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ABSTRACT
This study aims to produce evidence on the performance of horti
cultural systems in the peri-urban area of Buenos Aires (Argentina), 
based on the 10 Elements of Agroecology with an emphasis on soil 
health. To this end, we performed a survey with the Tool for 
Agroecology Performance Evaluation (TAPE) Step 1, and we mea
sured soil physical, chemical, and biological properties in family 
farms self-defined as agroecological or conventional. Results 
reflected overall low transition-to-agroecology indices and poor 
soil quality in the studied area. However, self-defined agroecologi
cal systems have made significant strides toward agroecological 
transition with higher scores mainly affecting Elements describing 
management and innovation aspects of the agroecological transi
tion but also those describing the social aspects and the enabling 
environment. Finally, self-defined agroecological farms exhibit bet
ter soil health scores for the indicators aggregates stability, soil 
organic carbon, and soil basal respiration, than conventional farms. 
Nevertheless, there is still potential to be exploited and constraints 
to be overcome to improve the transition to agroecology of horti
cultural systems in this area.
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Introduction

In nearby urban areas, peri-urban horticulture not only fulfills environmental 
and socio-economic functions but also provides ecological services (Larcher 
2017). Food production in these areas is essential for maintaining the resilience 
of cities (Drescher et al. 2021), especially in times of crisis. Particularly, the 
COVID-19 pandemic triggered concern about food availability along the food 
supply chain (Deaton and Deaton 2020) and highlighted the key role played by 
local food systems and value chains in times of crisis (Tittonell et al. 2021), 
indicating the need to maintain viable rural and peri-urban areas. However, 
agricultural intensification practices, which involve high levels of nonrenewable 
inputs, have often been associated with environmental damage in peri-urban 
areas around the world. Some examples include degraded ecosystem functions 
(Emmerson et al. 2016), widespread land degradation (Kopittke et al. 2019), and 
soil, water, or food contamination with pesticides (Mac Loughlin, Peluso, and 
Marino 2022), antimicrobials (Li et al. 2015; Margenat et al. 2018), and anti
microbial resistant bacteria (Pellegrini et al. 2022). Therefore, there is a need for 
improved management practices to overcome the negative impacts of agricul
tural intensification in peri-urban areas.

Agroecology is an alternative and systemic approach for sustainable 
intensification that is based on ecological principles, local farmers’ experi
ences, and social aspects of food systems (HLPE 2019). It opposes excessive 
use of agrochemicals and is considered a science, a set of agricultural 
practices and a social movement (Wezel et al. 2009). Agroecology has 
been found to have positive impacts on different levels, including the 
environment (Modernel et al. 2018), food security (Madsen et al. 2021), 
nutrition (Luna-González and Sorensen 2018) and household income 
(D’Annolfo et al. 2017). Such is the scope of agroecology that the Food 
and Agriculture Organization (FAO) promotes it as a way to address world 
hunger, while maintaining the correct functioning of ecosystems. The FAO 
identified upscaling agroecology worldwide as a top priority for achieving 
the Sustainable Development Goals (SDGs) by 2030 (FAO 2018b). 
Maintaining and enhancing soil health is a critical aspect of this effort, as 
it provides sustainable solutions to global challenges and contributes to 
achieving multiple SDGs (Lal et al. 2021). Moreover, soil health is recog
nized as one of the consolidated 13 principles that define agroecology by 
the High-Level Panel of Experts on Food Security and Nutrition (HLPE 
2019), and one of the 10 core criteria of performance for measuring the 
performance of agroecology by FAO (2019).

A healthy soil has the ability to sustain biological production, maintain 
environmental quality, and promote plant and animal health, thus ensuring 
food supply within ecosystem boundaries (Doran and Safley 2002; 
Kibblewhite, Ritz, and Swift 2008). However, this ability is affected by land 
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use strategies and land management practices. One of the most significant 
risks to the availability and stability of the food supply is soil degradation 
brought on by changes in land use and poor management practices (Gourdji 
et al. 2013; Lobell, Schlenker, and Costa-Roberts 2011). In contrast, agroeco
logical and sustainable intensification approaches contribute to regenerative 
processes (Pretty et al. 2018) by improving long-term soil health through 
organic matter management and enhanced soil biological activity (HLPE 
2019). Therefore, soil health knowledge is becoming more and more impor
tant in designing sustainable agri-food systems and establishing soil conserva
tion policies in different agricultural production systems.

In Argentina, the peri-urban areas of Buenos Aires and La Plata are the 
main suppliers of fresh vegetables. These vegetables are mainly grown by 
family farmers that rent small parcels of land, usually less than 5 ha in size, 
with up to 1.5 ha of greenhouse farming (Gómez, Mediavilla, and Pineda 
2013). The main destination of these products is the domestic market, making 
horticulture a crucial activity for the local economy. However, the most 
common management system used in these areas is conventional, involving 
intensive use of natural resources, excessive use of external inputs and limited 
access to professional agronomic advice (Fernández Lozano 2012). As a result, 
natural resources have been degraded and pollution has increased. Previous 
studies in this area identified signs of soil degradation (Paladino et al. 2018), 
including soil alkalization, incipient salinity, loss of organic carbon and 
P overfertilization. Nutrient runoff is affecting the quality of local streams 
and groundwater (Salvioli et al. 2012), while the pesticides used are a major 
threat to the small streams and their biodiversity (Mac Loughlin, Peluso, and 
Marino 2017, 2022). Much like environmental pollution, signs of occupational 
exposure to pesticides have been reported for many years (Fitó Friedrichs et al. 
2020; Matos et al. 1987). Moreover, in these farms, chicken litter is commonly 
used as an organic soil additive. Chicken litter from intensive farming not only 
provides nutrients but also introduces salts and other contaminants to the soil, 
while increasing pH levels. For example, recent findings (Prack McCormick 
et al. 2020) revealed that lettuce grown in soils fertilized with composted 
chicken litter from intensive animal production has fluoroquinolone residues.

