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RESUMEN

Los sistemas de produccion familiar son diversos en tamafio y tecnologias utilizadas,
asi como en caracteristicas ecoldgicas y socioeconémicas. La sostenibilidad de estos
sistemas se ve amenazada por la degradacion del suelo, los bajos rendimientos y la
carga de trabajo excesiva, lo que resulta en una baja productividad del trabajo (PT),
bajos ingresos familiares (IF) y altas tasas de erosion. Se ejecut6 un proyecto de co-
innovacion (2014- 2017) con 14 predios del noreste de Canelones seleccionados para
abarcar diversas situaciones de disponibilidad de recursos. Este estudio tuvo por
objetivos; 1) analizar el impacto de la co-innovacion en la sostenibilidad de predios
horticola-ganaderos, 2) desarrollar un método para analizar la PT, 3) cuantificar
brechas de sostenibilidad en diferentes situaciones de disponibilidad de recursos,
utilizando modelos de simulacion y 4) explorar opciones para reducirlas. La PT fue
baja en la horticultura (114$U h™) y en la ganaderia (47$U h™), explicada por la
brecha de rendimiento de los cultivos, la asignacion de tiempo de trabajo entre
actividades productivas y su eficiencia, y los precios. Luego de dos ciclos de re-
disefio e implementacion de propuestas, el IF aumenté 32% y la PT aument6 22%
debido a mejoras en la gestion y control sobre los procesos bioldgicos y sin
inversiones importantes. El uso de herramientas de analisis de sistemas facilito la
comunicacion entre actores promoviendo los cambios. Las brechas estimadas
(distancia entre resultados al finalizar el proyecto y los estimados con el modelo)
mostraron que el IF y la PT podrian aumentar entre 1,8 a 9,9 veces y entre 2,2 a 9,5
respectivamente, manteniendo la erosion debajo del nivel de tolerancia. Los recursos
que limitaron las opciones de desarrollo fueron el agua para riego y la mano de obra.
Las estrategias identificadas difirieron segin la dotacion de recursos y las tecnologias
disponibles, lo que confirma la necesidad de una perspectiva sistémica multiobjetivo
donde la mejora de la sostenibilidad puede verse como un proceso evolutivo
compuesto por ciclos de aprendizaje iterativos.

Palabras clave: Co-innovacion, Sistema de asesoramiento, Anlisis de sistemas,

Modelo de simulacion FarmIMAGES, Productividad del trabajo

Vi



SUMMARY
Farm productivity gaps and environmental impact on vegetable-beef cattle family

farming systems in the south of Uruguay

Family farming systems are diverse in size and technologies used, as well as in
ecological and socioeconomic characteristics. The sustainability of family farms is
threatened by soil degradation, low yields and excessive workload resulting in low
labor productivity (LP), low family income (FI) and high erosion rates. A co-
innovation project was carried out (2014-2017) with 14 farms in the northeast of
Canelones, selected to cover different situations of resource availability. The
objectives of this study were; 1) to analyze the impact of co-innovation on the
sustainability of vegetable-beef cattle farms, 2) to develop a method to analyze LP,
3) to quantify farm productivity gaps in land and labor, and environmental impact
with different resource endowment using simulation models, and 4) to explore
options to reduce those gaps. The LP was low in vegetable and in beef-cattle
productions (114 $ U h™ and 47 $ U h™ respectively), explained by the crop yield
gaps, the allocation of labour between production activities and their efficiency, and
prices. After two cycles of re-design and implementation of proposals, the FI
increased 32% on average and LP increased 22%. The improvements achieved
resulted from better management and control over biological processes and without
significant investments. The use of systems analysis tools facilitated communication
between stakeholders promoting changes. The estimated gaps (distance between the
results obtained at the end of the co-innovation project (ImpFP) and the attainable
estimated with the Farmlmages model (AttFP)) showed that FI and LP could
increase between 1.8 to 9.9 times and between 2.2 to 9.5 respectively in relation to
ImpFP value, while maintaining the erosion below the tolerance level. The resources
that limited development options were water for irrigation and labor. The strategies
identified differed depending on their resource endowment and the technologies
available, confirming the need for a multi-objective systemic perspective where the
improvement of sustainability can be seen as an evolutionary process composed of

iterative learning cycles.



Key words: Co-innovation, Advisory systems, System analysis, FarmIMAGES
model, Labour productivity
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1

INTRODUCCION GENERAL

1.1. CONTEXTO GLOBAL

Hay estimaciones que muestran que en 30 afios la demanda de alimentos aumentara
aproximadamente en un 70%. Esto se basa en el crecimiento de la poblacion y en los
cambios en la dieta (de alimentos basicos a alimentos mas procesados, carne y aceite
vegetal), y sin tener en cuenta la demanda de biocombustibles (Lobell et al. 2009,
Tilman et al. 2012). Por lo tanto, es necesario aumentar la produccion mundial de
alimentos y para lograr este objetivo, los sistemas de produccion deben cambiar. El
modelo de expansion e intensificacién agricola, basado en el uso de fertilizantes
externos, agua para riego y agroquimicos para el control de malezas, enfermedades y
plagas, ha tenido gran impacto en el medio ambiente (Keating et al. 2010, Foley et al.
2005, Foley 2011).

La expansion de tierras para la agricultura es limitada y pone en riesgo ecosistemas
mas fragiles. Por lo que cobra importancia incrementar la productividad de la tierra
basado en las regulaciones bioldgicas, haciendo un uso mas eficiente de la energia y
reduciendo el impacto ambiental (Doré et al. 2011, Tittonell y Giller 2013). Varios
autores han planteado la hipétesis de que la intensificacion ecoldgica requiere
sistemas de produccidn diversificados, apoyados en procesos bioldgicos internos que
requieren un grado de control y manejo dificil o imposible de estandarizar y aplicar a

grandes escalas de produccion (D'Souza y Ikerd 1996, Woodhouse 2010).

1.2. DESAFIOS DE LA PRODUCCION FAMILIAR

Los sistemas de produccion familiar representan mas del 90% a nivel global, utilizan
el 53% de las tierras agricolas y son responsables de mas del 50% de la produccion
agricola mundial (Graeub et al. 2016, Lowder et al. 2016). Los predios familiares
constituyen un grupo diverso en términos de tamafio, tecnologias utilizadas e
integracién en los mercados, asi como en términos de caracteristicas ecoldgicas y

socioecondmicas. Ademas de su papel en la produccion de alimentos, los productores



familiares pueden contribuir a mantener la cohesion social, ofrecer servicios
recreativos y conservar el paisaje cultural (Renting et al. 2009, Darnhofer y Strauss,
2010, Darnhofer et al. 2016).

Algunas tendencias que amenazan los sistemas de produccion familiar son la
degradacion de los recursos naturales, fundamentalmente el suelo (Lipton 2005,
IFAD 2011, World Food Programme 2013), la falta de acceso a los mercados y al
conocimiento, y el hecho de que la mano de obra es un recurso cada vez méas escaso
debido a la migracion de miembros de la familia en busca de oportunidades fuera de
la agricultura (Lipton 2005, IFAD 2011, Nye 2018, Tittonell 2014, Paresys et al.
2018). La degradacion del suelo y la escasez de mano de obra afectan la
productividad de la tierra (Garcia de Souza et al. 2011, Alliaume et al. 2013,
Tittonell y Giller 2013), limitan las opciones de produccién y dificultan el manejo
oportuno de cultivos y animales; en conjunto, contribuyen a una baja productividad a

nivel de explotacion (Dogliotti et al. 2014, Colnago y Dogliotti 2020).

1.2.1. El contexto uruguayo Vv los desafios para la intensificacidn sostenible

El sur de Uruguay concentra la mayoria de las explotaciones horticolas del pais, y el
88% son explotaciones familiares (Ackerman, 2016). Durante las dos ultimas
décadas los productores familiares tuvieron que hacer frente a una reduccion de los
ingresos debido a la disminucion de los precios de los productos y al aumento de los
costos de la energia y agroquimicos. Esta situacién empujoé a la mayoria de los
agricultores a especializarse e intensificar sus sistemas, cultivando areas mas grandes
con menos cultivos y aumentando el uso de riego y agroquimicos (Dogliotti et al.,
2014). La degradacion del suelo se agravo debido al aumento del laboreo, la
reduccion de la cobertura del suelo y de suministro de materia organica y la falta de
medidas de control de la erosion. El estado del suelo limita los rendimientos
alcanzables de los cultivos (Ernst et al., 2018) y la productividad general y socava las

estrategias de los productores para mantener sus ingresos (Dogliotti et al., 2014).

El bajo rendimiento actual de muchos predios familiares, tanto desde el punto de
vista econémico como ambiental, resulta en ingresos insuficientes para el sustento

familiar y genera impactos ambientales negativos. Dogliotti et al. (2014) reportaron



ingresos familiares 10% mas bajos que el ingreso promedio de areas rurales en
predios horticolas. En el mismo estudio, se encontr6 que las tasas de erosion eran de
2 a 6 veces mayores que el nivel de tolerancia de 5-7 Mg ha™ afio™, y que el carbono
mineralizable del suelo representaba el 20% del valor original (basado en 59
muestreos en 14 predios horticolas). La carga de trabajo excesiva y los bajos ingresos
afectan negativamente la calidad de vida y pueden comprometer la salud (Colnago y
Dogliotti 2020, Dogliotti et al. 2014). Se sefiala como aspecto central en la
sostenibilidad de los predios familiares la productividad del trabajo. La carga de
trabajo es en general alta por lo que la mejora de los ingresos prediales no puede
estar basada en aumentar el trabajo sino en mejorar su productividad (Dogliotti et al.,
2014).

El enfoque actual de los servicios de extension esta orientado a la resolucién de
problemas especificos en componentes del sistema. Este tipo de asistencia técnica no
ha ayudado a los productores a resolver los principales problemas que enfrentan con
respecto a la sostenibilidad de sus sistemas de produccién. Problemas como los bajos
ingresos familiares, el deterioro de la calidad del suelo y la alta carga de trabajo, que
son frecuentes en las explotaciones agricolas familiares del sur de Uruguay,
requieren ser abordadas con un enfoque holistico y sistémico (Rossi 2011, Dogliotti
etal. 2012).

1.2.2. Sistemas de produccion mas sostenibles: predios horticola-ganaderos

El aumento de la produccidn ganadera en Canelones ha sido identificado como una
estrategia de respuesta al contexto desfavorable para la horticultura. Entre el 2000 y
el 2011 la cantidad de predios que declararon la horticultura como principal fuente de
ingresos se redujo de 5300 a 2600 (51%) (MGAP-DIEA, 2020). De 2002 a 2010, el
ganado vacuno aumenté en un 43% vy casi la mitad del crecimiento se produjo en
pequefias explotaciones (menos de 50 hectareas). En estos predios, el ganado
aumenté un 60% durante este periodo. Los sistemas agricolas combinados tienen
muchas ventajas. La rotacion de hortalizas con cultivos forrajeros y pasturas ayuda a

mantener y mejorar los niveles de nitrégeno y carbono organico del suelo y reducir la



tasa de erosion por debajo del umbral de tolerancia (Garcia de Souza et al. 2011,
Alliaume et al. 2013).

Un estudio exploratorio utilizando modelos de simulacién (Dogliotti et al. 2005,
2006) demostr6 que es posible reducir la erosion e incrementar o mantener el
contenido de materia organica del suelo (MOS) en suelos con hasta un 3% de MOS
inicial disminuyendo el &rea de cultivos de hortalizas mediante la introduccion de
rotaciones prolongadas de cultivos con pasturas e introduciendo abonos verdes y
aplicaciones de abono animal durante el periodo entre cultivos. Estos estudios
concluyeron que la inclusién de ganado vacuno en predios horticolas mejora los
ingresos familiares y ayuda a mantener la erosion por debajo del nivel de tolerancia 'y
a lograr un balance positivo de MOS, en la medida que valoriza la inclusion de
pasturas y verdeos en la rotacion.

A partir de estos resultados se implementaron desde 2005 una serie de proyectos de
co-innovacion para mejorar la sostenibilidad de los sistemas de produccion familiar.
La co-innovacion se definié como “un enfoque que combina la teoria de sistemas
complejos, el aprendizaje social y el seguimiento y la evaluacion de proyectos para
estimular la reorientacion estratégica de los sistemas de produccion familiar”
(Rossing et al. 2010, Dogliotti et al. 2014, Albicette et al. 2017). Después de dos o
tres afios de ciclos sucesivos de analisis y redisefio en los que colaboraron
investigadores, extensionistas y agricultores, los productores participantes pudieron
aumentar el ingreso familiar y el ingreso familiar por hora de trabajo en un 51% y
50%, respectivamente, en promedio. El aumento de la productividad del trabajo, fue
producto de mejoras obtenidas en los rendimientos de los cultivos y en la
produccion de carne. Las tasas estimadas de erosion del suelo en cuadros horticolas
se redujeron a la mitad (Dogliotti et al., 2014). Estas mejoras fueron posibles al
abordar el predio como un todo y no enfocarse solo en componentes individuales.
Los cambios especificos dependieron en gran medida de la situacion particular en
cada predio (Dogliotti et al., 2014). Se implementaron cambios que resultaron en un
mejor desempefio econdmico y ambiental en la mayoria de los predios piloto
(Dogliotti et al. 2014, Albicette et al. 2017).



1.3. ;PODEMOS HABLAR DE BRECHAS DE PRODUCTIVIDAD A NIVEL
PREDIAL?

Los antecedentes citados en la seccién anterior, muestran que el desempefio
socioecondémico, productivo y ambiental de los sistemas de produccién familiar
uruguayos es menor del que podrian lograr con la disponibilidad actual de recursos.
Incluso en el contexto socioecondmico adverso en el que se encuentran inmersos, es
posible mejorar su performance econdmica, social y ambiental mejorando la gestion
de los recursos y la organizacion del sistema en su conjunto (Dogliotti et al. 2014,
Albicette et al. 2017).

En la dltima década, muchos estudios analizaron las brechas de rendimiento para los
principales cultivos y desarrollaron metodologias para comprender mejor y
establecer una jerarquia para las causas de las brechas (Lobell et al. 2009, Tittonell et
al. 2008, Doré et al. 2011, Scarlato et al. 2017, Berrueta et al. 2020). El desafio que
enfrentan los productores es asignar sus recursos limitados entre diferentes
actividades de produccion para mejorar los resultados de todo el predio, lo que puede
entrar en conflicto con la maximizacion de los rendimientos de cultivos individuales.
Aumentar el rendimiento de los cultivos es una de las principales via de mejora de
los ingresos prediales pero no la Unica. Decisiones como ajustar el ciclo de un
cultivo, acortdndolo para permitir un abono verde en una rotacién, puede tener un
impacto inmediato de reduccién de rendimientos en ese cultivo, pero contribuye a
mejorar el balance de carbono en el suelo, a la regeneracion de propiedades fisicas y
a disminuir el riesgo de erosion por generar una cobertura permanente del suelo.
Estas decisiones estratégicas pueden tener impactos en un horizonte temporal mayor
que un ejercicio agricola y afectan atributos como la productividad y estabilidad
contribuyendo a la sostenibilidad del predio en el tiempo.

Mejorar la organizacion del trabajo, balancear mejor la demanda y oferta de la mano
de obra para la atencion de los cultivos y animales resulta en un impacto en el
sistema de produccién como un todo. Detectar donde estan los cuellos de botella que
explican una baja performance del predio es vital para disefiar estrategias de mejora.
Aln para mejorar los rendimientos en un determinado cultivo, se requiere considerar

un nivel jerarquico mayor que la escala cultivo, ya que hay factores estructurales o de



organizacion predial que explican los resultados obtenidos en los cultivos (Berrueta,
2021). Decisiones estratégicas que involucran todo el predio como la asignacion de
recursos (agua, tierra, capital, trabajo) deben ser consideradas para disefiar mejoras
en los distintos componentes.

La mano de obra es cada vez mas, un recurso escaso, por lo que las estrategias para
aumentar la produccion, los ingresos familiares y reducir el impacto ambiental,
deben tener en cuenta la disponibilidad de mano de obra y su productividad a nivel
predial para garantizar su viabilidad (Bendahan et al. 2018, Komarek et al. 2018, Nye
2018, Moraru y Munteanu 2015, Prasad 2014). Los sistemas de produccién familiar
suelen se diversificados, complejidad que desafia la organizacion del trabajo
(Darnhofer 2010, Darnhofer y Strauss 2010, Madelrieux y Dedieu 2008). Disefiar
innovaciones con impacto positivo en la productividad del trabajo requiere
comprender la organizacion del trabajo y la distribucion de la mano de obra entre la
diversidad de actividades y tareas desarrolladas. Esto podria facilitar la adopcion de
nuevas técnicas y practicas que incrementaran la productividad de la tierra y del
trabajo (Naresh et al. 2012, Houstiou et al. 2006, Petit et al. 2006).

1.4. PREGUNTAS DE INVESTIGACION, HIPOTESIS, OBJETIVOS Y
ESTRUCTURA GENERAL DE LA TESIS

1.4.1. Preguntas de investigacion

En los antecedentes de trabajo en predios horticola familiares, la productividad del
trabajo se identificO como un aspecto clave para mejorar la sostenibilidad de estos
sistemas de produccion.

1) ¢Cuénto puede mejorar la productividad de la tierra y de la mano de obra y
cuanto disminuir el impacto ambiental, explotando el potencial de
combinacion de la ganaderia con la horticultura? En otras palabras, ¢cuales
son las brechas entre los resultados prediales actuales y los alcanzables,
medidos en términos de productividad, eficiencia del uso de los recursos e

impacto ambiental?



2) ¢Cuales son los factores que subyacen a la baja productividad del trabajo en
predios horticola-ganaderos?
Para responder estas preguntas, necesitamos conocer los resultados actuales de
sistemas de produccion horticola-ganaderos con diferente disponibilidad de recursos
y estimar cudles son los resultados alcanzables dada una determinada disponibilidad
de recursos.
3) (;Como podemos reducir esas brechas?, ;cuédles son las estrategias para

diferentes tipos de predios?

1.4.2. Hipotesis

» Existe una brecha importante entre los resultados que actualmente se obtienen
en los sistemas de produccion y los que se podrian obtener en términos de
productividad, eficiencia del uso de los recursos e impacto ambiental con los

recursos actuales disponibles en los predios.

» La productividad de la tierra y del trabajo son factores clave para aumentar la
sostenibilidad de los predios familiares. Es posible aumentar
significativamente las dos a través de una mejor asignacién de los recursos
mejorando la eficiencia de su uso, sin incrementar el uso de insumos externos

y reduciendo el impacto ambiental.

» Las estrategias y opciones tecnoldgicas para reducir estas brechas dependen

fuertemente de la disponibilidad de recursos de cada sistema de produccion.

1.4.3. Objetivos

Objetivo general:

Contribuir al desarrollo sostenible de los sistemas de produccion familiar mediante la
comprensién de las brechas entre la productividad actual y alcanzable de la tierra y la
mano de obra, y el impacto ambiental de los predios horticola-ganaderos familiares

en el sur de Uruguay, y explorando y disefiando opciones para reducirlas.



Obijetivos especificos:

1 Analizar el impacto de la co-innovacion en la sostenibilidad de predios horticola-

ganaderos y los factores que promueven los cambios (capitulo 2).

2_Desarrollar y aplicar un método para analizar la productividad del trabajo en
sistemas de produccion diversificados, identificando las principales causas de la baja
productividad y utilizando sus resultados para mejorar los planes de redisefio predial

(capitulo 3).

3_Cuantificar las brechas prediales en términos de productividad de la tierra y la
mano de obra y de impacto ambiental (balance de materia organica, excedente de
nitrogeno y erosion estimada) en diferentes situaciones de disponibilidad de recursos,

mediante el uso de modelos de simulacion (capitulo 4).

4 _Explorar opciones de desarrollo sostenible para la reduccion de las brechas

prediales en diferentes situaciones de disponibilidad de recursos (capitulo 4).

1.4.4. Estructura general de la tesis

El capitulo 1 presenta la justificacion general del trabajo realizado, situando los
principales problemas que enfrentan los sistemas de produccion horticola del sur de

Uruguay. Se presentan los objetivos e hipdtesis del trabajo.

El capitulo 2 presenta la caracterizacion, el diagndstico, el re-disefio y los resultados
obtenidos luego de 3 afios de co-innovacion en 14 sistemas de produccion horticola-
ganaderos del noreste de Canelones. Se presentan los cambios constatados en la
sostenibilidad de estos predios y los factores que facilitan y promueven los cambios.
Se discute el aporte de la metodologia implementada como herramienta para el

andlisis y disefio de sistemas de produccion.

El capitulo 3 profundiza en el andlisis de la productividad del trabajo como elemento
central en la sostenibilidad de la produccion familiar. En este capitulo se propone e
implementa una metodologia que permite identificar los principales factores que

explican la baja productividad del trabajo en los predios familiares y se estima cuanto



podria aumentar frente a dos escenarios; el primer escenario cuantifica el impacto de
reorganizar recursos entre actividades productivas (planes de re-disefio predial
propuestos) y el segundo escenario estima cuanto mas podria aumentarse
incorporando la mecanizacion en tareas especificas.

El capitulo 4 analiza las brechas de sostenibilidad en términos de productividad de la
tierra y el trabajo asi como el impacto ambiental de cuatro predios contrastantes en
disponibilidad de recursos. Para analizar las brechas de sostenibilidad se definen
distintos niveles de performance prediales: el inicial —IniFP- que surge del
diagnostico, la performance resultante luego de 3,5 afios de co-innovacion —ImpFP-y
un tercer nivel definido como el alcanzable —AttFP-, estimado con un modelo de
simulacién bioecondémico, FarmIMAGES. La distancia entre la performance al final
del proyecto de co-innovacion y la resultante de la exploracion con el modelo, se
define como la brecha predial. A partir de estos cuatro predios, se discuten distintas
estrategias para el desarrollo sostenible y en qué medida la disponibilidad de recursos
restringe las opciones de desarrollo.

Finalmente en el capitulo 5 se discuten los principales resultados y aprendizajes
obtenidos en la investigacion y su alcance. Se plantean nuevas interrogantes

emergentes del proceso.



2.
HOW TO FOSTER CHANGES TOWARDS FARMS’ SUSTAINABILITY?
LEARNINGS FROM A CO-INNOVATION PROJECT ON VEGETABLE-

BEEF CATTLE FAMILY FARMS IN URUGUAY!

Colnago, Paula®; Favretto, Gina®; Carriquiri M.Eugenia®; Bianco Mariela®; Rossing
Walter A.H.® Dogliotti, Santiago*

! Departamento de Produccién Vegetal. Centro Regional Sur (CRS). Facultad de
Agronomia, Universidad de la Republica. Camino Folle km 36, Progreso, Canelones,
Uruguay.

Departamento de Ciencias Sociales. Facultad de Agronomfa, Universidad de la
Republica. Garzon 780, Montevideo, Uruguay.

® Farming Systems Ecology, Wageningen University and Research, PO Box 430,
6700 AK Wageningen, The Netherlands

2.1. RESUMEN

Los desafios actuales que enfrentan los productores familiares, como el deterioro de
la calidad del suelo y los bajos ingresos familiares, no se pueden abordar trabajando
por componentes individuales prediales. Mejorar la sostenibilidad de los predios
familiares requiere un enfoque de sistemas multiobjetivo y puede verse como un
proceso evolutivo compuesto por ciclos de aprendizaje iterativos. Con estos
principios en mente, participamos con trece productores familiares en un proyecto de
co-innovacion de 2014 a 2017. El proyecto involucro la caracterizacion, diagndstico,
redisefio e implementacion y evaluacién en los estudio de caso. Los bajos ingresos
familiares, junto con la baja productividad de la mano de obra y el deterioro de la
calidad del suelo, fueron los principales problemas que afectaron la sostenibilidad.

Los agricultores lograron, en promedio, solo el 47% del rendimiento alcanzable en

! Este articulo ser4 modificado para ser enviado a Agrociencias Uruguay como: Colnago P, Favretto
G, Carriquiri ME, Bianco M, Rossing WAH, Dogliotti S. 2021. How to foster changes towards farms’
sustainability? Learnings from a co-innovation project on vegetable-beef cattle family farms in
Uruguay. Agrociencias Uruguay.
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sus cultivos principales. Identificamos los factores de manejo de cultivos y las
deficiencias de fertilidad del suelo como las principales causas de los bajos
rendimientos. La produccién de carne por hectarea oscilé entre 69 y 239 kg ha™.
Luego de tres ciclos de diagndstico, redisefio, implementacion y seguimiento, el
ingreso familiar promedio aumentdé 32% y la productividad del trabajo aumento
22%. Una mayor implementacion de los planes de redisefio resulté en mayor impacto
en el ingreso familiar, la productividad del trabajo y el rendimiento de los cultivos.
Identificamos cuatro tipos de actividades que contribuyeron al aprendizaje a lo largo
del proceso de co-innovacion: visitas prediales regulares, reuniones para discutir
diagnostico, planificacion y evaluacion, dias de campo vy talleres de reflexion. El uso
estratégico de herramientas de andlisis de sistemas para promover el aprendizaje —
informes de diagndstico, arboles de problemas, tablas de puntos criticos, planes de
redisefio, jornadas de campo y talleres de reflexion— facilitd la comunicacion entre
diferentes actores permitiendo el aprendizaje compartido. Los resultados y enfoques
desafian las formas tradicionales de operar de los servicios de extension. En
Uruguay, esto significa pasar del asesoramiento predominante centrado en los
cultivos a una visién de sistema predial integral que puede requerir no solo cambios
en la forma en que se organiza el servicio de extension, sino también en la

mentalidad de los asesores e investigadores.

