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Abstract

In the Northwest of Argentina tobaccdli¢otiana tabacunlL.) is economically and
socially important. Tobacco mono-cropping, excessiNage and inadequate irrigation
management cause soil degradation. This and atsxd¢o production dependence on
government subsidies and concern about health damam tobacco consumption calls
for research on diversification. The aim of thiedis was to explore opportunities for
diversification of specialized tobacco farms in M@athwest of Argentina.

The application of random and fixed effect econgimaenodels to a pseudo-
panel of data of soil analysis reports showed p@si¢lasticity between SOM (soll
organic matter) and Nitrogen (N), Phosphorus (R) Ratassium (K) availability. The
evaluation of SOM improvement through the use eegrmanure in relation to N (the
only significant elasticity) showed that costs drehefits of green manuring would be
equal if SOM would increase from the current cohteinl.55 % to 3.61 % which is
barely achievable. By applying Principal Compon&ngtlysis and Cluster Analysis to
Agricultural Census data, four clusters of tobafamms were determined. The largest
two clusters in terms of number of farms (90%) @ned highly specialized tobacco
farms with 23-24 ha of tobacco. The Analytic Hietar Process (AHP) technique was
used to get a ranking of farming activities for efsification. The final weights of
farming activities showed that especially livest@adtivities and spring-summer crops
are important alternatives for tobacco productieollowing this ranking of activities a
quadratic programming model including maximizatminexpected income minus risk
was applied to a typical specialized tobacco fafime model results for the current
situation showed that all irrigated land was degtdtetobacco production while the rest
was used for soybean production, irrespective efl¢ivel of risk aversion of farmers,
resulting in continuous soil degradation. In theiaion with the requirement of no
further soil degradation, tobacco and soybean wepkaced for an important part by
beef bull production (including the production dfa#a and maize for silage for
feeding) and farm gross margin decreased by 35%pawad to the current situation. In
the situation of abolishment of governmental subsidn tobacco, the production plan
consisted of soybean, beef bulls and tobacco; degradation was reversed but the

gross margin of the farm decreased by some 60%.



Key words: Nicotiana tabacumspecialized tobacco farms, tobacco diversificatsmil
degradation, bio-economic modeling, fixed and randdfects, Analytical Hierarchical

Process, quadratic risk programming, income risk, aversion.



In memory of my former professor, and later colleagnd work mate, Engineer

Rodolfo Berti, always willing to answer questions






Acknowledgments

The realization of this PhD thesis was possible wuthe contribution and support of
many people and institutions. | want to express simgere gratitude to them in the
following lines.

| want to thank INTA (Instituto Nacional de Tecngia Agropecuaria) for
providing the funds to follow this PhD. My thanke tp the former authorities of the
Faculty of Natural Sciences of UNSa (UniversidadiNiaal de Salta) for their support.

I am much thankful to my supervisors, Prof.diilfons Oude Lansink and Dr.
Paul Berentsen. You have been very comprehensaienp and positive about this long
and sometimes uncertain Sandwich PhD. Alfons, derglour guidance and intellectual
inspiration from the time you were my lecturer avi&c thesis supervisor, long time
ago. You have the quality of finding solutionspimblems in an easy way, which has
helped me to feel more confident about my reseaRdul, thank you for your
continuous supervision even during your holidayetiand for your commitment to my
work. The idea of “doing research with what it igagable” was a guide when
frustration threatened to come to my mind. | reddgrned a lot about scientific writing
from your critical revision of my papers. Your aatsding skills in programming were
essential for my work. | appreciate very much yaultingness to come to Salta to
know more about tobacco production and opportuite diversification and to talk to
local farmers and researchers.

I wouldn’t have been able to accomplish this thesithout the valuable
collaboration and help of my colleagues from the@é&rkmental Station of Salta (INTA-
EEA Salta). Pepe G. Monge, José Luis Arzeno, Jiay&arro, Juanjo Candotti, Sergio
Cortez, Guada Mercado, Fernanda Bernal, Maria Hlenaovich, Popi Diez, Fernando
Ledesma, Carlos Yarfez, Héctor Paoli, Héctor Ba€anlos Fittipadi, Adriana Ortega,
Gabriela Valdez, Irma Fiore, Yayi Mintzer, Danidléoneta, Javier Baldi, Jorgelina
Huidobro, Lalo Corvalan, Suna, Juan Galli, MarcBodriguez, Horacio Pellegrini,
Cristina Samaniego, Pedro Alvarado, thank you tarrytime, pacience and support. |
want to thank the members of the Tobacco CooperativSalta, the Chamber of
Tobacco of Salta, the Special Funds for Tobaccduariion, the provincial government
the farmers and the advisers that kindly accedeambltaborate with this thesis. | would
like to thank my colleagues “Chuncho” Burgos, GustXarad and Raul Miori who
were always to the other side of the telephone wioame with strange questions from



the Netherlands. | want to thank my former uniitgrsiates, Engineers Julio Collado
and Daniel Batallanos for being always open forsattation. Special thanks go to
Engineer Mirna Mosciaro. | felt supported by yoara my PhD.

