

Data collection  
 

Using AJOL, AGRI and AGRICOLA indexing databases, two databases were created. The first one is related to 

agricultural yields in organic farming, conventional farming and sustainable farming forms. The second 

database is related to the selection of research papers that have dealt with the agroecological transition. 
 

To establish the database on agricultural yields, the terms yields, productivity, conventional farming, organic 

farming, ecological farming, sustainable farming as well as associations of one of these themes and their 

meanings in French were used. Two hundred and thirty-two (232) documents (scientific articles, synthesis, 

communications, books) were listed, 38 of which included yield data, but only 21 studies with 28 extracted test 

results were selected for review (Table 1). For the second database, the terms agroecological transition, 

agroecological conversion, agroecological indicators, agroecological transition trajectories were used to 

investigate in the indexing databases. One hundred and twenty-six (126) documents (scientific articles, reviews, 

activity reports, communications, books) were identified. However, using the main criterion "agroecological 

transition", only thirty-nine documents (39) were considered for analysis. 
 

Table 1. Selected research papers comparing yields between conventional and organic farming 
 

Codes Authors Publication year Country 

ABR Abrina et al. 2002 Philippine 

POP Popovic et al. 2013 Serbia 

BIR Birkhover et al. 2008 Germany 

ILK Ilker et al. 2010 Turkey 

KRO Kromberga et al. 2013 Latvia 

ALA Alaphillipe et al. 2014 France 

HAN Hanakhova and Hlinku 2004 Slovakia 

OPL Oplanic et al. 2009 Croatia 

SAR Sardana et al. 2013 India 

ALAR Alaru et al. 2014 Estonia 

ESP Espiritu et al. 2008 Madagascar 

NAS AL-Ghumaiz 2014 Saudi Arabia 

ROD Rodriguez et al. 2006 Brasilia 

DUM Duman et al. 2018 Turkey 

ADA Adamtey et al. 2016 Kenya 

WOO Woomer et al. 2004 Kenya 

MEA Meaza et al. 2007 Ethiopia 

BRE Brezeanu et al. 2013 Roumania 

GET Getachew et al. 2012 Ethiopia 

GIR Girma and Grebeyes 2017 Ethiopia 

DAR Dargie et al. 2018 Ethiopia 
 

Quantitative meta-analysis  
 

The meta-analysis was carried out using the R version 4.0.4 software with the "rmeta", "meta" and "forestplot" 

libraries (Gaudart et al. 2010). The meta-analysis was carried out on a continuous variable "yield" using the 

"metacont" function where MD (Mean Difference) was the simple difference of the means. Yields in organic 

and conventional farming were compared on the one hand, and yields in conventional farming and other forms 

of ecological farming were compared on the other hand. In addition, these analyses were replicated separating 

the yields of cereal crops and other crops (fruits and vegetables). The command forest was used to generate the 

forest plot. Finally, a linear regression was used to identify the factors determining the non homogeneity 

between the results of the studies.  
 

Qualitative analysis 
 

The qualitative analysis was carried out based on data on the agroecological transition. For each paper, the 

names of the authors, country, title of the paper, type of study and year of study were provided in an Excel 

spreadsheet. Through an examination of all these documents, the different themes related to the agroecological 

transition measurement indicators were extracted. The occurrences of these themes or words in each study were 

determined. A Multiple Correspondence Analysis (MCA) followed by an Ascending Hierarchical Classification 

(AHC) coupled with K-means was then performed to identify groups or types of similar studies using R4.0.4 

software. Finally, at the end of this analysis, relevant indicators to assess the progress of territory in agroecology 

were identified. 

Ahouangninou et al. 
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RESULTS AND DISCUSSION 
 

Comparison of the system of production 
 

Organic versus Conventional Farming 
 

The results presented in Figure 1 show that a very high degree of heterogeneity exists between these researches. 
 
  

 
 

Fig. 1. Forest plot of organic versus conventional farming 
 

A significant difference is observed at 5% threshold between conventional and organic yields for several 

studies, except for the results of Popovic et al. (2013), AL-Ghumaiz (2014), Duman et al. (2018), Meaza et al. 

(2007). The fixed-effect model and the random-effect model produce the same results and conclude that a 

significant difference in yields between conventional and organic farming is observed at the 5% threshold.  
 

Multiple linear regression was used to identify the factors determining the non-homogeneity of the results. The 

final model was selected based on AIC criteria. From this model, it appears that non-homogeneity is influenced 

by the region in which the study was conducted (Table 2). Significant coefficients are noted for the "America" 

and "Europe" regions. The results for these two regions differ significantly from those of the studies conducted 

in Africa. 
 