Amid these challenges, agroecological farming is gaining attention as 
a sustainable alternative to ensure food security in the peri-urban area of 
Buenos Aires. Some farmers are adopting agroecological practices, and new 
marketing channels, such as farmers-to-consumers markets and delivery of 
seasonal vegetable bags as means for promoting their products. Unlike organic 
farming, there is no certification process to verify the agroecological perfor
mance of a self-defined agroecological system. Therefore, little is known about 
how agroecological these systems are, and if their performance is positively 
affecting soil health and making horticulture more sustainable. To address this 
gap worldwide, the Tool for Agroecology Performance Evaluation (TAPE) was 
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developed to generate global and comparable evidence on the multidimen
sional performance of agroecology in any kind of production system in 
agriculture, hence it is also applicable to horticultural systems. TAPE com
prises two main Steps: Step 1, the characterization of the agroecological 
transition (CAET), based on the 10 Elements of Agroecology defined by 
FAO (2019) which allows characterization and comparing of levels of transi
tion toward agroecology; and Step 2, which assesses performance based on 10 
core criteria of performance of agroecology, where soil health is included 
(Mottet et al. 2020). TAPE was recently used in Argentina to assess the 
performance of horticulture in the peri-urban area of Rosario City 
(Lucantoni et al. 2022).

The present study aims to (i) characterize the level of transition to agroe
cology of 19 horticultural farms, self-defined as agroecological or conven
tional, based on the 10 Elements of Agroecology using TAPE Step 1 (CAET), 
and (ii) to investigate if self-defined agroecological systems have better soil 
health than conventional systems at physical, chemical, and biological levels. 
We hypothesize that self-defined agroecological systems are more advanced in 
agroecological transition than conventional systems and that they have better 
scores of soil health.

Materials and methods

Site description

This study included an area of horticultural farming taking place in Florencio 
Varela district, located in the south of the Green Belt of Buenos Aires, 
Argentina (Figure 1). A total of 19 family farms under agroecological and 
conventional management were included in the evaluation with TAPE. The 
farms were classified as self-defined agroecological (A) or conventional (C) 
based on the self-perception of the farmer.

The climate in the area is temperate-humid without a pronounced dry 
season, with hot summers and temperate winters. The average annual tem
perature is 16°C and the frost-free period is 220 days. Irrigation is comple
mentary in open-field cultivation systems, since rainfall in the area is between 
900 and 1000 mm year−1 distributed uniformly in the four seasons (FAO 
2019). The geomorphology of Florencio Varela corresponds to the Rolling 
Pampa region, with terrain characterized by gentle undulations of long and 
not very steep slopes. The soils are typic Argiudol (Soil Survey staff 2010), 
located in well-drained areas and have developed profiles, with deep and dark 
A horizons, well supplied with organic matter. Underlying B horizons have 
strong features of clay migration and the presence of expandable clays. Soil 
texture is classified as silty clay loam. Although these soils have a high 
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productive capacity, the clay provides moderate to low permeability with high 
plasticity and adhesiveness, mainly in B horizons (Giménez et al. 1992).

Most farmers rent their land and have open field and greenhouse produc
tion (Figure 2). The water used for irrigation comes from water wells, 55–60 m 
deep, drilled within the farms. The most common system of irrigation is drip, 
while fertilization is mostly performed by fertigation (Cuellas 2017).

Poultry litter is applied in every farm at each cycle or every other cycle 
depending on the season and on the vegetable grown, and it comes from 
nearby facilities of intensive poultry production. The main vegetables grown in 
open field are, in order of importance, lettuce, chard, spinach, tomato, pepper, 
broccoli and cabbage, while those grown in greenhouses are tomato, spinach, 
lettuce and pepper (Rivas 2010).

Characterization of the agroecological transition (CAET)

Among the farmers included in this study, 11 self-perceived their farming 
systems as agroecological and eight as conventional. All the farms have 

Figure 1. Location of the farms in Florencio Varela city, Buenos Aires, Argentina.
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more than 30 years under horticultural production. Farms classified as self- 
defined agroecological (A) were initially conventional and since 2011, they 
have been in the process of transition to agroecology. To answer the 
question ”How agroecological is the production system?” we performed 
a survey based on TAPE’s Step 1, the Characterization of the 
Agroecological Transition (CAET) (FAO 2019) based on the 10 Elements 
of Agroecology (FAO 2018a). The Elements of Diversity, Resilience, 
Synergies, Efficiency, and Recycling characterize the management practices 
and the innovation criteria implemented on the farm, while, social aspects 
and the enabling environment characteristics are addressed through the 
Elements of Human and Social Values, Culture and Food Traditions, 
Circular and Solidarity Economy, Co-creation and Sharing of Knowledge, 
and Responsible Governance. Each Element is measured through 3 or 4 
indices on a descriptive scale from 0 (the least agroecological situation) to 4 
(the most agroecological one), depending on the characteristics of the farm 
under study. As a result of this scoring, the percentage of advancement of 
each Element is obtained, as well as an aggregated CAET score, which is 
the overall level of agroecological transition on the farm assessed (Mottet 
et al. 2020). More details about CAET and the indices that describe each 
Element are detailed in FAO (2019).

Figure 2. (a) Representative diagram of the horticultural farms. (b) Representative images of sites 
sampled within each farm: 1) un-cultivated soils, 2) soils from open-field production and 3) soils 
from greenhouse production.
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Soil health characterization

We collected soil samples from productive plots at each horticultural farm 
assessed in Step 1 (except for one conventional and one agroecological), from 
0 to 10 cm depth to evaluate soil physical, chemical, and biological quality. The 
plots sampled were classified based on the approach and the cultivation 
system. On the one hand, the approach included plots under conventional 
(C; n = 10) or self-defined agroecological (A; n = 17) production. On the other 
hand, the cultivation system included open-field production (OF; n = 16) and 
greenhouse production (GH; n = 11).

In the conventional approach (C), agrochemicals including biocides 
and synthetic fertilizers are applied regularly. Chicken litter is incorpo
rated into the soil at pre-sowing, while synthetic fertilizers (such as di- 
ammonium phosphate and NPK 15-15-15) are applied through fertiga
tion during the sowing and on a weekly base during cultivation, hence 
covering the nutritional requirements. In the agroecological approach 
(A), the use of external inputs is reduced mainly to the poultry litter. 
Biocides are replaced by the use of purines, plant extracts, diatomaceous 
earth or increased plant diversity. Open-field production (OF) is per
formed in furrows in open plots of about 3000 m2 while greenhouse 
production (GH) is performed in wood and polyethylene gable green
houses of 15 m × 80 m (1200 m2). In both cultivation systems, a layer of 
10 mm of chicken litter is applied and incorporated with 
a motocultivator before sowing as an organic amendment and source 
of nutrients (Table 1).