Thank you to all my colleagues of the BusinessniBoac Group. Along this
extended PhD, | met many nice people at the growpant to thank the different office-
mates | had. Rafat, Argyris, Petra, Robert, TerEsgnraad, Hurria and Wilma, thank
you for your support and nice working atmospheeandClaude, Solomie, Bouda,
Lusine, Lan, llya, Christina, Yani, Farahnaz, Jdaaniel and Luis, thank you for your
cordiality. Anne, thank you for being disposed tlphme with administrative and
housing issues every time it was necessary. | a@teeyour effort to speak to me in
Spanish to make me feel like at home.

Curiously, the Netherlands brought me close torL_étinerica. | met so many
nice people who allowed me to know a bit more akbeir cultures and to share
delicious meals. | would like to thank for theirefndliness. Antonio, thank you for your
sincere friendship and nice times we spent togetBpecial thanks go to my friend
Roselia, who became part of my family during myysta Wageningen. | will be
eternally grateful for your generosity, hospitaldpd help. | found a funny friend in
Victor Hugo. We shared nice chats, meals and drivikar sense of humour helped me
to have a better time far from home. Alejandra,dliaa, Vicky, Jaime, Juanita, Shirley,
Arantxa and Lucilla you made my times in Wageningery enjoyable.

My gratitude goes to the “Argentinian Community” Wageningen. Adriana
and Lucas, Anahi, Irene and Jan Willem, Ana andt&wos Gabriela and Eduardo, you
brought a bit of home to me. Special thanks to &aliteri, also my colleague in INTA,
who gave me a lot of support during my times in Ketherlands (and nice biking as
well).

| want to thank my parents in law, Marie and Goniza, giving support to
Gonzalo and Martina during my stays in Wageningash far receiving me so kindly at
your house in Buenos Aires every time | had todtdnom Salta to the Netherlands.

Thanks to my friends of all life, Ana, Silvia, Mala, Mariel and Angela. My
leavings and comings were always a nice excusamieeting, eating and drinking.
Special thanks go to my positive and appreciateddrAnalia, you always have a smile
and a delicious coffee for me. Ale Piccolo and Gddr-ernandez, thank you for you

encouraging words and affection, every time | ndede



Thank you mama, my achievements are indeed youfsmy thanks to my
cherished sisters, Moni, Cuchin, Flora and Vanksia. not need to say too much to
you. Thank you for being there all the time. TiduPgour energy and good feelings
were with me along this PhD.

| want to thank my mates in life. The completiorttug PhD couldn’t have been
possible without the support and love of two pessdviartina and Gonzalo. Martina,
my “jJumping sun”, being so young you demonstrated¢ very strong to bear your
mum absence during a couple of months almost eyeay of your short life. | am
proud of you and | am grateful to life, just forigig me the pleasure to have a daughter
like you. Dear Gonzalo, what can | say that youndbknow until now? | want to thank
you for many reasons. You encouraged me long adolltmv the MSc and the PhD
programmes in Wageningen University. Your valued deep commitment to your
work in INTA have been always a guide and an irsjmn to me. Your mental clarity
was crucial to me when | was running the risk sing my path during my PhD. Thank
you for your endless patience, encouragement areddod for taking care of Martina in

the double role of father and mother during my snreWageningen.

Daniela






Table of contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

General introduction 1

Exploring the potential for increasing soil nutti@vailability

via soil organic matter impeonent using pseudo panel data 17

Creating a typology of tobacco farms accordingdtedninants

of diversification in Valled.erma 39
Assessment of criteria and farming activitiestbbacco
diversification using the Aptadal Hierarchical Process

(AHP) technique 65

Exploring diversification as an option to adsfrsoil degradation

on a specialized tobacco faritihe Northwest of Argentina 95
General discussion 127
Summary/ Samenvatting/Resumen 143
Publications 158
Curriculum Vitae 159

Completed Training and Supson Plan 160






Chapter 1

General introduction
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1.1 Background and scope

Tobacco Nicotiana tabacuml..) is the non-food crop with the largest acreagehe
world and is currently produced in almost 130 cdestdue to its performance under
widely variable climatic and soil conditions. Tolbads a controversial crop, not only
for causing health problems to tobacco consumairs,also because its production
causes environmental damage such as soil degradafieforestation and water
pollution (ITGA, 2012; Geist et al., 2009).