Table 2. Determinants of heterogeneity among study outcomes 
 

 Estimate Std. Error t-value Pr(>|t|) 

(Intercept)          0.4950 1.3404 0.369 0.71514 

America -12.5150 4.2387 -2.953 0.00694 ** 

Asia -0.9185 2.4164 -0.380 0.70721 

Europa -4.3294 1.7180 -2.520 0.01880 * 
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1; 

Residual standard error: 4.021 on 24 degrees of freedom 

Multiple R-squared: 0.353, Adjusted R-squared: 0.2722; 

F-statistic: 4.365 on 3 and 24 DF, p-value: 0.01373 
 

Focusing on cereal crops, there is also a high degree of heterogeneity among study results with similar results 

between fixed-effect (common effect) and random-effect models (Figure 2). The results show a significant 

increase in yields with conventional cereal crops compared to organic. A significant coefficient is observed for 

the "Europe" region compared to the "Africa" region. 
 

What are the indicators for assessing and monitoring the agroecological transition at the territorial level? 
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Fig. 2. Forest plot of Organic versus conventional cereal crops 
 

Considering the other types of crops (vegetables and fruits), the results also indicate a strong heterogeneity 

between the studies (Figure 3). A significant difference between conventional and organic was obtained for all 

studies considered except for Duman et al. (2018) and Adamtey et al. (2016). Overall, when considering the 

fixed (common) and random effect models, a significant increase in yield of vegetables and fruits was observed 

in conventional compared to organic at the 5% threshold. The source of the heterogeneity is the region factor. A 

significant coefficient is observed for the "America" region compared to the "Africa" region. This study is in 

line with Seufert et al. (2012) who report that organic farming has a yield 13% to 34% lower than conventional 

farming and also with Pellejero et al. (2017) who find higher lettuce yields with the urea-based production 

system compared to those based on compost. 
 

 
 

Fig. 3. Forest plot of Organic versus conventional vegetables and fruits 

 

Agroecology compared to conventional farming 
 

There is also non-homogeneity between studies comparing conventional systems and forms of ecological 

farming not organic (Figure 4). No significant difference between the two systems is observed based on the 

findings of Abrina et al. (2002) and Alaphillipe et al. (2014), although yields in the conventional system appear 

to be higher. Only the study by Struck et al. (2019) shows a significant yield difference between conventional 

and ecological farming at the 5% threshold. However, a significant increase in yield is observed in the studies of 

Sardana et al. (2013) and Bruelle et al. (2014) for ecological forms of farming compared to conventional 

farming. Soltoft et al. (2010), find a higher yield in conventional farming compared to ecological farming in 

their studies. 
 

Ahouangninou et al. 



                                                                                          5                                Int. J. Sustain. Crop Prod. 17(1):February 2022 

  

 
 

Fig. 4. Forest plot for ecological versus conventional farming 
 

Overall, there is no difference in results between fixed-effect (common effect) and random-effect models. The 

fixed-effect and random-effcet model indicate a significant increase of yield in ecological production compared 

to the conventional production systems of vegetables, fruits and legumes. 
 

Identified clusters of studies contributing to the literature on agroecological transition 
 

Keywords in dimension 1 of ACM are principles of agroecology, the definition of agroecology, conventional 

farming, the productivity of agroecology, conversion, history of agroecology, policies, certification, organic 

farming, conservation farming, sustainable farming, trajectories (Table 3, Figure 5).  
 

Table 3. Dimensional Variables from the ACM 
 

 

Variables 
Dimension 1 Dimension 2 Dimension 3 

R2 P-value R2 P-value R2 P-value 

Principles_agroecology 0.587 0.000     

Conventional_Farming 0.518 0.000     

Definition_agroecology 0.489 0.000     

Productivity_agroecology 0.489 0.000     

Conversion 0.479 0.000     

History_agroecology 0.415 0.000     

Organic_Farming 0.316 0.0002     

Politicies 0.317 0.0002 0.134 0.02   

Certification 0.304 0.0003     

Sustainable_farming 0.223 0.002   0.179 0.007 

Conservation_Farming 0.217 0.003 0.282 0.0005   

Positive_impacts_agroecology 0.189 0.005 0.194 0.003 0.109 0.04 

Trajectoires 0.169 0.009   0.247 0.003 

Regulation 0.138 0.02   0.128 0.02 

Transitions     0.258 0.0009 

Regions_and_Territories   0.433 0.000   

Monitoring_Tools_Evaluation   0.373 0.000   

sustainability_indicators   0.352 0.000   

Irrigation   0.312 0.0004   

Indicators_agroecology   0.256 0.001   

Economy   0.246 0.001   

Agroecological_evaluation_transition_indicators   0.232 0.002 0.435 0.000 

Phytosanitary_Practices   0.132 0.02 0.188 0.006 

Agroecological_transition     0.516 0.000 

Fertilization     0.366 0.000 

Monitoring and evaluation tools     0.233 0.003 

Certification     0.175 0.008 
 

In the second axis, the following groups of words are identified: conservation farming, positive impacts of 

agroecology, regions and territories, monitoring-evaluation tools, sustainability indicators, irrigation, economy, 

policies. Dimension 3 is correlated to the groups of words: sustainable farming, transition, trajectory, 

phytosanitary practices, fertilization, monitoring- evaluation tools, transition evaluation indicators, certification. 
 

