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Implementation of agroecological indicators for environmental diagnosis in
a livestock productive facility from the southeast of Buenos Aires, Argentina
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An environmental diagnosis of a livestock facility that raises
reproductive cattle in the southeast of Buenos Aires was
carried out, during a productive year, to evaluate the effects of
agricultural practices and deepen the analysis of wild species
diversity. The model designed for the AgroEcoindex® Pampas
region was applied, which uses 19 indicators related to energy,
nutrients, pollution and erosion, water and intervention. Wild
species on the area were listed. Energy indicators showed a
critical demand for fossil energy. Consumption was 13 times
superior to the negative threshold of the model. Production
reached the optimal threshold, but was inefficient. It required
five units of energy per unit of generated product. C reserve in
soil was reduced, greenhouse gas balance exceeded the negative
threshold, as well as the impact on habitat and water intake. Risk
of pesticide contamination was critical. There were favorable
trends: N and P balance, with an annual increase that was 20 times
superior to the threshold, without generating contamination risks,
efficiency of water use, rain/ produced energy ratio, erosion risk,
habitat intervention and agro-diversity. A richness of 81 plants
and 75 animals was registered, not evaluated by the model.

Key words: agroecosystem, Pampas region, agroecological indicator,
sustainable agricultural system

The adoption of scientific-technological tools
and inputs to increase yields and incomes of Pampas
agroecosystems, stimulate the processes of productive
intensification and expand the agricultural and live-
stock frontier in Argentina (Manuel-Navarrete et al.
2009 and Viglizzo and Jobbagy 2010), has generated
a positive impact on the structure and functionality
of the ecosystems in which agricultural activities are
carried out (Viglizzo et al. 2011 and Andrade 2016).
These tasks interfere with other productive activities,
which depend on wildlife (Kristensen ef al. 2011),
and can compromise the ecological services provided

Se realiz6 el diagndstico ambiental de un establecimiento agropecuario
que cria ganado vacuno reproductor en el sudeste de Buenos Aires,
teniendo en cuenta un afio productivo, para evaluar los efectos de
las practicas agropecuarias y profundizar el analisis de diversidad
de especies silvestres. Se aplico el modelo disefiado para la region
pampeana AgroEcoindex®, que utiliza 19 indicadores relativos a la
energia, nutrientes, contaminacion y erosion, agua e intervencion. Se
listaron las especies silvestres del predio. Los indicadores energéticos
evidenciaron una demanda de energia fosil critica. El consumo superd
13 veces el umbral negativo del modelo. La produccion alcanzo el
umbral 6ptimo, pero fue ineficiente. Requirio cinco unidades de energia
por unidad de producto generado. Se redujo la reserva de C en suelo,
el balance de gases invernadero super6 el umbral negativo, al igual que
el impacto el habitat y el consumo de agua. El riesgo de contaminacion
por plaguicidas fue critico. Hubo tendencias favorables: balance de
N y de P, con incremento anual que superd 20 veces el umbral, sin
generar riesgo de contaminacion, eficiencia de uso del agua, relacion
lluvia/energia producida, riesgo de erosion, intervencion del habitat y
agrodiversidad. Se inventario riqueza de 81 plantas y 75 animales, no
evaluada por el modelo.

Palabras clave: agroecosistema, region pampeana, indicador
agroecologico, sistema agropecuario sostenible

La adopcion de herramientas cientifico-tecnologicas e
insumos para aumentar los rendimientos e ingresos de los
agroecosistemas pampeanos, estimular los procesos de
intensificacion productiva y expandir la frontera agraria
y ganadera en Argentina (Manuel-Navarrete et al. 2009 y
Viglizzo y Jobbagy 2010), ha generado un impacto positivo
en la estructura y funcionalidad de los ecosistemas en los
que se realizan actividades agropecuarias (Viglizzo et
al. 2011 y Andrade 2016). Estas labores interfieren con
otras actividades productivas, que dependen de la vida
silvestre (Kristensen ef al. 2011), y pueden comprometer
los servicios ecologicos provistos por los recursos naturales
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by the natural resources of the area (Viglizzo et al.
2012). To reorient the management of agricultural
systems towards sustainability, it is invaluable
to carry out diagnoses that allow evaluating the
complexity of sustainability of activities, recognize
problems that move the analyzed system from
the desired condition and establish management
guidelines to reverse them. This allows producers
and agricultural companies to modify their actions,
minimize environmental consequences and obtain
agroecological certifications that offer competitive
advantages and social credibility (Vigglizo et al.
2011).

The models facilitate the analysis of complexity
of the agricultural system, but a well-selected set
of indicators that allow the various aspects of its
complex nature to be translated into clear, objective
and general values, constitutes an irreplaceable tool
to summarize information and guide decision-making
of farmers. An indicator shows not easily detectable
trends, summarizes, in numerical or qualitative
information, a particular relevant phenomenon
associated with a factor, and describes the evolution
of a process (Girardin et al. 1999 and Sarandon and
Flores 2014). Several models group empirical or
semi-empirical indicators, designed for production
systems (Vilain 2008, Pérez and Alcardz (2015) and
Trabelsi et al. 2016) different from those of Pampas
region.

Agriculture in the Pampas has a group of regional
agro-environmental sustainability indicators that
allow monitoring and certifying the application of
good agricultural practices through standardized ISO
14000 environmental codes (Viglizzo et al. 2006). It is
important that producers also have reliable indicators
to evaluate and supervise different components of
the agroecosystem of their productive facility and
encourage them to focus on environmentally friendly
management (Gutiérrez et al. 2008).

The AgroEcoindex® (Viglizzo et al. 2006 and
Frank 2007) is a model, sensitive to temporal and
spatial changes, applicable to the evaluation of
the functioning of variables related to sustainable
management in agricultural establishments (Gil
et al. 2009). It allows the farmer to diagnose and
interpret critical processes of the agroecosystem by
estimating quantitative indicators related to energy,
nutrients, pollution and degradation, water use,
habitat and agrobiodiversity (richness of crops), and
to make decisions based on data. For its better use,
indicators are displayed on a control panel, which
indicates the condition of each one with colors:
dark and light green (favorable/without problems),
light and dark yellow (regular/alert), orange and red
(danger/serious).