Virginia tobacco, the most grown tobacco type he tword, is a flue-cured
tobacco variety that is dried in closed buildingthva heating system. Tobacco plant is
grown as an annual crop consisting of a centrdk stéh 10 to 20 leaves, which are
harvested to be transformed into the final tobagmeduct. The following steps are
followed in Virginia tobacco production: seedlinglanting, harvesting, curing and
classifying (Chavez, 2010; ITGA, 2012).

Tobacco production in Argentina is concentratedtha northern part of the
country and it has an economic and social relevdocehe economy of this region
(Giménez Monge et al., 2009). Salta province (Nwetst of Argentina) produced 48.5
% of Virginia tobacco of the country in 2011. Tobads one of the main exported
products in the province, in terms of monetary galand around 1700 farmers and
more than 175,000 people rely on tobacco for liiNgnAgri, 2012; MinAgri, 2011;
Cémara del Tabaco de Salta, 2008). The Valle dendds a region located in the
province Salta and is the focus of this thesis.

Being socially and economically important for Valde Lerma, tobacco
production also presents negative environmentaboty in particular for specialized
tobacco farms. Specialized tobacco farm are fahasdnly grow tobacco or show low
level of diversification. Almost seven decadesomntinuous mono-cropping, too much
tilage and insufficient irrigation management calisa degradation of physical
(structure and compaction and low infiltration jatehemical (loss of organic matter
and nutrient unbalance) and biological (decreasimgroorganisms diversity) soil
properties (Arzeno, 2009; Giménez Monge et al..922@armona et al., 2008; Guardo,
2002). In addition, tobacco farming involves pradiifluc and price risk. Variations in
temperature, precipitation and irrigation water ilamlity affect tobacco yield and
quality. Farmers get a subsidy from the nationalegoment in addition to the price
paid by the industry. The increasing internatigor@ssure to reduce tobacco subsidies,



the increasing concern about health damage fronactmb consumption and soil
degradation due to an intensive use, make tobacmduption uncertain and call for
diversification strategies (MinAgri, 2012; Fittipil 2004; Guardo, 2002).

Farming activities that are technically feasibleiamps for diversifying farms
producing tobacco in the area include among otldasy cows, feedlot, peach, nuts,
blueberry, wheat, oat, onion, flowers, paprika,rbaad aromatic crops (INTA, 2011;
Chavez, 2007; Fittipaldi, 2004; Bazan et al., 19¥5jteria to evaluate diversification
activities and the relative importance of diversafion activities are missing for the
Valle de Lerma. Moreover, what is missing is areasment of the potential of existing
and diversification activities to improve farm imae and reduce risk, while accounting
for their competition for farm resources (land,dghrrigation water) and putting a halt

to soil degradation.

1.2 Diversification and risk in agriculture

Diversification in agriculture refers to a realltoa of farm resources into new
agricultural and non-agricultural products or seegi on and off the farm (Lopez-i-
Gelats et al., 2011; Barry et al., 2000). For 8tisdy, diversification is defined as the
adoption of farming activities different from toleacproduction that use farm assets
(land, labor, capital) to produce agricultural prots (crops and animals) on specialized
tobacco farms. This definition of diversificatioratudes off-farm employment and off-
farm investments (Barbieri et al., 2008).

Diversification is frequently referred to as a ri®ducing strategy (Barry et al.,
2000; Hardaker et al., 1997), where risk is definedhe uncertain consequences of an
action. Tobacco production is carried out in op@naad is exposed to risk due to
uncertainty about the weather, water availabilitgjdence of pests and diseases, prices
of inputs and outputs and uncertainty about theeguwent subsidy (Fittipaldi, 2004;
Barry et al., 2000; Hardaker et al., 1997). Risk ba reduced by including activities
with a low correlation in income (Barry et al., 200

In addition to the presence of risk in tobacco patthn, farmers’ attitudes to
risk are important. Risk aversion means that aéarrequires a compensation for
taking risk as the level of risk aversion increagefarmer who is risk averse is willing
to sacrifice some expected income for a reductionsk (Acs et al., 2009; Barry et al.,
2000).