An Ascending Hierarchical Classification (ACH) coupled with K-means was used to identify four groups of 

observations (Figure 5). 
  

Class 1: it includes: 

-100% of the observations in this class concern conversion and 50% of the observations concerning conversion 

belong to this class. 

What are the indicators for assessing and monitoring the agroecological transition at the territorial level? 



                                                                                          6                                Int. J. Sustain. Crop Prod. 17(1):February 2022 

  

-90% of the observations in this class cite sustainability indicators and 56.25% of the observations addressing 

sustainability indicators belong to this class. 

-90% of the observations in this class report indicator that can assess transition and 50% of the observations 

report indicators that can assess transition belong to this class. 

100% of the observations concern agroecology transition and productivity  

The CIR observation is the paragon (close to the center of gravity) of this class and CLA the most characteristic 

of this class (the furthest from the other classes). 
 

Class 2: it includes: 

-63.63% of the observations in this class are about conservation farming.  

-62% of the observations in this class concern the history of agroecology.  

-66.66% of the observations deal with organic farming. 

-12.5% address agroecological indicators. 

The LAM observation is the paragon (close to the center of gravity) of this class and BAT the most 

characteristic of this class. 
 

Class 3: it includes: 

-100% of observations in this class concern phytosanitary and irrigation products and 87.5% of observations 

citing these themes belong to this class. 

-62.5% of observations in this class cite the word transition  

The BRI observation is the paragon (close to the center of gravity) of this class and ZAH2 the most 

characteristic of this class. 
 

Class 4: it includes: 

-69.23% of observations in this class cite fertilization and policies  

-46.15% cite "sustainable farming". 

-31% cite "productivity in agroecology and phytosanitary products". 

The PIG observation is the paragon (close to the center of gravity) of this class and MID the most characteristic 

of this class. 
 

 
 

Fig. 5. K-means coupled Hierarchical Ascending Classification of observations and 3D visualization 
 

Agroecological conversion and transition 
 

All of the selected research papers included the words "transitions" (89.74%) or "conversion" (51.28%) or both 

(43.59%). 
 

Transition is the process of moving from one state to another or from one idea to another. It can be seen as a 

way or a link in this change. It also relates to the word conversion, which evokes " transformation " or a change 

in practices. These words have often been associated with the themes: agroecology, conventional farming, 

organic farming, ecological farming, sustainable farming, conservation at the level of the selected studies.  
 

Every farming system other than conventional farming can be part of an ecological farming system that 

integrates sustainability and can be qualified as sustainable. Conventional farming uses chemical inputs 

(pesticides and fertilizers) which leads to land impoverishment through structural degradation (Calvet et al. 

2005), loss of biodiversity (earthworms, beneficial/auxiliary insects) (Pimentel et al. 1993 and 1997; van der 
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Werf, 1997; Aubertot et al. 2005; Isenring 2010), pollution of water and rivers (Pazou et al. 2006a; 2006b), 

impact on human health (Baldi et al. 2013) does not guarantee continuity of agricultural production on the same 

farms in a medium and long term. A new paradigm towards a more ecological farming that guarantees 

sustainable production is necessary. Agroecological transition is associated with this paradigm in the literature. 

71.79% of the selected studies cited the theme "agroecological transition". Most of the studies such as those of 

Zahm (2013); Trabelsi (2017) and Perez et al. (2019) focused on the assessment of transition at farm level. 

Trabelsi (2017) finds that existing tools are only suitable for assessing the sustainability of conventional farms 

and not adapted to organic and agroecological systems. By comparing IDEA, RAD and DIALECTE on three 

agroecological production farms, she obtains different rankings according to these indicators. The IDPM 

(Ahouangninou et al. 2016) and IDEM/BF (Ouédraogo et al. 2020) tools, adaptations of the IDEA model 

(Vilain et al. 2008; Zahm 2013) in tropical Africa are also tools for assessing practice change that only consider 

the plot and the farm on the three dimensions of Sustainable Development. Organic or ecological farming that 

preserves the environment and the health of the producer but does not ensure that he can feed his family and 

support their needs is unsustainable. Considering mainly the agroecological dimension, these indicators can be 

used to assess transition from conventional farms to a more ecological farming. However, what about organic or 

agroecological farms, how can they be compared? Trabelsi (2017) contributes to the literature by developing 

indicators that can better discriminate ecological farms based on their level of intensification. If there are tools 

to measure the progress of farms towards sustainability, this is not the case at the territorial or regional level. No 

study in the literature consulted has objectively constructed indicators to measure the agroecological transition 

at the territorial level. 
 

Some studies refer to indicators or variables to assess the transition (Audoin et al. 2018; Gascuel-Odoux and 

Magda, 2015; Bellon 2016; Caquet et al. 2019), while other papers such as those of FAO (2019) and Lévard et 

al. (2019) further provide a set of qualitative indicators to assess agroecological transition at the territorial level. 
 

Which indicators to evaluate agroecological transition at the territorial context? 
 