In order to analyze processes and tendencies of
an agricultural and livestock facility, which rears
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del area (Viglizzo et al. 2012). Para reorientar la gestion
de los sistemas agropecuarios hacia la sustentabilidad,
resulta inestimable la realizacion de diagndsticos que
permitan evaluar la complejidad de la sustentabilidad de
las actividades, reconocer los problemas que alejan al
sistema analizado de la condicion deseada y fijar pautas
de manejo para revertirlos. Esto permite a productores
y empresas agropecuarias modificar sus acciones,
minimizar las consecuencias ambientales y obtener
certificaciones agroecolodgicas que ofrezcan ventajas
competitivas y credibilidad social (Vigglizo ef al. 2011).

Los modelos facilitan el analisis de la complejidad
del sistema agricola, pero un conjunto bien seleccionado
de indicadores que permita traducir los diversos aspectos
de su naturaleza compleja en valores claros, objetivos y
generales, constituye una herramienta insustituible para
sintetizar la informacion y orientar las decisiones de
los agricultores. Un indicador evidencia tendencias no
facilmente detectables, resume en informacion numérica
o cualitativa un fenomeno relevante particular asociado a
un factor, y describe la evolucion de un proceso (Girardin
et al. 1999 y Sarandon y Flores 2014). Varios modelos
agrupan indicadores empiricos o semiempiricos,
disenados para sistemas productivos (Vilain 2008, Pérez
y Alcaraz 2015 y Trabelsi et al. 2016) diferentes de los
de la region pampeana.

El agro de la pampa dispone de un grupo de
indicadores de sustentabilidad agroambiental regional
que permite monitorear y certificar la aplicacion de
buenas practicas agropecuarias a través de codigos
ambientales estandarizados ISO 14000 (Viglizzo
et al. 2006). Es importante que los productores
también dispongan de indicadores confiables para
evaluar y monitorear los diferentes componentes del
agroecosistema de su unidad productiva y los estimulen
a orientarse hacia una gestion respetuosa con el ambiente
(Gutiérrez et al. 2008).

El AgroEcoindex® (Viglizzo ef al. 2006 y Frank
2007) es un modelo sensible a cambios temporales y
espaciales, aplicable a la evaluacion del funcionamiento
de variables relacionadas con el manejo sustentable
en establecimientos agropecuarios (Gil et al. 2009).
Permite al productor diagnosticar e interpretar procesos
criticos del agroecosistema mediante la estimacion de
indicadores cuantitativos, relacionados con la energia,
los nutrientes, la contaminacion y degradacion, el uso
del agua, el habitat y la agrobiodiversidad (riqueza de
cultivos), y tomar decisiones basadas en datos. Para
facilitar su uso, los indicadores se visualizan en un panel
de control, que senala con colores la condicion de cada
uno: verde oscuro y claro (favorable/sin problemas),
amarillo claro y oscuro (regular/de alerta), naranja y
rojo (peligro/grave).

Con el proposito de analizar los procesos y las
tendencias de un establecimiento agropecuario que
cria ganado vacuno reproductor en la provincia de
Buenos Aires, el objetivo de este estudio fue realizar el
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breeding cattle in Buenos Aires province, the objective
of this study was perform an environmental diagnosis
using a local design model, and to evaluate the effects
of agricultural practices on different components of the
environment during a productive year, including the
diversity of wild species of the area.

Materials and Methods

The study area has favorable edaphic and climatic
characteristics for agriculture of cereals and oleaginous
plants under dry land (without irrigation) and cattle
rearing. Argiudol and Natraqualf (Soil Survey
Staff 2014) soil groups are predominant, which are
equivalent to the reference soil groups Phacozems
and Solonetz (IUSS Working Group WRB 2015),
respectively. The climate is oceanic temperate, with
exchange of air masses between sea and continent and
low thermal amplitude (SAGyP — INTA 1990).

A livestock and agricultural production facility in
the southeast of Buenos Aires province, Argentina,
was analyzed during the 2014-2015 production year.
This facility has 666.5 ha and has been under the
same type of family management for over 45 years.
Harvests are destined to commercialization of grains
and cattle feeding. The components of the agricultural
system were cereals Triticum aestivum L. (wheat),
Phalaris canariensis L. (canary grass), Avena sativa
L. (oats); oilseeds Glycine max (L.) Merr (soy bean),
Zea mays L. (corn), Helianthus annuus L. (sunflower)
and forages Sorghum bicolor (L.) Moench (sorghum),
Medicago sativa L. (alfalfa), Bromus catharticus
Vahl (brome grass), Lolium multiflorum Lam (annual
ryegrass). Double annual cultivation is carried out
in direct sowing of seasonal species. Wheat and
sunflower are marketed, and the rest of crops contribute
to the nutritional management of the animals. The
entire area has cattle at some point. In pastures
(associated, perennial or multi-annual of five years)
and some forage crops (sorghum), rotational grazing
is performed in the field. Winter and summer greens
(species of annual cycle and seasonal production) are
grazed. Chopped corn is ensiled for forage. Oats and
barley are used for making forage rolls.

The area under analysis is subdivided into plots
with different surfaces, limited by fences (fences with
posts and wires). In the model, they were grouped into
15 units, depending on the use or sequence of uses
during the productive year (table 1). A plot of 50 ha,
where flood and salinity limit cultivation, is covered
by a natural pasture grazed by cattle. This is located
next to a shallow body of water, with a variable surface
(£ 700 ha) depending on the annual rainfall. Scattered
groups of trees over 40 years old, planted for the shelter
and shade of livestock, cover four hectares. Eucalyptus
spp., Pinus spp. and Tamarix gallica, a little tree
adapted to sandy and brackish soils, are predominant.
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diagnostico ambiental mediante un modelo de disefio
local, y evaluar los efectos de las practicas agropecuarias
en diferentes componentes del ambiente durante un afio
productivo, entre los que se encuentra la diversidad de
especies silvestres del predio.