Palabras clave: Investigacion participativa; Sistema de asesoramiento, Herramientas

de analisis del sistema

2.2. ABSTRACT

Current global challenges for family farmers, such as deterioration of arable land and
low family income, cannot be addressed by working on single farm components
only. Improving the sustainability of family farms requires a multi-objective systems
approach and may be seen as an evolutionary process composed of iterative learning
cycles. With these principles in mind, we engaged with thirteen family farms in a co-
innovation project from 2014 to 2017. The project involved characterisation,

diagnosis, redesign, and implementation and evaluation of the redesigns in the case
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study farms. Low family income, together with low labour productivity and the
deterioration of soils quality were the main problems impacting on-farm
sustainability. Farmers achieved, on average, only 47% of the regionally attainable
yield in their main crops. We identified crop management factors and soil fertility
deficiencies as the main causes of low yields. Meat production per hectare ranged
between 69 and 239 kg ha®. After three cycles of diagnosis, redesign, and
implementation and monitoring, the average family income increased by 32% and
labour productivity increased by 22%. Greater implementation of the farm redesign
plans resulted in greater improvements in family income, labour productivity, and
crop yields. We identified four types of activities that supported learning throughout
the co-innovation process: regular farm visits, meetings to discuss diagnosis,
planning and evaluation, field days, and reflection workshops. The strategic use of
system analysis tools to promote learning —diagnosis reports, problem trees, critical
points tables, redesign plans, field days, and reflective workshops- eased
communication among different actors allowing shared learning. The results and
approaches challenge incumbent ways of operating of the extension services. In
Uruguay, this means to shift from prevailing crop-centred advice to a whole farm
system vision that may require not only changes in the way the extension service is

organised but also in the mindset of advisors and researchers.

Key words: Participatory research; Advisory system, System analysis tools

2.3. INTRODUCTION

In many regions of the world family farmers are threatened by decreasing economic
returns, deterioration of the natural resources base, and lack of access to markets and
knowledge (IFAD 2011, Lipton 2005, World Food Programme 2013). The most
common consequences impacting farm systems are: high workloads to secure family
income, no or low re-investment capacity that leads to loss of capital, and lack of
incentives to continue farming, which compromise farm succession and enhance

deterioration of natural soil resources (Keating et al. 2010, Lobell et al. 2009).
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Globally farmers need to produce more food by considering how to match objectives
on natural resources conservation locally, production of healthy food and
contributing to good livelihoods of family farmers (Lobell et al. 2009, Paresys et al.
2018, Tittonell and Giller 2013, Tittonell 2014, Van Ittersum 2011). To move
towards more sustainable food production systems farms need to have better
performance in the productive, social and environmental dimensions, which requires
understanding at the farm system level.

Agricultural advisory services aim at transforming the skills, knowledge and attitudes
of the people involved in farming activities. Advisory services, together with
educational training and research, are components of the agricultural knowledge and
innovation system (Prager et al., 2017). The complex challenges that farmers face as
soil degradation, diversity loss, and high workload require innovative solutions and
imply understanding the farms as complex systems (Klerkx et al. 2017, Neef and
Neubert 2011, Srinivasan and Turner 2014, Sylvestre et al. 2013). The conception of
a functional advisory service is to provide farmers with relevant knowledge and
networks for innovation, adjustments to policies and agricultural markets (Prager et
al., 2017). The predominant advisory system in Uruguay has promoted the diffusion
of capital and inputs dependent technologies driven by industry-dominated technical
advice. It is assumed that farmers are homogeneous, and neither structural aspects of
their farms (scale) nor their objectives are considered. Public and private advisory
services typically address problems at the level of farm components rather than at the
level of the farm system and have failed to help farmers solve their main problems
(Rossi et al. 2002, Chia et al. 2003).

Most of the Uruguayan vegetable farms (88%) are family farms, concentrated in the
south of the country (Ackermann, 2016). During the last decades, the socio-
economic context was unfavourable, resulting in a reduction of farm family income
due to decreasing prices of products and increasing costs of energy and
agrochemicals. This situation pushed most farmers to specialise and intensify their
systems growing larger areas of fewer crops and increasing the use of irrigation and

agrochemicals (Dogliotti et al., 2014). Soil degradation was aggravated due to
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intensive tillage, limited soil cover and organic matter supply, and lack of erosion
control measures (Alliaume et al. 2013, Garcia De Souza et al. 2011).

The co-innovation projects implemented in Uruguay over the past 15 years proved
that even under adverse socio-economic conditions farmers were able to enhance
their productivity by improving resource management and whole-farm organisation
(Albicette et al. 2017, Dogliotti et al. 2014). In projects with vegetable family
farmers, Dogliotti et al. (2014) reported increases in family income and labour
productivity of 51% and 50%, respectively on average, while estimated soil erosion
rates were halved. Working with beef-cattle family farmers, Albicette et al. (2017)
reported a 24% increase in meat production, a 58% increase in the biomass
production of natural grasslands and 69% increase in family income. They showed
that successful change strategies were specific for each farm and required
characterisation and diagnosis of the farm, followed by redesign, and implementation
and evaluation of the redesigns.

Co-innovation is a method of participatory systems research and development in
which it is assumed that to ensure the relevance, applicability and adoption of
innovations, they must be developed in their context of application and with the
active participation of those who make decisions (Albicette et al. 2017, Colnago and
Dogliotti 2020, Dogliotti et al. 2014, Rossing et al. 2021). Conceptually co-
innovation combines complex adaptive systems thinking with social learning and
reflexivity based on monitoring and evaluation, involving different actors (Klerkx et
al. 2017, Neef and Neubert 2011, Rossing et al. 2021).

Here we report on a co-innovation project with thirteen farm families that ran from
2014 until 2017 to improve farming sustainability. We describe the main changes
implemented and analyse the key enabling factors. Finally, we discuss which could
be essential ingredients for a systemic way of working with farmers, to improve

actual predominant advisory services approach to agricultural extension.
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24. MATERIALS AND METHODS
2.4.1. Selection of case study farms

The research strategy was based on case studies (Johansson, 2003) selected to
represent the variation in resource availability in the northeast of Canelones (Lat -
34,346/-34,546 — Long -55,579/-55,873 range), in the south of Uruguay. The case
study methodology allows studying complex systems in the context in which they
work, and for which experimental control is not desirable or possible.

Farm selection followed a participatory process involving two local farmers’
organisations located in the northeast of Canelones, SFR Arenales and SFR Migues,
and the project research team. Forty farmers proposed by the farmers’ organisations
were visited, and fourteen family farms (7 in Arenales and 7 in the Migues region)
were selected, taking into account the diversity of resource endowment levels. Farms
differed in total and cultivated area, number and type of vegetable and forage crops,
grazing area, number of cattle units, the share of beef cattle in farm gross product,
soil types, availability of family labour and hired labour, amount of irrigation water
for irrigation, and level of mechanisation.

One of the farms left the project due to family issues at the beginning of the second

year; therefore, we report the process done with thirteen farms.

2.4.2 Co-innovation cycle

The co-innovation cycle (Dogliotti et al., 2014) involved initial farm characterisation
and diagnosis (May 2014 to February 2015), followed by three winter seasons and
two summer seasons of iterative agreement on the redesign proposals,
implementation and evaluation, until the end of the project in October 2017. For the
initial diagnosis, we asked farmers about the previous agricultural year results based
on their records and estimations.

During characterisation, we described each farm system in terms of two interacting
subsystems: management and production. The management subsystem is composed
of the people who make decisions on the farm, their objectives, perspectives and
decision criteria, and roles, including the amount of labour they contribute (Dogliotti
et al., 2014). We collected data by direct observations during the bi-weekly
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monitoring visits and through a semi-structured interview performed at the end of
each visit (Colnago and Dogliotti 2020).

The production subsystem consists of the biophysical farm components and their
interactions. We performed physical and chemical soil analyses to classify the soils
and to analyse their current status. We characterised water resources, water
availability, and the area under irrigation. We recorded animal stock, grazing area,
and its composition. We also assessed the infrastructure and machinery resources.
The characterisation required 6-8 visits to each farm and was based on semi-
structured interviews, direct observation, sampling and laboratory analysis, satellite
images, field measurements, and secondary sources of information. We analysed the
yields of the main crops of each farm in relation to the attainable yield, i.e. the best
yields achieved by farmers in the region under similar conditions (soils, cycle length,
and irrigation). This information was provided by technical advisors working with
farmers or taken from research results for the region (Berrueta et al. 2020, Dogliotti
et al. 2014, Scarlato et al. 2017).

For the sustainability assessment, we used the MESMIS framework (Masera et al.,
2000) adapted to vegetable and vegetable-livestock systems in Southern Uruguay by
Dogliotti et al. (2014). Critical points were identified, and a problem tree was drawn
for each farm. The diagnosis results were presented and discussed with each farm
family.

Based on the diagnosis, we developed redesign plans for each farm to improve
sustainability. The redesign method comprised six steps (Dogliotti et al., 2014): the
adjustment of field layout and erosion control support practice; design of the
cropping plan; design of crop rotations; design of a weed and soil management plan
for the inter-crop periods; design of the crop and animal management plan; and ‘ex-
ante’ evaluation of the environmental and economic impact of the plan as a whole.
The plans were discussed with the farmers and adjusted until an agreement was
reached, and implementation began. The same frequency of visits was maintained
during the implementation stage. Three cycles of diagnosis-redesign-implementation

and monitoring were completed.
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We compared average values for the first two years (2013-2015) with data averaged
over the two years of implementation (2015-2017) instead of comparing single years

to reduce the “year effect” due to climate or market induced variations.

2.4.3. Learning support activities

We identified four types of activities that supported learning throughout the co-
innovation process: regular farm visits, meetings to discuss diagnosis, planning, and
evaluation, field days, and reflection workshops.

Bi-weekly visits by the research team to each farm were maintained throughout the
project. The common routine during the visits was for the technical advisor and the
farmers to go around the entire farm together, and then to sit down to discuss the
observations. The advisor previously planned the content of each visit according to
the stage of the co-innovation process and the redesign plan.

For the discussions of the diagnosis and the farm redesign plan, and the annual
evaluation of the farm results, the entire research team accompanied the technical
advisor to the farm. The discussion of the diagnosis had the goal of building a
common vision of the farm system and reaching agreement on the main problems
and the general strategy to alleviate them. During the visit to discuss the farm
redesign plan, the research team presented the main changes and the actions needed
to implement them. The redesign plans were modified as a result of the ensuing
discussions. Every summer, results of the implementation of redesign plans were
presented and discussed in a meeting between the research team, the technical
advisor and the farm family. During these meetings, adjustments to the redesign
plans were discussed.

Three field days were organised: in November 2015, in December 2016, and in April
2017, during which farmers and other stakeholders were invited to visit one (or two)
of the case study farms. Purposes of the field days were to foster the exchange of
experiences and learnings among farmers based on the discussion of concrete
examples of changes implemented and results obtained in the host farms, and
sensitising to different organisation leaders invited about the need for an alternative

approach to extension. Upon request of local farmer organisations, two workshops
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were organised on options to reduce soil erosion (March 2015), and building and
managing greenhouses (April 2016).

We held two reflection workshops (in February 2016 and February 2017) with the
participation of farmers, local farmers’ organisations’ representatives, the technical
advisors, and the research team. The objectives were to reflect on the changes that
occurred and to plan the next steps, and also to encourage the interchange of
experiences and learning among farmers. A facilitator from the research team
recorded all the comments and the evaluation done by the farmers. Besides to
evaluate the impact on sustainability, during the reflection workshops, we asked
ourselves how the changes were facilitated. Farmers reflect around the questions:
What were the main contributions of the project? What things did run well and which

not?

2.5. RESULTS

2.5.1. Characterisation of vegetable-livestock farm systems in northeast

Canelones

On all farms, even the ones with part-time farmers (Table 1, farms 1, 11, and 12),
agricultural production was the main source of income. In addition to vegetables and
livestock, two farms had poultry, one farm made cheese, and five farms sold surplus
hay bales. Most vegetable products were sold through intermediaries in the main
wholesale market in Montevideo. Beef cattle were sold to other farmers, local cattle
markets, and slaughterhouses. All farmers had cow-calf systems and one farm
complete cycle system. Most farmers sold calves between 180 to 250 kg live weight,
and few of them also sold steers between 300 and 500 kg live weight.

Team management, farm leadership, and bookkeeping varied strongly across farms.
In seven farms, the management team consisted of the farmer couple; the leadership
was shared on four farms; on three farms, the man had the final say. In five other
farms, the management team included another family member and mother and son
ran two farms. Farm succession was already defined in five farms while in the other
seven farms with children, it was still unclear. Two farms had no successor. The

availability of family labour ranged from 3328 and 9180 h year™. The hiring of
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labour was linked to work peaks and never exceeded half of the family labour
contribution (Table 1). All farmers worked part-time on Saturdays and rested on
Sundays. In farms with poultry production, g family members took turns for Sunday
routine work.

The predominant soils in the region were Typic Argiudoll and Typic hapluderts.
Slopes ranged from 1 to 5%. Most farmers did not apply erosion control practices,
and there was a lack of knowledge of soil conservation practices. We observed
symptoms of severe erosion on several farms. None of the farms planned crop
rotations, although as a general criterion they tried not to grow the same crop in the
same plot more than twice in a row.

Water availability for irrigation was a limited production resource. Main water
sources were polders or small excavated ponds for animal consumption. Water was
reserved for greenhouse crops.

The main field crops were onion and sweet potato, and tomato and sweet pepper in
greenhouses. Beef-cattle grazed on uncultivated plots, mixed grass-legume multi-
year pastures or forage crops: oats in winter and moha and sorghum in summer.
Alfalfa was mainly grown to make bales. Sowing pastures and forage crops represent
40% of the grazing area, on average. The cultivated vegetable area was hardly

rotated with pastures or alfalfa areas.
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Table 1. Characterisation of the case study farms

1 . - .
F Area Veg  GH Irrig. Crops Forage Cattle Predominant soil type Family  Hired Mech.

arm (ha) area areza area #) crops (CU)? ) Iabom_Jr Iabom_Jr Level 4 Other

(ha) (m9)  (ha) (ha) (hryr®)  (hryr)
1 12 0.3 750 0.28 5 1.5 21.8  Typic Arg./ Argisols 5000 80 1 -
Typic
2 141 12 2900 0.8 11 4.9 24 Arg. / Izgeptisols 6666 2130 1 hay bales sale
3 16 5.8 0 0.5 5 1.0 4.5 Typic hap. 4836 639.9 3 hay bales sale
4 86 14.0 0 0.5 18 94 89.8  Typic hap. and Arg. 9180 1240 3 Poultry/ bales
Poultr

5 97 0.2 1466 0.15 1 11.3 81.8  Typic Arg.and hap. 5000 40 3 farmin)é
6 31 08 5400 0.54 6 17.7 62.9 Typic Arg. 5090 2560 4 -
7 7 06 2786 0.28 7 1.0 8.5 Typic hap. 3744 0 2 -
8 9 0.7 5200 0.52 2 35 Typic hap. 3960 1820 2 -
9 27 6.0 0 0.5 5 3.9 23.2 Typic Arg. 4114 330 1 -
10 115 9.0 0 1.5 8 75 113 Typic hap. and Arg. 5460 1760 5 hay bales sale
11 27 0.8 0 0 1 6.9 26 Typic hap. 3328 54 1 cheese
12 222 29 1236 0.9 10 4.9 16.8  Typic hap. and Arg. 3473 261 2 hay bales sale
13 46 1.2 0 0 3 6.0 40.3  Typic Arg./ Argisols 3718 0 2 -

! GH: greenhouse

21 CU is equivalent to a cow of 380 kg of live weight

® Typic Arg. = Typic Argiudoll; Typic hap. = Typic hapluderts

*Mechanization level = mechanization level, 1 = Low: without tractor, 2 = Medium - Low: with tractor, without sprayer, 3 = Medium

- High: with tractor, with sprayer, 4 = High: 2 tractors, sprayer and 5 = Very High: 3 or more tractors and sprayer.
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All farmers defined themselves as vegetable growers, seeing beef-cattle as a
complementary activity, even in those farms where the beef-cattle gross product was
similar or even larger than that of vegetables (farms 11 and 13). The predominant
system was cow-calf with continuous mating. The bull remained with the herd during
the whole year, which led to early pregnancy of heifers, very low pregnancy rates of
primiparous cows, and calving occurring during long periods of the year. Control
over weaning varied and in most farms, male and female calves stayed with the cow
up to a year. The use of vegetable crop residues and discarded vegetable products
for cattle feeding was common. We identified various informal agreements between
farmers that gave them access to off-farm paddocks for grazing when needed. All
these practices resulted in low production efficiency. Still, they were effective in
terms of the predominant farmers’ strategy to use beef-cattle herds as a saving

account and for self-consumption.

2.5.2 Diagnosis of farm sustainability

Vegetable production accounted for more than 50% of the total gross product in ten
farms, and more than 75% in seven. The livestock gross product was equal to or
greater than the vegetable gross product in farms 11 and 13. Poultry farming was an
important source of income, explaining 37 and 50% of the total gross product for
farms 4 and 5, respectively (Table 2). The 1/O ratio on average was low (0.53), even
on farms where vegetable production accounted for most of the gross product. In
vegetable production, usually purchased inputs are higher than in beef cattle
production (Table 2, farms 6, 7, 8, and 9). Low I/O ratio was strength and indicated a
moderate use of external inputs (Table 3).

Family income was low. The average income per family member was above the per
capita average income for rural areas on only five farms (Table 2 and 3). Low family
income was explained by low labour productivity, both in vegetable and livestock
production, low amount of production, and high production cost in beef-cattle (Table
2, Figure 1). Labour productivity was compared with the opportunity cost of labour,
calculated as the cost of hiring labour. At the beginning of the project, only four

farms obtained labour productivity higher than the opportunity cost.
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Low production of vegetable crops was due to low yields and in some farms due to
small cultivated areas. Farmers achieved, on average, 47% of the attainable yield in
their main crops; only three farms exceeded 50% (Table 2). We identified crop
management factors and deterioration of soil fertility as chief causes of low yields
(Figure 1). The most frequent problems with crop management were delays in
planting dates affecting the growth duration of the crops and in weed management,
and failures to control diseases and pests. Delays were explained by mismatches
between the demand and supply of labour. The proportion of the cultivated area
under irrigation in farms without greenhouse was lower than 20%, representing a
weakness since it affected productivity, compromised the stability of yields as well
as the adaptability, reliability, and resilience of farms.

Loss of soil fertility was the main environmental problem affecting not only crop
productivity but also farm stability (Table 3). The lack of soil conservation support
practices, continuous tillage of vegetable fields, long periods of bare soil, as well as
negative soil organic matter balances explained loss in soil structure and low soil
carbon contents (Tables 3).

Lack of adequate machinery and the lack of maintenance of tractors and tools
resulted in many cases in high labour demand for operation and repairs. In farms
where there was no tractor and where the availability of capital was low, the
possibility of increasing the cultivated area was strongly limited (Farms 1, 2 and 11,
Table 1).

Meat production per hectare ranged between 69 and 239 kg ha™. These values are
low for production systems based on sown, fertilised pastures and forage crops which
have high costs of feed production compared to natural grassland based production
systems predominant in other regions of the country.

In general, farmers worked more than 8 hours per day, and those who took annual
rest did so for no more than a week. During the peaks of work associated with
harvesting, sorting, and packing during the summer, farmers exceeded 10 hours of
work per day. The workload differed among farms. Nine farmers rested 2 to 4 days a
month and did not take any annual break; two farmers rested only 2 days a month

and one week a year, and one farm rested 4 days a month and went on vacations at
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least a week per year. All farms were members of the local farmers’ organisation,
and they were used to attending recreational activities frequently organised by these
organisations (Table 3). In average the thirteen farms worked 19% more than
estimated supposing a base of a “full-time equivalent” (FTE) estimated as 300 days

of work and 8 hours a day.

We identified as strength the level of diversification in productive activities for most
farms (Table 2). Only three farms presented a Ginni index value higher than 0.50
(Table 3).

No farm had long-term liabilities, and only two farms had short-term debts; farm 3
due to the purchase of a new field, and farm 8 for enlarging the greenhouse area.
Both farms settled the debts within the first year of the project.

Farmers had a low level of formal education and low non-formal training and kept
very few records on production (Table 3).

A common strength was their social integration into groups that facilitated access to
state plans and programs. All farmers were linked to farmer organisations, and
several were beneficiaries of subsidies and/or payment facilities for the acquisition of
machinery, for the expansion of irrigation capacity and the expansion of the
greenhouse area. Social integration into groups and low use of credit were strong
points regarding farms’ self-reliance.

The strengths and weaknesses identified were discussed with farmers through a

critical point table and a problem tree built for each farm (Fig. 1).
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Table 2. Fraction of Gross Product (GP) explained by vegetable, beef or other production, family income (FI) and family income

per hour (FI hour), input/output ratio (1/O), labour productivity (LP), ratio between actual and attainable yield, Ginni index, meat

production and percentage ranges of mineralisable organic carbon lost compared to similar soils not used for vegetable or pasture-

forage production.

SOC loss (range%)®

GP veg/ GP beefl C'—  FP FI/ /0 Flhour LP Actual Meat
Fam i o Oter (10°3) FIINE® ratio ($h)y vege L7 Deef Yield/ G b Livestock
total Attain. Veg. area
paddocks
1 0.74 026 000 349 04 036 83 825 444 065 046 134 31-65 2-34
2 0.82 014 004 732 05 055 108 1184 1023 048 0.19 sd 43-68 49-100
3 0.94 001 005 1051 11 038 213 1974 258 045 031 = 42 18-36 40
4% 051 013 037 1560 11 048 168 1507 503 051 113 27-39 0-100
5 0.33 017 050 1100 11 046 174 3181 827 051 1.00 85 7.9-66 19-53
6 0.88 012 000 492 03 058 89 645 385 030 028 70 21-29 1-55
> 097 003 000 435 03 061 131 1271 283  0.49 239 34-96 48
8 1.00 000 000 1018 10 057 261 2694 00 068 0.50 - 33-35 19-30
9 0.81 019 000 377 08 042 80 1290 538 046 032 119 3.1 17-37
10 057 016 027 96 01 088 30 1036 -859 055 069 165 26-76 50-87
11 041 042 017 253 03 056 74 805 459 063 076 187 40-44 18-58
12 078 013 009 489 03 066 120 888 317 043 040 103 18-32 39-49
13 0.40 040 021 347 03 065 50 459 124 045 69 6-56 24-32
14 0.44 053 004 311 03 038 71 758 926 050 047 134 15-37 29-47

'GP: gross product per activity was calculated as: (sales (kg) — purchases (kg) + change in stock (kg))* farm gate price

2 FI ($): Total farm gross product — total cost (without taking family labour as a cost)

% FI INE ($) = FI per capita according to Statistics National Institute (INE) = 176.2 $U*10°
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*1/0 ratio: ratio between monetary value of purchased inputs and gross product

> FI hour ($ h") = Fl/total hours contributed by the family

® LP veg /beef ($/h): (GP per activity ($) — Total Cost per activity excluding labour costs ($))/total hours allocated to each activity (vegetable or meat
production)

" Actual Yield / Attain yield. We established the attainable yield for each crop from the yield obtained by the best farmers in the region. This information was
provided by technical advisors working with farmers or from research results for the region (Dogliotti et al. 2014; Scarlatto M. 2017; Berrueta et al., 2019).

8 GI: Gini index based on the allocation of area per crop. Ginni Index = Y ((area of each crop)?)/total cultivated area

° S0C: soil organic carbon. ((Actual SOC — Min SOC)/(Max SOC — Min SOC)) * 100, determined in representative fields of each farm. Min SOC is an
indicator of ‘stable” SOC estimated based on soil texture using the equation of RihImann (1999). Max SOC is the amount of carbon found in each soil type
under the original vegetation of the region and un-disturbed conditions, based on Duran and Garcia-Prechac (2007).

*without accurate information of the area of each crop to build the index for the baseline.
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Table 3. Critical points of 13 mixed farms, classified by sustainability attributes,

diagnosis criteria, and the indicators used to quantify each critical point.

Sustainabilit  Diagnosis
y Attributes  criteria Critical Points Indicators Value
Production (-) Low crop yields
efficiency Average yield gap 50%
_(-) I__ow labour efficiency Average efficiency 3.1 Pig LW
in livestock hour
Average vegetable area 3.5 ha
(-) Low production scale  Greenhouse area (median)  0.28 ha
Cattle units (median) 26
EC(_)n_omic FI per capita
efficiency - per cap 99700 $ year™
(-) Low family income .
Productivity F1| / Average income INE
) 0.59
() Low income per hour FI per hour of labour 89 $ hour™
of labour FI per ho_ur/labour
opportunity cost 0.89
(-) Low labour LP_veg 136 $/hora
productivity (LP) LP_beef 38 $/hora
i(r-1)l|i-\|/gst'zorz:rlf duction cost Average total cost 24 $/Kg
E;-t)ioLOW Input/output Low Input/output 054
. . 1farm=1;8
g:&iﬁiﬂgsﬁgﬂ (-)High work load Leisure time index? farms =2; 5
farms=3
. 2farms = 0;
(*) MQSt fams in Farm succession stage® 7farms=1;
transition =
5 farms =2

(+)High availability of
social and recreational

Participation in local social

activities

13/13 involved
in recreational

activities activities
Stability Natural (-)Presence of moderate
::zsr?stérr(\:/zst . and severe soil erosion Presence of gullies 7 farms
30-40%,
(-)Negative soil organic ~ Actual C /mineralisable ¢~ OM inputs
balance (SOM) SOM balance lower tan
mineralisation
rate
(-)Deterioration of Z.r esence of(jnemagners, soil
biological soil quality Iseases and weeas In
vegetable and pastures area 13/13 farms
Average =
. L 40%; 6 farms
Resmen_cg, SPrgt(il:gt]!?an ilit (-)Irrigated area Cgegt;rt:;gztgi/total less than 10%
adaptability, S gty 9 and 3 farms
an(_i N less than 50%
reliability (-)Low family labour Amount of hours 13/13 farms
availability contributed by the family  4800nours year
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1From2to4
workers per

farm
(+)Subsidies availability Number of farms with one
and development or more program support
programs 13/13 farms
100% in
greenhouse
(-) Cultivated area Percentage of the cultivated and without
insurance area with insurance insurance in
open field
crops
o (-) Low diversification of Number of salesman per Most of_the
Diversification farm for vegetable farms with only
sales channels .
production 1 salesman
Gini index (GI) according
(+) High crop diversity  to the allocation of area per
crop Gl =0.46
Financial and Number of farms with
input (+) Low level of debt medium and long term 0/13
dependency debts

Number of farms with

production records and 6/13 save bills

(-)Low availability and

Social and analysis of production number of farms that use it and only 1 used
human capital ~ records L it for decision
: to make decisions -
accumulation making
Self-reliance l\-lo.ne farmers
finish the
Education level reached secondary
(-)Low educational level  and participation in training school and few
activities attended
farmers training
activities

Number of farms involved
in local farmer organisation 13/13 farms are
(SFR) part of SFR

(+) Participation in local
farmer organisation

' INE = National Institute of Statistics

?Leisure time index, 1 = 1 day per month; 2 = 2—4 days per month; 3 = 1 day per month and
one week per year; 4 = 2-4 days per month and one week per year, 5 = more than 2-4 days
per month and one week per year (Dogliotti et al., 2014).