By examining the FAO (2019) indicators on the one hand, and those developed by the GTAE (Lévard et al. 

2019) on the other hand, and cross-checking them with relevant themes or words found on the literature, it 

appears that some of these indicators occur most often. The indicators: soil organic matter, soil health, 

agrobiodiversity or agricultural biodiversity, productivity or yield, exposure to pesticides/pesticides come most 

often in the literature with respective frequencies of 76.92%, 74.36%, 87.17%, 71.79% and 56.41% (Table 4). 

Moreover, there are also some indicators not as frequently cited as the previous ones, with however, quite high 

citation frequencies in the literature of 48.71%, 46.25%, 38.46%, 33.33%. They are respectively: food diversity 

or food and nutritional security, net income or performance estimation and evaluation, productivity stability, 

land tenure security. 
 

Table 4. Frequency of occurrence of FAO and GTAE indicators in the consulted literature 
 

 FAO (2019) GTAE (Lévard et al. 2019) 

Dimensions Criteria 
Performance 

Indicators 
Indicators 

Frequency of Indicators 

Appearing in Consulted 

Literature (%) 

Environment and 

Climate Change 

Soil health Soil organic matter  76.92 

Soils health Soils health 74.36 

 Biodiversity Agrobiodiversity Soils health, the effectiveness 

of bio-aggressor regulation 

87.17 

Health and 

Nutrition 

Food security 

and nutrition 

Food diversity Food and nutritional security 48.71 

Experience of food 

insecurity 

 25.64 

Health Pesticide Exposure  56,41 

Culture and 

society 

Gender and 

equity 

Empowerment of 

women 

Empowerment of women 7.69 

Decent work, 

migration and 

well-being 

Youth Employment 

Opportunity 

Attractiveness of farming for 

young people 

38.46 

Economy Incomes Net Income Estimation and evaluation of 

performance 

46.15 

Incomes stability  23.16 

Inequality Repartition of 

incomes 

 7.9 

Productivity Yields 71.79 

Stability of 

Productivity 

 38.46 

Governance 
Access to the 

land 

Security of land 

tenure 
Land security 33.33 

What are the indicators for assessing and monitoring the agroecological transition at the territorial level? 
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Besides the FAO (2019) and GTAE (Lévard et al. 2019) indicators, other indicators likely for assessing the 

progress made in agroecology at the territorial level have been identified in the literature (Table 5). Regarding 

the environmental dimension, the following groups of words or similar are identified: management of 

biodiversity (87.18%), management of nitrogen flows (69.23%), quantitative water management (61.54%), pest 

management (56.41%), management of non-cultivated areas and interfaces (51.28%), sustainable farming 

(organic amendments and compost, reduction of chemical pesticides) (51.28%), management of interstitial 

spaces, grassed strips and hedges (48.72%), implementation of hedges and flowering strips (46.15%). 

Biodiversity management appears as an indicator of agroecological transition in the FAO (2019) "biodiversity" 

and for GTAE (Lévard et al. 2019) "agrobiodiversity" indicators. According to Enjalbert et al. (2019), the 

agroecological transition involves, firstly, the use of high biodiversity to reduce the negative impacts of 

agricultural systems. The agroecological transition is thus largely based on a diversity of plant species that 

promotes the establishment of wildlife biodiversity, which plays an important role in regulating pest 

populations. Biodiversity is a fundamental component on which organic production systems are developed, 

which favour the development of high biodiversity and therefore integrate the agroecological transition 

indicators. Bellon (2016) reports that organic farming provides a reference for agroecology to highlight the 

potential for agroecological transition. Organic farming is thus a model of agroecological transition (Bellon 

2016). But it is not the only model of transition to agroecology. Other models minimizing the use of chemical 

inputs, such as conservation farming, can also serve as models for agroecological transition. 
 

Concerning the socioterritorial and cultural dimension, the following groups of words have appeared in the 

reviewed literature: relationships with the stakeholders of the territory (69.23%), co-production and sharing of 

knowledge (69.23%), relationships between consumers and producers (66.66%), relationships between farming 

professionals (61.54%), political will at the collective scale (66.66%), territorial governance (existence and 

application of texts and standards) (56.41%), collective management (56.41%), the definition of objectives and 

priorities for action (51.28%), re-appropriation of traditional knowledge (48.72%), involvement of farmers' 

cooperatives (35.89%), mass training and monitoring (35.89%). The paradigm of Sustainable Development 

considers the multifunctionality of farming as an activity with economic, social and environmental functions, 

responding to the needs of the surrounding population without causing any nuisance (Poulot 2014). Thus, 

relations between farmers and consumers are important, as are relations between farmers and decision-makers 

and extension practitioners. The interrelationships between producers contribute to knowledge sharing in order 

to optimize yields. Policy levers are also important in the agroecological transition (Côte et al. 2018). 
 