Existing and potential diversification is studiesing different methods. Existing
diversification is analyzed by empirical methods &valuate the impact of
diversification on farmers’ income, to assess thariables that contribute to
diversification decisions and to identify types fairmers regarding diversification
practices (Kasem and Tapa, 2011; Lépez-i-Gelatd.eR011; Démurger et al., 2010;
Bravo-Ureta et al., 2006; Benin et al., 2004; Bitthet al., 2006). Potential
diversification is investigated by optimization, hncriteria analysis and simulation
models to study impacts of diversification alteived on different factors like income,
employment and environment including different levef risk aversion (Manos et al.,
2009; Hengsdijk et al., 2007; Guvele, 2001).

1.3 Bio-economic modelling

Bio-economic modelling is a quantitative methodgldlgat combines knowledge from
biophysical and socio-economic sciences to promioterdisciplinary analysis and
policy debates. Bio-economic modelling can be aubto different aggregation levels,
like field/plot, farm, watershed, region, sectaation and for past and present, near and
far future time periods (Louhichi et al., 2010; Keunan, 2000).

Bio-economic modelling includes both positive andrmative approaches.
Positive approaches describe reality using empirsadence whereas normative
approaches prescribe results given decision ruhes anstraints (Kruseman, 2000,
Hazell and Norton, 1986). Positive approaches afened in this study as statistical
representations of farm-level systems that allow &malysing economic and/or
technical relationships. Prominent among the pasitpproaches are econometric
models that examine factors influencing a dependanéable, reduce multivariate data
dimension and categorize them (Acs et al., 2006h&b, 2005; Lattin et al., 2003; Clay
et al., 1998; Byiringiro and Reardon, 1996; Mausalid Farber, 1995). Normative
approaches include, among others, optimization isodad multi-criteria analysis.
Optimization models allow getting the best comboraof farm activities to maximize
or minimize one or more objectives, given farm dmists. Optimization models
require the specification of a behavioural assuomplike profit maximization and risk
aversion. Multi-criteria analysis provides a tooldimultaneously consider economic,

social and biophysical issues in a subjective wagaflok et al., 2008; Van Kalker,



2006; Weersink et al., 2002; Kruseman, 2000; Fettal., 1995; Hazell and Norton,
1986).

Farm models have been largely developed for falamning and extension,
research planning and evaluation and for policylysm Farm models help to
understand the conditions under which farmers apesad the effects of different
management practices on farmer income and theamagnt, they analyse how inputs
combinations and constraints impact on the farmlresd they aim to clarify the effect
of policy instruments on management decisions #&swan economics and environment
indicators (Belhouchette et al., 2011; Acs et 2005; Kruseman, 2000; Klein and
Narayanan, 1992).

Bio-economic modelling is a challenging approachdoalysing the problem of
soil degradation due to intensive tobacco cultoratnd for exploring opportunities for
diversification at farm level. By applying differepositive and normative bio-economic
models, this study contributes to an understandiritpe relations between biophysical
and economic aspects of diversification in spexgalitobacco farms, in the context of

the Valle de Lerma farming systems.

1.4 Description of the study area

This research is carried out in the central parthefValle de Lerma (24° 30" and 25°
38" Southern latitude and 65° 22" and 65° 37" Weshkengitude). The landscape
consists of an extended plain between mountairi@ m of altitude; the rainfall is
concentrated in summer time from November to Agmidl it can vary from 400 to 1000
mm. The average temperature in the hottest mombksember-January) is around 20
°C and in the coldest months (June-July) is ardldfC (Piccolo et al., 2008; Yafez,
2003). The area is characterized by the use ggition to compensate winter and spring
water deficits. Next to tobacco, vegetables, béaef and milk cattle are products of
the area (Piccolo et al., 2008; Bravo et al., 1999)

The central part of the Valle de Lerma includes diepartments of Cerrillos,
Chicoana and Rosario de Lerma (see figure 1.1).tdta¢area of the three departments
is 6781 kmi and the population consists of 94,766 habitantab¢katorio de
Teledeteccion y SIG, 2012; INDEC, 2010). Thesedttepartments produce more than
70 % of the total production of tobacco in Saltavince (MinAgri, 2008). Because of



the relevance in the total production of tobaccd awailability of data, this research
will focus on Cerrillos, Chicoana and Rosario denh& departments.