Materiales y Métodos

El area de estudio posee caracteristicas edaficas y
climaticas favorables para la agricultura de cereales
y oleaginosas en secano (sin riego) y la cria a campo
de ganado bovino. Predominan los grandes grupos
de suelo Argiudoles y Natracualfes (Soil Survey Staff
2014), equivalentes a los grupos de suelo de referencia
Phaeozems y Solonetz (IUSS Working Group WRB
2015), respetivamente. El clima es templado oceénico,
con intercambio de masas de aire entre el mar y el
continente y baja amplitud térmica (SAGyP-INTA
1990).

Se analiz6 una unidad de produccidn agricola
ganadera del sudeste de la provincia de Buenos Aires,
Argentina, durante el afio productivo 2014-2015. Esta
instalacion posee 666,5 ha y ha estado bajo el mismo tipo
de manejo familiar por mas de 45 afios. Los productos
de la cosecha de la actividad agricola se destinan a la
comercializacion de granos y a la alimentacion del
ganado. Los componentes del sistema agricola fueron
los cereales Triticum aestivum L. (trigo), Phalaris
canariensis L. (alpiste), Avena sativa L. (avena); las
oleaginosas Glycine max (L.) Merr (soja), Zea mays L.
(maiz), Helianthus annuus L.(girasol) y las forrajeras
Sorghum bicolor (L.) Moench (sorgo), Medicago sativa
L. (alfalfa), Bromus catharticus Vahl (cebadilla), Lolium
multiflorum Lam (raigras anual). Se realiza doble cultivo
anual en siembra directa de especies estacionales. Se
comercializan trigo y girasol, y el resto de los cultivos
contribuye al manejo nutricional de los animales. Toda
el area tiene ganado en algin momento. En las pasturas
(consociadas, perennes o plurianuales de cinco afos)
y algunos cultivos de forrajes (sorgo) se hace pastoreo
rotativo a campo. Los verdeos (especies de ciclo anual
y produccién estacional) invernales y estivales se
pastorean. El maiz picado se ensila para forraje. Con la
avena y la cebada se hacen rollos de forraje.

El predio objeto de analisis se subdivide en parcelas
de distinta superficie, delimitadas por alambrados (cercas
con postes y alambres). En el modelo se agruparon en
15 unidades, en funcion del uso o secuencia de usos
durante el afio productivo (tabla 1). Una parcela de
50 ha, donde el anegamiento y la salinidad limitan el
cultivo, esta cubierta por un pastizal natural pastoreado
por el ganado. Este se ubica aledafio a un cuerpo de
agua somero, de superficie variable (= 700 ha) seglin
la pluviosidad anual. Grupos diseminados de arboles
de mas de 40 afios, plantados para reparo y sombra del
ganado, cubren cuatro hectareas. Dominan Eucalyptus
spp., Pinus spp. y Tamarix gallica, arbolito adaptado a
suelos arenosos y salobres.
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Table 1. Area occupied by types of use during the productive year 2014-2015, and its destination

n®  Usc (performed activity) ha Product destination
1  Natural grassland- natwal grassland 50 Grazing
2 Pasture - crop {corn) 7 Grazing - silage
3 Pasture - pasture 53 Grazing
4  Crop (oats) — summer greens 42 Forage roll - grazing
5 Greens - greens 127 Crop and grazing
6 Crop {(wheat) - fallow Bl Grain commercialization- grazing
7 Barley — sov bean of 2nd 26 Forage roll - harvest and silage
8  Oats —soy bean of 1st 14 Forage roll - harvest and silage
9  Dats - com 36 Forage roll — cut and silage
10 Oats - sorgo de 2° 44 Forage roll — grazing
11 Wheat - sunflower 22 Grain commercialization
Gramn commnerciahization-harvest and

12 Wheat - soy bean of 2Znd 38 silage
13 Barely - com 39 Forage roll - grazing
14 Winter green — restriction for bulls 6.5 Crop and grazing
15 Afforestation - afforestation 4 Shadow for eattle

Tatal 668.5

Cattle rearing is based on bovine cattle, with
1,012 heads (295 calves, 180 heifers, 107 steers, 130
bulls and 300 cows). The nutritional management
of animals was based on a pastoral system with
food inputs produced in the establishment and
dietary supplements are eventually imported.
Cattle was managed in two groups: one of herd
(female and male breeders for sale), and another
for the sale of steers for meat or rearing. One-
year-old breeders are for sale, and two males go
to an insemination center, to later commercialize
their semen. Sheep cattle, with 222 heads (140
sheep, 8 rams, 74 lambs), are eventually used for
consumption.

AgroEcoindex® model (Viglizzo et al. 2006 and
Frank 2007) was applied, with information obtained
through interviews and surveys to the farmer
and professionals who advise him (veterinary
doctors and agricultural engineers). Results for
each of the 18 indicators were compared with
limit values of the model for the type of mixed,
agricultural-livestock production (table 2). To
analyze the richness of wild species, seven less
disturbed areas were distinguished (wire edges,
floodplains and lagoons), where plants that grew
spontaneously were collected. Species in a cabinet
were herborized and identified with a binocular
loupe and taxonomic keys (Cabrera 1963-1970)
and specific richness was estimated. At dawn
and dusk, in Autumn (April, July-August) and
in Summer (January-February), birds, mammals
and reptiles were sighted, as well as signs of their
presence. Binoculars and identification guides
were used for this (Narosky and Yzurieta 2010 and
Giambelluca 2015). The list was completed with
surveys to people who live and work in the area.

La ganaderia se basa en la cria de ganado bovino,
con 1012 cabezas en total (295 terneros/as, 180
vaquillonas, 107 novillos, 130 toros y 300 vacas).
El manejo nutricional de los animales se bas6 en un
sistema pastoril con insumos alimentarios producidos
en el establecimiento y se importan eventualmente
suplementos dietarios. El ganado bovino se manejo6 en
dos rodeos: uno de cabafia (reproductores hembras y
machos para la venta), y otro para venta de novillos
para carne o cria. Los reproductores de un afio estan a la
venta, y dos machos van a un centro de inseminacion,
para posteriormente comercializar su semen. El ganado
ovino, con 222 cabezas (140 ovejas, 8 carneros, 74
corderos), se usa eventualmente para consumo.