With regards to the economic dimension, four groups of words or related terms have been identified. First, the 

independence of farms (38.46%), second, the profitability of farms (38.46%), third, the circular economy/ 

solidarity-based economy (33.33%), and fourth, the transferability of farms (28.20%). The relationship between 

circular economy and ecological farming is clearly established by the fact that the circular economy integrates 

the collection of biodegradable waste and its biotransformation into compost that can be used for soil 

improvement and fertilization in farming. The use of organic waste in farming contributes to the independence 

of the farm from other entities. Morel-Chevillet (2018) supports the same view, writing that urban agricultural 

projects are one of the solutions for integrating the circular economy in cities. The social economy, instead, is a 

result of a willingness to include the community, the public interest and not just the individual in the economy 

(Lasida 2008). However, in order to participate in this solidarity economy, farming must be both profitable 

economically and transmissible from generation to generation or within the same generation. Such 

transmissibility has been documented in the work of Vilain et al. (2008) on the IDEA method. 
 

Table 5. Frequency of words/groups of words and related terms appearing in the literature 
 

Environmental Dimension 
Socio-territorial and 

cultural dimension 
Economic Dimension 

Indicators 
Frequency 

(%) 
Indicators 

Frequency 

(%) 
Indicators 

Frequency 

(%) 

Uncultivated space and 

interface management 

51.28 Relations between farming 

professionals 

61.54 Circular economy 

and solidarity 

economy 

33.33 

Setting up of hedges, 

flowered strips 

46.15 Relations avec les acteurs du 

territoire 

69.23 Profitability 38.46 

Interstitial space 

management (grassed 

strips, hedges) 

48.72 collective management 56.41 independence 38.46 

Ecological infrastructure 

management (bocage, 

wetlands) 

33.33 Territorial governance: 

existence and application of 

texts and standards 

56.41 transmissibility 28.20 

Water quantitative 

management  

61.54 Mechanical activity reduction 12.81   
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Nitrogen flow 

management 

69.23 Political will at the collective 

stage 

66.66   

Erosion Management 48.71 Outlining objectives as well as 

prioritizing actions 

51.28   

Biodiversity 

management  

87.18 Community group animation 

and monitoring 

35.89   

Pest Management 56.41 Development of partnerships 

with local stakeholders and 

community-based solutions 

20.51   

Nocturnal raptors and 

bats nesting due to the 

conservation of flat trees. 

7.69 Consultative structures as 

involved civil societies 

17.95   

Reasoned farming 

(organic amendments 

and compost, reduction 

of chemical pesticides) 

51.28 Involvement of farmers' 

cooperatives 

35.89   

Collective management, 

water withdrawal and 

taxation 

30.77 Re-appropriation of traditional 

knowledge 

48.72   

Diagnosis and 

environmental 

assessment 

51.28 Food culture and traditions 33.33   

Farming systems, 

landscape structures, 

and practice change 

scenarios 

35.89 Consumer-producer relations 66.66   

  Collaborative production and 

knowledge sharing 

69.23   

 

These various groups of words/assimilate identified in the literature might serve as a basis for the construction 

of a corpus of indicators on an objective basis associating various stakeholders involved in agroecology. Other 

indicators not yet identified could be added after brainstorming. Therefore, the stakeholders involved will 

examine the scales of measurement and the required adjustments to propose objective indicators. 
 

CONCLUSION 
 

Due to the negative impacts of a conventional farming system characterized by high productivity in the short 

term, it is imperative to develop other forms of farming. Agroecology offers an alternative for sustainable 

production, minimizing impacts on the environment and human health while ensuring stable production and 

productivity in the medium and long term. Results of this meta-analysis show a significative increase in yields 

with ecological farming system than conventional farming (considering fixed-effect and random-effect) and 

increase in yields with conventional farming system than organic farming. They also identify some indicators 

that can be used in the evaluation of the agroecological transition of a territory. This article is part of a reflection 

upstream of a preliminary process that aims to build a set of indicators for objective measurement of a territory's 

progress in agroecological conversion. 
 

ACKNOWLEDGEMENTS 
 

We sincerely thank ARES (Academy for Research and Higher Education in Belgium), the Agro-ECO Project 

and the Institute for the Analysis of Change in Contemporary and Historical Society for their (IACS)/Catholic 

University of Louvain (UCLouvain) for their support of this research. 
 

REFERENCES  
 

Abrina RS, Lutap LA, Remolacio MI, Abigay LC (2002) Bio-organic farming for sustained crop production in 

the Ilocos (Philippines). PCARRD, 38-42.  

Adamtey N, Musyokab MW, Zundelc C, Coboa JG, Karanjab E, Fiaboeb KKM, Muriukid A, Mucheru-Munae 

M, Vanlauwef B, Berseta E, Messmera MM, Gattingera A, Bhullara GS, Cadischg G, Fliessbacha A, Mädera P, 

Nigglia U, Foster D (2016) Productivity, profitability and partial nutrient balance in maize-based conventional 

and organic farming systems in Kenya. Agriculture, Ecosystems and Environment 235, 61–79. 