Figure 1.1. Cerrillos, Chicoana and Rosario de lsed®@partments.

1.5 Objectives of the research

The overall objective of this study is to explorgportunities for diversification of
specialized tobacco farms in the Valle de Lermas Tverall objective includes four
specific research objectives:

1. To get insight in the current soil organic matt®O©M) content in tobacco’ soils,
to explore the potential for improving nutrientsadability in the soil by
increasing SOM content and to make a economic sis&#g of green manuring
as a measure to improve SOM. It is expected thmicmo soils in the Valle de
Lerma have low SOM content and there is scopernfproving soils nutrients
availability by increasing SOM.



2. To identify typical tobacco farms in terms of deterants of diversification in
the Valle de Lerma. It is expected that there afierdnt groups of tobacco
farms and that the groups differ in terms of tharahteristics that determine

diversification possibilities.

3. To develop criteria for assessing diversificatiativaties and to rank different
diversification activities based on these critertdere, it is assumed that

diversification activities can be ranked based erta for diversification.

4. To determine optimal plans of current and diveraiiion activities for risk
averse farmers on a specialized tobacco farm tp stil degradation. It is
assumed that it is possible to stop soil degraddiip including diversification

activities on a specialized tobacco farms.

1.6 Synthesis of methods and outline of the thesis

Following the four specific research objectiveg #tudy includes four chapters (2, 3, 4
and 5) in which positive and normative bio-economethods are used. In each chapter
a literature review and a justification for the ugeeach method in relation with the
specific objective are given. Chapter 2 and 3 applsitive approaches while Chapter 4
and 5 apply normative approaches.

Chapter 2 applies random and fixed effect econametodels to pseudo panel
data from soil analysis reports of tobacco cultdatields to explore the potential for
improving Nitrogen, Phosphorus and Potassium avisitha by increasing SOM. Fixed
and random effect models allow incorporating unoles variables such as location
specific conditions, management strategies, farnskilés or preferences, which are not
included as regressors. The random effect modeligge more efficient parameter
estimates than the fixed effect model but assurhes the individual effects and
regressors are not correlated. When this condisiowot fulfilled, the fixed effect model
gives consistent but less efficient parametersnegds (Baum, 2006; Greene, 2002).
Also, an economic assessment of the increase of ®PMising green manure is
provided. An estimation of an increase of SOM tactea break-even situation where

benefits and costs from green manuring are equmbigded.



Chapter 3 reviews the literature on reasons anerm@iants for diversification.
According to determinants for diversification, @dyogy of tobacco farms is built using
Agricultural Census data. First, Principal Compdaenalysis (PCA) and then Cluster
analysis are applied. By applying PCA, original iables are combined in a lower
number of components which are used in the cluaterysis to classify the total
number of observations in homogeneous groups ofdgLattin et al., 2003).

Chapter 4 develops important criteria for assegssliversification activities
based on literature review and ranks different idiieation activities with respect to
those criteria by applying the Analytic Hierarchyo€ess (AHP) technique developed
by Saaty (1980). AHP is a Multiple-Attribute Decisi making (MADM) used to get
expert judgments of relative weights of differeteéneents (in this case, criteria and
activities). Next, weighted goal programming (WG extended goal programming
(EGP) are used to aggregate individual weightsgandp weights respectively (Linares
and Romero, 2002). Diversification activities toibeluded in the ranking are based on
farming activities other than tobacco that wereeobsd from the data in Chapter 3, on
expert opinion and on literature.

Following the ranking of activities from Chapter @hapter 5 evaluates the
potential for applying a number of diversificaticactivities on a representative
specialized tobacco farm derived from Chapter Ftop soil degradation. A quadratic
programming method that includes expected inconomme variance and different risk
aversion levels is used (Hazell and Norton, 198®ttSand Baker, 1972). Current SOM
level to be included in the model in Chapter 5 wdime from the findings of Chapter 2.

Chapter 6 discusses methodological and data isdube previous chapters and
it presents synthesis of results, implications paticy, research and business. The
chapter finishes with the main conclusions of thesis. Figure 1.2 provides an
overview of the objectives and methods of the adrapters and the links between
them.