Se aplicod el modelo AgroEcoindex® (Viglizzo
et al. 2006 y Frank 2007) con informacion obtenida
mediante entrevistas y encuestas al productor y a
profesionales que lo asesoran (médicos veterinarios
e ingenieros agronomos). Los resultados para cada
uno de los 18 indicadores se contrastaron con los
valores limite del modelo para el tipo de produccién
mixto, agricola-ganadera (tabla 2). Para analizar la
riqueza de especies silvestres, se diferenciaron siete
areas menos perturbadas (bordes de alambrados,
bajos inundables y lagunas), donde se colectaron
plantas que crecen espontaneamente. Se herborizaron
e identificaron especies en gabinete con lupa
binocular y claves taxonémicas (Cabrera 1963-1970)
y se estimd la riqueza especifica. Al amanecer y al
atardecer, en otono (abril, julio-agosto) y en verano
(enero-febrero), se avistaron aves, mamiferos y
reptiles, y signos de su presencia. Se utilizé para
ello binoculares y guias de identificacion (Narosky
e Yzurieta 2010 y Giambelluca 2015). El listado se
completd con encuestas a informantes que viven y
trabajan en el area.
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Table 2. Indicators applied by AgroEcoindex®. Limit values established by the model for one type of
agricultural-livestock production

Limit value of the model

Indicator Calculation method Unit Dark Light ZLight Dark
green  green  vellow  vellow Red
0. Percentage of  (Annual B8 eemmmmem mmmeman mmeeas e I
annual crops crops¥ 100)/total of -
crops
1. Fossil energy FE of inputs and labors  MFIha/ve 3000 (0,000 15,000 20,000 25,000
intake (FE) ar
2. Energy E of products (crops and MJ'ha/year 30,000 40,000 30,000 20,000 10,000
production (F) cattle)
3. Efficientuse of FE/P Without 0.50 1.00 L.50 2.00 2.50
FE unit
4. N balance Incomes — expenditure = kgha'vea  20.00 0.00 -20.00 -40.00  -60.00
(balM) (rain + biological r
5. P balance ﬂ’g‘“;ﬁ"l . fe“:‘mgd’ "N kemayea 300 000 -300  -500  -9.00
(balP). o P of exported product
6. Change of C {current reserve— tha/year 0.10 0.00 -0.10 -0.20 -0.30
reserve of soil previous reserve )20
(COS) Vears
7. Change of Forest growth— tharyvear 0.10 0.00 -0.10 -0.20 -0.30
woody biomass  extraction {wood)
reserve
Contamination risk
bw:
8. N N and P balance related mg/L 2.00 4.00 6.00 8.00 10,00
to rainfall,
9P evapotranspiration, and mgTL 0.20 0.40 0.60 0.80 1.00
hydrography
10. Pesticides Relative index based on IR 17.00  33.00 5000 67.00 83.00
mean lethal dose
(DL50), persistency,
mobility, solubility,
degradation rate of
active substances
11. Erosion risk Wind-erosion equation  t'ha‘vear 600 1200 18.00 2300 30.00
(WEQ) and Universal
Soil Loss Equation
(USLE), vha‘vear
12 Greenhouse WVariation of COS t/ha/year 000 1000 2000 3000 40.00
gas balance reserve and woodsn
biomass. Estimation of
COyemission and
sequestration
13. Water intake  Precipitationwater mm'year 100,00 250,00 400.00 550.00 700
{consH»0) intake
14, Efficient use of H>O intake* 100) ‘annual %% 83.00 67.00 50,00 33.00 17.00
water precipitation
15 Rain-produced Annual precipitation8  L/AT [T0.00 330.00 50000 670,00 230
energy relation  of products
16. Habitat Anthropic interference IR 0.17 0.33 0.50 0.67 0.83
intervention risk (use, type of farming
and contamination,
pesticides)
17. Impact on Farmed hectares afio- IR 1.70 3.30 5.00 6.70  8.30
habitat l{use, type of farming
and agrochemicals in
each paddock)
18. Agrodiversity Number of different IR 3.00 2.50 2.00 1.50 1.00

crops
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Results and Discussion

Results of total indicators and per plot (table
3) were analyzed, grouped into five axes and
compared with the limits established by the model
(table 2).

Indicators related to energy indicate the
intensity and frequency of use of energy resources,
processes of transformation and conversion to
products of agricultural value (Frank 2010).

Fossil energy (FE) consumption showed an
unfavorable trend, since total energy entry in
inputs (seeds, fertilizers, pesticides, fuel for
labor and transport and food supplements) and for
work carried out surpassed 13 times the negative
threshold established by the model (tables 2 and
3). The 25% of uses exceeded the threshold.
The highest inputs (40,000 to 65,000 MJ ha''y™?)
were required by pasture-corn, greens-greens and
wheat-fallow. Oats-soy bean, forest and greens-
winter were less demanding.

Cuban Journal of Agricultural Science, Volume 54, Number 3, 2020.
Resultados y Discusion

Los resultados de los indicadores totales y por
parcela (tabla 3) se analizaron agrupados en cinco
ejes y se contrastaron con los limites establecidos
por el modelo (tabla 2).

Los indicadores relativos a la energia sefialan
la intensidad y frecuencia de uso de los recursos
energéticos, los procesos de transformacion y
conversion a productos de valor agropecuario (Frank
2010).

El consumo de energia fosil (EF) mostrd
tendencia desfavorable, pues la entrada total
de energia en insumos (semillas, fertilizantes,
plaguicidas, combustible para laboreo y transporte,
suplementos alimenticios) y para las labores
practicadas superd 13 veces el umbral negativo
establecido por el modelo (tablas 2 y 3). EI 25 %
de los usos supero el umbral. Los mayores insumos
(40000 a 65000MJ ha'afio!) los requirieron
pastura-maiz, verdeo-verdeo y trigo-barbecho.
Fueron menos demandantes avena-soja, forestal y
verdeo-invernada.