Ahouangninou C,  Cledjo P, Martin T, Assogba-Komlan F, Kpenavoun S, Nouatin G, Boko W, Soumanou M, 

Houssou C, Biaou G, Ahanchede A, Boko M, Fayomi B (2016) Evaluation de la durabilité de la production 

maraîchère au sud du Bénin. Afrique Science 12(1), 119-134. 

Alaphillipe A, Simon S, Hayer F (2014) Using Life Cycle Analysis to Analyse the Environmental 

Performances of Organic and Non-organic Apple Orchards. Organic Farming, Prototype for Sustainable 

Agricultures p. 221-238. 

What are the indicators for assessing and monitoring the agroecological transition at the territorial level? 

https://link.springer.com/book/10.1007/978-94-007-7927-3
https://link.springer.com/book/10.1007/978-94-007-7927-3


                                                                                          10                                Int. J. Sustain. Crop Prod. 17(1):February 2022 

  

Alaru M, Talgre L, Eremeev V, Tein B, Luik A, Nemvalts A, Loit E (2014) Crop yields and supply of nitrogen 

compared in conventional and organic farming systems. Agricultural and Food Science 23, 317-326. 

AL-Ghumaiz NS (2014) Yield performance quality of eight wheat genotypes under organic and conventional 

farming systems in Saudi Arabia. Journal of International Scientific Publications: Agriculture and Food 2, 20-

24 ; ISSN 1314-8591 

Aubertot, JN, Barbier JM, Carpentier A, Gril JJ, Guichard L, Lucas P, Savary S, Savini I, Voltz M (2005) 

Pesticides, agriculture et environnement. Réduire l'utilisation des pesticides et limiter leurs impacts 

environnementaux. Expertise scientifique collective, synthèse du rapport, INRA et Cemagref (France), p. 64. 

Audoin E, Bergez J-E, Choisis J-P, Duru M, Goncalves A, Ryschawy J, Taverne M, Triboulet P, Therond O 

(2018) Petit guide de l'accompagnement à la conception collective d'une transition agroécologique à l'échelle du 

territoire. [Report] 

Baldi I, Cordier S, Coumoul X, Elbaz A, Gamet-Payrastre L, Le Bailly P, Multigner L, Rahmani R, Spinosi J, 

Van Maele-Fabry G (2013) Pesticides: Effets sur la santé. Expertise Collective, Synthèse et recommandations, 

Edition INSERM, Paris, p. 161.  

Bellon S (2016) Contributions croisées de l’agriculture biologique à la transition agroécologique. Innovations 

agronomiques 51, 121-138.  

Birkhover K, Bezemer TM, Bloem J, Bonkowski M, Christensen S, Dubois D, Ekelund F, Fliebbach A, Gunst 

L, Hedlund K, Mader P, Mikola J, Robin C, Setala H, Tatin-Froux F, van der Putten WH, Scheu S (2008) Long-

term organic farming fosters below- and aboveground biota: Implications for soil quality, biological control, and 

productivity. Soil Biology and Biochemistry 9(40), 2297-2308.  

Brezeanu PM, Munteanu N, Brezeanu C, Ambarus S, Draghici E, Calin M, Cristea TO (2013) Antioxydant 

activity in selected tomato genotypes cultivated in conventional and organic culture systems. African Journal of 

Biotechnology 12(20), 2884-2899. 

Bruelle G, Naudin K, Scopel E, Domas R, Rabeharisoa L, Tittonel PA (2014) Short- to mid- term impact of 

conservation agriculture on yield variability of upland rice: Evidence from farmer's fields in Madagascar. 

Experimental Agriculture 51(1), 66-84. 

Calvet R, Barriuso E, Benoit P, Bedos C, Charnay MP, Coquet Y (2005) Les pesticides dans le sol. 

Conséquences agronomiques et environnementales. Editions France Agricoles, Paris, p. 637. 

Caquet T, Gascuel‐ Odoux C, Tixier‐ Boichard M, Dedieu B, Detang‐ Dessendre C, Dupraz P, Faverdin P, 

Hazard L, Hinsinger P, Litrico‐ Chiarelli I, Medale F, Monod H, Petit Michaud S, Reboud X, Thomas A, 

Lescourret F, Roques L, de Vries H, Soussana J.‐ F (2019) Réflexion prospective interdisciplinaire pour 

l’agroécologie. Rapport de synthèse, p. 108. 

Côte F-X, Poirier-Magona E, Perret S, Roudier P, Rapidel B, Thirion M-C (2018) La transition agro-écologique 

des agricultures du Sud. Versailles : Ed. Quae, p. 472-509. (Agricultures et défis du monde). 

Dargie S, Wogi L, Kidanu S (2018) Response of bread weath (Triticum aestivum L.) to application of slow 

releasing nitrogen fertilizer in Tigray. Ethiop.J.Agric.Sci 28(1), 111-126. 

Duman I, Aksoy U, Altindisli A, Elmaci OL (2018) A long-term trial to determine variations in the yield and 

quality of a processing type pepper (Capsicum annuum L. cv. Yalova yağlık-28) in organic and conventional 

farming systems. Organic Agriculture 8(1), 69-77. 