* Farm succession, 0 = not succession expected or possible, 1 = possible but not defined yet,
2 = defined or in transition to next generation
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Figure 1. Problem tree for the thirteen case study farms in northeast Canelones

2.5.3. Redesign of farm systems

Redesign plans included the adjustment of field layout and erosion control support
practices, changes in crop choice, cultivated area, and crop and soil management
practices. In some farms, we proposed to increase the area of open field crops (8
farms) or greenhouse crops (5 farms) to increase the production volume (Table 4). In
others, the cultivated area was too large for current labour availability, which led to
bad timing of management operations and yield losses. In these farms, we proposed
to reduce areas and remove some crops (8 farms). We also suggested improvements

in greenhouse infrastructure.
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We designed crop rotations taking into account soil quality in each field. We
introduced pastures in the vegetable rotation whenever possible to improve carbon
balance and reduce average erosion rates. We proposed activities for intercrop
periods to improve soil chemical and physical quality, such as green manures and
cover crops and applications of animal manure, and compost (Tab. 5). In farm 3,
reduced tillage combined with a cover crop kept as organic mulch for melon and
squash crops was introduced. We included the solarisation of nursery beds and
greenhouses to reduce the weed seed bank and soil-borne diseases. We also proposed
adjustments to crop nutrition, water supply, and crop protection against pests,
diseases, and weeds.

For beef cattle production, redesign plans included increasing forage production
through better grazing management, adjusting stocking rates, and by increasing the
area of forage crops and grass&legume pastures in rotation with vegetable crops. We
also proposed changes in supplementary feeding, weaning, and health management.
Design and discussion of changes in beef-cattle management took longer than in
vegetable crops. Consequently, implementation of changes began in 2016-2017,
reducing the period for impacts to become apparent.

None of the redesign plans required significant increases in inputs or investments and
all plans took into account existing farm resource endowment, particularly related to

labour.

2.5.4. Implementation of redesign plans and impact on farm sustainability

All farms implemented more than 50% of the main changes included in the redesign
plans. Six farms implemented 70% or less, and only three farms implemented more
than 80%. Changes related to crop management had the highest levels of
implementation. Crop rotations were the most difficult change to implement by
farmers. However, all farmers introduced and implemented green manure crops in
the intercrop periods (Table 5). Implementation of elements from the redesign plans

was positively related to FI, FI hour, and crop yields (Figure 2).
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2.5.5. Impact of co-innovation on sustainability indicators

The volume of vegetables produced increased in ten out of thirteen farms, by on
average 47% (Table 5). This increase was explained by yield increase and by the
increase in the cultivated area. Yields increased in eleven farms, by 35% on average,
and fell in two farms by 9 and 19%, respectively. Seven farms accessed facilities to
increase water availability (farms 1,2,3,5,7,8 and 12) and the area under irrigation
increased by 49% impacting on vyields. Although a 9.5% lower average yield,
improvements in crop management and changes in the crop areas in farm 4 increased
the production volume (Table 5).

The vegetable area increased in ten farms where the initial area was small (Table 1),
and it reduced in three farms. Greenhouse area increased 26.5% (farms 1, 5, 6, 7, and
8). Farm 2 did not increase the area but improved the pre-existing infrastructure. In
farms 10 and 13, the production decreased as a consequence of the decrease in the
area (both) and yields (farm 10). Farm 10 had the lowest level of implementation of
the redesign plan (Table 5), while the farmers on farm 13 reduced labour allocation
to the farm and increased off-farm work.

The area of forage crops and grasslands increased in eight farms, and a decreased in
two. Meat production increased in four farms and fell in 7 (Table 5).

Vegetable gross product (GP) increased 38% (Table 5) and the livestock gross
product increased in 7 cases, remained almost the same in 1 and decreased in 3. The
average balance was an 8% increase in meat production and a 40% increase in
livestock gross product. The contribution of livestock in total gross product remained
unchanged in eight farms, increased 20% or more in two, and decreased 15% on one
farm.

Family income increased by 57% on average in nine farms and decreased by 23% in
four farms. The family income per hour of work (IF/h) increased in ten farms and fell
in three (Table 5). The 1/O ratio increased by an average of 13% in 10 farms and
decreased by 7% in 3 farms. Between 2015 and 2017, the use of purchased inputs

decreased, but a significant increase in the 1/0 ratio was observed, explained by the
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reduction in product prices. Except for 2016, between 2014 and 2017 there was a
23% reduction in the price of the main vegetables grown. Prices of greenhouse
products reduced further than open field crops -29 % and 18% respectively-
(CAMM, 2020).
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Table 4. Degree of implementation (0 to 1) of activities proposed in the plans for each farmer, evaluated at the end of the project.

Data only appears if the activity was included in the plan presented to each farm

Farm n°
Changes included in the proposals 1 2 3 4 5 6 7 8 9 10 11 12 13  Average
Crop areas and growing cycles:
-increase in vegetable cultivated area 075 1 1 0.75 1 1 075 0.5 0.84
-increase greenhouse area 1 0.75 1 1 1 0.95
-decrease crops areas or remove crops 1 1 025 0.75 05 0.75 075 0 0.63
-changes in sowing data 0.75 075 075 0.5 1 075 0.75 075 075 1 075 1 0.79
-changes in crop choise 075 1 1 1 025 1 0.5 1 075 0.81
Soil management:
- design crop rotations adding pasturesor 4 o5 575 025 g 05 025 025 025 025 05 025 040
alfalfa when possible
- sowing green manure in intercrops periods 0.25 0.5 1 025 025 075 075 1 025 025 05 05 0.75 0.54
- reduce tillage and organic mulch 1 0.5 1 0 0.63
- soil sistematization 025 1 1 07 025 075 1 0.75 075 075 0.5 0.70
- use of manure and compost 0.5 1 1 0.5 1 1 075 1 075 05 1 0.5 1 0.81
- solarisation 0.5 1 1 0 025 05 05 1 1 1 05 05 0.65
Crop management:
- weed control in intercrop periods, 0.5 1 05 025 0.25 05 05 05 075 075 055
herbicides, products, dose and timing
- Pestand disease control; products, dose o5 675 1 75 075 1 075 1 075 05 1 075 05 077

and timing
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- introducing biological control 05 0.75 0.75 1 1 0.5 1 1 0.5 0.78
- crop density 0.5 1 0.5 075 075 075 1 05 075 05 0.70
I—egl\?:;[ management; pruning, removing 1 1 075 075 1 0.75 0.88
-irrigation 1 05 0.75 0.75 1 1 1 0.5 0.81
- fertilization; timing, dose and products 1 0.5 1 075 1 07 075 1 1 05 075 0.75 0.75 0.81
- Varieties 1 1 1 075 0.5 1 0.75 05 0.81
Book keeping system:

- Improve farmers book keeping 05 05 1 1 1 0.5 025 O 1 025 1 0.64
Average per farm 0.70 0.77 094 054 0.67 083 069 081 0.76 052 0.71 0.60 0.63
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Table 5. Changes in the main indicators at the end of the co-innovation project. The value obtained for the average of the last two
years, 2015-17, is compared to the average of the first two years, 2013-15, according to: (Average final value — average initial value)/
Average initial value * 100

Veg Veg Forage Meat Family
Farm production Yields area area  production GPveg GPmeat Income  Flhour Gl 1/0
1 46.4 18.9 98.3 50.0 -30.5 23.9 -70.3 -0.2 453  -0.52 6.1
2 12.4 16.8 30.9 66.7 22.3 22.9 -3.8 21.1 226  -0.26 1.8
3 69.2 60.4 14.6 334.3 176.4 23.8 625.9 25.0 115 -0.04 8.4
4 425 -9.5 0.82 22.3 -6.8 -16.8 131.1 -21.8 -34.3  -0.01 15.6
5 263.0 52.7 126.2 36.2 29.1 86.5 148.6 18.7 189  -0.09 14.9
6 20.7 87.6 80.0 -7.5 -99.9 21.0 92.6 19.4 19.2  -0.10 4.8
7* 147.9 30.4 16.0 58.0 71.2 45.3 0.09 -9.0
8* 22.0 24.7 45.0 24.0 22.8 22.8 0.66 8.9
9 -2.8 39.4 -33.1 188.6 -18.5 43.9 23.9 72.6 53.9 0.01 -4.2
10 -31.2 -19.4 -5.5 -15 -47.9 -48.0 -10.4 253.2 1139 -0.33 -8.7
11 20.6 11.2 16.7 69.6 -13.1 -0.6 25.5 7.6 2.6 -0.19 9.4
12 43.7 38.6 30.2 8.1 87.9 -2.8 57.4 -5.2 9.0 0.07 6.9
13 -25.6 0.7 -11.5 1.2 -11.0 -40.8 0.6 -65.1 -27.6  0.04 53.9

*For Farms 7 and 8, livestock is for self-consumption.
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2.5.6. Changes identified and experienced by farmers

When farmers met to evaluate the co-innovation process, they identified the way to
be related to technical advisors and the way they worked -the importance of the
advisor visits and their frequency and going around the farm together-, as key aspects
the project contributed. The second aspect mentioned was the changes implemented
in their farms. Among them, they highlighted improvements in erosion control
measures and layout of fields, increased yield of crops, improvements in soil
management, soil tillage, crop nutrition, and the introduction of green manure crops.
We identified an inflexion point after the first reflection workshop in 2016. Farmers’
aimed to have more organised farms with better economic outcomes and with a
lower workload. Farmers recognised difficulties to follow the redesign plans; “we
did not know how to do it”. At the end of the project, they had gained a method to
work and demand the type of technical advice the project contributed.

They also said: “at the beginning, we did not know each other. The advisor asked a
lot of questions about crops and animals, took samples and measures. We did not
know well what they were doing; we were not used to this type of advice, working
with all crops together ”; “it is better to build together the plan when the advisors
come with a complete pre-defined plan is not the same”; “I think more farmers
would like to engage in this type of technical assistance”. They asked themselves
how to continue after the project ends since they would not be able to afford the
technical assistance individually.

Besides these improvements, they identified the introduction of bookkeeping as a big
change. Farmers evaluated positively having more information about their financial
results: “the records help us to know which crops are more profitable, how much we
gain and our production cost.

Field-days helped to strengthen the learning process, where all actors involved took
advantage to observe and discuss in-situ some practices and its result. Advisors
gained trust in their work, and it was an opportunity to spread out not only the results
but also the way of working of a co-innovation project to the community, creating

legitimacy for the approach by enabling the case study farmers to tell their story.
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2.6. DISCUSSION

Despite selecting farms that differed in resource endowment, we found similar
problems among them. Issues encountered resembled those in previous co-
innovation projects in different farming systems in Uruguay (Dogliotti et al. 2014,
Albicette et al. 2017), and on family farms worldwide: low family income and labour
productivity, and soil degradation (Lipton 2005, Lobell et al. 2009, Keating et al.
2010, IFAD 2011, World Food Programme 2013)

When analysing the problems limiting farm sustainability (Figure 1), we could
differentiate structural factors (related to resource constraints) and functional factors
(farm organisation and resource allocation). The first type of problems is difficult to
solve in farms with low re-investment capacity. Lack of machinery, water scarcity,
and low labour availability restricts the cultivated area and therefore, the volume
produced (Farms 1,2,9 and 11). During the project development, farmers accessed
public programs that allowed them to increase their resource endowment, impacting
directly on their production capacity (Farms 1,2,3,5,6,7,8 and 12).

As management problems - a functional farm trait - we found a poor interaction
between beef-cattle and vegetable production, partially explained by infrastructure
limitation like availability of fences (interacting with structural factors —Farms 2, 4,
5, 11 and 13-). Farmers underutilised the potential benefit from long crop&pasture
rotations since they did not rotate between vegetable and pasture fields. A high share
of pastures in the rotation decreases soil erosion and increase soil organic matter
balance (Diaz-Zorita et al. 2002, Garcia-Préchac et al. 2004, Ernst and Siri-Prieto,
2009).

2.6.1. Improvements at the farm level: a co-innovation approach to foster

changes
The results of our study are consistent with previous co-innovation projects. On

average substantial increases could be achieved in family income (here: 32%
compared to 51% reported by Dogliotti et al. (2014) and 69% reported by Albicette
et al., (2017)) and in family income per hour of labour (here: 22% compared to 50%

reported by Dogliotti et al. (2014)). Although the overall workload remained high
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(19% higher than a full-time equivalent per worker, it was lower than 25% reported
by Dogliotti et al. (2014). Albicette et al. (2017) reported a 25% decrease in
workload. Like in previous projects, improved farm sustainability resulted from
changes in several farm components and their interactions based on better
management and control over internal biological processes and improved
management skills, without the need for important investments.

During the characterisation and diagnosis stages of the project, we identified a lack
of knowledge of available technologies and some common management practices
(crop nutrition, density, planting dates). While still engaged in characterisation and
diagnosis, the research team allocated considerable time to improving basic
management skills by introducing changes in crop practices and technologies. This
helped to build trust between farmers and researchers.

Comparing contrasting farms according to the degree of plan implementation (farms
3 and 6 against farms 4 and 10) they differed in the type of changes implemented.
Changes that impact in the system structure like removing or adding a new crop had
a degree of implementation ranged from 0.75 to 1 in farms 3 and 6 against 0.25 to
0.75 in farms 4 and 10 (Table 4). Changes planned and implemented that affected
organisational issues also differed between these groups, mainly those that involve
many resources and that require a systemic view of the farm. Implementation of crop
rotation entails adjusting many crops growing cycles where the management and
organisational’ farmers skills and a long-term perspective matter.

The redesign plans were based on the agreements obtained during diagnosis
discussion and with the general strategy of change. Hence, changes included in the
plans respond not only to the problems identified by the research team but also to
what a priori the farmers were willing to carry out that was reflected in each proposal
profile (table 4). The farm redesign plans were founded on scientific and farmers’
knowledge and technical information already available and known by farmers.
Therefore it is not only the set of technologies applied to each farm that explains the
improvements observed but also the process that led to innovation understood as

creative problem solving (Klerkx et al. 2017, Rossing et al. 2021).
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Complex problems are difficult to identify and require complex solutions which
support the need to provide technical support to farmers (Pacin and Oesterheld 2015,
Farrell et al. 2008). The technical assistance, the methods deployed, and the share
among peers fostered through the project facilitated and promoted the on-farm
innovation process. The methodology carried out provides a framework that is
nourished by different contributions of knowledge, the technical, the scientific, and
the farmer’s experience to innovate (Farrell et al. 2008, Klerkx et al. 2017).
Co-innovation has been described as the interaction among the systemic approach of
the farm, the activities to support learning (monitoring and evaluation), and the social
learning promoted by the reflections made on that experience (Fielke et al. 2017,
Klerkx et al. 2017). A common thought among co-innovation projects is the need for
a systemic approach that considers all the components, interactions among them, and
the socio-economic environment surrounding each farm, to tailor-made solutions
instead to adjust single parts of the system (Klerks et al. 2017, Rossing et al. 2021,
Dogliotti et al. 2014, Albicette et al. 2017, Colnago and Dogliotti, 2020).

Innovation is based on the integration of ideas from different sources of knowledge
and actors involved (Prager et al.,, 2017). The strategy followed in this study,
applying various system analysis tools to promote learning —diagnosis reports,
problem trees, critical points tables, redesign plans, field days, and reflective
workshops- eased effective communication among different actors (farmers,
advisors, research team, local government actors) allowing that innovation to take
place (Clark et al. 2016, Ditzler et al. 2018, Farrell et al. 2008, Reed et al. 2010).

2.6.2. How to scale out the co-innovation approach to foster changes towards

sustainability?

Participatory research approaches and methods are essential when working with
complex systems, in dynamic environments and facing up current challenges (Klerkx
et al. 2017; Rossi 2011; Neef and Neubert 2011). The institutional context -
understood as was defined by Klerkx et. al. (2017); “the environment in which the

sets of norms, rules, routines or shared expectations are present and govern actors’
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behaviour” - plays a key role in enabling or not participatory projects and affecting
their effectiveness.

The advisory or extension service has the challenge to apply approaches to handle
complex systems and to develop strategies to ease the dialogue between different
actors and foster their learning (Farrell et al. 2008, Birner et al. 2009, Leeuwis and
Aarts 2010, Prager et al. 2017, Klerks et al. 2017). In Uruguay, this means to shift
from prevailing crop-centred advice to whole farm system vision that implies not
only institutional changes but also changes in the mindset of advisors, researchers
and farmers themselves (Dogliotti et al. 2012, Rossi 2011, Farrell et al. 2008).
During the co-innovation project, the technologies introduced in redesign proposals
were similar among farmers. Still, strategies widely differed, reinforcing the idea of
farm systems innovation perspective and the need for a tailor-made farm
management strategy. Each agent (farm family) should be involved in selecting the
required technologies or artefacts that bring about improvements in farms
performance (Darnhofer et al. 2016, Dogliotti et al. 2014, Neef and Neubert 2011).
As we learned from different co-innovation experiences, the key aspects to scale out
this approach and contribute to enhancing farm sustainability are:

- Local actors should be empowered to plan and implement their improvements. The
success depends on high levels of engagement and participation of farmers and
advisors. For this to happen, farmers have to recognise the contribution that advisors
can make in improving farm performance by supporting strategic thinking. The
degree of implementation of farm plans could be a useful indicator to identify their
engagement and commitment (Farrell et al., 2008).

- Farmers do not demand a whole-farm centred and systemic advisory service since
as they explained during the reflection workshop, it is not known to them either its
existence or its potential contribution to improving their farms. Therefore
dissemination is key. The field days during project development are a good example
of dissemination activities where farmers and other stakeholders can observe, ask
and meet between peers. Likewise, to exercise voice and formulate demand is

important to improve the quality of advisory services (Birner et al., 2009).
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- Sustainability improvement is an evolutionary process composed of continuous
learning cycles (Groot and Rossing, 2011). To be successful, any change strategy
should be adapted to the local agro-ecological and socio-economic conditions of the
farm (Farrell et al. 2008, Birner et al. 2009, Prager et al. 2017). Such adaptation can
be achieved by a systemic process of characterization, diagnosis, redesign,
implementation and evaluation planned as a learning process with the farmers and
technical advisors as main participants (Dogliotti et al. 2014, Albicette et al. 2017).

- Technical advisors’ knowledge and training is vital for co-innovation processes.
Training should include solid scientific knowledge to understand, interpret and
transform production systems, and proficient soft communication and interpersonal
skills (Rossi et al. 2002, Farrell et al. 2008, Birner et al. 2009, Prager et al. 2017).

- Trust-building between farmers and technical advisors takes time to build.
Therefore, the advisory system should promote long term relationships, opposite to
the current “one season only” type of technical advice encouraged by subsidised
technical assistance plans (Rossi et al. 2002, Farrell et al. 2008).

- Clear standards are required to monitor and regularly evaluate any advisor service.
It is important to set objectives for short, medium, and long-term and to define
indicators and procedures to monitor and assess their progress, including the
economic, social and environmental goals pursued by the farmers and other

stakeholders.
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3
INTRODUCING LABOUR PRODUCTIVITY ANALYSIS IN A CO-
INNOVATION PROCESS TO IMPROVE SUSTAINABILITY IN MIXED

FAMILY FARMING?

Colnago P., Dogliotti S.*
'Departamento de Produccién Vegetal, Centro Regional Sur, Facultad de

Agronomia, Universidad de la Republica.

3.1. RESUMEN

Los sistemas de produccion familiar que combinan la produccion animal y vegetal
producen casi la mitad de los alimentos del mundo. EI aumento de la produccién de
alimentos en los paises en desarrollo requiere aumentar la productividad tanto de la
tierra como del trabajo como clave para aumentar los ingresos familiares, la
seguridad alimentaria y reducir la pobreza. Un proyecto de investigacion
desarrollado en predios familiares horticolas en Uruguay (2006-2010) revel6 que los
principales problemas de calidad de vida eran los bajos ingresos familiares, la alta
sobrecarga de trabajo, la falta de tiempo libre y los problemas de salud asociados al
trabajo. En muchos de estos predios, la productividad del trabajo (LP) era menor que
el costo de oportunidad del trabajo. Comprender los factores determinantes de LP
ayudaria a orientar los procesos de co-innovacién de los sistemas de produccion
familiar. EIl objetivo de este estudio fue desarrollar y aplicar un método para analizar
la LP a nivel de predio, identificando las principales causas de baja la LP, para
utilizar sus resultados en un proceso de co-innovacion. Seleccionamos 14 predios

horticola-ganaderos con diferente dotacion de recursos. EI método desarrollado

2 Colnago, P., Dogliotti, S., 2020. Introducing labour productivity analysis in a co-
innovation process to improve sustainability in mixed family farming. Agric.
Syst. 177, 102732. doi:10.1016/j.agsy.2019.102732
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involucrd la caracterizacion y cuantificacion de la asignacion de mano de obra a las
actividades productivas, calculo de coeficientes técnicos que explican la LP vy
cuantificacion de escenarios de mejora. El primer escenario estimo el impacto de los
planes de redisefio en los predios y el segundo agrego6 el efecto de mecanizar algunas
tareas. La LP fue menor que el costo de oportunidad de la mano de obra (4 USD h™)
en 10 de 14 predios. La LP en la produccion de hortalizas (LPv) se explicé tanto por
el rendimiento neto (NR, $ kg™) como por la eficiencia del trabajo (LE, kg h™). LE
se correlaciond con la cantidad de producto vendido (APS, kg de hortalizas o carne
por afio). La LP en la produccion de ganado de carne (LPb) fue menor que la LPv. La
LPb fue mayor en predios con mas de 80 unidades ganaderas (UC) y 60 ha debido a
una menor mano de obra por hectarea y por UC que muestra un efecto de escala. Los
escenarios proyectados mostraron que la LP podria triplicarse mejorando la
asignacion de recursos y el manejo de cultivos y animales. La mecanizacion de
algunas tareas que requieren mucha mano de obra podria aumentar ain mas el LP en
un 12%. Este estudio contribuye al desarrollo de la metodologia de co-innovacion al
agregar el andlisis de productividad del trabajo en la etapa de diagnostico y utilizar
los resultados para guiar el desarrollo participativo de estrategias aplicables y

apropiadas para mejorar la sostenibilidad de los sistemas de produccién familiar.

Pablaras Clave: organizacion del trabajo; asignacién de trabajo; co-innovacion;

costo de oportunidad del trabajo; mecanizacién
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Mixed family farms produce almost half of the world food. Increasing food supply in developing countries
requires increasing productivity of both land and farmers’ labour as key to increase household income, food
security and reduce poverty. A research project developed into Uruguayan vegetable family farms (2006-2010)
revealed that the main life quality problems were low family income, high work overload, lack of leisure time,
and health problems associated with work In many of these farms, labour productivity was lower than the
opportunity cost of labour. Understanding labour productivity determinants would help to guide co-innovation
processes of family farm systems. The objective of this study was to develop and apply a method to analyze
labour productivity (LF) at farm level, identifying the main causes of low LP, to use its results in a co-innovation
process. We selected 14 vegetable-beef cattle farms with different resource endowment. The method developed
involved characterization and quant fication of labour allocation to farm activities, caleulation of technical
cocfficients that explained LP and quantification of improvement scenarios. The first scenario estimated the
impact of farm redesign plans and the second one added the effect of mechanizing some tasks. LP was lower than
the opportunity cost of labour (4 USDh ™) in 10 out of 14 farms. LP in vegetable production (LPv) was explained
by both, net return (NR, $ kg™ ') and labour efficiency (LE, kg h™ ). LE correlated with the amount of product
sold (APS, kg of vegetables or meet per year). LP in beef cattle production (LPb) was lower than LPv. LFb was
higher on farms with more than 80 cattle units (CU) and 60 ha due to lower labour per ha and per CU showing a
scale effect. Projected scenarios showed that LP could be tripled by improving resource allocation, and crop and
animals management Mechanizing some labour consuming tasks could further increase LP by 12 %. This study
contributes to co-innovation methodology development by adding labour productivity analysis at diagnosis stage
and using the results to aid participatory development of applicable and appropriate strategies to increase family
farm systems sustainability.