Table 3. (a) Total general results and (b) separated by type of use, obtained with AgroEcoindex®, in
an agricultural and livestock productive facility from the SE of Buenos Aires (Argentina) during the

productive year 2014-2015

a)
Indicator n® Value Unit Description

0 37.70 % Percentage of annual crops

1 34437300 MWI/ha'vear I Fossil energy intake

2 67023.70 MTha'vear I Energy production

3 5.14 MI FE/MJ prod. I Efficiency use of fossil energy

4 384.80 kg'ha'vear N balance

5 63.61 kg/ha'year P balance

a -0.37 t'ha'vear I Change of s0il C reserve

Change of C reserve of the

7 -0.02 t'ha'year woody biomass
0.00 mg/L Risk of contamination by N
0.00 ma/L Risk of contamination by P

L0 55.21 Relative index Rizk of contamination by pesticides

L1 5.70 t'ha‘vear I Risk of wind and water erosion

12 62.37 t'ha/vear I Greenhouse gas balance

13 0556.20 mm'vear Water intake

14 112430 %% I Efficiency of water use

15 126.82 L/ Rain-produced energy relation

la 0.85 Relative index l Risk of habitat intervention

17 L.70 Relative index I Impact on habitat

18 5.02 Relative index Agrodiversity
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Energy production had a positive impact. Energy
content of agricultural and livestock products surpassed
the most positive threshold of the model. Except wheat
and sunflower, the crops served as food input to livestock
of the establishment itself.

The efficient use of energy showed a negative impact.
An amount of 5 MJ of external energy per MJ of product
was used, which doubled the critical threshold of the
model. The 80% of the uses were inefficient. Although
consumption increases and efficiency decreases, with the
increase of annual harvest crops (Viglizzo et al. 2006
and Frank 2007), forages were less efficient.

These three indicators show a production critically
subsidized by fossil energy, with high productivity
and high inefficiency. It is necessary to review the
incorporation of inputs and avoid their reduction does
not harm productivity. It is probable that the model,
appropriate for agriculture with some livestock, needs
some adjustments to fit it in order to assess the rearing
of high genetic quality breeding cattle, with more careful
management and higher economic value.

Regarding indicators related to nutrients, mean
annual balance of N and P was positive. Annual
increase of N and P was 20 times superior to the optimal
threshold. Reserves are stored in non-exported biomass
(plant and animal) and in the soil, where their solubility
could cause water contamination (indicators 8 and 9).
Organic forms of N and P from biomass are released
with necromass and feces, and, when mineralized,
they become available to plants, which completes their
cycling in the establishment. The estimation of N and
P reserve in soil would complete the model analysis.
In addition, it would allow knowing the capital that
guarantees the functioning of the ecosystem and provides
essential ecosystem services in agricultural production
(Laterra et al. 2012).

Soil C reserve (COS) decreased in all types of use
and had a negative impact. Berhonaraya and Alvarez
(2013) pointed out that the IPCC (2014) methodology,
used by the AgroEcoindex®, overestimates COS losses
and suggests calibrating default parameter values with
local data. The relationship between the organic C
stock of biomass and that of the soil defines, in part, the
intrinsic sustainability of the agroecosystem, because
the former is more exposed to degradation, whereas
COS reserves are less sensitive to short-term losses
(Jarecki and Lal 2003) and are modified by agricultural
activities. The negative value of the indicator may
be due to the intensive use of land and grazing of the
remaining biomass of crops (cuttings) that does not go
to the detritus.

The change of C reserve of woody biomass was
positive, only in areas with trees. The theoretical
growth of biomass was estimated (IPCC 2014), since
no wood was commercialized.

Regarding indicators related to contamination and
erosion, the model did not show any risk of contamination
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La produccion de energia tuvo un impacto positivo.
El contenido energético de los productos agricolas y
ganaderos super? los del umbral mas positivo del modelo.
Excepto trigo y girasol, los cultivos sirvieron de insumo
alimenticio al ganado del propio establecimiento.

La eficiencia de uso de la energia mostré un impacto
negativo. Se usaron 5 MJ de energia externa por MJ de
producto, lo que duplic6 el umbral critico del modelo. El
80 % de los usos fueron ineficientes. Aunque el consumo
crece y la eficiencia baja, al aumentar los cultivos de
cosecha anual (Viglizzo et al. 2006 y Frank 2007), los
forrajes fueron menos eficientes.

Estos tres indicadores denotan una produccion
criticamente subsidiada en energia fosil, con alta
productividad y alta ineficiencia. Es necesario revisar la
incorporacion de insumos y evitar que su reduccion no
perjudique la productividad. Es probable que el modelo,
apropiado para la agricultura con algo de ganaderia,
merezca ajustes que lo adecuen para evaluar la cria de
ganado reproductor de alta calidad genética, con un
manejo mas cuidadoso y mayor valor econémico.

En lo que respecta a los indicadores relativos a los
nutrientes, el balance medio anual de Ny P fue positivo.
El incremento anual de N y P supero6 20 veces el umbral
optimo. Las reservas se almacenan en la biomasa (vegetal
y animal) no exportada y en el suelo, donde su solubilidad
podria causar contaminacion del agua (indicadores 8
y 9). Las formas orgéanicas de N y P de la biomasa se
liberan con la necromasa y las heces, y al mineralizarse
quedan disponibles para las plantas, lo que completa su
ciclado en el establecimiento. La estimacion de la reserva
de Ny P en el suelo completaria el analisis del modelo.
Ademas, permitiria conocer el capital que garantiza el
funcionamiento del ecosistema y provee de servicios
ecosistémicos esenciales en la produccion agropecuaria
(Laterra et al. 2012).

Lareserva de C en el suelo (COS) disminuyo en todos
los tipos de uso y tuvo impacto negativo. Berhonaraya
y Alvarez (2013) sefialan que la metodologia del IPCC
(2014) , usada por el Agroecoindex®) sobrestima las
pérdidas de COS y sugiere calibrar con datos locales los
valores de los parametros por defecto.La relacion entre la
reserva de C organico de la biomasa y el del suelo define,
en parte, la sustentabilidad intrinseca del agroecosistema,
dado que el primero estd mas expuesto a la degradacion,
en tanto que las reservas de COS son menos sensibles a
pérdidas a corto plazo (Jareckiy Lal 2003) y se modifican
por las actividades agropecuarias. El valor negativo del
indicador se puede deber al uso intensivo de la tierra
y al pastoreo de la biomasa remanente de los cultivos
(rastrojos) que no ingresa a los detritos.