We also collected soil samples from uncultivated sites (NC) identified 
within most of the farms. Those sites were neither tilled nor used for vegetable 
production or poultry litter storage, to the best knowledge of the current 
farmer (at least 5 years). Uncultivated soil samples were used as a reference 
of soil quality before land use change into horticulture. Table 2 summarizes 
the physical, chemical, and biological properties of the samples taken from the 
uncultivated sites.

Soil physical properties
For this study, we selected the following soil physical properties as indicators 
of soil physical health: bulk density (BD), gravimetric moisture (GM) and 
aggregate stability (AS). For these properties, three discrete soil samples were 
analyzed for each experimental unit. BD was determined by the cylinder 
method (Blake and Hartge 1986); GM by weight difference (Gardner 1986); 
and AS by le Bissonnais (1996). Briefly, this latter method consists in exposing 
soil aggregates of between 3 and 5 mm to three pre-treatments to calculate the 
Mean Weight Diameter (MWD) of stable aggregates. The pre-treatments were 
as follows: fast wetting (ASfw), which is the immersion of aggregates in water 
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to study the dry soil behavior in the face of a heavy rain like storms in summer; 
slow wetting (ASsw) which corresponds to a field condition of wetting under 
gentle rain like dry soil behavior in the face of mild rain; and stirring after pre- 
wetting (ASst) which is the immersion of aggregates in ethanol to test the wet 
mechanical cohesion of aggregates independently of slaking to study wet soil 
behavior in the face of a heavy rain.

Soil chemical properties
We selected the following soil chemical properties as indicators of soil chemi
cal health: pH, electrical conductivity (EC), soil organic carbon (SOC), extrac
table phosphorus (EP) and total nitrogen (TN). For these properties, we 
analyzed one soil sample composed of 16–20 subsamples for each experimen
tal unit. Once collected, the samples were air-dried and passed through a 2000  
µm sieve. All determinations were made in triplicate. pH and EC were 
measured in a 1:2.5 (soil: deionized water) weight ratio, using a Hanna pH 
211 microprocessor with the Hanna HI1331B pH electrode and an Orion 
Conductivity meter (Model 120) with the Orion conductivity cell 012010, 
respectively. SOC was determined according to the procedure proposed by 
Walkley & Black (Jackson 1964); EP, using the extraction method proposed by 
Bray & Kurtz, according to NORMA IRAM (2010); and NT following the 
Semi-Micro Kjeldahl method according to SAMLA (2004).

Soil biological property
We studied soil microbial activity through soil basal respiration (SBR), as an 
indicator of soil biological health. CO2 release was determined by the alkali 
absorption method followed by titration (Zibilske 1994). The method consisted 
in incubating 50 g of soil at 22°C for seven days in hermetic containers, by 
triplicate. On day seven, a tube with 25 ml of 0.25 N NaOH (the CO2 trap)was 

Table 1. Characterization of nine poultry litter heaps present in the farms at sampling.

pH
EC 

dS m−1
Ashes 

%
TOC 

%
TP 
%

TN 
%

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
9.29 0.88 7.98 2.96 35.87 9.84 35.04 5.38 1.81 0.32 2.11 0.60

pH: potential Hydrogen (1:10); EC: electrical conductivity (1:10); TOC: total organic carbon; TP: total phosphorus, NT: 
total nitrogen. Determined as recommended by (Martinez et al. 2021).

Table 2. Characterization of uncultivated soils in the studied area from 0 to 10 cm depth.
BD 

gr cm−3
GM 
% ASfw ASst ASsw pH

EC 
dS m−1

SOC 
%

EP 
mg kg−1

TN 
%

SBR 
mg CO2 kg−1 day−1

Mean 1.15 27.79 1.63 3.00 2.90 7.02 0.16 3.58 134.5 0.36 80.83
SD 0.13 7.59 0.40 0.12 0.35 0.54 0.05 0.66 75.3 0.09 25.78

BD: bulk density; GM: gravimetric moisture; ASfw: aggregates stability after fast wetting; ASst: aggregates stability 
when stirring after pre-wetting; ASsw: aggregates stability after slow wetting; pH: potential hydrogen; EC: electrical 
conductivity; SOC: soil organic carbon; EP: extractable phosphorus; TN: total nitrogen; SBR: soil basal respiration.
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placed inside each hermetic container, and the system was incubated at 28°C for 
seven days more. The negative control consisted of the NaOH solution placed in 
a container without soil. To determine the release of CO2, 5 ml of the NaOH 
solution, with 3 ml of 3 N BaCl2 and 2–3 drops of phenolphthalein, were titrated 
with 0.25 N HCl. The result was expressed as mg of CO2 released per soil kg 
per day.

Statistical analyses

To compare the level of the agroecological transition between self-defined A and 
C, we applied the non-parametric Wilcoxon test (Mann–Whitney U) to the results 
from CAET (Elements and indices within Elements) considering a p < 0.05.

To assess overall soil health, we performed a principal components analysis 
(PCA) for every soil property measured, using the R program (R Project 
version 3.5.1) and the package FactoShiny. To test the effect of the two 
qualitative variables (factors), approach and the cultivation system or their 
interaction, on each of the soil properties, a variance analysis was applied using 
the statistical program InfoStat (di Rienzo et al. 2008). Significantly different 
means were separated using the Tukey test (p < 0.05) or the non-parametric 
test Kruskal Wallis (p < 0.05), and correlation between variables was calculated 
using Pearson’s correlation coefficients (Pearson r).

Results

Characterization of the agroecological transition (CAET)

The CAET score for the complete set of cases evaluated was 46%. The results 
reflect a higher level of agroecological transition in self-defined agroecological 
(A) systems than in the conventional (C) systems, with CAET scores of 52% 
(41–71) and 39% (31–57), respectively.