Co-innovation
Labour opportunity cost
Mechanization

1. Introduction increasing labour productivity will only be possible as a result of
greater self- exploitation (Tittonell, 2014; Weis, 2010).
There is a growing concern about the reduction of labour awvail-

ability in rural areas, the changes in the composition of the work force,

Most of the world's rural population live in mixed family farms and
produce almost half of the world food (Herrero et al, 2010). Conse-

quently, meeting the increasing food demand (Lobell et al, 2009;
Kearing et al, 2014), requires supporting family farmers to develop
more sustainable and productive farm systems (Ifad, 2011). Increasing
yield by reducing yield gaps might be one of the strategies to increase
food supply in developing countries (Koning et al., 2008; Nonhebel and
Kasmer, 2011; van Ittersum et al,, 2013). However, in family farms
increase in land productivity should go along with increase in farmers'
labour productivity as key to increase household income, food security
and reduce poverty (De Schutter, 2011; Schneider and Gugerty, 2011;
Alston et al., 2009; Cornia, 1985). Increasing family income withour

* Corresponding author at: Garzdn 780, Montevideo, 12900, Uruguay.
E-mail address: peolnago@fagro.eduuy (P. Colnago).

http ‘dolorg/10.1016/j.agsy.2019.1027 32

as well as the loss of knowledge, skills and experience. In many regions
of the world, family workforce has decreased and off-farm work has
increased (Nye, 2018). The restriction of labour availability at farm
level requires focusing on how different practices affect the use and
productivity of labour (Bendahan et al., 2018; Komarek et al., 2018;
Paresys et al., 2018; Parodi, 2018). Strategies to increase food pro-
duction and family income, while reducing environmental impact,
should take into account labour availability and productivity at farm
level to ensure feasibility (Bendahan et al., 2018; Komarek et al., 2018;
Nye, 2018; Moraru and Munteanu, 2015; Prasad, 2014;). Family farms
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systems are often diversified. They usually produce a vardety of dif-
ferent agricultural products and sometimes obtain income from off-
farm activities. Although these features might increase farms resilience
and adaptability, they also challenge on-farm work organization
(Darnhofer, 2010; Darnhofer and Strauss, 2010; Madelrieux and
Dedieu, 2008). Designing production system innovations with positive
impact on labour productivity in mixed family farms, requires under-
standing of work organization at farm level, and labour allocation
among the diversity of activities and tasks developed at farms. Im-
proving work organization would facilitate adoption of new techniques
and practices that could increase land and labour productivity (Naresh
et al.,, 2012 Houstiou et al., 2006; Petit et al., 2006).

In the last decades Uruguayan family farmers have faced decreasing
product prices and increasing costs of energy and agro-chemicals re-
sulting in reduced family income. The strategy followed by vegetable
and mixed vegetable and beef-cattle family farmers to maintain their
income was to intensify their farm systems, using more external inputs
and growing larger areas of vegetable crops (Dogliott et al., 2014).
Intensification had a negative impact on soil quality. Negative soil or-
ganic carbon balance and high erosion rates resulted from low use of
manure and cover crops, lack of crop rotation and lack of erosion
control measures (Alliaume et al, 2013; Garcia et al, 2011). In-
tensification also impacted in overall farm organization. The increasing
workload caused periods of mismatch in operations and tasks timing,
which combined with deteriorating soil quality brought about vege-
table wields and gross income increasing less than production costs
(Aguerre, 2014; Dogliotti et al, 2014).

Low labour productivity is a major cause of un-sustainability of
family farm systems in South Uruguay and elsewhere. A research pro-
ject developed between 2006 and 2010 into Uruguayan vegetables fa-
mily farms reveled that main farmers® life quality problems were low
family income, high work overload, lack of leisure time, and health
problems associated with work (Dogliotti et al,, 2014). The timing of
activities throughout the year and the difficulty to delegate tasks on
hired labour are some of the most important causes that explained the
problems mentioned (Dogliotti et al., 2014). In these farms, labour
productivity is low. Frequently is even lower than the opportunity cost
of labour, estimated as the cost of temporary hired labour in the region.
Dogliotti et al. (2014) reported labour productivity increase in 13 out of
14 farms after three years of co-innovation process explained by im-
provements in crop yvields and family income, but workload in most
farms remained high.

Mechanization is an alternative to reduce labour demand and im-
prove labour productivity and work conditions (Maresh et al., 2012).
The feasibility of this strategy is limited because smallholders are
usually not able to generate and save surpluses to invest and they have
limited aceess to credit. Moreover, lack of scale makes maintenance and
depreciation costs excessive for smallholders. In this context, co- op-
erative farming and sharing of machinery among farmers' groups might
facilitate mechanization (MNye, 2018; Paresys et al., 2018 Prasad,
2014). Mechanization could relieve workload and improve efficiency,
but to make decisions about which processes to mechanize and their
convenience it is necessary to evaluate the impact that mechanization
could have over productive results and on the current working condi-
tions.
With the purpose of studyving labour organization at farm level, a set
of methodologies have been developed by French researchers con-
sidering both, social and technical dimensions (Hostiou and Dedieu,
2012; Madelrieux et al., 2010, 2009; Hostiou et al., 2006; Dedieu et al.,
1999). “Work assessment” (‘Bilan Travail) (Dedieu et al., 1999),
“Atelage”(Madelrieux et al, 2009), and “QuaeWork” (Hostiou and
Dedien, 2012), were developed in a context of diversification of farming
activities and farmers multiple job-holding, decreasing number of rural
workers and increasing average farm size (Madelrieux and Dedieu,
2008). The “Work assessment” approach was developed for livestock
systems aiming to understand work organization by building a

Agricultural Systems 177 (2020) 102732

conceptual model of work at farm level. Labour devoted to different
activities and work dynamics throughout the year is characterized in a
non-exhaustive way. This methodology has been widely applied in li-
vestock and dairy farm systems (Cournut et al., 2018; Hostiou et al.,
2006; Petit et al., 2006) to provide individual or collective support and
guidance on work organization to livestock farmers. “Atelage” metho-
dology emphasizes the daily work organization and allows an analysis
of a diversity of farm management systems and improved under-
standing of organizational patterns. This approach contributes to the
debate on how to take into account work organization as a dimension in
the design of new systems (Madelrieux et al., 2009). The “QuaeWork"
method was developed to analyze work organization in a livestock farm
over the year. This method proposes criteria to assess work duration,
wark efficiency and work flexibility in terms of rmom for maneuver or
capacity to adapt to internal and external events (Hostiou and Dedieu,
2012),

In diversified and complex systems such as mixed systems,
achieving an accurate understanding of what are the causes of their
current labour productivity, requires addressing different production
activities individually to identify constraints as well as to understand
their contribution to whole farm results. Understanding labor pro-
ductivity determinants would help to guide co-innovation of family
farm systems.

This study was carried out in the context of a co-innovation project
aiming to improve sustainability of mixed vegetable-beef cattle family
farms in south Uruguay. The objective of this study was to develop and
apply a method to analyze labour productivity at farm level of di-
versified farm systems, identifying the main causes of low labor pro-
ductivity, and using its results to improve farm re-design plans.

2. Materials and methods
2.1. Region under study and selection of pilot farms

The Northeast of Canelones is located 50-90 km from Monteviden,
in the south of Uruguay (Lat -34.346/-34,546 - Long -55,579/-55,873
range). Climate is temperate sub-humid with a mean anmial tempera-
ture of 16 °C, and a mean annual precipitation of 1000 mm fairly evenly
distributed throughout the year but with major varia tion between years
(Furest, 2008). Water deficits ocour frequently berween October and
March and water surpluses berween May and August. Topography
ranges from very gently undulating to undulating (slopes 1-6 %).

We selected 14 case studies farms belonging to two local farmer's
organizations. Case study farms were selected to represent the varia-
bility in resource endowment and soil types found in the region with
the aid of farmers’ organizations boards and their technical advisors.
These fourteen farms differed in family composition; number of family
members and life cycle stage, but all families had their farm as main
source of income. All farms combined vegetables and beef production.

2.2, The co-mMnovation process

In 2014 a codnnovation process started that involved character-
ization, diagnosis, re-design, implementation and evaluation of pilot
farms' systems, following the approach developed by Dogliott et al
(2014).

During characterization we assessed the management team com-
position, farm succession and life cycle stage, type of bookkeeping used,
distribution of tasks among family members, education level and main
sources of technical information. Within the production subsystem we
quantified the production resources: family and hired labour, energy
and other inputs, machinery and infrastructure, soil area and quality,
and water availability; the allocation of these resources to different
production activities in time and space; and the desired and undesired
results from production activities in terms of performance indicators
(Dogliotti et al., 2014).
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Diagnosis was based on the analysis of economical and productive
results for the period July 2013 to June 2014. Sustainability indicators
were adapted in a participatory way according to farm systems char-
acteristics in the region and to farmers' interests and aims. During
characterization and diagnosis phase we visited farms every two weeks
and we obtained information through interviews, farmers' records, di-
rect observation and measurements.

The re-design phase followed the steps proposed by Dogliotti et al
(2014): adjustment of field layout and erosion control support prac-
tices, design of a cropping plan and crop rotations, design of inter-crop
activities and crop management activities, ex-ante evaluation of farm
plans performance. Plans were discussed with the farmers and adjusted
until an agreement was reached and implementation started.

2.3. Understanding labour productivity

In order to study labour productivity in the pilot farms and to geta
deeper understanding of its main causes we improved the approach
proposed by Dogliotti et al. (2014). We studied labour productivity at
whole farm, production activities and operational tasks levels. We
summarized the method developed in three steps. Steps one and two
were carried out during characterization and diagnosis, while step three
was part of the ‘ex-ante’ evaluation during the re-design phase.

2.3.1. Step 1. Quantifying labour allocaton

To obtain data on labour allocation and to understand work orga-
nization on each farm, we conducted semi —structured interviews to
farmers and their families. We also made direct observations and we
measured the time consumed during the performance of specific op-
erations and tasks, for example; transplanting onions, lay down of
plastic mulch and grading and packaging onions. During the interviews
key questions asked to understand work organization were when?, how
much time?, who does the work?, and in which way the task or activity
is done? (Dedieu, 2016).

We distinguished routine and seasonal work (Dedieu et al., 1999).
We dlassified as routine work activities performed every day during a
relatively long period of the year. As seasonal work we listed all ac-
tivities performed once or several times but concentrated in relatively
short periods during the year. Seasonal work included crop manage-
ment tasks such as tillage, sowing, and harvest, and cattle management
tasks like vaccination, weaning and castration, among others. There
were many activities that did not report to any particular production
activity, like time dedicated to buy inputs, maintenance and repairs of
farm facilities and participation in famers" group meetings. We com-
puted labour allocated to these ‘general activities' as the difference
between total family labour and total labour allocated to production
activities. Total family labour was estimated as the sum of labour that
each member of the family contributed to the farm. We estimated la-
bour contribution of each family member by describing with the family
a single day work routine and identifying variations through the year.
Labour allocated to domestic chores and children care, was not taken
into account for the analysis.

2.3.2. Step 2. Labour productivity analysis and diggnosis

Based on labour allocation and other farm data collected during
characterization phase, we calculated technical coefficients for each
crop and animal production activity in each farm and indicators at
different hierarchical levels and drew a ‘labour productivity tree’ for
each farm (Fig. 1). For economical indicators we used the calculation
method proposed by McConnell and Dillon (1997). They distinguished
between Net Actual Return and Net Sustainable Retums, and Family
Available Income and Family Sustainable Income. They use the term
‘sustainable’ when depreciation is included as a cost. For all calculation
we included depreciation. In this paper we used ‘Net Retum' and ‘Fa-
mily Income’ to express Net Sustainable Return and Family Sustainable
Income. All prices were converted to U.S. dollars.
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We distinguished between ‘farm labour productivity’ (FLP) and
‘family income per hour’ (FIh):

FLP ($ hour™ ') = Net Retum (NR) ($ yr™ ')/ Total Labour (hour yr ")
(48]

MR = Total Gross Return (TGR) (% yr_l}—Tom] Enterprise Cost (TC) ($
—1
yr) )

‘Where,

TGR ($ yr™") is total gross return of the farm calculated as the sum
of all outputs multiplied by their prices;

TC ($ yr™') is total enterprise cost, including total variable and
fixed costs with the exception of labour costs.

Total Labour thour yr~') is the sum of family labour and hired la-
bour.

‘FIh’ (% hour™") is the ratio between Family Income (FI) ($ yr_l}
and total hours worked by the family (hour yr™ '), Family Income was
ca]ctﬂated as Net Return ($ yr_l} minus the cost of hired labour ($
vrooJ

When there is no hired labour in a farm, the value of Flh is equal to
FLP. We disaggregated labour productivity at farm level. Labour pro-
ductivity (LP) for each production activity (beef cattle, vegetable crops
and other activities like poultry or cheese making) was calculated as the
product berween net return per activity (NFu.ivy) and labour effi-
ciency per activity (LE, yyiy).

LPoctivity ($hour™) = NRucsiviry (5 kg™ ") * LEaciviry (kg hour™")  (3)
NRycsury ($ kg™ ") = (Farm gate price - TCaciviy — GFERuivi)  (4)

LEiiry (kg hour™") = APS, ey (kg yr™ ') / Labour allocated iy
(hour yr™ ) 5

‘Where,

NRuctivity ($ kg™ 1} is the net return of each production activity in US
dollars per kg of product sold;

LE.sviey (kg hou.r_l) is the labour efficiency of each production
activity estimated as product sold per hour of labour.

Labour allocated.criviry, (hour yr~ l} is the number of working hours
allocated to each activity, regardless of who does the work, family or
hired workers.

APS vy (RE yT '} is the amount of product sold per year for each
production activity

TCactiviy (5 kg™ Y is the cost per unit of product calculated as the
sum of all costs, excduding labour costs, involved in each activity per
year (variable and fixed cost), divided by APS,civity,

GFEqgiivity 15 the amount of general farm expenses per year allocated
to each production activity proportional to its GRasiviy, divided by
APS . tivity:

Farmers sell various types of vegetable and animal products and
farm gate prices vary throughout the year, so we estimated an average
farm gate price for each production activity as the ratio between
GRaaiviey and total amount of product sold per year.

Farm gate price ($ kg) = GRaciviey (5 ¥~ )/ APSuciiviny (kg 3717 1)
®)

‘Where,

GRacivity ($ yr~ ') is the gross retum per production activity calcu-
lated as the sum of product sold on each sale multiplied by its farm gate
price in US dollars at the moment each sale was done;

Beef-cattle production indudes forage production. Pastures are in-
stalled for feeding cattle and bales are produced to store forage for
winter. In farms where bales were sold it was considered as another
production activity.

During interviews we listed all management tasks performed on
crops and animals. This allowed us to compare working time spent in
similar tasks on each farm. In order to explain differences among farms
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Fig. 1. Labour productivity tree at farm level.

we calculated a ‘Relative time indicator’ per area and per unit of pro-
duct sold. Relative time ... was calculated as the ratio between labour
allocated per area of vegetable production on each farm (hours ha™')
and the average labour allocation from all farmers per area of vegetable
crops (hours ha™ '), Relative timey, was calculated as the ratio between
labour allocated to vegetable production and APS.

Relative time,,(farmn) = Labour allocated per ha (h ha™"), /Average

labour allocated per ha (h ha™") (7}
Average labour allocated per ha =Z (Total labour vegetable /cultivated
area) (8)

Labour requirements in greenhouse crops are higher than open field
crops. We calculated average labour allocated per hectare separately,
for farms growing open field crops to those growing greenhouse crops.

Relative time ., (farm n) = (Labour allocated to vegetable production/
APS)/Average labour per kg. )]

Average labour allocated per kg (h kg™ ') = & (Total labour vegetable
/APS) (10)

A Relative Yield (RY) indicator per farm was calculated to show
differences in production efficiency among farmers. We calculated RY
as the sum of the ratios between actual and attainable yield of each
vegetable crop in the farm, weighed by fraction of gross return that
each crop explained (Eq. 11). Actual yield for each crop was calculated
from sales records available in all farms. We defined attainable vields as
rain-fed and irrigated yields obtained in local expermental stations
when it was available. For crops lacking this information, we used as
attainable yield the yield obtained by the best farmers in the region.
This information was provided by technical advisors working with
farmers or from research results for the region (Dogliott et al., 2014;
Scarlato et al., 2017; Berrueta et al., 2019).

Relative Yield = E (actual/attainable yield ., * Fraction GRagp) (11)

We performed a correlation analysis to identify relations among
indicators. Spearman coefficient measures the magnitude of the relation
between two variables, independently of the units of the original
varable (Balzarini et al, 2008). For a = 0.05 we considered significant
the ry values when, |r;|vn> 1.96, being n the number of cases

(Johnson and Wichern, 1992).

2.3.3. Step 3.Quantifying the impact of farm plans on labour productivity

At re-design phase we produced a plan for each farm designed based
on diagnosis results and a problem tree per farm, previcusly discussed
and agreed with farmers (Dogliotti et al.,, 2014). Draft plans were dis-
cussed with farmers and changed as result of those discussions till an
agreement was reached. The farm plans aimed at improving allocation
of available labour and other resources to production activities, in-
creasing land productivity through better and timely management, and
improved soil quality. Redesign plans incduded adjustment of fields
layout and ercsion control support practices, changes in crops choice,
cultivated area and crop and soil management practices such as green
manures and cover crops during intercrop periods, applications of an-
imal manure, improved weed control measures, improvements in crops
nutrition, water supply and crop protection (Dogliotti et al., 2014). In
beef cattle production, redesign plans included increasing forage pro-
duction through better grass management and larger area of forage
crops and grass&legume pastures in rotations with vegetable crops. We
also proposed changes in cattle management practices such as grazing
control, weaning and health management. All plans were laid down
taking into account current farm resource endowment, particularly la-
bour availability, and did not require significant increase in inputs or
Invesiments.

Based on technical coefficients taken from results of previous stu-
dies in the region (Dogliotti et al., 2014; Aguerre et al., 2014; Alliaume
et al, 2016), we estimated the impact of farm plans on vegetable and
forage crops vield, production costs, and labour demand. We estimated
impact on FLP and FIh using current farm labour availability and cur-
rent farm gate product prices.

Although it was not included on farm plans, to estimate potential
improvements of LP in beef cattle production, we explored the effect of
replacing current cow-calf and complete cyde systems by back-
grounding-fattening systems (Modernel et al., 2016), which have been
proven more efficient for mixed vegetable-beef farm systems in pre-
vious studies in the region (Aguerre et al, 2014). To estimate beef
production we used the whole-farm model “Farmlmages” (Dogliott
et al., 2005; Aguerre et al,, 2014). Based on estimated forage produc-
tion and availability throughout the year and restricting external
sources of feed to less than 10 % of metabolizable energy requirements,
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the model estimated number of animals that the farm can grow and
meat production per year.

In order to explore the impact that investments in mechanization
could have on FLP and Flh, we built a second scenario. We added to
farm plans the labour saving effect, and increasing maintenance and
depreciation costs of mechanization. For each farm we selected me-
chanization options available in the region for the most labour de-
manding tasks: cleaning, classifying and packing of vegetable products,
machinery to improve soil tillage and to spray crops, taking into ac-
count current mechanization level and production scale.

3. Results and discussion
3.1. Farm systems c haracterization

All families had their farms as main source of income. However,
three farmers were part time workers outside the farm (Table 1). Two
farms had poultry in addition to beef-cattle and vegetable crops, five
farms sold surplus bales and one farm made cheese. All greenhouses
were gable roof single structures made from wood and covered with
plastic film. Area per greenhouse was between 400 and 800 m?, Most
vegetable products were sold through middlemen in the main wholesale
market in Montevideo. Middlemen charged farmers the product trans-
port costs and a fee of 10-15% of the gross value of products sold. Beef
cattle were sold through a wide diversity of chamnels. Most important
ones were sales to other farmers, local cattle markets and slaughter-
houses. Most farmers had low or very low level of mechanization. Fa-
mily labour availability ranged between 3328 and 9180 h yr~' de-
pending on number of family members contributing labour and practice
of part time off-farm work. Hired labour per farm was at most half of
the available family labour and it was contributed mostly by tempaorary
workers during periods of high labour demand (Table 1). Farms 5, 7
and 10 hired a permanent worker and they highlighted the importance
of their reliance on hired help and the prospect of delegating some
tasks. The opposite was pointed out by other farmers who identified the
lack of experience and specific skills of temporary workers as a con-
straint. Management team was in many farms integrated by the couple.
However, we observed diversity in composition of the management
team, in leadership of the farm and in book keeping systems (Table 2).

We observed a division of tasks between men and women. Women
worked fewer hours than men directly on the farm because they were in
charge of children care and all domestic chores. Men carried out tasks
involving machinery, soil tilage and crop fumigation. Women were
involved in manual work like sowing, weeding, and harvest and post-
harvest tasks. There was also a gender division of labour related to
animal production work. Only in farms 2 and 9 were women in charge
of some cattle chores. Women played an important role at local farmers’
organizations. They were members of the organizations’ boards and
leaders of several of the organizations’ activities.

Farmers usually started their work-day around 7:00 during spring
and summer and 830 in winter. They stopped at midday to have lunch
and rest and then contimied working till near sunset. During high
workload periods in summer they may resume work earlier or continue
after sunset, busy with classifying and packing vegetables before ‘de-
livery days'. All farmers rested on Sundays and worked half-day on
Saturdays. Farms with poultry production had some routine work to do
on Sundays, so they took turns between family members. For most of
the farms we found people worked more than 8h a day and despite
taking days off, none of them took off of more than one week per year.
To assess general workload we used as a quality-oflife indicator the
leisure time index (Table 2). Particulady during peak periods, farmers
work more than 10 h even when they hire temporary workers.

3.2, Labour productivity

Ten out of fourteen farms had in 201314 a Flh lower than the
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Table 2
Characterization of farm management subsystem: composition of management team, life cycle stage, farm succession, leadership and book leeping types per farm.
Farm Family waorkers Life cycle sage® PFarm sucession” Management team Leadership Leisure time index” Book keeping type’
1 1 full, 2 part-time 1 1 Couple Farmer (man] 2 2
2 1 full, 1 part-time 2 2 Mother and son Mother and son 2 2
3 1 full, 1 part-time 4 o Couple Couple 2 2
4 2 full 2 1 Couple Couple 2 1
5 1 full, 2 part-time 3 2 Couple and a son Farmer (woman) 4 2
a 1 full, 1 part-time 3 1 Couple Couple 2 3
7 2 full, 2 part-time 2 1 Couple and father Couple 4 2
&8 1 full, 1 part-time 2 1 Couple Couple 2 3
a 2 full 2 1 Mother and son Son 2 3
10 1 full, 1 part-time 2 1 Couple Couple 4 3
11 2 full 2 ] Couple Couple 2 2
12 1 full, 3 part-time 3 2 Couple and a son Farmer (man) 2 2
13 1 full, 3 part-time 2 2 Couple and a son Couple 3 3
14 4 full, 2 part-time 3 2 Couple and a daughter Farmer (man) 4 2

# Life cycle stage, 1 = entry or establishment, 2 = expansion, 3 = consolidation or stabilization, 4 = exit
" Farm succession, 0 = not succession expected or possible, 1 = possible but not defined yet, 2 = defined or in transition to next generation.

e

Leisure time index, 1 = 1 day per month; 2 = 2-4 days per month; 3 = 1 day per month and one week per year; 4 = 2-4 days per month and one week per year,
5 = more than 24 days per month and one week per year (Dogliotd et al,, 2014).

4 Book keeping type, 1 = only sales receipts, 2 = sales receipts plus income and expenses, 3 = income and expenses plus details of the main production activity, 4

= detailed information of most of the production activities (Dogliott et al, 2014).

Table 3

Family income per hour of labour, Farm labour productivity, Labour Productivity (LP) in vegetable, cattle and forage production and in other production activities,
and proportion of total available labour allocated to each activity. Currency is US dollars,

Labour Allocation
Farm Flh FLP LPv LP cattle (§ hour™ ¥ LP other Veg Cattle Other prod. General activities
(# (% hour =) (§ hour™ ') (% hour ) (% hour =)
4 0.84 0.92 191 0.52 0.34 0.52 0.18
3 1.50 152 3.36 191 128 0.15 0.28 038" 0.19
5 1.84 Lag 269 L6&0 0.67 011 0.22
1 2.14 215 344 L85 0.47 0.29 0.24
8 2.2 rm 370 132 547 0.52 0.24 0.0t 0.24
[ 2.53 253 3le 386 0.33 0.39 0.28
12 2.80 283 431 3.58 1174 0.53 0.24 012" 0.11
a 3.18 328 538 224 0.53 0.20 0.27
7 391 357 493 4.26 1204 0.60 013 0.005" 0.25
2 3.85 385 530 Lis 0.60 016 015
14 5.54 523 628 209 10.67 0.55 0.0 01473 0.19
13 6.23 6.21 13.26 345 1220 0.12 032 0.29° 0.27
11 6.87 6.45 823 Lo8 14.40 0.75 0.06 007 0.18
10 8.25 7.11 1122 0.00 0.63 0.06 0.30
* Made cheese.
® Sold bales.
< Poultry.

opportunity cost of labour (4 $ hour™"), defined as the cost of hiring
temporary workers (Table 3). This value was calculated taking into
account average wage paid in the region including social loads and
taxes. For most of these farms FIh was lower than FLP, Except Farm 6,
LP in vegetable production was higher than LP in cattle production.
In 10 out of 14 farms, most of available labour was allocated to
vegetable production. LPv higher than the threshold of 4 dollars per
hour was the result of high LE and/or high NR. Farm 4 had high LE but
the lowest NR, resulting in the worst LPv. Contrary, farms 10 and 13
obtained the highest LPv due to above average LE and the highest NR
and farm gate prices (Table 4). Except farms 2 and 13, all farms
reaching an LPv higher than 4 dollars per hour had higher APS than
farms with LPv lower than threshold. Five out of six farms with LPv
under 4 dollars had Relative Time per unit of product over 1. Four out
of six farms with LPv lower than threshold showed RY lower than
average, while seven out of eight farms with LPv > 4 dollars per hour
had RY higher than average (Table 4). Low LPv with a RY of (.65 in
Farm 1 was explained by low LEv caused by high Relative Time per area
and product. Opposite was observed in farm 14, which had a relatively
high LPv with a RY of 0.45, explained by low relative time per area and

per unit of product, saving 33 % of labow compared to average
(Table 4). These two farms, 1 and 14, had two contrasting mechan-
ization levels (Table 1) that could explain differences in relative time.