Objective 3

Objective 1 Objective 2

Rank farming activities
for diversification with
respect to criteria

Identify tobacco farms
based on determinants of
diversification

Assess the potential for
improving nutrients
through SON

Current diversification activitie

|

Chapter 2 Chapter 3 Chapter 4
Fixed and random effect models Principal Components and Cluster Analytical hierarchical process
Analysis Weighted goal programming

Extended goal programming

farm resources
Current
SOM Chapter 5
level

L Quadratic programming model J

Ranked activities

Objective 4

Determine optimal plans of current and
diversification activities for risk averse
farmers to stop soil degradation

Figure 1.2. Research outline.
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Abstract

Fixed and random effect models were applied toeugs-panel data built of soil analysis
reports from tobacco farms to analyze relationshigsveen soil characteristics like SOM
and soil N, P and K and to explore the potential ifoproving nutrients availability by
increasing SOM content. These econometric modelg acaount for unobserved specific
characteristics such as location-specific charsties, management strategies, farmers’
skills and preferences and environmental heterayen®ositive relationships were found
between N, P and K availability and SOM. The randefiect model reports a highly
significant elasticity of N with respect to SOM @75, meaning that an increase of 1 % of
SOM will increase soil N by 0.75 %. Using this diesy, the required SOM improvement
of green manuring was calculated at which costgreén manuring would exactly equal
benefits in terms of reduced N fertilizer use. Gamtd benefits equal if the SOM increased
from 1.55 % to 3.61% which is barely achieved aditay to the literature. Hence, growing
green manure crops to increase SOM and thereby ailahility is economically not
attractive. However, additional benefits may arisen SOM improvement and growing

green manuring crops.

Key words: soil degradation, fixed and random affe SOM improvement benefits and

costs, green manure
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2.1 Introduction

Soil degradation can be a consequence of erosadmLgrient depletion, soil organic matter
(SOM) decline, soil pollution, salinization and@rcollapse in soil structure (Wiesmeier et
al., 2009; Farquharson et al., 2008; Syers, 199OM is commonly seen as an important
indicator of soil productivity; it is a reserve abtrients, it helps the formation of soil
aggregates, enhances soil porosity, increasesates Wwolding capacity and cation exchange
capacity, improves root growth, and it activatesl ¢wota development (Yadav and
Malanson, 2007; Liu, 2006; Reeves, 1997; Syers,71%mentel et al., 1995). Soll
degradation ultimately leads to a decline of sodductivity. Crop yields tend to decrease
and the incidence of a complete crop failure temdntrease when soils become more
degraded.

The research reported here, was motivated by teerehtion that soils devoted to
tobacco Kicotiana tabacumL.) production in the Valle de Lerma in Salta prme
(Argentina) show signs of degradation after alm@6t years of continuous tobacco
production (Giménez Monge et al., 2009). Tillageproper water and nutrient management
and absence of crop rotations have been suggestetaim reasons for soil degradation
(Arzeno, 2009; Carmona et al., 2008). Soils undbatco show 60 per cent less SOM than
soils under 40-year-old forests in the same area. 8OM content has been implicated for
poor soil structure, low nitrogen availability, posoil aeration and soil compaction. The
utilization efficiency of applied nitrogen (N), pshorus (P) and potassium (K) is low and
farmers have increased the application of fertiizae the last years, to be able to maintain
productivity (Arzeno et al. 2008; Corvalan, 1997).

Experiments are broadly applied to study relatigmsbetween nutrients availability
and soil characteristics and management practieegcli et al., 2010; Segal, 2010;
Vanlauwe et al., 2000). Also, effect of managemenrsictices on SOM have been well-
addressed (e.g., Lal, 2009; Liu et al., 2006; Zreget al., 2005; Reeves, 1997), in part on
the basis of simulation models (Torquinst et @002 Syers, 1997). What remains short is
quantitative information on the influence of SOMédéon nutrient availability in farmers’
field and on economic aspects of increasing SOMis Empirical study adds a novel
approach on the analysis of soil nutrient availgbiby applying econometric models to
analyze farmers” field data, and by using the éstadal relation to determine economics of
SOM improvement through green manure. To our kndgde an assessment of the

economic impacts of changes in SOM has not beesrtezp before. Studies usually reveal
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the importance of SOM in increasing crop yields datnot provide cost-benefits analyses
of measures to improve SOM (e.g., Johnston e2@0D9; Lal, 2009; Pan et al., 2009; Lal,
2006).

The first aim of this study was to get insight le tcurrent SOM content in farmers’
fields in the Valle de Lerma. The second aim wasnalyze relationships between soil
characteristics like SOM and soil N, P and K tolesgpthe potential for improving nutrients
availability by increasing SOM content. The thiichavas to estimate the required level of
SOM improvement by means of green manuring thatldvéwe required to make green

manuring an economically feasible option for SOMbrovement.