When analyzing the differences across the 10 Elements, Resilience, 
Synergies, Efficiency, Recycling, Culture and Food Traditions, and Co- 
creation and Sharing of Knowledge presented the most significant dif
ferences between A and C (p < 0.05, non-parametric Wilcoxon test) 
(Figure 3). Secondly, the Elements of Diversity, Circular and Solidarity 
Economy, and Responsible Governance presented higher scores in 
A than C, however these differences were not yet statistically significant 
(p > 0.05, non-parametric Wilcoxon test). Finally, both A and C systems 
presented the same score for the Element of Human and Social Values 
(Figure 3).
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Management and innovation aspects of agroecological transitions
When zooming in on the CAET indices, between the 20 indices describing 
the management and innovation aspects of agroecological transitions, nine 
(45%) showed significantly higher scores in A compared to C, involving 
each of the Elements within this category (Figure 4). In terms of the 
Diversity Element (Figure 4a), there were no differences between A and 
C regarding the overall index, but the animals index was significantly 
higher in A over C. The Resilience Element also showed higher scores in 
A, with greater stability in income and production, as well as reduced 
indebtedness (Figure 4b). The Efficiency Element had the greatest transition 
within the management and innovation aspects. While productivity and 
household’s needs index levels were similar between A and C, the A systems 
showed progress in the management of soil fertility and pests and diseases, 
as well as greater efficiency in the use of external inputs compared to the 
C systems (Figure 4d). For the Synergy Element (Figure 4c), we found 
a higher integration of trees and other perennials in the agroecosystem in 
A compared to C. Finally,A systems had higher recycling of nutrients and 
biomass than C, as well as better management of seeds and breeds for the 
Recycling Element (Figure 4e).

Figure 3. Mean scores of the 10 Elements of agroecology for self-defined agroecological 
(gray; n=11) and conventional (black; n=8) systems. Statistically significant differences: 
*p<0.05, **p<0.01 (non-parametric Wilcoxon test).
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Social and enabling environment aspects of agroecological transitions
Within the social and enabling environmental aspects, between the 16 
indices, three (19%) showed significantly higher scores in A compared 
to C, while one (6%) showed a lower score in A than in C (Figure 5). 
For the overall Human and Social Values Element, no differences were 
found between A and C. However, the index women’s empowerment was 
the only index that showed a lower score in A compared to 
C (Figure 5a). We found a higher score in A than C for the index 
appropriate diet and nutritional awareness in the Culture and Food 
Tradition Element (Figure 5b). None of the indices from the Elements 
Circular and Solidarity Economy, and Responsible Governance had 
significant differences between A and C (Figure 5 c and e respectively). 
However, a tendency for higher scores in group A than C was observed 
for networks, intermediaries, and consumers, and local food systems 
(Figure 5c). Finally, Co-creation and Sharing of Knowledge was the 
Element with the greatest transition progress and the highest and most 
remarkable difference between A and C (Figure 5d). We found higher 
scores in A systems for the indices access to and interest in 

Figure 4. Mean scores for the indices corresponding to agroecology Elements describing manage
ment and innovation aspects for self-defined agroecological (gray; n=11) and conventional (black; 
n=8) systems. (a) Diversity, (b) Resilience, (c) Synergies, (d) Efficiency, and (e) Recycling. ns: non- 
significant, *p<0.05, **p<0.01 (non-parametric Wilcoxon test).

AGROECOLOGY AND SUSTAINABLE FOOD SYSTEMS 291



agroecological knowledge as well as in participation in networks and 
grassroots organization (Figure 5d).

Soil health characterization

First, a descriptive analysis of soil properties was carried out through a PCA, thus 
obtaining an approximation of the correlation between soil properties and the 
qualitative variables cultivation system and approach. Then, a variance analysis 
showed the interaction between approach and cultivation system and their 
effects on each soil property. Particularly, pH and electric conductivity did not 
pass the normality and heteroscedasticity tests; therefore, non-parametric var
iance analysis was applied.

Overall variability
The first two primary components of the PCA managed to explain 60.15% of the 
total system variability. The third component added 11.54% to the total variability. 
Most of the variables evaluated defined at least one of the first two principal 
components. On the one hand, aggregate stability (ASfw, ASst and ASsw), pH, 
soil organic carbon, extractable P, total N and soil basal respiration, were the 
variables that defined the first component (Table 3 and Figure 6a). On the other 
hand, gravimetric moisture, electric conductivity, extractable P and total N, 

Figure 5. Mean scores for the indices corresponding to agroecology Elements describing the social 
aspects and enabling environment for self-defined agroecological (gray; n=11) and conventional 
(black; n=8) systems. (a) Human and social Values, (b) Culture and food Traditions, (c) Circular and 
Solidarity Economy, (d) Co-creation and Sharing of knowledge, and (e) Responsible Governance. 
ns: non-significant, *p<0.05 (non-parametric Wilcoxon test).
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defined the second component. Each of these variables had a significant correlation 
(p < 0.05) with the principal component it defined. Finally, bulk density was the 
only variable with no contribution to nor correlation with the first two principal 
components.

When analyzing correlations between properties, we found that soil biolo
gical respiration positively correlated with both physical and chemical soil 
properties. On the one hand, regarding physical properties, respiration corre
lated with each variable related to aggregate stability (Pearson r: ASfw: 0.76; 
ASst: 0.43; ASsw: 0.63; p < 0.05). On the other hand, regarding chemical 
properties, it correlated with pH (Pearson r: 0.55, p < 0.01), soil organic carbon 
(Pearson r: 0.69; p < 0.01), extractable P (Pearson r: 0.47, p < 0.05) and total 
N (Pearson r: 0.49, p < 0.05).

Finally, according to the Wilks test p-value, the best qualitative variable to 
illustrate the distance between individuals on the first plane is the interaction 
between System and Approach (p = 4.40 e-05). Moreover, while Dim 1 had 
a positive correlation with the cultivation system (R2 = 0.38, p < 0.01) and the 
approach (R2 = 0.31, p < 0.01), the highest correlation was found for their 
interaction (System × Approach R2 = 0.62, p < 0.001) (Figure 6b, c and d).