LE was positively correlated with APS, labour allocated to vege-
tables and crop area, and negatively cormelated with relative time per
unit of area (Table 5). NR correlated only with average farm gate price.
Farms with greenhouse crops obtained better farm gate prices than
farms with open field crops only.

Labour productivity in beef-cattle production was lower than in
vegetables. Only one farm obtained more than 4 dollars per hour
(Table 6). Farm 10 was not considered in this analysis since beef cattle
were for self-consumption only. LEb and NR were negatively correlated
(Table 7). LPb above 3 dollars per hour were obtained by two farms
with high NR and near average LEb and one farm with high LEb and
near average NR. LEb was positively correlated with APS, grazing area,
CU and negatively with labour per ha and per CU, showing a positive
production scale effect. LEb was high on big farms (12, 13 and 14) with
more than 80 CU and more than 60 ha of grazing area, explained by low
labour allocation per ha and per CU. NR was correlated with TC and
farm gate price. TC was positively correlated with the amount of cattle
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Table 4
Components of LPv: LE (kg hour ~ 1), NR per amount of marketable product ($ kg™ 1), APS (kg) and labour allocation to vegetable production.
Fam LPv  LE (kg APS” (kg) Labour allocation NR® (§ Farm gate  TC (% GFE ($ Crop Relative Yield * Relative time ©  Relative time
hour =) Weg (hours) ] price (§ kg " kg ! area (ha) weighted (all (hs ha-1) (kg hs)
kg ) crops)

4 191 191 27,000 1410 010 032 0.17 005 295 0.17 0.86 0.88

5 269 49 28,372 5819 055 124 0.63 005 0.75 0.40 132 159

[ 316 78 a550 1224 041 069 0.15 014 1.20 0.57 0.98 120

3 336 133 6680 503 0.25 073 0.41 008 0.70 0.34 130 127

1 343 55 12,900 2366 063 108 0.31 0.14 0.28 0.65 147 143

8 aro 111 21,674 1947 033 07a 0.37 0.10 2.88 0.31 122 152
12 431 7 103,975 3756 016 049 0.30 003 B.60 0.51 0.79 a6l

7 493 7.4 38,988 52R2 0.67 117 0.45 006 114 0.54 0.7 105

2 530 108 27,860 2588 0.49 104 0.49 00a 0.53 0.78 0.83 072

9 538 185 43,297 2338 Q.29 058 0.20 0.09 4.63 0.51 091 091
14 628 152 145,822 5778 0.25 049 0.22 00z 1550 0.45 0.67 067
11 823 183 75457 4129 0.45 0.64 0.16 003 5.90 0.58 L26 093
10 1122 152 55,655 3664 074 146 0.60 012 0.68 0.64 092 051
13 1326 17.8 10,450 586 074 184 101 009 0.15 0.53 0.68 o7l

: NRconiny($ kg™ ') = Farm gate price — TGy — GFEa iy

APS, ey I8 the amount of product from each ixudl.l:Lic.m activity sold per year.

© TC ($ kg~ ') = sum of all the cost involved in each activity per year (variable and fixed cost), excluding labour costs, divided by L 2 T—

4 GFE (5 kg™ ]} = is the amount of general farm expenses per year allocated to each production activity proportional to its GRacuviry, divided by APSacivicy.
© Relative Yield: Actual/attainable yield of all crops weighted for their participation in vegetable gross retum.

! Relative time is the ratio between labour used in each farm (hours) per area and per unit of product and the estimated average time (M&M).

in the farm, showing that production scale increased total costs per unit
of product (Table 6 and 7).

3.3. Estimating the impact of re-design on labour productivity

Farms' plans showed potential to improve LP and Flh in all farms,
having more potential impact in farms with FlIh lower than the op-
portunity cost of labour (Table 8). On average Flh could be tripled on
these farms, with huge variations among them (1.68 to almost 7 fold).
In scenario 1 increase in LP was due to increase in both, LPv and LFb.
Increase in LPv was mainly explained by increase in vegetable crops
vield and by changes in crop choice and allocation of area and other
resources to different crops. Increase in LPb was due mostly to increase
in meat production, but in some cases also to reduction in the amount of
labour per cattle unit.

LP and FIh increase in Farm 12 was explained by high reduction in
beef cattle production costs and re-distribution of labour between ve-
getable crops and beef cattle production. High cost in beef cattle pro-
duction in this farm (Table &) was explained by a high proportion of
annual forage crops as base of animal feed. The plan included mtation
of four-year grass& legumes pastures with vegetable crops, reducing the
area of forage crops, and the cost of feed.

Mechanization of some tasks (scenario 2), might improve labour
productivity further. We estimated an average impact in Flh of 12 %

Table 5
Spearman correlation analysis of LP-veg components.

(Table 8). Estimated improvement in labour productivity due to me-
chanization was larger in farms with very low mechanization level
(Table 1). Farm 9 used to hired machinery for tillage, so the impact of
acquiring a tractor and soil tillage tools was lower. The introduction of
grading and packing equipment, showed an increase of 10 % or more in
FIh in farms 2, 4, 8,10, 11 and 12. In farms 8 and 11 the introduction of
equipment to dean and grade onions would reduce total farm labour
demand by 19 y 13 %, respectively. In farms 5and 6 potential impact of
mechanization was very low since crops and tasks possible to me-
chanize occupied a small area out of the total cultivated it in these
farms. For farm 13 where only sweet pepper was grown, no mechan-
ization was proposed (Table 8).

To illustrate the effects of redesign plans in LP indicators, we pre-
sented LP trees for farms 5 and 11 as examples (Fig. 2). For these farms
Fl increased as a result of LP increase. In farm 5 the increase of LPv was
due to LEv and NRv increase. LE improved 59 % because of the APS
increase and the reduction of labour required. In this farm we aimed at
increasing greenhouse crops vields by improved matching of labour
demand and availability. We proposed to decrease the cultivated area
from 7500 to 5700m2 and adjust the area allocated to each crop with
the purpose of improving crop management and timing of management
tasks. These allowed to decrease labour demand, increase yield and
consequently APS. We did not increase the amount of inputs used so TC
per kg decreased 59 % due to higher vields. GFE per kilo also decreased

Probability, LPv LE APS Labour allocation  NRE Farm gate TC GFE Crop area  Relative Relative time per  Relative time per
Coefficients Veg price Yield * area kilo
LPv 1.00 0.29 0.14 016 026 0.73 0.08 089 0.87 0.22 0.29 0.53
LEv 0.32 L00 0.01 003 013 0.43 017 015 0.04 0.09 0.08 0.10
APS 0.45 [l 100 002 093 0.89 0.10 006 0.09 0.09 0.46 0.68
Lsbour veg 0.42 0.64 0.69 100 083 0.96 0.23 022 015 0.33 0.42 0.98
NR 0.34 0.45 003 0.06 100 0.06 0.7 069 033 0.44 0.26 0.19
Farm gate price .10 0.24 0.04 001 0.57 Lo 011 022 0.82 01l 0.58 0.85
TC 0.53 041 0.49 036 034 0.48 Lo 068 0.43 0.0z 0.58 0.69
GFE 0.04 0.43 0.57 0.37 012 0.37 013 100 0.46 0.64 0.49 0.80
Crop area 0.05 0.63 0.51 043 0.29 0.07 0.24 022 100 0.83 0.0z 0.76
Relative Yield 1 0.37 0.50 asz2 029 023 0.48 o070 0.14 0.06 LoD 0.96 0.55
Rel. ime (area) 032 0.53 022 0.24 034 017 0.17 021 0.69 0.01 Loo 0.7
Rel. time (kg) 020 0.49 013 001 041 0.06 0.13 0.08 0.10 019 0.35 1.00

Bold numbers indicates statistical significance for a = 0.05.
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Table 6
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Components of Labour productivity in beef-cattle production (LPb): Labour Efficiency (LE), NR per kilo of meat and forage ($ kg ™), APS (kg), labour allocation to
beef-cattle production (hours), Net Return grazing area, Meat production per hectare, total Cattle Units (CU) and labour efficiency indicators per farm.

Farm LPb(§  LE (kg APS Beef  Labour NR($  Price TC(§ GFE($ Grazing Meat production  CU Total Time Hour/CU
hour) hour ) Cattle (Kg)  allocation Beef kg ) Sk kD ke H area (ha) (kg/ha) (hours/ha)
[hours) meat]
12 i58 678 11,372 1678 0.53 1.29 173 0083 69 165 113 24.3 14.9
4 052 168 3643 2165 0.3 1.60 0.96 0.34 53 & 41 410 525
11 108 083 252 303 129 1.56 019 (] 6 42 4.48 50.5 67.6
2 118 190 1160 6509 062 1.25 057 (i) 5 230 9 1253 7.7
8 132 163 1442 885 0.8 1.49 0.5 0.18 14 103 17 63.2 52.7
5 160 211 1960 a30 0.76 2.08 12 0.0 28 70 63 332 14.8
1 186 130 1946 1492 142 1.71 .05 0.3 15 134 22 loz.9 686
3 191 476 4527 952 0.40 1.04 0.50 0.14 24 187 26 303 7.0
14 209 757 7470 Q87 023 1.25 .96 0.06 L:15) 113 an 150 11.0
9 224 260 2360 202 0.86 1.84 0.60 0.29 20 119 23 45.3 3.9
13 345 521 8415 1613 0.66 1.18 0.46 0.06 1] 85 82 163 107
[ 386 353 5080 1438 L9 1.55 0.16 0.30 40 17 40 36.0 5.7
7 426 371 4138 1116 115 101 067 %1 st o 24 =d 4.5

(") NRaconiny (8 kg 1) = Price — TCaviry — GFEA 0y

(%) APS squiry is the amount of product from each production activity sold per year.

) TC(S k.g-_]] = sum of all the cost involved in each activity per year (variable and fixed cost), excluding labour costs, divided by APS gy,
(*) GFE ($ kg_l] = is the amount of general farm expenses per year allocated to each production activity proportional to its GR,giue, divided by APS, .-
*This farm used surrounding borrowed areas for grazing. So total grazing area and indicators related to this data were not possible to estimate with accuracy.

as a consequence of higher APS. We used the prices already obtained by
each farmer for all the estimations. In beef cattle production the im-
provement in LPb was obtained through higher LE. Using the same
amount of labour we estimated a 453 % improvement. This improve-
ment is not only due to increased forage production and better animal
management but also to changes in beef cattle business. As was ex-
plained in M&M section, we estimated meat production using Farm-
IMAGES simulation model and assuming fattening systems based on the
actual labour availability and grazing area. Price per kilo is lower due to
different final product, but NR remained almost the same due to cost
reduction.

In scenario 2, FLP further improved 1.5 % and FI by 1 %. We in-
cluded in this scenario the labour saving and amortization cost of using
a machine to install plastic mulch in the greenhouses. A tomato grading
machine was not included because tomato area was too small to justify
amortization costs.

In farm 11 the re-design plan included a 11 % reduction of cult-
vated area of onions which was the highest labour demanding crop in
this farm. LE increased by 32 % as a result of 16 % labour demand
reduction and 14 % APS increase. In farm 11 we also aimed at im-
proving matching of labour demand and availability to improve task
timing. We introduced two new varieties of onion to extend the optimal
time for transplanting and harvesting. Higher APS with lower area of
onions would result from increased crop yield by 44 % due to improved

Table 7
Spearman correlation analysis of LP-Beef components.

management: better timing of transplanting, weed control and im-
proved crop nutrition. Adjustments in crop nutrition and weed control
increased TC by 5 %.

LP increased in beef cattle in farm 11 was explained by higher LE.
We proposed to increase the area of alfalfa in rotation with vegetable
crops and save the alfalfa bales for animal feed instead of selling it. The
number of animals increased from 4 to 8. Despite the important in-
crease, beef-cattle production only explained & % of labour allocation in
farm 11 having a lower impact in FLP and FL

In scenario 2 we estimated the impact of investing in a machine to
clean, grade and pack onion machine which could save 18 % of labour
used in vegetable production. LPv increased by 20.5 % due to LE in-
crease 22 %, Due to maintenance and amortization costs, NR would be
reduced almost 1 % but the overall effect on FLP would be an increase
of 31 %. However, mechanizing onion post-harvest operations would
not have an effect on FL, but mainly on alleviating work overload.

4. Discussion

Results of this smdy confirm that low labour productivity is a major
cause of un-sustainability of family farm systems in South Uruguay, as
found in previous studies in the region (Dogliott et al, 2014). We
found that 10 out of 14 farms had a FIh lower than the opportunity cost
of labour, which made almost impossible for farmers to generate cash

Probability LPb LEb APS Beef Labour NR Price TC GFE Grazing area Meat CU Total Hours/ha Hours/CU
Coeffidents allocation production

LPh Loo 0.17 0.25 0.83 0.20 083 0.30 0.86 0.44 0.7 075 0.30 034
LEb 0.40 1.00 0.002 016 0.04 011 0.11 017 0.01 0.28 001 0.01 0ol
APS Beaf 0.34 0.90 100 001 0.06 017 0.26 0.63 0.002 0.58 0.002 0.004 ool
Lab alloc .06 0.40 071 Loo 0.28 0.86 0.62 0.40 0.01 0.94 002 0.9 023
NR 037 060 054 0.31 L0 005 0.0z 0.29 0.06 0.52 o0z 0.08 008
Price 0.06 047 0.40 0.05 0.57 100 0.68 011 0.38 0.19 046 0.30 057
TC 030 0.46 0.32 014 070 012 1L.00 0.49 0.20 0.98 005 0.14 006
GFE .05 040 014 0.24 0.31 047 020 100 0.69 0.91 051 0.26 034
Graz. area 023 076 0,94 081 0.56 0.7 0.38 012 1.00 0.64 0.002 0.003 ool
Meat prod ol 0.33 017 0.0z 020 040 001 0.03 014 1.00 04l 0.53 064
CU Total 0.09 079 0.58 070 0.66 021 0.58 019 0.95 003 1.00 0.003 0.002
Hours/ha 0.31 0.83 085 0.51 0.53 031 045 034 0.90 0.19 0ol 1.00 000
Hours,/CUI 0z 0.80 [ v 0.35 0.50 016 054 027 0.81 0.14 088 0.96 Loo

Bold numbers indicates statistical significance for a = 0.05.
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Table 8
Family Income per hour (FIh), Farm Labour productivity (FLP) and incremental change of Flh and Family ncome under scenarios 1 and 2.
Scenario 1 Scenario 2
Farm (#) Family Income per  Farm labour Incremental change: Flh - LPvSem1/ LPbScnl/ Family Income per  Farm labour Incremental change: Flh
hour (FIh) productivity Senl/actual FIh actual actual hour (Flh) productivity Sen2/ Fih Scnl
4 584 5.47 6.84 429 7.63 6.58 618 L1
5 7.80 598 4.25 288 557 7.99 6.07 Loz
12 989 6.54 a5 206 7.38 1134 7.75 L15
8 7.35 601 3.30 219 308 a4 6.88 Lz
3 467 4.60 310 202 305 515 476 Lio
L] 830 7.50 2.64 227 169 889 7.88 L06
14 1049 9.46 1.59 196 a76 1156 10.28 Lo
1 248 292 1.88 119 137 338 a0z L14
-] 4.67 467 1.84 243 137 4.83 489 L03
2 647 6.47 1.68 175 105 7.19 7.19 L1l
11 1031 822 1.50 148 713 1204 10.77 Lz
10 1662 10.55 2.0 125 1895 12.45 L14
7 577 498 1.48 1.50 069 7.46 670 120
13 a74 891 1.56 122 221 a74 891 Loo

surpluses to invest in their farms and,/or hire temporary workers to help
them during periods of high workload. Since their access to credit was
very limited, investments on the farms were related to opportunities
presented by rural development projects. Low labour productivity also
affected farmers’ life quality through reduced family income and
pressure on workload. The method we used to study and disaggregate
labour productivity showed that there was huge variability among
farms not only in their labour productivity but also on which were the
most relevant factors that explained it.

Most farmers allocated most of their available labour to vegetable
production, which had higher LP than beef-cattle production. However,
we found several farms allocating more labour to less rewarding ac-
tivities. Farm 3 labour allocation followed an inverse relationship with
LP (Table 3). Even though it had a very low LP, cheese making was
important for this farm because it provided a daily source of cash to
cover daily household expenses. We found that most farmers did not
realize the amount of labour used for beef-cattle production, since a
significant part of it was due to routine work done during time slots of
daily activities. During interviews farmers had to describe how their
workday was. This helped them to realize how time consuming each
activity was and to reflect about that. Which purpose it has? What for?
Is it worth to maintain it? Some of these questions were addressed when
discussing with farmers the redesign proposals for each farm. Farmers
and researchers gained insights about the reasons behind time alloca-
tion to different activities. In the example of Farm 3, cheese making
gave the family assurance about income to cover household daily ex-
penses. In case of beef-cattle the study of labour productivity helped
farmers and researchers to think about alternatives to reduce labour
allocated to this activity. Collective learning was promoted by the co-
innovation framework applied in this project (Dogliotd et al, 2014,
Rossing et al., 2010).

Beef-cattle production showed lower LP than vegetable production
in most farms. LPb was explained more by NR than by LE. We observed
a positive production scale effect on LEb probably because routine wark
is to a great extent independent of the number of animals in the herd.
This is supported by several authors which analyzed work organization
in livestock farms (Srairi et al, 2018 Hostiou and Dedieu, 2012;
Madelrieux et al, 2010). In the other hand, TC was higher at larger
farms, reducing NR. High TC was due to higher feeding costs explained
by large areas of forage crops, sown pastures and forages reserves such
as bales which are cost effective within backgrounding and finishing
systems (Aguerre et al., 2014), but not within the traditional cow-calf
systems predominant in these farms.

LPv was explained by both LE and NR. LE was higher in farms with
larger areas of field vegetable crops and high mechanization level and
was positively correlated with APS, evidencing a positive relation be-
tween LE and farming scale (Woodhouse, 2010). However, we also

found high LE in farms with only greenhouse vegetables (Farms 10 and
13), and consequently low cultivated area. Through LP trees analysis
we showed different ways to improve LE and NR that depended on each
farm diagnosis results. For example, Farm 13 achieved the highest LPv
and LE (Table 4) due to the highest farm gate prices and low labour
allocation to vegetables production (12 % of available labour). Farm LP
and income could be increased by both a significant increase in crop
vields (Relative vield was 0.53) by adjusting soil and crop management,
and a slight increase in cropped area. These changes would result in
increased labour allocation to vegetable production, which has to be
taken into account for the planning of beef-cattle production and other
activities in the farm.

The average relative yield of all vegetable crops was 0.5, similar to
the value found in this region by Dogliotti et al. (2014). This means that
there is ample room for improving LEv by reducing the yield gap. Ve-
getable yield gap was explained by deteriorated soil quality, and timing
and performance of management operations, which were taken into
account to build the re-design plans. Dogliott et al (2014) observed a
vield gap reduction of 30 % in two-three years of implementation of re-
design plans in 14 pilot farms.

The analysis of work organization at farm level gave us a first in-
sight on criteria and rules behind decisions and also provided in-
formation about general work load and their distribution over the year.
The way we chose to study and desegregate labour productivity in
terms of income per hour of labour ($/h) allowed us to identify crops
yield gap, labour allocation to different production activities and their
efficiency, and net return (prices and costs) as main drivers of low la-
bour productivity, with different degree of relevance between farms. All
these drivers were mediated by farm resource endowment that influ-
enced choice of crops and animals products to be produced in the farm.
How resources were allocated among activities as well as current pro-
duction technology and techniques explained the productive and eco-
nomic results of each farm. In our research we approached labour
productivity at farm level as a general sustainability indicator but we
deepened in the way this indicator was built.

Farms were selected from two nearby locations, less than 20 km
apart. Despite of that, we found diversity in terms of resource endow-
ment and productivity performance as well as causes that explained it.
In farms 1, 3, 5, 6 and 8 low LPv was due to low LE (Table 3). LE
correlated with APS, but the amount of labour used was also important.
Farms 3, 5 and 8 had also a RY lower than the average of 0.5. Farm 1
and & had a RY above average, but low LE explained by high relative
time. Farm 4 had the lowest LPv with a LE well above average, but the
lowest observed RY and Farm gate price. These results support the idea
that yield gaps and time allocated to each activity are important drivers
of labour productivity but there are not enough to explain the perfor-
mance of every farm. Differences in prices were sometimes relevant and
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Fig. 2. Labour productivity trees for Farms 5 (A) and 11 (B). Values with no brackets indicate changes in percentage between current situation and scenario 1, and

values between brackets indicate changes in percentage between scenario 1 and scenario 2.

were explained by selection of crops and type of production. Open field
crops achieved lower prices than greenhouse crops.

The foregoing shows there were several ways to improve LP and the
path chosen depends on understanding the main components that affect
it. The indicators proposed to disaggregate and analyze labour pro-
ductivity in family farming were useful to capture main causes and
explained differences between famms. Improving labour productivity in
vegetable production requires increasing the amount of production
and/or improving efficiency. Adjusting the selection of crops and

vegetable area to match labour availability and capital requirements
allows to use resources and inputs more efficiently (Srairi et al.,, 2018;
Komarek et al., 2018; Bardhan, 2016; Okoye et al., 2008). To improve
labour productivity in cow-calf beefcattle production systems, total
cost has to remain low. Farms with higher total cost based their pro-
duction in forage crops and bales instead of multiannual pastures and
natural grasslands.

The estimation of farm performance after implementation of re-
design plans (Table 7, Scenario 1) showed that it would be possible to
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increase farm labor productivity and family income, exceeding the
threshold in 9@ out of 10 farms with LP lower than the opportunity cost
of labour. This would be possible by addressing the main causes of low
productivity identified for each farm, without significant increase in
production costs or large investments.

Paresys et al. (2018) analyzing labour productivity in rice fields in
Benim identified some local best viable practices to improve crops yield
without increasing labour demand. They emphasize the need to com-
bine yield, labour use and labour productivity analysis and to focus on
labour-saving technologies. They also identified some time consuming
tasks which could be mechanized to save labour and improve pro-
ductivity. In our ‘scenario 1’ improvements were based on agreements
reached with farmers and target yields were feasible to be obtained
without significantly increasing labour demand. It is essential that fa-
mers’ knowledge, abilities and skills are taken into account while
building re-design plans (Chia et al., 2003; Figad et al., 2002).

In ‘scenario 2' we explored the direct effect of mechanization in
improving labour productivity. The impact of mechanization varied
depending on farm current mechanization level, the amount of labour
saved by mechanization and increased maintenance and depreciation
costs. We found mechanization could improve farm labour productivity
and family income per hour in average 12 % over ‘scenario 1, Besides
the quantitative effect on LP, mechanization of some tasks could alle-
viate workload in work-peak moments, having a strong effect in di-
minish workload during specific moments of the year and the burden of
heavy tasks. This reduction implies releasing time for other activities or
for leisure time, increasing life quality.

Our research integrated different levels of analyss by providing a
method to consider the complexity of mixed farms. Starting from gen-
eral farm sociceconomic and productive results we desegregated and
deepened in LP components to identify main drivers for different real
farms situations. We developed a quantitative analysis method that
relates LP variables through a logical tree that makes explicit how LP is
built and helps to design case specific plans to increase LP and farm
income. This study contributes to co-innovation processes by adding
labour productivity analysis at diagnosis stage and using the results to
aid participatory development of applicable and appropriate strategies
to increase family farm systems sustainability.

5. Conclusions

We confirmed labour productivity is a key factor to improve sus-
tainability of family farm systems in South Uruguay, to improve family
income and life quality. The main drivers that explained labour pro-
ductivity were crops yvield gap, labour allocation to different production
activities and their efficiency as well as net retwrn (prices and costs).
But the magnitude in which each driver affected changed widely among
farms, showing there are several ways to improve LP, requiring un-
derstanding of the main components that affect it. We also found that
there is ample room to improve labour productivity with current re-
source endowment, by increasing vegetable crops yield, adjusting the
selection of crops and vegetable area to use resources more efficiently,
and by reducing beef production cost and labour allocation.
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CLOSING SUSTAINABILITY GAPS ON FAMILY FARMS: COMBINING
ON-FARM CO-INNOVATION AND MODEL-BASED EXPLORATIONS?

Colnago P.}, Rossing W.A.H.%, Dogliotti S.*

! Departamento de Produccién Vegetal, Facultad de Agronomia, Universidad de la
Republica, Av. Garzon 780, 11200 Montevideo, Uruguay

2 Farming Systems Ecology, Wageningen University and Research, PO Box 430,
6700 AK Wageningen, The Netherlands

4.1. RESUMEN

En Uruguay, la sostenibilidad de los sistemas de produccion familiar se ve
amenazada por la degradacion del suelo, los bajos rendimientos y la carga de trabajo
excesiva, lo que resulta en una baja productividad del trabajo, bajos ingresos
familiares y altas tasas de erosion. Los resultados productivos y ambientales de la
mayoria de los predios familiares uruguayos estan muy por debajo de los niveles
alcanzables con la disponibilidad actual de recursos. Este articulo tiene como
objetivo mostrar las mejoras productivas y ambientales simultdneamente posibles al
abordar la gestion de recursos y la organizacién del sistema predial en su conjunto.
Reportamos los resultados de dos ciclos de aprendizaje en cuatro estudios de caso y
abordamos su interdependencia. EI primer ciclo involucro el redisefio del predio en
un proceso de co-innovacién que condujo a mejoras significativas en la performance
de los predios. Los conocimientos adquiridos durante el trabajo de co-innovacion se
utilizaron para parametrizar un modelo bioeconémico predial para explorar el
espacio de mejora del rendimiento y contribuir a la discusion de futuros procesos de

co-innovacion. Los dos ciclos de aprendizaje caracterizaron tres niveles de

¥ Colnago P.; Rossing W.A.H.; Dogliotti S. Closing sustainability gaps on family farms: Combining
on-farm co-innovation and model-based explorations. Agricultural Systems 188.
https://doi.org/10.1016/j.agsy.2020.103017
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performance predial: performance inicial (IniFP), que representa el estado predial al
inicio de la co-innovacién, performance mejorada (ImpFP) al final de la co-
innovacion, y el performance alcanzable (AttFP) estimado con el modelo
FarmImages. La diferencia entre el desempefio de ImpFP y AttFP representa la
brecha de sostenibilidad. Después de tres afios de co-innovacion, los ingresos
familiares en los cuatro predios mejoraron entre un 16% y un 350%, mientras que la
productividad del trabajo aumentd entre un 11% y un 214%. Las exploraciones del
modelo mostraron que era posible una mejora significativa adicional en los
resultados socioecondémicos mientras se mantenia la erosion del suelo por debajo del
nivel de tolerancia. Las estrategias identificadas diferian entre los cuatro predios
segin su dotacion de recursos y las tecnologias disponibles, lo que confirma la
necesidad de una perspectiva sistémica y soluciones a medida. Mostramos co6mo un
enfoque sistémico del predio que comprende la co-innovacion y las exploraciones
basadas en modelos contribuye a conectar los conocimientos cientificos con la
contextualizacion practica para cerrar las brechas de sostenibilidad en predios

familiares.