2.2 Materials and methods

2.2.1 Study area

The Valle de Lerma (between S24° 30’and S25° 3RIW65° 22'and W6E5° 37’) is a plain
with a temperate climate and an annual rainfaliveenh 500 and 1000 mm. Tobacco is
cultivated on irrigated land (Bravo et al., 199%ugino, 1996). Besides tobacco, bean, corn,
vegetables, pastures, fruits, beef and dairy asdymed in the region. Tobacco is a highly
fertilized with a dosage of 600 to 1000 kg NPK par Soils have a loamy texture in 60%,
sandy loam in 20% and silt loam in 20% of the gi@arradini et al., 2005). Soils under
tobacco are tilled to allow a good development lahfs roots. However, the excessively
tilling and mechanical weeding that is found in tbegion (12 or more operations in a year)
contributes to soil degradation (Arzeno, 2009; Arzet al., 2008; Guardo, 2002).

2.2.2 Data acquisition

Data were analyzed from three departments (CesrilEhicoana and Rosario de Lerma),
which together produce 73% of the tobacco in Salteince (MinAgri, 2008). Here, 90 %
of the farms producing tobacco are specializedaobdarms (Chavez et al., 2010).

The data were derived from 311 soil analysis repfsadm farms producing tobacco.
Those reports cover the period 1999 to 2009. Thieasalyses have been made by the
Laboratory of the National Institute for AgriculadrTechnology (INTA- EEA Salta) on

requests by farmers and professionals to get andsag of the soil fertility status in the
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upper 20-25 cm of the soil (Guardo, 2002). Unfoatety, no field-specific information was
available about the number of years of tobaccoymton and management practices.

Total N was determined by Kjeldahl method. Extrada@ was determined by Bray
and Kurtz method. Carbon (C) was determined byptioeedure proposed by Walkley and
Black method. To estimate SOM, the C content waltiphed by 1.724 (Van Bemmelen
factor), assuming that SOM contains 58% C. Texwas determined by Bouyoucos. The
exchangeable cations K, calcium (Ca), magnesium) @hg sodium (Na) were determined

following ammonium acetate extraction. The pH weatetdnined in paste (Huidobro, 2009).

2.2.3 Pseudo panel data

Analyzing panel data would be useful to addressptimblem at hand, because panel data
provides the cross-sectional information refledtedlifferences in nutrient availability and
SOM content between farms and time-series or wshinject information reflected in the
changes in nutrient availability and SOM contenthwi farms over time (Princeton
University, 2012). An ordinary panel data set inels repeated observations of the same
unit of observation (firms, individuals) collecteger a number of periods (Verbeek, 2004;
Yafee, 2003). However, panel data are not availtdrl¢his research. As an alternative, we
construct pseudo panel data for statistical arglyseaning that observations of different
years and different farms are aggregated into grgophorts). The averages per year of the
groups are treated as individual observations whieh followed over time. The cohorts
need to have time invariant characteristics anemasions should be homogeneous within
cohorts and heterogeneous across cohorts (WeisAahdusen, 2009; Whitaker, 2009;
Inoue, 2008).

The geographic area and soil textural class ard tsereate the cohorts. Reports
were sorted following soil textural class. Thema#ds concerning a particular texture were
grouped by farm (every time it was possible), @ same region or the same department. So
each cohort is a farm, a region or a departmentwioich at least two year of data is
available. When more than one report was avail&methe same year and cohort, the
average was included as one observation for tHatrc@nd year. When a cohort had only
one year of observations it was discarded, sincelpdata techniques require at least two
observations from one cohort. In total 70 cohonts 890 observations where included in the

data set. In Appendix 2.A (Table 2.A.1) the numbércohorts by textural classes and
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departments are displayed. The descriptive stidor all the variables included in the
study are displayed in Table 2.1.