El cambio en la reserva de C de biomasa lefiosa fue
positivo, solo en areas arboladas. Se estimé el crecimiento
tedrico de labiomasa (IPCC 2014), ya que no se comercializd
madera o lefia.

Con relacion a los indicadores relativos a la
contaminacion y erosion, el modelo no evidencio riesgo
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by N and P. There was no residual N and P in the soil and
values of indicators were positive in both cases.

Risk of contamination by pesticides did not reach
the maximum threshold, although it was critical. The
effect of herbicides and pesticides depends on their
toxicity, persistence and mobility of the active substances,
solubility and degradation rate (Stoate et al. 2001).
Although organo-chlorinated products were not used
due to their toxicity and persistence, and many modern
pesticides degrade easily under the sun, there is a risk
that they will persist for some time in the subsoil or in
groundwater (Viglizzo ef al. 2011). The 50 ha of native
grassland that did not receive agrochemicals may have
determined that the indicator was not more negative.

There was no risk of water and wind erosion. In the
Pampas area, this risk increases with the proportion
of cultivated land, and the positive effects of direct
sowing (Alvarez et al. 1998 and INTA 2011) have been
evidenced, which is the predominant cultivation modality
in the analyzed case.

Greenhouse gas balance had a negative impact.
Since 1750, global atmospheric concentrations of CO,
(burning of fossil fuels and deforestation), CH, and N,O
(associated with agricultural activity) have increased
markedly (IPCC 2014). In the study area, fertilizers and
cattle were the emission sources, which releases CH, by
enteric fermentation, a gas with a greenhouse power 21
times greater than CO,. N in feces, synthetic fertilizers,
the result of biological fixation in legumes and harvest
residues are indirect sources of N,O emissions, with a
greenhouse power 310 times greater than CO,,.

In indicators related to water, land use is one of the
determining factors of consumption and use efficiency
of this resource (Victoria et al. 2005). Consumption had
a negative impact and exceeded the model threshold.

Efficient use of water, with precipitation of 900
mm year', generated a positive impact. The indicator
exceeded the maximum efficiency that the model
postulates (83%).

Regarding the rain-produced energy relation, although
water cycles on a large spatial and temporal scale, the
model considers the agroecosystem as an ecological entity,
where water circulates to support production. This indicator
was positive. An amount of 126.82 L of water was used to
generate | MJ™! of product. The water needed for most crops
and forage varies between 500-1,000 L/kg of product, and
it is 50-100 times more to produce 1 kg of meat or 1L of
milk (Pimentel et al. 1997).

Regarding indicators dealing with biodiversity, there
was no evidence of risk of habitat intervention, despite
the fact that it is accepted that agriculture simplifies the
structure of the environment in large areas and replaces
natural diversity with few cultivated plants and domestic
animals (Fowler and Mooney 1990).

Impact on habitat due to labor was high and annual
crops increase this impact. Only natural grassland and
afforestation did not reveal negative effects.
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de contaminacion por N y P. No hubo N y P residual en
suelo y los valores de los indicadores fueron positivos en
ambos casos.

El riesgo de contaminacion por plaguicidas no llegd
al umbral maximo, aunque fue critico. El efecto de los
herbicidas y pesticidas depende de su toxicidad, persistencia
y movilidad de las sustancias activas, solubilidad y tasa
de degradacion (Stoate et al. 2001). Si bien no se usaron
compuestos organo-clorados por su toxicidad y persistencia,
y muchos plaguicidas modernos se degradan facilmente al
sol, hay riesgo de que persistan algiin tiempo en el subsuelo
0 en aguas subterraneas (Viglizzo et al. 2011). Las 50 ha de
pastizal nativo que no recibieron agroquimicos pueden haber
determinado que el indicador no haya sido mas negativo.

No hubo riesgo de erosion hidrica y edlica. En el area
pampeana este riesgo aumenta con la proporcion de tierra
cultivada, y se han evidenciado los efectos positivos de
la siembra directa (Alvarez et al. 1998 ¢ INTA 2011),
modalidad de cultivo predominante en el caso analizado.

El balance de gases de efecto invernadero tuvo impacto
negativo. Desde 1750 aumentaron notablemente las
concentraciones atmosféricas mundiales de CO, (quema de
combustibles fosiles, deforestacion), CH,y N, O (asociados
a la actividad agropecuaria) (IPCC 2014). En el area de
estudio, las fuentes de emision fueron los fertilizantes y el
ganado bovino, que por fermentacion entérica libera CH,,
un gas con potencia invernadero 21 veces superior al CO,.
EI N de las heces, los fertilizantes sintéticos, el resultante
de la fijacion biologica en las leguminosas y de los residuos
de cosecha son fuente indirecta de emision de N, O, con
potencia invernadero 310 veces mayor al CO,.

En los indicadores relativos al agua, la utilizacion de la
tierra es uno de los factores determinantes del consumo y
de la eficiencia de uso de este recurso (Victoria et al. 2005).
El consumo tuvo impacto negativo y supero6 el umbral del
modelo.

La eficiencia en el uso del agua, con precipitacion de
900 mm afio™!, generd un impacto positivo. El indicador
supero la maxima eficiencia que postula el modelo (83 %).

Con respecto a la relacion lluvia-energia producida,
si bien el agua cicla a gran escala espacial y temporal, el
modelo considera al agroecosistema como una entidad
ecologica, donde el agua circula para sostener la produccion.
Este indicador fue positivo. Se utilizaron 126.82 L de agua
para generar 1MJ! del producto. El agua necesaria para
la mayoria de los cultivos de cosecha y forraje varia entre
500-1.000 L/kg de producto, y es 50-100 veces mas para
producir 1 kg de carne o 1 L de leche (Pimentel et al. 1997).

En cuanto a los indicadores que tienen que ver con la
biodiversidad, no se evidencio riesgo de intervencion del
habitat, a pesar de que se acepta que la agricultura simplifica
la estructura del ambiente en grandes extensiones y
reemplaza la diversidad natural por pocas plantas cultivadas
y animales domésticos (Fowler y Mooney 1990).