Palabras clave: Modelo FarmIimages; Sistemas de produccion horticola-ganaderos;

Ingreso familiar; erosion; productividad del trabajo
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In Uruguay sustainability of family farm systems i threatened by coil degradation, low yislds and excessive
workloads resulting in low labour productivity, low family income and high erosion rates. The productive and
environmental performances of most Uruguayan family farms are well below levels achievable with current
resource availability. This paper aims to show the productive and environmental improvements simultaneously
poesible by addressing resource management and organization of the farm system az a whole. We report results
from fwo leamning eyeles on 4 eace study farme and addrezs their interdependence. The first eyele invelved on-
farm re-design in a co-innovation process that led to significant improvements in the performance of the case
study farms. The insights zained during co-innovation work were used to parameterize a bio-cconomic whele-
farm meodel to explore the space for further performance improvement and to inform future co-innovation
proceszes. The two leamning eyelez characterized three farm performance levels: the initial farm performance
(IniFF), repreczenting the state of the farm at the start of co-innovation, the improved farm performanee (ImpFF)
at the end of co-innovation, and the attainable famm performance (AttFP) estimated with the Farmlmages model.
Difference between ImpFP and AHFP represent the sustainability gap. After three years of co-inmovation, family
income on the four farme improved by 16 to 350%, while labour produstivity inereased by 11% to 214%. Modal
explorations chowed that significant further improvement in socio-economic results was poesible while main-
taining soil erozion under the tolerance level. The strategies identified differed among the four farme depending
on their resource endowment and the technologies available, confirming the need for a systemic perspective and
tailor-made zolutions. We chow how an inclusive whole-farm approach comprising co-innevation and model-
based explorations eontributes to connecting seientifie insights with practieal contextualization to eloge sus-
tainability gape on family farms.

1. Introduction and hamess cultural landseape features (Damhofer and Strauss, 2010;
Darnhofer et al., 2016; Renting et al., 2009). Some critical trends that

Family farms reprezent more than 90% of landholdings, use 53% of threaten family farm systems are soil degradation (Garcia de Souza

agricultural land, and are responsible for more than 50% of global
agricultural production (Grasub et al, 2016; Lowder et al., 2016).
Globally, family farms constiute a diverse group in terms of size,
technologies used, and integration into markets, as well as in terms of
ecological and socio-economic characteristics. Only a few countries
have adopted a formal definition of family farms. These definitions have
in common that the family provides meost of farm labour and that
farming constitutes the main source of income (Graeub et al., 2016).
Next to their rele in preducing food, family farmers contribute to
maintaining social cohesion, offer recreational and health care services,

* Correzponding auther.
E-mail address: peolnagoi@fagro.edu (P. Colnago).

/doiorg/10.1016/] 020103017

etal., 2011; Alliaume et al., 2013 and 2019; Tittonell and Giller, 2013),
the lack of aceess to markets and knowledge, and the fact that labour is
an increasingly scarce resource due to the migration of family members
in search of opportunities outside agriculture (IFAD, 2011; Lipton, 2005;
Nye, 2018; Tittonell, 201 4; Paresys et al., 2018; Woodhouse, 2010). Seil
degradation and labour shortage affect land productivity, constrain
production options, and make timely management of crops and animals
difficult; together, these contribute to low farm-level productivity
(Dogliotti et al., 2014). Current underperformance of many family farms
from both economic and environmental points of view, result in
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insufficient income for family sustenance and investments in the farm,
and negative environmental impacts. Dogliott et al. (2014) reported
family income 10% lower than the average income for rural areas in
wegetable farms. In the same study, they found that erosion rates were 2
to 6 times larger than the tolerance level of 5-7 Mg ha' yr'], and the
mineralizable soil carbon was 20% of the original value (based on 59
wegetable fields on 14 farms). Excessive workload and low income
negatively affect life quality and may compromise farmer health (Col-
nago and Dogliowi, 2020; Dogliotti et al., 2014; Paresys et al., 2018).

Several studies analyzed yield gaps for main crops and developed
methodologies to understand better causes of yield gaps (Dore et al.,
2011; Lobell et al., 2009; Tittonell et al., 2007). Despite the importance
of closing yield gaps at crop level, the challenge thar farmers face at farm
level is how to allocate their limited resources among different pro-
duction activities to improve the performance of the farm as a whole.
This multi-objective perspective of a farm sustainability gap may lead to
different results compared to a perspective of maximizing individual
crop yields (Mandryk et al., 2014; Dogliotti et al., 2014).

Uruguay has an Internal Gross Product (PIB) per capita of 21,983
UsD. The agricultural sector accounts for 8% of total PIB, and the
agricultural chain means 74% of total exports (IDB, 2015). Vegetable
production in Uruguay occupies third place after beef-cattle and dairy
production in terms of the number of farmers and labourers, playing an
important social role as a source of work and food security. It is essential
for food security since 90% of the preduction is allocated to the domestic
market, and less than 10% of total Uruguayan fresh vegetable con-
sumption is imperted (Ackermann, 2016). Mest of the vegetable pro-
duetion area is located in the south of the country. Of the total vegetable
production volume 72% comes from field production and 28% from
greenhouses. The large majority (88%) of vegetable farms are family
farms Greenhouses in Uruguay are mostly wood struetures covered with
plastie film and cultivation is on the soil. Almaost 30% of vegetable farms
also produce beef-cattle. Despite being market-oriented, family income
in rural areas is 20% lower than the average for the country (INE, 2020).

The development trajectory followed by vegetable farmers over the
past 20 years was to grow larger areas of fewer crops and increase the
use of irrigation and agrochemicals. However, this intensification
increased pressure on already deteriorated soils, causing further losses
in soil quality. Achieving good yields on deteriorated soils became
difficult and expensive. causing family income to decrease even further.
An explorative study using FarmIMAGES, a whele-farm simulatien
medel, suggested strategies out of the un-sustainability cycle that were
radically different from the prevailing farmer strategy of increasing the
area of vegetables and specializing in a few crops (Dogliortd et al., 2005).
Seluticns featured reducing the area of vegetable crops, introducing
long rotations with 3 to 4 years grass and legume pastures or alfalfa,
forage and cereal crops, introducing cover crops and animal manure
applications during the inter-crop perieds, and for some farm types,
introducing beef-cattle production to diversify income sources and make
the inclusion of pastures and forage crops in rotation more profitable.
The explorative study showed that there was considerable room for
improvement of farm economic and environmental performance, even
within the prevailing socic-economic context and farm resource
availability.

Based on the results of the explorative study, farmers, local farmers
organizations, farmers’ technical advisors and a group of scientists from
Universidad de la Repiiblica (Uruguay) and Wageningen University (The
Netherlands) engaged sinee 2005 in a series of co-innevation projects
searching for pathways out of the un-sustainability cycle (FPTA 160,
2005-2007, 6 pilot farms; EULACIAS and FPTA 209, 2007-2010, 16
pilot farms; CAF-IMM 2011-2012, 38 pilet farms; INIA Rocha,
2012-2015, 7 pilot farms, FPTA 290, 2014-2017, 14 pilot farms). Co-
innovation was defined as “an approach that combines complex sys-
tems theory, social learning and dynamic project monitoring and eval-
uaton te stimulate strategic re-orientation of family farm systems™
(Dogliott et al., 2014; Rossing et al., 2010). These projects showed that
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after two to three years of iterative analysis-and-redesign cycles in
which researchers, extension agents and farmers collaborated, most of
the participating farmers were able to increase farm sustainability per-
formance significanty. These improvements were possible by address-
ing the farm as a whole and net focusing on single components only.
Specific changes were highly dependent on the particular situation at
each farm (Dogliotti et al., 2014; Albicette et al., 2017).

Despite the potential benefits of whele-farm modelling to enhance
innovation processes, very few studies have been reported that have
successfully used simulation models te support an innovation process
with farmers (Woodward et al., 2008; Le Gal et al., 2010). In design
support methods, it is essential to involve farmers and technical advisors
because the primary goal of these methods is to accompany farmers in
the process of changing their production systems by exploring new
management processes and technologies. Modelling is used to share a
common understanding of a system and the dynamics berween stake-
holders invelved in its operation, and to assess the impact of alternative
management processes. It uses field data or local knowledge to deseribe
real farms or typical farms. These kinds of models serve to support
discussion between different actors, for example, farmers, advisors, and
researchers (Le Gal et al. 2010; Martin, 2013).

Tittonell et al. (2009) developed a whole-farm model to assess the
potential impact of options for sustainable intensification of mixed
farming systems in Kenya. They found that there was ample scope to
improve the biophysical performance for mest farms in the region and
the way for achieving this would imply the interaction and adjustment
of several resource endowment and management variables, Another
suecessful example of the use of models in fostering farm innovatien and
promoting knowledge exchange among actors is the Forage Rummy
serious game (Martin, 2015). Forage Rummy workshops include
collectively and iteratively designing and evaluating livestock systems
able to be adapted to new contextual challenges and new farmers’ ob-
jectives. The workshops aim at promoting farmers’ adaptive capacity
through learning about the management of livestock systems by stim-
ulating farmers” discussion and knowledge exchange (Martin, 2015).

During discussions among farmers, extension agents, advisors and
scientists on the resules of the last co-innovation project that ran from
2014 to 2017, two questions arose that we address in this paper:

- How much room exists to continue improving family income and
labour productivity beyend the performance at the end of the co-
innovation project, while maintaining seil quality and reducing
negative environmental impacts within current farm resource
endowment and socio-economic context?

- Which could be promising strategies to continue improving the
performance of vegetable and mixed vegetable-beef-cattle farms
with contrasting resource availability?

To answer these questions, this paper first analyses the impact of three
years of co-innovation on farm performances and, secondly, explores the
room to continue improving farm sustainability. In the next sections, we
report the work developed during co-innovation with farmers and
describe the use of a farm simulation model to explore the farm gap. The
results obtained by the model explorations reveal possible pathways to
improve farm sustainability performance. We show how an inclusive
whole-farm approach based on model-based explorations and co-
innovation contributes to connecting scientific insights with practical
contextualization to enhance sustainable development of family farm
systems.

2. Materials and methods
2.1. General framework

The research approach combined a three-year co-innovation process
and model-based explorations to identify strategies towards more
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sustainable farms. The performance of each farm at the beginning of co-
innovation is denoted as the initial farm performance (IniFP). It was
evaluated in terms of family income (FI), labour productivity, food
production (vegetable and meat), soil eresion, N surplus and soil erganic
carbon (SOC) balance, After three years of co-innovation, we calculated
the same sustainability indicators to estimate the improved farm per-
formance (ImpFP). We defined attainable farm performance (AttFP)
based on the results of explorations with the FarmIMAGES model
starting from resource endowment at the end of the co-innovation
project. We determined the farm sustainability gap as the distance be-
tween ImpFP and AttFP for all parameters assessed (Fig. 1).

In the subsequent sections, we describe the methodologies in co-
innovation and model-based exploration of farm sustainability gaps.

2.2, Clesing farm sustainability gaps through co-innovation

From 2014 to 2017 a co-innovation project was carried out with
family farmers and their local organizations located in the northeast of
Canelones, south of Uruguay, between 50 and 90 km from Montevideo,
the capital (Fig. 2. Lat —34.346/-34.546 — Long —55.579/-55.873).
The climate is temperate with 16 °C mean annual temperature and four
seasons differentiated by temperature. The mean annual precipitation is
1000 mm fairly evenly distributed throughout the year but with sig-
nificant variation between years (Furest, 2003). Berween October and
March, water deficits occur, and water surpluses are frequent between
May and August. Slopes of 1 to 6% characterize topography. Canelones
is the region of the country with a higher incidence of soil erosion
(MGAP, 2004).

Vegetable-beef cattle is a farming system present exclusively in
Canelones. To select participant farms, we involved the National Com-
mittee of Rural Development (CNFR), the most impertant farmer orga-
nization, which represents tens of local farmer organizations all over the
country.

We did not select a representative sample of mixed farming systems
in the South of Uruguay. Instead, we aimed for diversity that reflected
the variability in resource endowment found in the region. We selected
fourteen pilot farms with the aid of the boards of the local farmer or-
ganizations and their technical advisors. Farms differed in total and
cultivated area, number and type of vegetable and forage crops, grazing

Agricultural Systems 188 (2021) 103017

area, number of cartle units, share of beef cartle in total production, soils
type, labour availability —family and hired labour-, water availability for
irrigatien, and level of mechanization. Farms also differed in family
composition, the number of family members, and the farm life cyele
stage, but all families used the farm as their main source of income,

The co-innovation precess entailed characterization, diagnosis, re-
design, implementation and evaluation of pilot farm systems following
the approach develeped by Dogliotti et al. (2014). During character-
ization, we assessed the management and production subsystems. The
management system assessment addressed the composition of the
management team, the distribution of tasks among family members, the
stage in the farm life cycle and farm suecession, and the main sources of
technical information. Within the production subsystem, we quantified
the production resources: family labour and hired labour, machinery
and infrastrueture, land area and quality, water availability, use of en-
ergy and other inputs. We deseribed the alloeation of the resources to the
different preduction activities, iL.e. the vegetable crops and beef eattle
production, in time and space, and we quantified the results obtained in
terms of social, economic and envircnmental perfermance indicators
(Dogliotti et al., 2014).

The diagnosis was based on the analysis of economic and productive
results, averaged over the two first years (2013-2014 and 2014-2015)
(IniFP). During characterization and diagnosis, we visited the farms
every two weeks and obtained information through interviews, farmer
records, direct observation and measurements (see supplementary ma-
terial 1).

The re-design phase entailed several steps: adjustment of field layout
and erosion control support practices, design of a cropping plan and crop
rotations, design of inter-crop activities and crop management activites,
and ex-ante evaluation of the farm plan (Dogliott et al., 2014). Farm
plans were created and adjusted by the research team and discussed with
the farmers. Design of a eropping plan and crop rotations was a eritical
phase in the interaction with farmers. It took time to reach an agreement
sinee it implied changes in the allocation of resources -land, labour,
water, capital- among the crop and animal activities. When possible, we
introduced pastures on degraded lands to start restoring soils and pro-
vide animal feed (Dogliotti et al., 2014). Implementation began in 2015,
and progress was assessed annually. The co-innovation project ended at
the end of 2017, resulting in two years of monitoring data.
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Fig. 2. Uruguay soil erosion map. Source: MGAP PN4] Prenader. 2004.

To investigate the impact of co-innovation, we compared average
values for the first two years (IniFP) with data averaged over the two
years of implementation (ImpFP). We compared averages of two years
instead of single years to reduce the “year effect” in the results caused by
weather or market induced variations.

2.3. Exploration of farm sustainability gaps after co-innovation

We explored the farm sustainability gaps after co-innovation for 4 of
the 14 farms. The 4 farms were selected for their diversity in resources in
terms of arable land and greenhouse areas, soil quality (% soil organic
matter or SOM), labour availability, level of mechanization and share of
animal production in overall farm income (Table 1). From Farm 1 to
Farm 4, resource endowment increased. For each family, the main
source of income was the farm. Vegetable products were sold through
intermediaries in the main wholesale market in Montevideo. Beef cattle
were sold through diverse channels: to other farmers (Farms 1, 2 and 3),
local cattle markets (Farm 3) and slaughterhouses (Farm 4). The farms
differed in life cycle stage and the p lities of farm succession. Farms
1 and 2 were in the expansion stage; Farm 1 had small children, and farm
2 was a young recently started farmer. These farms did not have a
successor yet. Farm 3 had no successor as the daughters were studying in
the city, and were not interested in running the farm. Farm 4 was in
transition to the next generation.

To estimate ble and farm performance, we
explored alternative farm system configurations following the approach
proposed by Dogliotti et al. (2004, 2005). The time horizon of the study
was 1 to 5 years, implying that all options explored were available for
implementation in the short term. The method is composed of two main
steps: field scale design (sections 2.3.1 to 2.3.3) and farm scale design
(section 2.3.4). During the field scale design step, all feasible crop ro-
tations are generated and combined with a range of production tech-
niques according to pre-defined design criteria to create a variety of
production activities utilizing a technical coefficient generator
(Dogliotti et al., 2005). Biophysical models evaluated with local data
were used to quantify inputs and outputs of the production activities.
During farm scale design, a whole-farm multi-objective mixed-integer
linear programming model (MGLP), named Farm Images allocates

K

Table 1
Resource availability of each case study farm used during model-based explo-
ration of farm sustainability gaps.

Famm n° 1 2 3 4
Area (ha) 12 18 16 115
Vegetable area 05 2. 6.4 8
(ha)
Greenhouse area 2268 2250 0 0
(m?)
Main crops® tom/sw pep  Sw pep/sw onion/sw onion/carrot
pot maize
Crops (#) 5 5 5 8
Beef-cattle GP 11 12 3 18
96)"
Main soil type” Typic Typic Typic Typic
SOM (%) 29 18 36 57
Slope (%) 4 2 2 35
Mech. Level’ 2 2 3 5
Family members 4 2 4 5
(&)
Family labour (h 4000 4400 5600 5300
)

* Percentage of the total gross product (GP) from beef-cattle production.

 Predominant soil type.

© Percentage of soil organic matter (SOM).

¢ Mechanization level: 1 = Low: without tractor; 2 = Medium — Low: with
tractor, without eprayer; 3 = Medium — High: with tractor and sprayer; 4 = High:
2 tractors and machine; 5 = Very High: 3 or more tractors and sprayer.

“ Main crope were defined ther with f: based on profitability and
amount of labour allocated: tom = tomato, sw pep = sweet pepper, sw pot =
sweet potato, ew maize = sweet maize.

production activities to the various land units within a farm to create
alternative farm systems according to the farm’s resource endowment
and set of sustainability objectives (Dogliotti et al., 2005) (see supple-
mentary materials 2).

2.3.1. Crop production activities

The in silico design of new land use alternatives at field level was
oriented to improving crop yields, reducing input requirements and
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reducing soil eresion and N surplus, while enhaneing the contribution to
soil organic matter. Each land use option (also ealled production activ-
ity) was defined as a particular set of crop and intercrop activities (which
take place between two successive crops) combined in a crop rotation,
and the set of techniques used to grow each crop. We quantified pro-
duction techniques already applied by innovative farmers in the region
and new promising cnes that at the time were tested in farmers fields
(Alliaume et al., 2014).

We used the ROTAT model to generate agronomically feasible crop
rotations (Dogliort et al., 2004). In line with the tme horizon of the
study, the selection of candidate crops for rotation design included the
erops already grown in the region, which guaranteed that farmers would
have the experience and skills to grow them in the short term (Table 2).
We selected winter and summer crops, and different cycles of the same
crop with different labour requirements to enable an even distribution of
labour throughout the year. For open field rotations, we set the
maximum rotation length te 11 years to allow enough variation in the
frequency of crops and four years pastures. For greenhouse rotations
maximum rotation length was set to 3 years, contrasting with the pre-
dominant practice of mono-cropping. We set the maximum number of
different crops to 8 and 7 for field and greenhouse rotations, respec-
tively. We generated open field rotations that combined vegetables with
pastures or alfalfa to improve the seil organic matter balance and reduce
soil eresion risk (Dogliorti et al., 2006), and additionally generated ro-
tations including enly forage crops and pastures for animal feeding
(Albicette et al., 2014; Dogliotd et al., 2006). We distinguished crops
that could be only grown under irrigation, rain-fed crops and crops that
could be grown under irrigated or rainfed conditions (Table 2).

2.3.2, Animal preduction activities

Based on the characteristics of the region and case study farms, we
selected four beef-cartle production activities from the six designed by
Aguerre et al. (2014) for mixed vegetable — beef carttle family farms in
south Uruguay (Table 3). We did not include short cycle options due to
their high ecapital requirements and commereial risk (Aguerre et al.,
2014). The selected activities were based on strip grazing of sown pas-
tures, supplementation with hay and grains if required, and a health
plan for the herd.

Table 2

Agriculnral Systems 188 (2021) 103017

Table 2
Beef-cattle production activities options.
Aetivity  Aetivity  Activity 3 Activity
1 2 4
Replacement category Calf Yearling Steer =300 Calf
kg
Start body weight (kg) 160 190 335 150
Slaughter body weight 402 525 506 422
(kg
Average gain (kg/day) 0.650 0.656 0.950 0.646
Meat production (kg/ 332 335 171 272
animal}
Start date (momnth) June June June July
Fattening cycle (months) 17 17 6 14

2.3.3. Quaniification of inputs and outputs of production activities

For each crop production activity, we estimated crop yields, irriga-
tion water requirements, soil organie matter balance, amount and dis-
tribution of labour over the vear, costs of inputs and machinery, gross
margin, estimated erosion and nitrogen surplus (Dogliott et al., 2004),

We established the attainable yield for each crop from the yield
obtained by the best farmers in the region. The information was pro-
vided by technical advisors working with farmers or from research re-
sults for the region (Dogliotti et al., 2014; Scarlatto, 2017; Berrueta
et al., 2019). We took into account water deficit and crop frequency
(affecting the incidence of important soil-borne diseases) as yield

Table 4

Yield reduction factors due to crop frequency.
Crop,Frequency 1 05 0.33 0.25 0.20
Pasture//alfalfa 1 o o 1] 1]
Omion 1 1 03 0.25 0.1
Potato Autumn 1 1 0.25 0.l 1]
Potato Spring 1 1 0.35 01 0
Sweet potato 1 0.33 0.25 0.l 1]
Squash 1 0.33 025 0.1 1]
Small pumpkin 1 0.33 0.25 0.1 0
‘Water malon 1 0.33 025 0.1 ]
Strawberry 1 1 035 LA 1]

Candidate crops, sowing date and growth peried (dayz), minimum intercrop period after harvest (dayz), maximum frequency in the rotation (1 /number of imez a crop
iz sown over the total duration of the rotation), water rezime and attainable yield (Mg ha ).

Crop Sowing date Growth period (dayz) Min Intercrop (days) Max frequency Water regime” Attainable yisld (Mg ha™ ")
Pasture 1 Apr 1309 a0 0.50 R 265
Alfalfa 1 Apr 1309 90 0.50 R 265
Omion 1 Aug 141 20 0.33 Rorl 44
Potato Autumn 1 Feb 121 30 0.33 Rorl 40
Potato Spring 1Sep 106 30 033 Rorl 40
Sweet Potato 25 Oct 158 90 0.33 R 40
Squash 1 Nov 195 &0 0.33 R 20
Small pumpkin 1 Now 151 50 0.33 Rarl 30
Water melon 1 Nov 139 50 0.33 I 40
Strawberry 5 Mar 301 30 0.33 I 40
Greenhowse arops’

Tomato LC 8-Sap 207 10 0.33 I 300
Tomato A 01-feb 140 10 0.33 I 140
Tomato 5 15-ago 138 10 0.33 I 180
Tomato LS 01-nov 241 10 0.33 I 230
Cucumber A 01-feb 150 10 0.33 I 100
Green beans 5 0l-ago 153 10 0.33 I 100
Sweet pepper 0l-zep 302 10 0.33 I 150
Lattuce 15-jul 50 7 0.33 I 245
Chard A 01-feb 236 7 0.33 I 792
Chard 8 0l-zep 153 7 0.33 I 792
Celery A 01-mar 183 7 0.33 I 95
Calery & 0l-oct 150 7 0.33 I 855

* I: lerigated; R: Rainfed.
b e long eyele; A: Autumn; 5: Spring; LS: Late Spring.
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reduction factors (Table 4) for open field crops. We estimated water
requirements for each crop and each dominant seil type of the 4 case
study farms using a simulation model adapted from SUCROS2 (Van Laar
et al., 1997), modified by Alliaume et al. (2016). The model estimates
crop and soil water balances based on leaf area index (LAI), root growth,
soil physical characteristics and local daily weather data. We used ten
years of weather data (2004-2014) of the Faculty of Agronomy weather
station in Progreso (Lat 34.362 — Long 56.130).

We caleulated the yield reduction due to water deficit as the ratio of
estimated actual and potential evapotranspiration (Dogliotti et al.,
2004; Alliaume et al.. 2016). In greenhouses, all crops were irrigated to
avoid water deficit, and it was assumed that the effect of crop frequency
on yield reduction was avoided by soil solarization at least once every
three years combined with disinfection of the greenhouse structures.

In open field crop rotations, cover crops were included every time the
inter-crop period was long enough, i.e. exceeded 90 days. We included
the application of chicken manure for the most profitable erops. Without
chicken manure, crop yields were assumed to be reduced by 5% even
when they were preceded by a green manure crop (Garcia and Reyes,
2001; Docampo and Garcia, 2000; Penalva and Calegari, 2000). In
greenhouse rotations, we included an annual application of compost
designed to increase soil organic matter. Fertilization and water re-
quirements for irrigation were calculated to ensure yield was not limited
by nutrients or water, based on expert knowledge and locally available
data.