Physical indicators of soil health
Physical properties of the soil varied only depending on the approach or its 
interaction with the cultivation system. Concerning the approach, statistically 
significant differences (p < 0.05) were found for ASst. The plots under 
A presented higher aggregate stability than those under C (Table 4). 
Concerning the interaction between the approach and the cultivation system, 
statistically significant differences (p < 0.05) were found for ASfw (Figure 7). 

Table 3. Pearson’s correlation between the variables 
and the first two principal components.

Variables PC1 PC2

SBR 0.869* 0.097
ASfw 0.868* 0.332
ASst 0.865* −0.030
SOC 0.713* −0.131
pH 0.661* −0.327
EP 0.653* −0.497*
ASsw 0.543* 0.376
TN 0.535* −0.483*
EC 0.403 0.673*
BD 0.333 −0.314
GM 0.213 0.819*

Variables with significant correlation (p < 0.05) are indicated in the 
table with an asterisk. PC1: first principal component, PC2; second 
principal component. BD: bulk density, GM: gravimetric moist
ure, ASfw: aggregates stability fast wetting, ASst: aggregates 
stability stirring after pre-wetting, ASsw: aggregates stability 
slow wetting, pH: potential hydrogen, EC: electrical conductiv
ity; SOC: soil organic carbon, EP: extractable phosphorus, TN: 
total nitrogen, SBR: soil basal respiration.
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More stable soils were observed when combining the cultivation system GH 
with the A approach, while the less stable corresponded to OF and C. Finally, the 
cultivation system alone did not affect any of the physical properties assessed.

Chemical indicators of soil health
Chemical properties of the soil varied depending on the cultivation system and 
the approach. Concerning the cultivation system, statistically significant dif
ferences (p < 0.05) were found for pH, electric conductivity, and extractable 
P. The plots under GH presented higher levels of these three properties than 

Figure 6. First factorial plane of a principal components analysis. (a) variables factor map, each 
vector represents a variable and the angles between variables or components indicate the 
correlation between them; (b) individuals factor map; (c) qualitative factor map and (d) individuals 
factor map where individuals are color after their category for the variable approach. Dim1: first 
principal component, Dim2: second principal component, BD: bulk density, GM: gravimetric 
moisture, ASfw: aggregates stability fast wetting, ASst: aggregates stability stirring after pre- 
wetting, ASsw: aggregates stability slow wetting, pH: potential hydrogen, EC: electrical conduc
tivity; SOC: soil organic carbon, EP: extractable phosphorus, TN: total nitrogen, SBR: soil basal 
respiration. OF: open field production; OFC: open field conventional, OFA: open field self-defined 
agroecological, A: agroecological approach, C: conventional approach, GH: greenhouse produc
tion, GHC: greenhouse production conventional and GHA: greenhouse production self-defined 
agroecological.
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OF plots (Table 5). Concerning the approach, statistically significant differ
ences (p < 0.05) were found for soil organic carbon. Higher levels of carbon 
corresponded to A while lower levels corresponded to C.

Biological indicators of soil health
The biological property soil basal respiration varied depending on both the 
cultivation system and the approach (p < 0.05). Concerning the cultivation system, 

Table 4. Physical indicators of soil health without interaction between cultivation system and 
approach.

BD gr cm−3 GM % ASst ASsw

mean SD mean SD mean SD mean SD

Cultivation system OF 1.18a 0.02 22.71a 1.04 2.56a 0.09 1.36a 0.13
GH 1.18a 0.03 25.62a 1.38 2.50a 0.12 1.78a 0.18

Approach C 1.17a 0.03 23.16a 1.38 2.30a 0.12 1.39a 0.18
A 1.19a 0.02 25.17a 1.04 2.76b 0.09 1.75a 0.13

BD: bulk density, GM: gravimetric moisture, ASst: aggregates stability stirring after pre-wetting, ASsw: 
aggregates stability slow wetting, OF: open-field production; GH: greenhouse production, C: conventional 
approach, A: agroecological approach. sd: standard deviation. Different letters show significant differences 
between usesaccording to Tukey (p < 0.05).

Figure 7. Aggregate stability for the pre-treatment fast wetting; interaction between approach and 
cultivation system. MWD: mean weight diameter, OF: open-field production; GH: greenhouse produc
tion, C: conventional approach, A: agroecological approach. Different letters show significant differ
ences between uses according to Tukey (p < 0.05). The vertical lines indicated the standard deviation.

Table 5. Chemical indicators of soil health, from 0 to 10 cm depth.
pH EC dS m−1 SOC % TN % EP mg kg−1

mean SD Mean SD mean SD mean SD mean SD

Cultivation system OF 7.90a 0.93 0.32a 0.15 1.58a 0.06 0.19a 0.01 219.69a 24.03
GH 8.73b 0.30 1.10b 0.89 1.65a 0.08 0.21a 0.01 321.50b 32.79

Approach C 7.92a 1.32 0.46a 0.30 1.51a 0.08 0.20a 0.01 277.65a 32.90
A 8.42a 0.28 0.74a 0.83 1.72b 0.06 0.20a 0.01 263.53a 24.03

EC: electrical conductivity; SOC: Soil Organic Carbon, EP: Extractable Phosphorus, TN: Total Nitrogen OF: open-field 
production; GH: greenhouse production, C: conventional, A: agroecological. SD: standard deviation. Different letters 
indicate significant differences between uses according to Tukey (p < 0.05). Only for pH and EC different letters 
indicate significant differences according to Kruskal Wallis (p < 0.05).
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plots under GH had higher soil biological respiration than plots under OF. 
Concerning the approach, plots under A had higher soil biological respiration 
than those under C (Table 6).