Enjalbert J, Litrico I, Fournier E, Médiène S, Gauffreteau A, Borg J, Corre Hellou G, Goldringer I, Hanachi 

M, Journet E-P, Justes E, Morel J-B, Naudin C, Sanguin H, Valentin-Morison M, Verret V, Bedoussac L (2019) 

Mélanges variétaux et mélanges plurispécifiques -atouts et contraintes. Innovations Agronomiques 75, 49-71. 

Espiritu BM, Pedro MS, Willauer LB (2008) Studies on the efficacy and production of BIOGREEN bioorganic 

fertilizer for high-value crops; Phillipines University Los Banos College Laguna, 111-128, In AGRIS Since 

2009. 

FAO (2019) Global analytical framework for the multidimensional assessment of agroecology and guidelines 

for application, Rome. 

Gascuel-Odoux C, Magda D (2015) Gérer les paysages et les territoires pour la transition agroécologique. 

Innovations Agronomiques 43, 95-106. 

Gaudart J, Georgi R, Thalabard JC, Thiam D, Whegang SY (2010) Méta-analyse sous R. Atelier d’initialisation 

à R, Marseille Septembre 2010, pp. 21. 

Ahouangninou et al. 



                                                                                          11                                Int. J. Sustain. Crop Prod. 17(1):February 2022 

  

Getachew A, Angaw T, Agajie T (2012) Evaluation of crop residue retention, compost and inorganic fertilizer 

application on barley productivity and soil chemical properties in the central Ethiopia highland. Ethiopia J. 

Agric. Sci 22, 45- 61. 

Girma C, Grebeyes G (2017) Effect of Organic and Inorganic Fertilizers on Growth and Yield of Tef (Eragrostis 

tef) in the Central Highlands of Ethiopia. Ethiop. J. Agric. Sci 27(1), 77- 88.  

Hanakhova E, Hlinku TA (2004) Effects of growing system, soil cultivation and stage of development on crude 

protein and fibre content in alfalfa (Medicago sativa L.). The Scientific Journal for Phytotechnics and 

Zootechnics 7(1), 1-5 ISSN : 1335-258X 

HLPE (2019) Agroecological and Other Innovative Approaches for Sustainable Agriculture and Food Systems 

That Enhance Food Security And nutrition. A report by the High Level Panel of Experts on Food Security and 

Nutrition of the Committee on World Food Security (Rome). 

Ilker E, Tatar O, Gokçol A (2010) Performance of some soybean cultivars under conventional and organic 

agriculture conditions. Journal of Ege University Faculty of Agriculture 47(1), 87-96. 

Isenring R (2010) Les pesticides et la perte de biodiversité, Comment l’usage intensif des pesticides affecte la 

faune et la flore sauvage et la diversité des espèces, Pesticide Action Network Europe, Belgique. 

Kronberga A, Piliksere D, Vaivode A, Kronberga S (2013) Grain quality of triticale grown under different 

management systems. International Information System for The Agricultural Science And Technology 198-201. 

Lasida E (2008) L’économie solidaire: une manière nouvelle de penser l’économie, l’Encyclopédie du 

Développement Durable, n°63 - mars 2008. 

Levard L, Bertrand M, Masse P (2019) Mémento pour l’évaluation de l’agroécologie, Méthodes pour évaluer 

ses effets et les conditions de son développement, GTAE-AgroParisTech-CIRAD-IRD, Mars 2019. 

Meaza M, Seyoum T, Woldetsadik K (2007) Effects of preharvest treatments on yield and chemical composition 

of tomato. African Crop Science Journal 15(3), 149-159. 

Morel-Chevillet G (2018) L’économie circulaire : une source d’innovation pour les agriculteurs urbains. Revue 

Electronique en Sciences de l’Environnement, Hors-série 31, Septembre 2018. 

Oplanic M, Ban D, Trdan S, Znidarcic D (2009) The impacts of agroecologicals conditions and ecologically 

sound and economically viable production of lettuce (Lactuca sativa L). Acta Agriculturae Slovenica 93(2), 

219-224. 

Ouédraogo F, Ahouangninou C, Kaboré M, Kestemont M-P (2020) Evaluation de la durabilité des exploitations 

maraîchères du Burkina Faso suivant une approche socio-écosystémique (cas de la province du Houet), 

Tropicultura 38(2), 2295-8010. 

Oxfam (2014) Scaling-up agroecology approaches: what, why and how? Discussion paper. 

http://www.ikgroeimee.be/uploads/assets/332/1390912349733-201401%20Scalingup% 20agroecology, 

%20what,%20why%20and%20how%20-OxfamSol-FINAL.pdf 

Pazou EYA, Boko M, Van Gestel CAM, Ahissou H, Laleye P, Akpona S, Van Hattum B, Swart K, Van 

Straalen NM (2006a) Organochlorine and Organophosphorous Pesticide Residues in the Ouémé River 

Catchment in the Republic of Benin. Environment International 32(5), 616-623.  