Soil erosion in open field rotations was estimated using the Revised
Universal Soil Loss Equation (RUSLE) adapted to Uruguay (Mancassola
et al., 2016; Renard et al., 1997; Garcia and Clerici, 1996).

To estimarte the effeet of crop rotations on long-term soil organie
matter (SOM) balance, we used the model developed by Dogliotri et al.
(2004). This model combines the approach of Kortleven (1963) to esti-
mate the decompesitien of the initial SOM with the medel of Yang and
Janssen (2000) to estimate the decompesition of all organic residues
added to the soil after the start of the simulation period.

To calculate the cost of operating different machines and tools, we
standardized soil and crop management for each crop and calculated the
inputs needed; diesel, lubricants, and reparatien and depreciation costs
for all the interventions. Labour requirements were estimated from in-
terviews carried out during the characterization stage of co-innovation.

Calculations of feed requirements for beef-cattle production activ-
ities were based on the targeted body weight gain per day. Energy, crude
protein and fibre demands were estimated based on initial live weight
and the targeted daily gain. NRC tables were used to estimate metabo-
lizable energy (ME) and maximum intake (NRC 1984, 2000). Crude
protein requirements were calculated for each animal category, and
minimum neutral detergent fibre (NDFI) requirement was set at 22% of
maximum potential intake. This criterion for animal feed decreases the
risk of digestive or metabolic disorders, and it eases animal management
(Aguerre et al., 2014).

Data series of vegetable and animal product prices and cests of inputs
up to December 2017 were used to calculate the economic perfermance
of each production activity. The monthly market price for each preduct
was derived by averaging data from a four-year price series (January
2014 to December 2017), including only the months where farmers
usually sold their products. The average prices were used to calculate the
average price of vegetables (U$ kg-1) produced on the farm. Increases in
the average price reflect the diversity and crop choice.

2.3.4. Farm scale design and model runs

FarmIMAGES is a whole-farm multi-objective mixed-integer linear
programming model that allocates production activities to land units of
a farm to maximize or minimize objectives, subject te constraints at farm
level (Dogliotd et al., 2005). An overview of the model is given in
supplementary material (see supplementary materials 2). FarmIMAGES
considers the resource availability of the farm, i.e., suitable soil area,
labour, irrigation, capital, machinery, and the limitations imposed by
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the complexity of the cropping system and the farmer’s management
skills, Aguerre et al. (2014) extended FarmIMAGES by including beef-
cattle production activities and several types of feed supplements, and
by taking into account monthly energy, protein and fibre balances. In
this study, we further extended the model to include greenhouse vege-
table production.

The model has seven cbjective functions, which can be optimized
one at a time. When one of the objective functions is optimized, the
others can be used as constraints. Besides farm level constraints related
to the availability of land, labour, irrigation and capital, there are also
constraints related to farming system complexity and farmer's prefer-
ences, The latter refer to the maximum number of different retations per
farm, the maximum number of different crops, minimum field area to be
cultivated and the maximum number of beef-cattle activities (Dogliord
et al., 2005) (Table 5).

2.3.5. Design of model-based explorations

Model explorations were oriented to bring out more sustainable
farming systems, thus revealing the roem for improving family income
without increasing family labour while constraining erosion, N surplus
and rate of change of 50M. Since the purpose was to explore attainable
farm performance based on resources and main structural farm char-
acteristic at ImpFP, we maximized family income in each run and set the
parameters according to current resource availability of each farm
(Tables 1 and 5). We did not enable greenhouse activities for farms 3 and
4, in agreement with the short time horizon of the study. Minimum plot
size was defined for each farm according to the farm’s layout resulting
from the co-innevation project. As maximum crop area, we used total
arable land per farm. We restricted the area of melon to 1 ha, due to
limitations on the amount of product farmers can sell. We constrained
external supplements for animal feeding to 15% of the total feed re-
quirements, since current systems use mainly on-farm-produced forage.
We set the use of family labour to a minimum of 70% of family labour
availability. For environmental parameters, we imposed an upper bound
of 100 kg ha™! on N surplus. Maximum soil erosion rate was set ac-
cording to the tolerance level of each soil type (Puentes, 1981) (Table 5).
For SOM balance, we established a lower bound of 0 kg ha™" yr~! except
for farm 4, where it was not possible to design crop rotations with
positive SOM balance (see supplementary materials 3.).

3. Results
3.1. Farm characterization and diggnesis: IniFP

During the diagnosis phase of co-innovation, we identified several
problems common among the farms. All farms achieved low family in-
come due to low vegetable and meat production levels. Vegetable pro-
duction accounted for 80% of total farm gross product on farm 4 and
more than 80% on the other farms. At IniFP crop yields were low:
farmers obtained between 45 and 65% of attainable crop yields defined

Table 5
Constraints used to explore attainable farm performance for each of the 4 pilot
farms.

1 2 3 4
Macdimum family labour (h) 4000 4400 5600 5600
Maximum hired labour (h) 1000 2000 1500 2000
Maximum irrigation volume (m*) 4000 5000 6000 5000
Maximum area for crop rotation (ha) : 127 12 80
Maximum erogion (MG ha~' yr~") 5 5 7 7
Maximum number of different rotations 5 G 3 3
Macdmum number of different crops 3 23 11 11
Minimum plot size for vegetables (ha) 0l o1 0.1 01
Minimum plot size for forage crops 01 0.2 0.1 02
Minimum size greenhousze (ha) .05 0.05

Maximum number of animal activities 1

ta
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as maximum yield obtained by farmers in the region with similar
resource endowment (Fig. 3). In addition to low crop yields, vegetable
production on farm 1 was low due to a small cultivated area.

Meat production ranged from 100 to 200 kg per hectare. These
values are low for preduction systems based on sown, fertilized pastures
and short duration forage crops, which are associated with a high feed
cost compared to natural grasslands-based production systems pre-
dominant in other regions of the country. An estimation using Farm-
IMAGES showed that meat production could be increased to 320 to 300
kg ha 7, depending on the beef-cattle raising alternative (Table 3,
Aguerre et al., 2014). High feed costs and low meat production, plus
high costs of rented land resulted in negative economic results in Farm 4.
Soil erosion greatly exeeeded the tolerance threshold: 43 Mg ha™'
year™ ' for farms 1 and 3, and 25 and 31 Mg ha™" year™ " for farms 2 and
4. Soil organic matter balance was negative in three farms (Fig. 3).

Farm re-design plans included changes in farm organization: forage-
crop rotation and re-allocation of resources among activities. Changes
‘were proposed in the areas and choice of crops, pastures and forage
crops in the four farms, the inclusion of greenhouse production in farm
2, and finally changes in crop and animal management in all farms. Each
farm re-design plan included improvements in soil management and
general crop management. Farms 1 and 3 increased water availability
for irrigation during co-innovation, which allowed increasing crop area
and impreving crop yields.

3.2, Farm performance after co-innovation: ImpFP
The degree to which re-design plans were implemented and the

impact on sustainability indicators differed between farms. Farm 3
implemented successfully almost all planned changes, Farms 1 and 2
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implemented around 75%, while Farm 4 implemented 50% of the plan.
The re-design plans proposed similar technologies to improve soil
quality and crop yields. 5tll, the strategies were significantly different
between farms regarding re-allocation of resources among activities and
spatio-temporal land use, including areas and choice of crops, and share
of animal production.

After three years of co-innovation, family income improved in all
farms by 16 to 350%, aleng with an increase in labour productivity (Flh)
of 18, 54, 11 and 214% in farms 1 to 4, respectively. Farms 1 and 3
increased vegetable production as a consequence of a larger area of
vegetables and increasing yields. Farm 2 reduced the area of open-field
vegetable erops to half of the initial area but introduced 2350 m® of
gresnhouse crops maintaining the volume of vegetable products and
inereasing farm gate price by 50% (Table 6). Yield increase was due to
improvements in soil management (crop rotation, green and animal
manuring), the timing of management operations, plant density and fine
tuning of crop nutrition and crop protection. In farm 4 production costs
remained high. The amount of meat produced at the end of co-
innovation decreased sharply compared to the initial situation due to
a planned reduction of animal stock that led to capital reduction. In this
farm, the improvement in FI and Flh was mainly due to the addition of
contract work as a new economic activity, Nevertheless, the economic
performance after co-innovatien remained low (Table &, Fig. 2).

Envirenmental parameters improved throughout co-innovation. Soil
erosion decreased on all farms, least on farm 2 (20%) and most on farm 3
(79%). Despite these significant decreases, soil erosion remained high in
comparisen with threshold levels, 5 Mg ha™' yr™! for Typic Argiudoll
and 7 Mg ha™! yr~! for Typic hapluderts (Puentes, 1951). SOM
inereased in the four farms (Fig. 2), but remained negative in Farms 1
and 4. The N surplus remained below the allowed threshold (Fig. 3).
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Table 6
Total production (beef and vegetables), prices, total costs and actual /attainable yields for initial, final and attainable farm performances. Currency is Uruguayan pesos
(su).
Farm 1 Farm 2 Farm 3 Farm 4
IniFP ImpFP AP IniFpP ImpFP AnFP IniFP ImpFP AnFP IniFP ImpFP ArtFP
Vegetable production (kg) 15913 23712 101,809 61,866 60,124 200076 82,656 141,921 135400 09712 61556 184,680
Average price vegetables (FU,/kg)* 305 248 344 16 24 a7 21 15 23 16 12 K6
Meat production (kg) 1945.0 1853.0 1328 3467 2825 241 G666 634 11,134 5807 6498
Average price eattle (5U,/kg) 310 %2 52 36 56 33 9 52 a2 20 52
Total costs 265.3 301.1 045.4 766.9 o416 1334.4 765.2 10774 654 25579 2685.1 1474.4

" The average price of vegetables was calculated ac the ratio between the vegetables gross product (§) and the amount of vegetables sold (Eg).

3.3. Attminable farm performance: AttFP

We designed 435 and 919 production activities for farms 1 and 2,
respectively, and 563 for farms 3 and 4. The activities varied widely in
soil erosion, gross margin, labour and water requirements, production
costs, and soil organic matter balance (Fig. 4).

For each farm. we were able to design an alternative farm system
with significantly higher FI and Flh than ImpFP, while maintaining soil
erosion below the tolerance level and improving SOM balance. At AttFP,
Fl was about 8.8, 5.5 and 8.8 times greater than at ImpFP, and labour
productivity (FIh) at AttFP was about 6.9, 6.6 and 9.5 times greater than
the value at the end of the co-innovation project for Farms 1, 2 and 4,
respectively (Table 6, Fig. 3). Soil erosion could be reduced by a factor
6.6, 6.4 and 3.9 compared to ImpFP in Farme 1, 2 and 4, respectively.
Differences between ImpFP and AttFP for Farm 3 were significantly
lower. On this farm FI and Flh could be increased 82 and 120%,
respectively, while soil erosion could be reduced by 42%. Compared to
the other farms, Farm 3 performed best, i.e. had the greatest ImpFP at
the end of the co-innovation project (Fig. 3, Table 6).

The strategy suggested by the model explorations to improve farm
performance was different for each farm (Table 7). For Farm 1 the model
allocated most of the resources to increasing the greenhouse and open
field vegetable crops areas, resulting in 2.8 and 1.8 fold increases,
respectively. For AttFP, Farm 1 maintained the diversity of greenhouse
crops but reduced the variety of open field crops, increasing the area of
sweet potato and introducing autumn potato as a new crop onto the
farm. The increase in vegetable area, combined with decreases in rela-
tive yield gaps of the various crops from on average 22% to 8%,
explained the estimated 4.3 fold increase in vegetable production. The
meodel estimated a rise in the average price of sold vegetables of 39%,
mainly due to the relative increase of greenhouse crops, which fetch a
higher price. Forage crop area increased by 54%, while meat production
(kg) decreased by 28%. Production and sales of hay bales were intro-
duced as a new farm activity. Animal production involved fattening
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calves in a 17-meonth fattening cycle, ie. animal preduction activity 1
(Table 3). This strategy resulted in a 300% increase in total costs. The
area of greenhouse crops was limited by water and labour awvailability.
The area of open field vegetable crops was additionally limited by soil
erosion.

Also in farm 2 vegetable production (kg) increased significantly, by a
factor 3.3, explained mainly by a 3.9 time increase in the area of
greenhouse vegetable crops, while the area of open field vegetables
decreased. The average relative yield gap of main crops was reduced
from 35% to 10%. Similar to Farm 1, the model estimated a 36% in-
crease in the average price of sold vegetables. The diversity of vegetable
crops increased as a result of introducing several new crops to the farm.
The area of forage crops and the total cultivated area were reduced by 90
and 75%, respectively (Table 7). Animal production was removed from
the farm system, and the production and sales of hay bales were intro-
duced. These changes required a 42% increase in total costs. Labour and
water were constraining resources (Table ).

In Farm 3, vegetable production and vegetable crop area were
reduced by 5 and 35%, respectively. The average relative yield gap of
main crops decreased from 27% to 15%. The improvements in FI and Flh
were explained by an increase in the average price of vegetables of 53%
and a reduction in total costs of 39%. The area of forage crops decreased
by 49%, but crop diversity increased. Animal production remained
almost the same, at a very low level. Labour and land availability were
limiting resources (Table 2.

In farm 4, vegetable production tripled while the area of vegetable
crops almost halved. The average relative yield gap of the main crops
decreased from 55 to 12%. High yielding and more valuable new
wvegetable crops were introduced, slightly increasing crop diversity. This
farm was the one achieving the smallest increase in average vegetable
product prices at ImpFP (113%). The area of forage crops decreased by
65%, but crop diversity increased, and so did animal preduction. The
animal production activity selected in farm 4 involved fattening steers
for six months (i.e. activity 3, Table 3). Decreases in both vegetable and

G (%)
30000
25000
20000
15000
10000

E000

0 : . .
600 8OO 1000
Labour (h)

1200

Fig. 4. Fl (USD) ve. Erocion (MG ha ! year ') and Fl ve. labour requirement for production activities generated to field ecale design for each farm. Farm 1-blue; Farm
2-red; Farm 3-green; Farm 4-violet. Labour and GM for greenhouse options (G to G4) are calculated for 1000 m”. (For interpretation of the references to colour in

thiz figure legend, the reader iz referred to the web verzion of this article.)
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Table 7
Land use at ImpFP and AttFP.

Crop/area Farml Farm2 Farm3 Farm4

ImpFP ALFP ImpFP ALtFP ImpFP AFP ImpFP ALFP
Onion - - 0.80 011 280 110 2.00 1.17
Melon - - - - 0.30 - - 0.33
Squash - - 0.60 - - - 450 -
Small pumpkin Q.20 - - 0.70 1.70 081 - -
Zuecchini 10 - - - 0.10 - - -
Sweet potato 010 0.60 0.90 0.70 1.00 L10 - 150
Spring pomte - - - 0.47 - 0.41 - 0.33
Autumn potato - 0.30 - - - 070 1.30 117
Strawberry - - - - - - - -
Other 01 - 0.10 - 0.80 - 0.30 -
Sub total OFC 050 0.90 240 139 6.40 412 8.00 450
Autumn tomato .04 11 0.07 0.1z - - - -
Spring tomato 0.04 011 0.07 0.1s - - - -
Autumn cucumber 0.04 011 - 0l1s - - - -
Spring green pods 0.04 0.11 - 015 - - - -
Sweet pepper 0.04 0.11 0.09 015 - - - -
Lattuce 0.04 011 - 015 - - - -
Sub toeal GC* 023 0.65 0.23 0.90 0.00 0.00 0.00 0.00
Pasture 190 3.73 7.71 085 - 220 - 11.86
Alfalfa 130 1.20 - 0.45 483 L10 38.00 117
Oat 050 0.93 260 0.00 3.80 4.04 - 297
Moha 07z 0.93 445 0.00 - 054 16.00 2497
Sub total forage 442 6.20 1476 1.41 863 7.8 54.00 18.97
Total cultivated 515 8.36 17.39 429 15.03 12.00 62.00 23.47

* OFC = open field crope. GC = greenhouse crops.

Table &
Relative use of resources in the optimal model solution, estimated as the ratio
between the amount of each resource used in the solubion and ite availability.

Resourcs,/farm 1 2 3 4

Family labour 1.00 1.00 0.93 0.89
Hired labour 0.99 1.00 1.00 1.00
Land 1.00 047 1.00 0.31
Water 1.00 1.00 0.57 0.97

forage crop areas resulted in a 45% decrease in total costs. Labour and
witer were constraining resources (Table 8).

4. Discussion

Improving the sustainability of family farm systems can be seen as an
evoluticnary process composed of continuous learning cycles (Groot and
Rossing, 201 1), In this study, we presented two interdependent learning
eyeles developed to improve the sustainability of mixed vegetable-beef
farm systems in south Uruguay. The first one involved farmers, exten-
sion agents and scientists in a co-innovation process that deploved sys-
tems analysis tools to facilitate knowledge exchange and improve
understanding of systems structure and functioning by all participants
(Reed et al., 2013). This first leaming cycle resulted in significant im-
provements in farms systems performance. In the second learning cycle,
we used the knowledge and understanding gained during the first eyele
to adjust, parameterize and calibrate a bio-economic whole-farm model
to explore the space to continue improving farms systems performance.
The second leaming cycle aimed to inform solution-oriented discussions
among participants in a new co-innovation process.

In thiz section, we discuss the strategies identified in each learning
cycle to improve farm sustainability, and how farm resource availability
constrains the options for sustainable development of family farms. We
also discuss how the approaches deployed in the leaming cycles com-
plement each other to enhance knowledge exchange and co-learning
among participants in a transition process towards more sustainable
farming systems.

4.1. Impact of co-innovation

Despite the differences in farm resource endowment among the four
case study farms we found similar problems, echoing the problems of
many family farms in the world: low family income and labour pro-
ductivity, and soil degradation as main sustainability problems (Titto-
nell and Giller, 2013; Dogliotti et al., 2014; Paresys et al., 2013). Low
income and low labour productivity were caused by low vegetable yields
and low meat production. In farm 4 high total costs were another
important cause. Soil degradation resulted from high scil erosion rates
and negative soil organic matter balances. Consequently, re-design plans
focused on introducing technologies to reduce soil erosion through crop
rotations with pastures, cover crops and manure applications; to in-
crease crop vields by improving the timing of operations, adjusting plant
densities, crop nutrition and irrigation, and weed, pest and diseases
management; and to improve the allocation of awailable resources
among production activities. In animal production, we focused on cost
reduction, on-farm feed production and stocking rate adjustment.

As observed in previous co-innovation projects in the region
(Dogliott et al., 2014; Albicette et al., 2017), the degree of imple-
mentation of the re-design plans varied among farms, which influenced
the impact on farm performance. At the end of the co-innovation project,
Farm 3 achieved the highest FI and Flh among the four farms, with the
lowest soil erosion rate and highest soil organic matter balance (Fig. 3).
This farm was the best performing farm in terms of FI and Flh at the
beginning of the co-innovation project. Even though the average price of
vegetables was reduced by almost 30% over the project period due to
market fluctuation, the farm increased vegetable production by 72%,
caused by a 40% increase in vegetable area and a 62% increase in crop
yields. Total cost grew by 40% due to the increase in the vegetable area.
Meat preduction and meat price also increased significantly in this farm,
but still contributed litte to FI. Farm 1 increased FI and Flh by 16 and
17%, respectively, in a similar context of decreasing vegetable prices.
This farm increased wvegetable preduction by 49% due to almost
doubling the area of vegetables, increasing the greenhouse area from
756 to 1500 m”, and increasing crop vields by 20%. Meat production
remained nearly the same but fetched a lower price, resulting in a lower
contribution to FL

Farm 2 showed a significant impact of co-innovation on FI and Flh,
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which increased by 73 and 54%, respectively. In this farm, the area of
vegetable crops decreased by 44%, but vegetable production remained
the same, as crop yields increased by 38%. Greenhouse production on
2250 m* was introduced onto the farm, changing the type of vegetables
produced, which contributed to a 50% inecrease in average vegetable
price. Animal gross product increased by 27% but represented less than
10% of the total gross product.

Farm 4 showed the most significant changes in FI and Flh with 353
and 213%, respectively, but not due to implementation of the re-design
plan. Thiz farm re-allocated itz resources to become machinery
contractor providing services to other farmers, which became the main
source of incomem. Farm 4 reduced its gross product by 31%, decreasing
both vegetable crops area and animal preduction. All farms, and espe-
cially so Farm 3. decreased average soil erosion rates due to increased
areas of pasture and cover crops. Soil organic matter balance increased
in Parms 1 and 3 due to increased organic matter applications and
reduced tillage during the pasture phase of crop rotations. At the same
time, it remained unchanged in Farm 4 and decreased in Farm 2. Farm 4
had high initial soil organic matter content (5.7%, Table 1), which
required huge inputs of fresh organic matter to maintain under tilled
cropping.

These results advocate a farm systems innovation perspective where
every farm and farm family is different, and consequently in need of a
tailor-made farm management strategy. Farmers should be invelved in
selecting the required technologies or artefacts that bring about per-
formance improvements (Neef and Neubert, 2011; Darnhofer et al.,
2012; Dogliott et al., 2014). The strategies unveiled by the model are
consequently location-specific and need to be adjusted for each partic-
ular context.

4.2, Strategics to close the sustainability gap

Even though significant improvements in farm performance in three
out of four farms were achieved after three years of co-innovation, FI
and Flh were still low compared with the average income per capita in
the rural areas (INE, 2020). At the end of the co-innovation preject,
farms 1 to 4 obrained 0.34, 1.24, 1.26 and 0.26 of the average rural
income per capita, respectively. Erosion rates were higher than toler-
ance levels. We explored the room for further improvement of farm
systems performance using FarmIMAGES. Model explorations showed
that significant gains in productive, economic and environmental per-
formance were possible, but the strategies to do so were different among
farms. Similar to previous studies, different strategies were related to
technological options awvailable for each farm depending on farm
resource endowment (e.g. Michalscheck et al., 2018; Dogliotti et al.,
2006).

For Farms 1 and 2, the model explorations supported the existing
farmers’ strategies of increasing greenhouse area and vegetable pro-
duction. Greenhouse vegetable crops achieve higher yields, higher la-
bour productvity (Colnago and Dogliotti, 2020) and do not contribute
to soil erosion. However, they increase production costs which were not
considered as a limiting factor in our model explorations. The area of
greenhouse crops was limited by water availability in both farms. Areas
of open-field vegetable crops were reduced in farms 2, 3 and 4 mainly to
keep soil erosion under the tolerance level, but also due to water and
labour constraints. Nevertheless, vegetable production was inereased or
maintained, due to a significant reduction of vegetable crop yield gaps in
all farms. Similar to previous studies in the region, (Dogliotd et al.,
2005; Dogliotti et al., 2014; Scarlato et al., 2017; Berrueta et al., 2019)
closing of yield gaps was achieved mainly by improving crop manage-
ment such as sowing dates, planting densities, variety choice, crop
rotation, soil management and timing of operations, without increasing
inputs.

Increasing crop diversity and changing crop choice and allocation of
resources to production activities explained simulated performance
improvements in all farms. Diversifying the system and modifying crop
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choice allowed optimizing the use of available resources throughout the
year and increased average farmgate product prices. Product prices are
highly variable in the context of current market chain arrangements and
require collective actions by farmers” organizations to secure better
trade conditions (Kormelinck et al., 2019).

In previous studies (Dogliotti et al., 2005; Aguerre et al., 2014), in-
creases of pasture area and introduction of animal production were
proposed as a strategy to reduce soil loss below the tolerance level, and
increase soil organic matter balance, as found elsewhere (Diaz-Zorita
et al., 2002; Garcia-Préchac et al., 2004; Ernst and Siri-Prieto, 2009).
Pastures could be used to produce hay bales for sale or for grazing beef
cattle, Vegetable production (greenhouse and open field crops) achieved
higher labour productivity than beef cattle. Therefore, since labour
availability was a constraining factor in all farms, fewer resources were
allocated to animal preduction. In farms 2 and 4 part of the land was
even left unused since no labour was available to produce forage crops
rotation and keep beef cattle.

For all farms, the model explorations were able to find a solution that
reduced soil erosion below the tolerance level and a positive SOM bal-
ance, except for Farm 4. Farm 4 rented some land with no cropping
history and a soil organic matter content of 5.78%, close to 6.38% found
under undisturbed eonditions (Duran and Garcia-Prechac, 2007). Evena
pure pasture and forage crops rotation showed a SOM balance of ~ 13 kg
ha™! yr- ]‘ which is almost at equilibrium. Still, ne rotation that included
vegetable crops was close to the equilibrium level. Alternative tech-
nologies not considered in this smdy such as no-till vegetables and
forage crop production (Alliaume et al., 2014), plus larger inputs of
off-farm organic amendments might be able to maintain farm 4’s high
SOM level under vegetable production, but likely only at significant
production costs.

4.3. Farm resource constraints

For the model explorations, we used the resource availability on each
farm at the end of the co-innovation project and put no limits to total
costs. Labour and water were the most limiting factors to increase farm
productiviry. At the regional level. agriculture is facing competition for
available labour by other industries that offer employment stability and
better salaries. Given the attainable Flh resulting from meodel explora-
tions, vegetable production would be able to afford competitive salaries.
However, employment stability along the year might be a problem to be
addressed at the farm level. Several governmental development pro-
grams supported farmers wanting to increase their water reservoirs and
establish drip irrigation systems during the last 15 years. Reservoirs
collect surface water run-off, and their capacity is limited by topo-
graphic location and characteristics of each farm. Ground-water is
scarce, and its quality for irrigation poor (Barreto et al., 2017). Possi-
bilities to further increase water availability for irrigation, therefore, are
different between farms and limit the expansion of the greenhouse area,
which steadily increased during the last 15 years (DIEA-MGAP, 2015).