Discussion

The strong specialization in vegetable production coupled with intensive 
agricultural practices in the green belt of Buenos Aires is reflected in generally 
low CAET scores (overall average of 46%), and poor soil quality. Cultivated 
soils have turned alkaline and have accumulated salts and P while they have 
lost aggregate stability, soil organic carbon, N, and soil biological activity when 
compared with local uncultivated soils (Table 2). Over the last decade, the 
interest in agroecology as a healthier and fairer way to achieve food sover
eignty has grown in urban and peri-urban areas from Argentina and around 
the world (Einbinder et al. 2021; Siegner, Acey, and Sowerwine 2020; Simon- 
Rojo, Bernardos, and Landaluze 2018), reaching farmers, consumers, techni
cians, and scientists. Through this study, we give evidence that self-defined 
agroecological systems are advancing in the transition to agroecology with 
higher scores than conventional systems in Elements involving (1) manage
ment and innovation aspects of agroecological transitions as well as (2) social 
aspects and enabling environment. Moreover, these higher scores are coupled 
with better soil health observed at physical, chemical, and biological levels. 
Nevertheless, given the yet low level of agroecological transition, there is still 
much potential to be exploited and constraints to be overcome to improve the 
sustainability of these horticultural systems.

Characterization of the agroecological transition

Our study shows that the agricultural systems we examined in the green belt of 
Buenos Aires are still in the early stages of the transition to agroecology, with 
generally low CAET scores compared to other regions of Argentina (Álvarez 
et al. 2019; Lucantoni et al. 2022). For example, Álvarez et al. (2019) reported 
that horticulture in Northern Patagonia has an average CAET value of 65% 

Table 6. Biological indicators of soil health.
SBR (mg CO2 kg−1 day−1)

mean SD

Cultivation system OF 40.74a 3.93
GH 58.20b 5.04

Approach C 35.67a 5.94
A 63.26b 3.62

SBR: Soil basal respiration, OF: open-field production; GH: greenhouse production, 
C: conventional, A: agroecological. sd: standard deviation. Different letters show 
significant differences between uses according to Tukey (p < 0.05).
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(with a range of 48–69%). However, it is important to consider that agricul
tural systems in Patagonia are characterized by productive diversification and 
strongly influenced by indigenous/peasant heritage and traditional manage
ment practices, which are similar to agroecological practices, as well as by the 
high biodiversity of the natural surroundings. This contrasts with the green 
belt of Buenos Aires, within a metropolitan area, characterized by decades of 
intensive production and home to almost half of Argentina’s population. 
Compared to Rosario, another major metropolitan area, the overall differences 
become less pronounced, but some Elements still differ between the two areas 
(Lucantoni et al. 2022).

Despite the low general CAET scores found in our study, self-defined 
agroecological systems presented higher scores than conventional systems 
for all of the Elements except one (with equal score), particularly those 
describing the management and innovation aspects of agroecological transi
tions. Such is the case for the Elements of Resilience, Synergies, Efficiency, and 
Recycling, while Diversity has yet to be improved. Within this aspect, the 
highest score was registered for Efficiency while Synergies and Recycling were 
the ones with the lowest scores. Efficiency is influenced by some of the main 
changes in management practices applied to the land by self-defined agroeco
logical farmers, such as nonuse of inorganic fertilizers or pesticides. According 
to Lucantoni et al. (2022), Efficiency had a four-fold change when comparing 
one representative conventional horticultural system with an agroecological 
one in Rosario. On the other hand, the low levels of transition accounted for 
Synergies and Recycling are likely influenced by the still high specialization in 
vegetable cropping, where diversity of crops for the market tends to be 
common, but the inclusion of multispecies green-manure, trees and animals 
within the agroecosystem is rare. As a result, there is a small opportunity for 
integration, a high export of the biomass produced and a low recycling rate of 
resources on-farm, all known causes of soil health loss (de Boer and van 
Ittersum 2018; Du et al. 2022). Nonetheless, our results show that self- 
defined agroecological systems have higher levels of tree integration, and 
nutrients and biomass recycling than conventional ones, but there is still 
much potential to be explored. Higher Resilience was also observed in terms 
of the indices of stability of income/production and recovery, and indebtedness. 
In Rosario, no significant differences were observed in Resilience, yet, the 
authors used the indices presented by Mottet et al. (2020) where the index 
indebtedness is excluded.

Self-defined Agroecological systems also presented higher scores in the 
Elements describing the social aspects and enabling environment for agroe
cological transitions. Co-creation and Sharing of Knowledge is the Element 
with the highest transition progress within the 10 Elements. We attribute this 
result to positive interactions between these farm systems and institutions 
promoting agroecology as Universities and the National Institute of 
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Agricultural Technology (INTA) in Argentina, as well as the participation in 
farmers’ organizations. Regarding the Element Culture and Food Traditions, it 
is noteworthy that self-defined agroecological systems scored higher for the 
index for appropriate diet and nutrition awareness compared to conventional 
systems. There is increasing evidence supporting the idea that agroecology 
positively impacts household food security (Bezner Kerr et al. 2021; Lucantoni 
2020; Madsen et al. 2021). In our study, it could be due to increased interest in 
healthy diets going hand in hand with an interest in sustainable production 
(Mie et al. 2017), and/or increased diversity and food supply of the production 
system that can be either consumed by the farmers (Luna-González and 
Sorensen 2018) or sold to make other food items more affordable (Azzarri 
et al. 2022).

Self-defined agroecological systems do not yet exhibit higher scores in the 
Elements of Responsible Governance, Circular and Solidarity Economy, and 
Human and Social Values. According to Lucantoni et al. (2021), the former 
two Elements presented very low scores, with Responsible Governance scoring 
20 points lower than in horticultural systems from Rosario, Argentina 
(Lucantoni et al. 2022). This suggests a more complex environment for farm
ers to undergo the agroecological transition in the peri-urban zone of Buenos 
Aires than in Rosario. For example, long distances to the city and consumers is 
making it necessary to involve different intermediaries for commercialization. 
This happens even for methods designed for agroecological systems as selling 
bags with season vegetables called “bolsones” (Skill, Passero, and Farhangi 
2022) in cooperation with National Universities. Other examples include 
insecurity, the bad state of the roads which are mainly unpaved (dirt)roads, 
the low percentage of farmers owning the land, the perception of low inclusion 
farmers have on decisions involving governance of natural resources.