Pazou EYA, Laleye P, Boko M, Van Gestel, CAM, Ahissou H, Akpona S, Van Hattum B, Swart K, Van 

Straalen NM (2006b) Contamination of Fish by Organochlorine Pesticide Residues in the Ouémé River 

Catchment in the Republic of Benin. Environment International 32, 594-599.  

Pellejero G, Miglierina A, Aschkar G, Turcato M, Jimenez-Ballesta R (2017) Effects of the onion residue 

compost as an organic fertilizer in a vegetable culture in the Lower Valley of the Rio Negro. Int J Recycl Org 

Waste Agricult 6, 159-166 DOI 10.1007/s40093-017-0164-8 

Pérez E, Casal AV, Jacobo EJ (2019) Évaluation de la transition agroécologique d'un établissement d'élevage 

basé sur les pâturages du bassin du Salado, à travers des indicateurs. Rev. Fac. Cienc. Agrar., Univ. Nac. Cuyo 

51(1), 295-330. 

Pimentel D, Acquay H, Biltonem M, Rice P, Silva M, Nelson J, Lipner S, Giordan S, Horowitz A, D’Amore M 

(1993) Assessment of environmental and economic impacts of pesticide use. In: Pimentel D and Lehman H. The 

pesticides question, environment, economics and ethics. New York : Routledge, Chapman and Hall. 

Pimentel D, Wilson C, McCullum C, Huang R, Dwen P, Flack J, Tran Q, Saltman T, Cliff B (1997) Economic 

and Environmental Benefits of Biodiversity. BioScience 47(11), 747-757. 

What are the indicators for assessing and monitoring the agroecological transition at the territorial level? 

http://www.ikgroeimee.be/uploads/assets/332/1390912349733-201401%20Scalingup%25


                                                                                          12                                Int. J. Sustain. Crop Prod. 17(1):February 2022 

  

Popovic V, Sikora V, Glamoclija D, Ikanovic J, Filipovic V, Tabakovic M, Simic D (2013) Influence of agro-

ecological conditions and foliar fertilization on yield and yield components of buckwheat in conventional and 

organic cropping system. Biotechnology in Animal Husbandry 29(3), 537-546. 

Poulot M (2014) Agriculture et acteurs agricoles dans les mailles des territoires de gouvernance urbaine : 

nouvelle agriculture, nouveaux métiers ? Espaces et Sociétés 3(158), 13-30. 

Rodrigues MA, Pereira A, Cabanas JE, Dias L, Pires J, Arrobas M (2006) Crops use-efficiency of nitrogen from 

manures allowed for organic farming. Montain Research Centre, Portugal, p. 18. 

Sardana H, Bhat MN, Sehgal M (2013) Evaluation and validation of non-chemical IPM and inm technology for 

bell pepper (Capsicum annum var. Frutescens L.) through farmers' participatory approach. International 

Journal of Entomology 75(2), 127-131.  

Seufert V, Ramankutty N, Foley JA (2012) Comparing the yields of organic and conventional agriculture. 

Nature 485(7397), 229-232. 

Soltoft M, Nielsen J, Laursen KH, Husted S, Halekoh U, Knuthsen P (2010) Effects of Organic and 

Conventional Growth Systems on the Content of Flavonoids in Onions and Phenolic Acids in Carrots and 

Potatoes. Journal of Agricultural and Food Chemistry 54(11), 3827-3831. 

Struck IJ, Reinsch T, Herrmann A, Kluß C, Loges R, Taube F (2019) Yield potential and nitrogen dynamics of 

no-till silage maize (Zea mays L.) under maritime climate conditions. Eur. J. Agron. 107, 30–42. doi: 

10.1016/j.eja.2019.04.009. 

Trabelsi M (2017) Comment mesurer la performance agroécologique d’une exploitation agricole pour 

l’accompagner dans son processus de transition. Thèse de Doctorat, Université Paul-Valéry, Montpellier 3, 

France, p. 373. 

van der Werf HMG (1997) Evaluer l’impact des pesticides sur l’environnement. Courrier de l’environnement de 

l’INRA 31: 5-22.  

Vilain L, Boisset K, Girardin P, Guillaumin A, Mouchet C, Viaux P, Zahm F (2008) La méthode IDEA : 

indicateurs de durabilité des exploitations agricoles: guide d'utilisation. Troisième édition Educagri, Dijon, 

France, pp. 184.  

Woomer PL, Langat M, Tungani JO (2004) Innovatives maize-legume intercropping results in belove and above 

ground competitive advantages for understorey legumes. West African Journal of Applied Ecology 85-94. 

Zahm F (2013) Les indicateurs de performance agro-environnementale dans l'évaluation des Mesures Agro-

Environnementales. Synthèse des cadres théoriques et analyse de leur usage en France de 1993 à 2009. 

Innovations Agronomiques 31, 111-158. 

Ahouangninou et al. 