Increasing greenhouse production might have side effects not
considered in this study. Increasing use of different types of plastic
materials for greenhouse covers and drip irrigation systems require
developing a local collection of waste and recycling facilities which are
still not available, posing a serious concern for the environment.
Increasing regional production might lead to a decrease of relative prices
offsetting to a certain extent, the effect of farm system re-design on
economic performance.

4.4. Enhancing knowledge exchange and co-learning among participants
in the transition towards more sustainable farm systems

During the first learning cycle of this study farmers, extension agents
and scientists engaged in a co-innovation process thar resulted in
improved understanding of farm systems by all participants and in
changes in resource allocation and crops and animal management that
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improved farm performance. The systems analysis tools used as
boundary objects during co-innovation (sustainability diagnosis tables,
problem trees and farm re-design plans) allowed participants to trans-
late trans-disciplinary knowledge into concrete actions to improve farm
systems sustainability. During the second learning cycle, enhanced un-
derstanding of farm systems gained during co-innovation was used to
design alternative production activities, quantify their inpurs and out-
puts and enable quantification of the gap to attainable farm perfor-
mance. The findings revealed opportunities for stakeholders’
involvement in a new cycle of joint innovation.

The use of systems analysis and modelling tools helped to explain
current farm performance and to explore alternative farm configura-
tions. The results opened a space for a dialogue among the different
stakeholders. The results contribute to the evidence base the National
Committee for Rural Development (CNFR)could use in their engagement
with policymakers about the need for a more systemic approach to
extension. The local government and the national agency of rural
development (DGDR) deliver programs to support family farmers; this
type of research could inform e.g. discussions to build a national
extension service or which could be the possible contributions of family
farms to the National Plan for Agroecology. And finally, we gained new
insights on processes and further research questions to orient future
research projects. An example is how to maintain organic carben in soils
with a high organic matter content. In thiz way, improvements in
agroecosystems management are fostered by cycles of research and re-
design like an “eveolutionary™ adaptation process in which the primary
outcome is learning by all participants (Groot and Rossing, 2011; Klerkx
etal., 2012). Atthe farm level, innovation requires not only an improved
understanding by farmers, extension agents and scientists but also tools
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Heidelberg, New York London. https://doi.org/10.1007,/978-94-007-4503-2. ISBN
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that inform exploratory processes and solution-oriented dise
(Ditzler et al., 2018; Sterk et al., 2011). Both trust-building among
participants, and model results underpinning the strategies suggested
and implemented during on-farm work (Sterk et al., 2009; Ditzler et al.,
2018), contribute to the symbolic role of whele-farm model explorations
as input to inform discussions and further actions.
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2

DISCUSION GENERAL

El proposito de esta investigacion fue contribuir al desarrollo sostenible de los
sistemas de produccion familiar mediante la comprension de las brechas entre la
productividad actual y alcanzable de la tierra, la mano de obra, y el impacto
ambiental de predios horticola-ganaderos en el sur de Uruguay, y explorar opciones

para reducirlas.

El diagnostico realizado en los 14 sistemas de produccién horticola-ganaderos re-
afirma la insostenibilidad de las practicas actuales que llevan al deterioro de los
recursos naturales y a comprometer la calidad de vida de las familias productoras.
Estos problemas fueron consistentes con lo reportado en antecedentes en Uruguay
(Albicette et al. 2017, Dogliotti et al. 2014) y con lo citado internacionalmente para
productores familiares a nivel global (IFAD 2011, Keating et al. 2010, Lipton 2005,
Lobell et al. 2009).

51 PRODUCTIVIDAD DE LA TIERRA Y EL TRABAJO COMO
FACTORES CLAVE EN LA SOSTENIBILIDAD DE LA PRODUCCION
FAMILIAR

El deterioro de la calidad del suelo, diagnosticado a través del porcentaje de carbono
mineralizable actual sobre el original se situ6 en promedio en 38% (en base a 76
analisis de suelos realizados durante la caracterizacion de los 14 predios). El ingreso
medio per cépita en zonas rurales es menor que en las ciudades y se sitia 17% por
debajo del ingreso medio nacional (INE, 2014, 2015). Para el conjunto de los predios
analizados el ingreso familiar fue 40% menor al promedio para zonas rurales del
departamento de Canelones (INE, 2014, 2015). El bajo ingreso familiar dificulta la
re-inversion y en algunos casos lleva a la necesidad de busqueda de oportunidades y
fuentes de trabajo fuera del predio. La productividad del trabajo (PT) para el
conjunto de predios fue 853U h™*, con un rango de 22$U h™ a 1713U h™(informacién

en base al diagnostico realizado para el ejercicio 2013-2014), situandose por debajo
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del costo de oportunidad (estimado como el equivalente al pago del trabajo
asalariado por hora; 100$U h™) en 10 de los 14 predios lo que lleva a una alta carga
de trabajo para mejorar los ingresos prediales.

El rendimiento obtenido en los cultivos principales fue, en promedio, 47% del
rendimiento alcanzable y solo 3 predios superaron el 50% (Capitulo 2, cuadro 2).

Los problemas encontrados se ordenaron y jerarquizaron identificando sus
principales causas y las consecuencias que éstos generan (Capitulo 2, figura 1). Se
identificaron factores estructurales (relacionados con limitaciones de recursos) y
factores funcionales (organizacion y asignacion de recursos) vinculados a los

problemas principales.

Existe una pobre interaccién entre la produccion horticola y la ganadera, explicada
en parte por la limitacion de infraestructura como la disponibilidad de alambrados o
el alcance y disefio de los sistemas de riego. El beneficio potencial de integrar estas
actividades en rotaciones de largo plazo para disminuir la erosion y aumentar el
balance de materia organica del suelo (Diaz-Zorita et al. 2002, Garcia-Préchac et al.
2004, Ernst y Siri-Prieto 2009), es en general desaprovechado.

Las hipotesis planteadas en el capitulo 1, postulaban que: 1) existe una brecha
importante entre los resultados que actualmente se obtienen en los sistemas de
produccién y los que se podrian obtener en términos de productividad, eficiencia del
uso de los recursos e impacto ambiental con los recursos actuales disponibles en los
predios, y 2) la productividad de la tierra y del trabajo son factores clave para
aumentar la sostenibilidad de los predios familiares. Es posible aumentar
significativamente las dos a través de una mejor asignacion de los recursos
mejorando la eficiencia de su uso, sin incrementar el uso de insumos externos y

reduciendo el impacto ambiental.

Los impactos obtenidos fueron consistentes con antecedentes de proyectos de co-
innovacion; luego de dos ciclos de re-disefio e implementacion de propuestas, el
aumento del ingreso familiar fue en promedio 32% y el ingreso familiar por hora de
trabajo aumentd en un 22% (Capitulo 2, tabla 5). Aunque la carga de trabajo general

se mantuvo alta, fue menor que la informada por Dogliotti et al. (2014). Las mejoras
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logradas se relacionaron con el grado de implementacion de los planes de redisefio.
El impacto logrado resulté de cambios en varios componentes y sus interacciones
basadas en una mejor gestion y control sobre los procesos bioldgicos internos,
mejorando las habilidades de gestion y sin inversiones importantes (Dogliotti et al.
2014, Albicette et al. 2017).

Los cambios constatados a traves del proceso de co-innovacion (capitulo 2),
permiten afirmar que en el contexto actual en el que los sistemas de produccion estan

Inmersos, existe un espacio importante para la mejora.

En las hipdtesis planteadas se sefiala a la PT como clave en la mejora de la
sostenibilidad. En los antecedentes (Capitulo 1) se plante6 que la baja PT era una de
las principales causas que afectan la sostenibilidad de los predios familiares
(Bendahan et al. 2018, Komarek et al. 2018, Paresys et al. 2018, Parodi 2018) y que
varios de los problemas de la produccion familiar estdn asociados al trabajo: la
sobrecarga de trabajo, la falta de tiempo libre y problemas de salud asociados al
trabajo (Dogliotti et al., 2014).

Los valores de PT hallados en nuestra investigacion no permiten generar excedentes
que puedan ser re-invertidos en los predios para mejorar o al menos mantener los
recursos e infraestructura productiva. Esto confirma que la PT es una de las mayores
causas que compromete la sostenibilidad de predios familiares y que sea clave su
anélisis para pensar en propuestas de mejoras prediales.

Para estudiar la PT se propuso un método que permitio desagregar entre las distintas
actividades productivas (horticultura, ganaderia y otras) e identificar distintos
coeficientes técnicos. La PT fue baja en la horticultura y en la ganaderia, en
promedio para los 14 predios fue de 114$U h™ y 473U h! respectivamente.

En proyectos anteriores, se encontré que los predios que combinaban horticultura y
ganaderia tenian mejor PT (Dogliotti et al 2014) bajo el supuesto de que la ganaderia
insumia poco trabajo y generaba un ingreso complementario a la horticultura. En esta

investigacion, la PT en ganaderia fue menor que la PT en horticultura y estuvo
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fundamentalmente explicada por los altos costos incurridos en la produccion de carne

(capitulo 3).

Esto haria repensar el rol de la ganaderia en estos sistemas. En la tltima década hubo
un incremento importante en la cantidad de vacunos en Canelones. Este cambio fue
impulsado por la disminucion de precios en la horticultura, por el incremento de sus
costos (insumos en moneda extranjera) y al mismo tiempo debido al estimulo de
altos precios de venta de la carne. Por otro lado se trata de un producto que genera la
oportunidad de venta en distintos momentos, oficiando de caja de ahorro o generando
ingresos en momentos clave donde es necesario contar con dinero circulante para
pagar costos de cultivos, o afrontar un nuevo afio agricola. Este aumento en la
cantidad de vacunos en cada predio se produjo por retencion de las terneras,
aumentando el nimero de vientres pero sin planificacion ni propdsito concreto. El
analisis de la PT permitié evidenciar que esta actividad consume mucho tiempo
debido al trabajo de rutina que insume, que es relativamente independiente del
namero de animales (dentro de cierta escala). A su vez ese tiempo se incrementa
debido a las carencias constatadas en la infraestructura disponible. Paralelamente, los
indicadores productivos no son buenos (% de prefiez, de destete, intervalo inter-
partos) por falta de conocimiento y experiencia en la ganaderia como actividad
econdmica, lo que lleva a deficiencias en el manejo. La estrategia de produccion de
forraje dominante es la siembra de verdeos o de praderas de alfalfa, incrementando

los costos de produccion.

La elaboracion de arboles de problemas para este indicador permitio identificar
distintas vias de mejora para cada sistema de produccion. Para poder traducir esto en
propuestas de re-disefio que contemplen los principales problemas hallados es
necesario conocer cuales son los criterios y reglas de decision implementados por
cada familia. El analisis realizado nos permitié profundizar en estos criterios asi
como obtener informacion sobre la carga global de trabajo y su distribucion a lo

largo del afio.

A través del método desarrollado identificamos y cuantificamos que la brecha de

rendimiento de los cultivos, la asignacién de tiempo de trabajo entre actividades
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productivas y su eficiencia, y los precios, son los factores que explican la PT. Si bien
los factores son comunes, cobran diferente relevancia segun el predio, lo que justifica
la necesidad de un analisis en profundidad para disefiar estrategias apropiadas a cada

caso (Capitulo 3).

Ajustar la seleccion y areas de cultivos, y balancear mejor la oferta y demanda de
mano de obra, permitié utilizar los recursos de manera mas eficiente. Las
proyecciones hechas en el escenario 1 -cuantificacion ex ante del impacto de las
propuestas de re-disefio-, estuvieron basadas en los cambios acordados con los

productores y proyectando rendimientos posibles de obtener (Capitulo 3, figura 2).

La mejora de PT proyectada en el escenario 2 mecanizando algunas tareas, vario
fuertemente dependiendo del grado de mecanizacién inicial en cada predio, del
tiempo de trabajo que se ahorra y del incremento de los costos debido a la
amortizacion. Ademas de su impacto en la mejora de PT, hay un efecto cualitativo
vinculado a la calidad de vida. La mecanizacion aliviana algunas tareas y el ahorro

de trabajo libera tiempo para el descanso o para su asignacion a otras tareas.

Incorporar el andlisis de PT constituyd una contribucion metodoldgica que enriquece
el desarrollo de la co-innovacion como enfoque sistémico ya que permite considerar
esta variable de forma explicita en las propuestas de re-disefio, mejorando su
pertinencia e impacto. Se demostr6 la hipdtesis de que es posible aumentar
significativamente este indicador generando cambios en la asignacion de los recursos
(tierra, trabajo y capital) entre actividades productivas (distintos cultivos y
produccion animal) y mejorando el manejo, sin aumentar el uso de insumos
(Capitulo 3- figura 2).

5.2. BRECHAS DE SOSTENIBILIDAD A NIVEL PREDIAL; ;CUANTO ES
POSIBLE MEJORAR?

La distancia entre el valor medido para los indicadores de sostenibilidad al final de la
co-innovacion y los resultados obtenidos por los productores al inicio del proyecto
evidencian una brecha que pudo ser reducida mejorando la asignacién de recursos y

el manejo de cultivos y animales. Después de tres afios de co-innovacion (ImpFP), el
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IF mejord en los cuatro predios analizados en el Capitulo 4, entre 16% y 350%,
mientras que la PT aumento entre 11% y 214%. Si bien se logré reducir la erosion
los valores estimados continuaban superando el umbral de tolerancia (5-7Mg ha™afio
! de acuerdo al tipo de suelo).

Las preguntas emergentes fueron ¢cuanto mas puede mejorar el ingreso familiar y la
productividad del trabajo, manteniendo la calidad del suelo y reduciendo otros
impactos ambientales, dadas las restricciones impuestas por la dotacion de recursos
propia de cada predio? y ¢cuales podrian ser estrategias prometedoras para seguir

mejorando la sostenibilidad de sistemas de produccién horticola-ganaderos?

La tercera hipotesis (Capitulo 1) plantea que “las estrategias y opciones tecnolégicas
para reducir estas brechas dependen fuertemente de la disponibilidad de recursos de
cada sistema de produccion”.

Para contestar estas preguntas y discutir esta hipdtesis se seleccionaron 4 de los 14
predios con recursos contrastantes. En comparacion con el predio 1, los predios 2, 3
y 4 tenian un 10%, 40% y 32.5% mas de disponibilidad de mano de obra y 50%,
33% y 9.5 veces mas tierra, respectivamente. También diferian en el nivel de
mecanizacion (de acuerdo a la clasificacion propuesta del nivel 1 al 5, oscilaron entre
2y 5) yen ladisponibilidad de agua; 25% mas en el predio 2 y 50% en los predios 3
y 4 en comparacion con el predio 1 (Capitulo 4, cuadro 5). Se estimd una brecha
definida como la distancia entre los resultados obtenidos al término del proyecto de
co-innovacion (ImpFP) y los resultados alcanzables, estimados con el modelo de
simulacion Farmimages (AttFP). Los datos obtenidos durante el proceso de co-
innovacion se utilizaron para parametrizar el modelo.

Las simulaciones con el modelo permitieron disefiar una configuracion alternativa
para cada predio que llevd a una mejora significativa adicional en los resultados
socioecondmicos manteniendo la erosion del suelo por debajo del nivel de tolerancia

y mejorando el balance de la MOS.

El IF estimado con el modelo fue entre 5.5 y 8.8 veces mayor que en ImpFP, y la PT
fue entre 6.6 y 9.5 veces mayor que el valor al final del proyecto para los predios 1, 2

y 4, (Capitulo 4, Tabla 6, Figura 3). La erosién podria reducirse en un factor de 3.9y
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6.6 en comparacion con ImpFP en estos mismos predios. Para el predio 3, las
diferencias entre ImpFP y AttFP fueron significativamente menores; 82 y 120% para
el IF y la PT respectivamente, mientras que la erosion del suelo podria reducirse en
un 42%. En comparacion con los otros predios, los resultados obtenidos en este
predio al final del proyecto de co-innovacion eran superiores (Capitulo 4, Tabla 6,

Figura 3).

5.2.1. Recursos gue condicionan las estrateqias

Las estrategias para obtener estas mejoras difirieron entre predios y se relacionaron
con las opciones tecnologicas disponibles en funcién de la dotacion de recursos de
cada predio (Dogliotti et al. 2006, Michalscheck et al. 2018). Para las exploraciones
se utilizo la disponibilidad de recursos que cada predio tenia al final del proyecto de

co-innovacion y no se restringieron los costos totales.

Para los predios con invernaculos (predios 1 y 2, Capitulo 4), los resultados de la
simulacion reafirman la estrategia actual de los productores de aumentar el area de
invernaculos. Los cultivos que se producen en invernaculos alcanzan mayores
rendimientos y mayor PT (Colnago y Dogliotti, 2020) y no tienen riesgo de erosién
del suelo. Sin embargo, aumentan los costos de produccion que no se consideraron
como un factor limitante en las exploraciones. El area de cultivos estuvo limitada por
la disponibilidad de agua. Las areas de cultivos de campo se redujeron en tres de los
predios principalmente para mantener la erosion del suelo por debajo del nivel de
tolerancia, pero también debido a las limitaciones de agua y mano de obra. Sin
embargo, la produccién de hortalizas aument6 o se mantuvo debido a una reduccion
significativa de la brecha de rendimiento en todas las explotaciones (reduccién entre
el 10 y 55% dependiendo del cultivo y del predio). De manera similar a estudios
previos en la region (Berrueta et al. 2020, Dogliotti et al. 2014, 2005, Scarlato et al.
2017) el cierre de las brechas de rendimiento se logré principalmente mediante la
mejora del manejo de cultivos como fechas y densidades de siembra, eleccion de
variedades, rotacion de cultivos, manejo del suelo y calendario de operaciones, sin

aumentar los insumos.
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En estudios previos (Aguerre et al. 2014, Dogliotti et al. 2005), se propusieron
incrementos del area de forraje y la introduccion de produccion animal como una
estrategia para reducir la pérdida de suelo por debajo del nivel de tolerancia y
aumentar el balance de materia organica del suelo (Diaz-Zorita et al. 2002, Garcia-
Préchac et al. 2004, Ernst y Siri-Prieto, 2009). En las simulaciones realizadas, la
produccion de hortalizas logré mayor PT que la ganaderia. Por lo tanto, dado que la
disponibilidad de mano de obra fue un factor limitante en todos los predios, se
asignaron menos recursos a la produccién animal. En dos de los predios se dejé sin
utilizar parte de la tierra ya que no se disponia de mano de obra para implementar
una rotacion forrajera y criar ganado. El trabajo y el agua fueron en todos los casos,

los factores mas limitantes.

A nivel regional, la agricultura se enfrenta a la competencia por la mano de obra por
parte de otras industrias que ofrecen estabilidad laboral y mejores salarios. El IF
potencialmente alcanzable (AttFP) permitiria otorgar a la produccion horticola
salarios competitivos. Sin embargo, la estabilidad del empleo a lo largo del afio
podria ser un problema a abordar a nivel de las explotaciones.

El agua subterranea en Canelones es escasa y su calidad para el riego es deficiente
(Barreto et al., 2017). Las reservas de agua de escorrentia tienen capacidad limitada
por la ubicacion topogréfica y las caracteristicas de cada predio. Por lo que las
posibilidades de incrementar aun mas la disponibilidad de agua para riego difiere
entre predios y limitan la expansion del area de invernaculos, que aumentd de
manera constante durante los tltimos 15 afios (MGAP-DIEA, 2015).

5.2.2. Nuevas preguntas que surgen a partir de las exploraciones con modelos

Las exploraciones del modelo pudieron encontrar una solucion que redujo la erosion
del suelo por debajo del nivel de tolerancia y un balance MOS positivo, excepto para
el predio 4. El suelo utilizado para la simulacién en este predio tenia un contenido de
materia organica de 5.78%, cercano al 6.38% encontrado en condiciones inalteradas
(Duran y Garcia-Prechéc, 2007). Incluso la rotacion puramente forrajera mostré un
balance de MOS de -13 kg.ha™afio™*, cercano al equilibrio. Sin embargo, ninguna

rotaciéon que incluyera cultivos horticolas se acercé al nivel de equilibrio. Esto hace
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pensar en la necesidad de tecnologias alternativas no consideradas en este estudio,
como el minimo laboreo en la horticultura (Alliaume et al., 2013) o mayor
incorporacion de enmiendas organicas. Existen trabajos promisorios a nivel de
estacion experimental (Garcia de Souza et al. 2011, Alliaume et al. 2014) que deben

validarse a nivel predial.

El aumento de la produccion de invernadero puede tener efectos secundarios no
considerados en este estudio. El uso del polietileno como cubierta y en los sistemas
de riego por goteo, requiere el desarrollo de una recoleccién local de residuos e
instalaciones de reciclaje que aun no estan disponibles. Por otro lado el aumento de
la produccién podria conducir a una disminucion de los precios relativos que
disminuyan en cierta medida el efecto del redisefio del sistema en los resultados

econodmicos.

5.3. CONSIDERACIONES FINALES

El trabajo de investigacion presentado integra un enfoque sistémico, co-innovacion,
con exploraciones basadas en modelos, generando un aporte metodoldgico que
contribuye a conectar conocimientos cientificos con su contextualizacion practica,
para cerrar las brechas de sostenibilidad en predios.

En la investigacion vinculamos dos ciclos de aprendizaje interdependientes
desarrollados para mejorar la sostenibilidad de los sistemas horticola-ganaderos en el
sur de Uruguay. El primero involucré a productores, agentes de extension e
investigadores en un proceso de co-innovacion que implementd herramientas de
andlisis de sistemas para facilitar el intercambio de conocimientos y mejorar la
comprension de la estructura y el funcionamiento predial por parte de todos los
participantes (Reed et al., 2013). Este primer ciclo de aprendizaje resulté en mejoras
significativas en los resultados prediales. En el segundo ciclo de aprendizaje,
utilizamos el conocimiento y la comprension adquiridos durante el primer ciclo para
ajustar, parametrizar y calibrar un modelo bioeconémico y explorar el espacio para
continuar mejorando la performance predial. Este ciclo tuvo como objetivo aportar
elementos para discusiones orientadas a la solucion de problemas y al disefio de

estrategias entre distintos tomadores de decision.
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Los problemas complejos son dificiles de identificar y requieren soluciones
complejas (Farrell et al. 2008, Pacin y Oesterheld, 2015). Existe tecnologia generada
para la pequefia y mediana escala que podria resolver varios de los desafios
productivos que los productores tienen. Sin embargo los sistemas de transferencia
tecnologica y de asesoramiento técnico no han sido exitosos en revertir estas
tendencias. El disefio de politicas de apoyo a la produccién familiar ha priorizado el
abordaje por componentes, ofreciendo financiamiento y asesoramiento técnico para
mejoras en cultivos de interés o planes de negocio. Estos apoyos, si bien necesarios,
son insuficientes en lograr cambios que impacten en los resultados globales del

predio.

Durante el proceso de co-innovacion, las tecnologias implementadas fueron similares
entre los predios pero las estrategias diferian ampliamente, lo que evidencia la
necesidad de tener un enfoque sistémico en la construccién de las propuestas y que
integre la participacion de los productores (Darnhofer et al. 2016, Dogliotti et al.
2014, Neef y Neubert 2011). La estrategia seguida utilizando diferentes herramientas
de andlisis de sistemas para promover el aprendizaje -informes de diagndstico,
arboles de problemas, tablas de puntos criticos, planes de redisefio, dias de campo y
talleres de reflexion- facilitd la comunicacion efectiva entre diferentes actores
(agricultores, asesores, equipo de investigacion, actores del gobierno local)
permitiendo que la innovacion tuviera lugar (Clark et al. 2016, Ditzler et al. 2018,
Farrell et al. 2008, Reed et al. 2010).

La mejora continua de los sistemas de produccion, buscando “soluciones a medida”
que permitan posicionar a los sistemas de produccion familiar como innovadores,
donde la tecnologia implementada refleje un uso intensivo del conocimiento
mejorando la agronomia, debe ser una aspiracion y desafio permanente para los

investigadores y profesionales del agro.
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7.1. SUPPLEMENTARY MATERIALS FOR CHAPTER 4

7.1.1. Main data sources of information used as inputs for FarmIMAGES model

Farmers Farmers Measures Direct

Data interviews records (samples) observations
Family members, roles,

decision making X

Labour availability X

Cattle stock X

Cattle sales and

purchases X

Inputs used and prices X

Areas of vegetable and
forage crop and
pastures X X

Land use history (crop
rotation before the

project) X

Machinery and tools

inventory X
Water sources and

availability X X

Soils types and quality X X




7.1.2. Model overview
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Adapted from Dogliotti et al. 2006



7.1.3. Production activities for model exploration

Minimum and maximum Gross Margin (GM, $), cost ($), labour required (h), labour
productivity ($ h™ yr), water required (m® yr), erosion (Mg ha yr), N surplus and
SOM balance (kg ha yr) for production activities generated for open air and

greenhouse for each farm. Currency is USD (U$S).

Farml Farm?2 Farm3 Farm4

Min Max Min Max Min  Max Min Max
GM 3378 23620 1891 8889 2148 12671 2801 12707
Cost 991 2844 924 3234 1019 2787 1016 2752
Erosion 2.8 47.8 2.8 9.4 28 339 2.8 35.7
Labour 248 773 285 713 286 723 317 723
Labour
productivity
! 10 64 6 14 7 24 9 24
Water use 0 2899 0 2374 0 2593 0 2447
SOM -608 499 -39 353 -293 549 -812 -13

N surplus 9 128 27 157 7 140 61 185

Greenhouse activities

17907 17561

Gmt 2 259589 0 272707
Cost 50394 61223 50394 61223
Labour 8005 11791 8005 11791
Labour

productivity 15 32 15 31
Water 10000 10971 10000 10971
SOM -143 551 620 1299

N surplus 51 115 53 107
"Labour productivity was estimated as the ratio between Gross Margin ($U) and
labour demand (h)
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