El nivel de impacto en el habitat por laboreo fue elevado
y los cultivos anuales aumentan este impacto. Solo el pastizal
natural y la forestacion no dejaron ver efectos negativos.
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Agrodiversity was positive due to the variety of
cultivated species. Low diversity of agricultural species
and ecological processes, associated with heterogeneous
landscapes, was considered as negative. Agricultural
intensification is related to biodiversity loss (Altieri
1999, Donald et al. 2001 and Aviron et al. 2018), to the
point of considering agricultural land distribution as an
indicator that threatens wildlife, more accurate than the
distribution of human population (Schalermann et al.
2005). Landscape homogenization leads to losses of
wild species of unique traits, and of those that can live or
subsist on agricultural or mixed areas (Tscharntke et al.
2005 and Coetzee and Chown 2016). Mixed and rotational
production plantations, which provide heterogeneous and
variable habitats in space and time, constitute beneficial
practices for biodiversity, as well as the reduction of
pesticides and inorganic fertilizers to strictly necessary
levels, and the strategic management of marginal sites,
not cultivated as biodiversity reservoirs (Hole ez al. 2005).

Estimating wildlife richness favored the perspective
of AgroEcoindex®, which only focuses on the richness
of crops when there are methods that evaluate agro-
environmental dimension, by equally valuing diversity
in agricultural practices and spatial arrangement (Vilain
2008).

In samplings, 81 herb species were collected from
15 botanical families, which grow spontaneously (table
4), and 53% were native. Poaceae and Asteraceae were
species-rich families (27 and 21). Several Chenopodiaceae
(13) grew in alkaline, brackish environments and modified
soils. As a consequence of flooding and salinity, families
were reduced to half. Brassicaceae (6) and many
exotic weeds increased in the internal roads. Apiaceae
(10), Solanaceae (8), forage Fabaceae collected from
cultivation (4), Cyperaceae, Lamiaceae, Plantaginaceae,
Malvaceae, Polygonaceae and Portulacaceae were
collected.
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La agrodiversidad result6 positiva por la variedad
de especies cultivadas. La baja diversidad de especies
agricolas y de procesos ecoldgicos, asociados a paisajes
heterogéneos, se considera negativa. La intensificacion
agricola se relaciona con la pérdida de biodiversidad (Altieri
1999 y Donald et al. 2001 y Avironet et al. 2018), al punto
de considerar la distribucion de las tierras agricolas como
un indicador que amenaza la vida silvestre, mas preciso
que la distribucion de la poblacion humana (Schalermann
et al. 2005). La homogeneizacion del paisaje lleva a la
pérdida de especies silvestres con rasgos Unicos, y de
aquellas que pueden vivir o subsistir en mosaicos agricolas
o mixtos (Tscharntke et al. 2005 y Coetzee y Chown 2016).
Constituyen practicas benéficas para la biodiversidad las
plantaciones de produccion mixta y rotativa, que proveen
habitats heterogéneos y variables en espacio y tiempo, la
reduccion de pesticidas y fertilizantes inorganicos a niveles
estrictamente necesarios y el manejo estratégico de sitios
marginales, no cultivados como reservorios de biodiversidad
(Hole et al. 2005).

Estimar la riqueza de la vida silvestre enriquecio la
perspectiva del AgroEcoindex®, que solo se centra en la
riqueza de cultivos cuando hay métodos que evaltian la
dimension agro-ambiental, al valorar por igual diversidad
précticas agricolas y arreglo espacial (Vilain 2008).

En los muestreos se recolectaron 81 especies de hierbas,
de 15 familias botdnicas, que crecen espontaneamente
(tabla 4), el 53% nativas. Las poaceas y asteraceas fueron
familias ricas en especies (27 y 21). Varias quenopodiaceas
(13) crecieron en ambientes alcalinos, salobres y suelos
modificados. Como consecuencia del anegamiento y
salinidad, las familias se redujeron a la mitad. En los
caminos internos aumentaron las brasicaceas (6) y muchas
malezas de cultivo exoticas. Se colectaron apiaceas (10),
solandceas (8), fabaceas forrajeras escapadas de cultivo
(4), ciperaceas, lamidceas, plantaginaceas, malvaceas,
oxalidaceas, poligonaceas y portulacaceas.

Table 4. Presence (x) of spontaneous plant species in eight sites of the establishment with lower intervention

Specics

Sites
1 2 3 4 5 6 T 8

9
£

Panicum sp.
Festiica arundinacea Schreb.

Eucaliptus spp,
Elvmus scabrifelivs (D6l1) 1LH. Hune.

Cyvrodon dactylon (L) Pers, var. longiglumis Caro & EA,

Sanchez

Undentified 1

Hordeum jubatum L.
Chenopodivm album L.

Malvella leprosa (Ortega) Krapov.

Cynodon dacrplon (L) Pers. var. pilosus Caro £ EA.

Sanchez
Eolanum glawcaphyllium Dest

Sarcocormia embigua (Mich) MA. Alonso & M.B.

Crespo

Apium sellowiorum ILWalf
Agrostis platensis Parodi
Bacchavis glutinasa Pers.