Human and Social Values, presented the same level of transition in self- 
defined agroecological systems as in conventional systems, with an overall 
score of 52%. We attribute this result to the combination of local conditions 
that affect all farmers similarly. In addition to those problems described on the 
previous paragraph, in this peri-urban area farmers work the land with very 
low mechanization, depending greatly on human power. So even though they 
are not employees – they are their own bosses-, their working conditions are 
hard. This, coupled with not owning the land, likely increases youth desire to 
emigrate from the farm and work in different activities.

The index women’s empowerment from the Element of Human and Social 
Value, only scored 24.4%. The level of horticultural feminization in this area is 
low, with three women at the head of their farms (27%) in self-defined agroe
cological systems, and only one in conventional systems (12.5%). Contrary to 
our expectations, self-defined agroecological systems presented lower scores for 
this index compared to conventional ones. We consider this might be 
a consequence of the alignment of feminism with agroecology as a movement 
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(Seibert et al. 2010; Zaremba et al. 2021). The higher access and interest in 
agroecological knowledge as well as the participation in networks and grassroot 
organizations of self-defined agroecological farmers is likely rising awareness of 
gender inequalities. Access to evidence and knowledge about the social struc
tures and gender norms that perpetuate these inequalities can increase the 
sensitivity when assessing empowerment, recognizing inequalities where groups 
without this knowledge would not (Figueroa Vélez and Vélez Ochoa 2021; 
García Jiménez, Cala Carrillo, and Trigo Sánchez 2016). Overall, it is important 
to focus more attention on addressing gender-related issues in these horticul
tural systems, and even contemplate a wider perspective including dissident 
genders as proposed by (Leslie 2017; Leslie, Wypler, and Bell 2019).

Soil health characterization

When addressing the second objective of this study, we found that self-defined 
agroecological systems exhibit better soil health scores than conventional 
systems. Similar results were reported by Lucantoni et al. (2022) in agroeco
logical systems from the metropolitan area of Rosario especially when com
pared with conventional systems. Soil health depends on the physical, 
chemical, and biological properties of the soil (Sassenrath et al. 2018). Soil 
management practices in agroecosystems can have short-term and long-term 
effects on these properties (Garcia et al. 2019; Prack McCormick et al. 2022; 
Sokolowski et al. 2020), affecting development, productivity, and nutritional 
quality of edible crops and, furthermore, agriculture sustainability (de la 
Fuente and Suarez 2008; Paladino et al. 2018). Our findings reveal decline in 
soil health in horticultural soils based on the soil properties of aggregate 
stability, pH, P, soil organic carbon and microbial activity. However, we 
observed positive changes in self-defined agroecological systems with regard 
to properties associated with carbon cycling, such as aggregate stability, soil 
organic carbon, and microbial activity, even though the level of agroecological 
transition (CAET) is still low. On the other hand, soil pH, and P vary with the 
cultivation system, but differences in these indicators have not yet been 
observed between conventional and self-defined agroecological systems. The 
discussion below will focus on these two groups of properties.

Horticultural soil aggregates from the area under study were unstable in the 
face of a heavy rain but their stability is higher in self-defined agroecological 
systems. Agroecological management practices improved the stability of wet 
and dry soil aggregates in the face of a heavy rain. The only indicator for which 
an interaction between the approach and the cultivation system was registered 
was dry aggregate stability in the face of a heavy rain, with the best condition 
(moderately stable) found in greenhouses from self-defined agroecological 
systems (le Bissonnais 1996). Aggregate stability depends on various factors 
such as clay content, mineralogy, dominant cations in the exchange complex 
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(Buckman and Brady 1970; Duchaufour 1987; Hillel 1998) and management 
strategies affecting moisture content, soil organic carbon, plant roots, soil 
microbial activity (Garcia et al. 2019; Ramesh et al. 2019; Sokolowski et al. 
2020). While clay content, mineralogy and moisture remain similar between 
plots in this study, management strategies affecting carbon and nutrient 
cycling through ecological strategies scored higher in self-defined agroecolo
gical systems, according to CAET. Soil organic carbon is crucial for aggregate 
stability (Garcia et al. 2019; Six et al. 2004), not only by improving formation 
but also by reducing sensitivity to breakdown, e.g., increasing aggregate 
hydrophobicity (Abiven, Menasseri, and Chenu 2009). Additionally, soil 
microorganisms can also improve aggregate formation by binding soil parti
cles with extracellular polysaccharides, and fungal hyphae can physically 
attach soil particles together (Cosentino, Chenu, and le Bissonnais 2006; 
Lehmann et al. 2020). In turn, soil organic carbon and microorganisms are 
also protected within soil aggregates.

The peri-urban area studied had a low supply of soil organic carbon in all 
farms due to more than 40 years of intensive agriculture (Gall le and García 
2010; Vázquez and Terminiello 2008). However, the adoption of agroecologi
cal management practices is being followed by improvements in soil organic 
carbon content. Conventional horticultural practices involve intensive tillage 
and the use of poultry litter as the only organic amendment, which is insuffi
cient to restore the organic matter content to its natural state (Cuellas et al. 
2018). Nonetheless, the agroecological transition is beginning to show pro
mise, with increased soil plant cover resulting from intercropping, reduced 
weeding, and fallow periods with spontaneous vegetation. These practices 
improve soil temperature, exudate diversity, and soil organic carbon stocks 
(de Tombeur et al. 2018; Li et al. 2015; Manpoong et al. 2021), as well as higher 
organic inputs and greater incorporation of residues. Additionally, the absence 
of inorganic nitrogen fertilization in self-defined agroecological systems can 
extend the half-life of crop residues with high C:N ratios.