3
E] -
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Cont. table 4
Specics
Comyza sumatrensis (Fetz.) E. Walker var. leiotheca (5.5,
Blaks) Pruski & (. Sancho
Distichits scoparia (Eunt) Arcchavaleta
Preudognaphalium lewcopeplum (Cabrera) Anderh.
Dristichis laviflora Hack
Undentificd 2
Hydrocorile modesta Cham, & Schiltdl,
Cirsium vuigare (Savi) Ten,
Undentified 3
Arviplexr prostrara Boucher ex DC.
Choyhasic macrasperma (Hook. £ 8. Fuentes, Ustila
& Borsch
Raphanus sativis L.
Solarum chenepodicides Lam.
Cymodon dactylon (L.) Pers var. dactylon
Plantago lanceolata L.
Portulaca aff oleraceae L.
Hydrocotyle leucocephala Cham. & Schitdl.
Capsella bursa-pastoris (L.) Medik.
Stellaria media (L.) Cirille var, media
Daenylis glomerata L.
Diplataxis temuifolia (L.) DC var, tenuifolia
Solanum sisymbriifolivm Lam,
Trifalium pravense L.
Mairicaria chamomilla L.
FEleusine wristachia (Lam.) Lam.
healiz conavrhiza Tacq.
aff. Lactuca
TUndentified 4
Undentified 5
Undentificd 6
Polvgonum laphatifolium L.
Fiyyzalis viscesa L.
Hypochaeris pampasica Cabr,
Hypochaeris petiolaris (Hook. & Am.) Griseb.
Solanum elasagmifolivm Cav,
Datwra ferax L.
Trifolium repens L.
Carduus pyenocephalum L.
Amiplex patula L.
aff Tovrilis nodosa (L.) Gasrtn.
Lotus renuiz Waldst, & Kit, ex Willd.
Centaurea melitensis L.
Bupleurum tenuizsivm L.
Dysphania chilensis {Schrad.) Mosyakin & Clemants
Sporobolus mdicus (L.) B, Br. var. indicus
aff Amelichioa caudata (Trin.) Amriaga & Barkworth
Crochloa planphylla (Munro ex C. Wright) R.D. Webster
Eragrostiz japonica (Thunb. ) Trn.
Echinochloa colona (L.) Link
aff Parapholis incurva (L.) C. E. Hubb.
Dysphania multifida L.
Marrubium vulgare L.
Chenopodium dessicatum A. Nelson var. leptophylloides
(Murr) Wahl
Xanthium spinosum var. spinosum L.
Richness
Mill (1) lagoons (2-4) internal roads and canyons (5-8)
N=native
E=exotic
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Among the fauna (75), birds (52) were predominant,
mammals (17) in smaller number and reptiles (8).
Lagoons and flood areas raised biodiversity of the
establishment and housed 47% of birds. Several are
raised there, as well as a large rodent (Hydrochoeris
hydrochaeris). Passerines were numerous and the
presence of Falconidae (10%) would be an indicator of
the quality of the agroecosystem. Given their terminal
position, they indicate a complex trophic network
(Zacagnini 2011). Predators and scavengers perform
regulatory services, by controlling pests, rodents and
removing dead bodies.

Conclusions

Energy indicators showed critical fossil energy
demand, since consumption was 13 times superior to
the negative threshold of the model. Production reached
the optimal threshold, but was inefficient. It required
five units of energy per unit of generated product. Other
negative tendencies were the reduction of soil C reserve,
greenhouse gas balance, which surpassed the negative
threshold, as well as the impact on habitat and water
intake. The risk of pesticide contamination was critical.
Indicators of favorable trends were N and P balance
(with an annual increase that was 20 times superior to
the model threshold, without causing contamination),
efficient use of water, rain/produced energy relation, risk
of erosion and habitat intervention and agro-diversity. A
richness of 81 plants and 75 wild animals was registered.

The diagnosis allowed to evaluate aspects that
distance the establishment of sustainability and point
out the issues to improve. From an environmental
perspective, it should be considered a reduction of fossil
energy consumption and of the emission of greenhouse
gases and water (less loss due to runoff and infiltration)
and increase of COS, avoiding stubble grazing.
Reducing pesticides and promoting ecosystem service
of insectivorous birds would increase energy efficiency.
Actions that release CO, (fossil fuels, reduced C reserve
in the soil), NH, (livestock) and NO, (fertilizers) should
be reviewed. Water intake per hectare was high, but its
use was efficient due to the high energy of products.

In addition, it would be appropriate to adapt the
model according to two issues: analysis of purely
livestock activities and evaluation of wildlife of the
establishment.
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Entre la fauna (75) predominaron las aves (52), en
menor numero los mamiferos (17) y los reptiles (8). Las
lagunas y zonas inundables elevaron la biodiversidad del
establecimiento y albergaron 47 % de las aves. Varias crian
alli, al igual que un roedor de gran porte (Hydrochoeris
hydrochaeris). Los paseriformes fueron numerosos y la
presencia de falconidos (10 %) seria indicador de calidad
del agroecosistema. Dada su posicion terminal indican una
red trofica compleja (Zacagnini 2011). Los depredadores
y carrofieros cumplen servicios de regulacion, al controlar
plagas, roedores y eliminar cadaveres.

Conclusiones

Los indicadores energéticos evidenciaron demanda de
energia fosil critica, ya que el consumo superd 13 veces
el umbral negativo del modelo. La produccion alcanzo
el umbral 6ptimo, pero fue ineficiente. Requirié cinco
unidades de energia por unidad de producto generado. Otras
tendencias negativas fueron la reduccion de la reserva de
C en suelo, el balance de gases invernadero, que superd
el umbral negativo, al igual que el impacto en el habitat
y el consumo de agua. El riesgo de contaminacion por
plaguicidas fue critico. Los indicadores de tendencias
favorables fueron el balance de N y de P (con incremento
anual que supero 20 veces el umbral del modelo, sin
ocasionar contaminacion), la eficiencia de uso del agua, la
relacion lluvia/energia producida, el riesgo de erosion y la
intervencion del habitat y la agrodiversidad. Se inventario
una riqueza de 81 plantas y 75 animales silvestres.

El diagndstico pemitio evaluar los aspectos que alejan
al establecimiento de la sustentabilidad y sefalar las
cuestiones a mejorar. Desde una perspectiva ambiental, se
debe considerar reducir el consumo de energia fosil y la
emision de gases invernadero y de agua (menor pérdida por
escurrimiento ¢ infiltracion) y aumentar el COS, evitando
el pastoreo de rastrojos. Reducir los plaguicidas y fomentar
el servicio ecosistémico de aves insectivoras aumentaria
la eficiencia energética. Se deben revisar las acciones que
liberan CO, (combustibles fosiles, reduccion de reserva de C
enelsuelo), NH, (ganado) y NO, (fertilizantes). El consumo
de agua por hectarea fue elevado, pero su utilizacion resulto
eficiente debido a la alta energia de los productos.

Ademas, seria conveniente adaptar el modelo en lo
que respecta a dos cuestiones: analisis de actividades
puramente ganaderas y evaluacion de la vida silvestre del
establecimiento.
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