Soil microbial activity is an essential component for the productivity and 
stability of agroecosystems. Basal respiration, which reflects microbial activity, 
can improve with the absence of soil tillage (Zhang et al. 2016), continuous 
presence of diverse plants and their roots and exudates (Bonkowski 2004; 
Griffiths et al. 2022; Steinauer, Chatzinotas, and Eisenhauer 2016), higher levels 
of soil organic carbon (Chen et al. 2017), neutral soil pH, and the absence of 
pollutants and agrochemicals (Fuller 2004). In this study, the transition to 
agroecological practices has led to an increase in microbial activity, accompa
nied by higher soil organic carbon levels. While the microbial activity and soil 
organic carbon levels in self-defined agroecological systems have not yet reached 
levels equivalent to uncultivated soils (Tables 2 and 5), the paired increase in 
both is likely indicative of a certain ecosystem balance. Continued efforts to 
improve these aspects should be a priority in agroecological systems.
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As part of the transition toward agroecology, some crucial soil properties, 
such as pH and P, which strongly influence food and environmental quality, 
are yet to be improved. Both properties were found to be well above their 
optimal range, and their values were higher in soils from GH compared to 
those from OF, as previously reported (Paladino et al. 2018). On the one hand, 
soil pH regulates nutrient availability for plant growth. Particularly, Fe, Cu, 
Mn, Zn, and Ni are tightly bound to the soil at levels as those found in our 
study for soils under GH (Jackson et al. 2018). This can negatively affect 
nutrient content in edible tissues decreasing food quality (Hailu et al. 2015) 
and arousing other technological debates as the need for biofortification (El- 
Ramady et al. 2022). On the other hand, P is one of the major causes of surface 
water eutrophication. While P accumulation is commonly detected in soils 
receiving manure-based nutrients (Prack McCormick et al. 2022), levels found 
in this study are extremely high. When the retention capacity of the soil is 
exceeded, phosphorus can be released into the environment (Xu et al. 2022). It 
can travel with water during rainstorms when the soil is easily saturated with 
rainwater. Runoffs are formed and discharged into surface and ground waters 
(Lin et al. 2011). Moreover, when aggregate stability is unstable to fast wetting, 
as is the situation in the studied area, erosion increases the sediments in water 
flows (le Bissonnais 1996) and nutrients can travel attached to soil particles.

In the previous study by Paladino et al. (2018), authors discuss water 
irrigation quality, inorganic fertilization, and poultry litter as possible 
causes of the measured soil alkalization, salinization, and/or 
P accumulation. For this study, we assessed poultry litter samples from 
the farms included and found them to be extremely alkaline and a rich 
source of P (Table 1). Although inorganic fertilizers are not used in self- 
defined agroecological systems, poultry litter is commonly used in both 
systems, making it a major contributor to these problems. It is key to 
reduce the dependency on poultry litter as the main organic amendment 
to overcome alkalinization and P accumulation.

The main limitation of this study is that we have sampled farmers’ produc
tive plots, hence the results do not come from a field experiment with 
completely controlled treatments. However, they do represent real situations 
from the territory.

Recommendations and future studies needed

To continue with the agroecological transition, it is necessary to work jointly 
with the actors involved, and in line with local needs and the socioecological 
context toward beneficial synergies, as well as horizontal learning and teaching 
(Einbinder et al. 2022) without forgetting the impacts that this production has 
on soil health.
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By working within the socioecological context of the horticultural systems 
of Florencio Varela it is important to analyze the Elements of (i) Diversity, 
Synergies and Recycling and (ii) Human and Social Values, Circular and 
Solidarity Economy, and Responsible Governance. These Elements have 
indices below 40 and it is important to determine if the cause of these scores 
is economic or organizational in nature. For example, land tenure is a major 
limiting factor in the study area generating instability and preventing invest
ments in long-term benefits. We recommend the design of strategies that 
provide stability of land tenure, like long-term contracts or policies that 
allow land purchase by farmers. There is also a need for investment in roads, 
the design of strategies to guarantee security and appropriate insurances for 
climate-driven losses. Moreover, in-depth research should be directed to 
identify the causes of the surprisingly low score found for women’s 
empowerment.

To continue improving soil health, new practices can be explored and 
evaluated with farmers to replace the use of polluting or nonrenewable 
resources and reduce the need for tillage. A network between horticul
tural farmers and organic or agroecological animal farmers could be 
formed to improve the cycling of organic carbon and nutrients locally 
while mitigating risks associated with intensive animal production, such 
as antimicrobial resistance dissemination (Prack McCormick et al. 2022). 
Self-defined agroecological farmers express their dependency on tillage 
and plastic mulching to control the thriving summer weeds. Therefore, 
research on service crops including multi-species green manures and 
cover crops to provide an economical and soil-friendly alternative is 
needed. Their implementation could be an alternative to improve the 
agroecological transition (Hansen et al. 2021). Lastly, an in-depth study 
of the farmers’ practices and their impact on soil biology could help 
improve carbon and nutrient cycling.

Conclusion

Our main findings indicate that:

● Self-defined agroecological systems have made more significant strides 
toward agroecological transition than conventional systems; and

● Self-defined agroecological farms exhibit better soil health scores than 
conventional systems.

The characterization of the agroecological transition with TAPE indicates that 
horticultural farms in the peri-urban area of Florencio Varela, Buenos Aires 
(Argentina) have on average a low level of transition to agroecology. However, 
when classifying the systems based on the perception of the farmer, those 
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systems self-defined as “agroecological” have a higher level of transition than 
those perceived as conventional.

Regarding the 10 Elements of Agroecology, higher scores in agroecological 
systems mainly involve management and innovation aspects and secondly social 
aspects and enabling environment. The former one includes the Elements of 
Resilience, Synergies, Efficiency, and Recycling; while the latter one includes, 
Culture and Food Traditions, and Co-creation and Sharing of Knowledge.

Regarding soil health, horticultural soils from the area present signs of 
degradation, highlighting low soil organic carbon and aggregate stability, 
yet extremely high pH and extractable P. Altogether these signs can affect 
production stability, environmental stability, and food quality. According 
to our results, on the one hand the agroecological approach improves 
aggregate stability of wet soil in the face of a heavy rain, soil organic carbon 
and soil microbial activity, independently of the cultivation system, i.e., 
open field or greenhouse production. Aggregate stability in the face of 
a heavy rain only improves under greenhouse and the agroecological 
approach. On the other hand, the level of agroecological transition is still 
not enough to alleviate neither soil alkalization nor P overfertilization, 
which do vary with the cultivation system.

In peri-urban horticulture from Florencio Varela, how the farmer perceives 
their system correlates with the performance of such system at different levels 
including management and innovation aspects, social aspects and enabling 
environment and soil health. While better performance is starting to be 
noticeable, there is still much to be done and requires the cooperation of all 
stakeholders.
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