Table 2.1. Cohort descriptive statistics of seléstariables

Variables Units Mean Median Std. Min Max
dev.
SOM % 1.55 148 0.37 0.61 2.31
Sand (particles >50 pum) (Sa) % 44 44 12 18 73
Clay (particles <2 um) (Cl) % 19 18 7 7 56
Silt (particles 2-50 pum) (Si) % 37 38 7 20 53
Total N (N)? % 0.10 0.10 0.02 0.05 0.14
Extractable P (P) mg/kg 25.2 245 10.1 8.0 53.3
Exchangeable K (K) mmol/kg 8.7 7.5 4.5 3.4 25
pH (H0) - 6.95 6.98 0.64 5.65 8.30
CIN - 9.2 9.1 1.0 55 12.5
Exchangeable Calcium (Ca) mmol/kg 70.3 619 235 41.0 136.0
Exchangeable Magnesium (Mg) mmol/kg 19.3 19.5 5.9 8.5 40.0
Exchangeable Sodium (Na) mmol/kg 5.4 5.0 2.1 2.0 13.9
Water saturation (W$) % 29.8 29.1 46 21.7 420

 Total N represents the amounts of organic and ammonitrogen

® Water needed to saturate 100 g of dried soil

Mean SOM content is low (<10 g per kg of C), Tdtak somewhat limited and extractable P
and exchangeable K is relatively high. Soil pH@is neutral, while extractable Ca, Mg and

Na seem not limiting crop growth (Ortega and Cdmall992).

2.2.4 Econometric models

Fixed and random effects models were used to adsessrs influencing N, P and K
availability. The random effect model provides maticient parameter estimates (low

standard errors) than the fixed effect model, budassumes that the individual effects are
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uncorrelated with regressors (Baum, 2006; Gree®@2)R If this condition is violated,
parameter estimates of the random effect modehatreonsistent. In that case, the parameter
estimates of the fixed effects model are still ¢stest, though less efficient (Baum, 2006).

The formulation of the fixed effect model assumiest tdifferences across cohorts can be
captured in differences in the constant (Green@2R0r'he theoretical form of the fixed effect

model is as follows:

Yo =, + X, & (1a)
where ¥ is the dependent variable, namely N, P and K casit®r cohort in yeart, xiis a
vector of explanatory variables for the cohorin yeart, and g is the coefficient for
explanatory variables. The is the intercept for each cohort and it captubhesetffect of those
variables that are specific for th¢h cohort, they are constant over time and theycansider

as fixed unknown parameters. Finally is assumed to be independent and identically

distributed over individuals and time, with meamazand variancesr? (Torres-Reyna, 2010;

Verbeek, 2004).

The random effect model assumes that the individffatts, the intercepts of cohorts,

are different but they are considered as randorh, meanu and variances > . The theoretical

model is as follows:

Yo Mt B ta & (1b)
where ¥ is the dependent variable, namely N, P, K for ebhin yeart, u is the intercept
term and it represents the mean of the unobsemtidgeneity, xis a vector of explanatory
variables for the cohortin yeart andg is the coefficient for explanatory variableShe error
term consists of two components: a time invariantngonent a; that accounts for
heterogeneity specific to thgh cohort (cross-section specific error) and a iedex
componentg;; that is uncorrelated over time (Baum, 2006; Vekbez004; Yafee, 2003,
Greene, 2002).

A Hausman test was performed to test the randoectsffmodel versus the fixed
effects model (Verbeek, 2004). If the individuafeets are correlated with the regressors,
then the Hausman test rejects the random effectieimBecause of its simplicity, a log-log

linear function is used in this research.
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Nitrogen

The general specification of the model for nitro§ena log-linear function is as follows:

Kk
log, Yy = agy +;aiN log.x +é&y (2)
where log yn is the natural logarithm of total soil N; log are the natural logarithms of tke
variables, namely SOM, pH, clay (Cl), silt (Si) peles and a time trend (tt) variable. This
time trend variable is included to reflect techmgidal and management changey, ain, iI= 1,

2,...k are parametersy is the error term
Phosphorus

The general specification of the model for P féoglog linear function is as follows:

Kk
log, Ve = a5 + zaiP log, % + &5 (3)

i=1
where log ¥ is the natural logarithm of extractable P;Jagare natural logarithms of the
variables, namely SOM, pH, saturation water (WK ¢Cl), calcium (Ca), sodium (Na) and
a time trend (tt) variable. This time trend varals included to reflect technological and

management changep, aip, i= 1, 2 ,...k are parameters;is the error term
Potassium

The general specification of the model for K fdog-linear function is as follows:

k
log, Yk =ay +iz_l:aiK log, X +& (4)
where log yk is the natural logarithm of exchangeable K.logare the natural logarithms of
the k variables, namely SOM, pH, clay (Cl), water saiora (Ws), calcium (Ca) content,
magnesium (Mg) content and a time trend (tt) vdeiabhis time trend variable is included to
reflect technological and management changg, ok, i= 1, 2, k are parametersg is the
error term
STATA 10.1 software was used to run the modelstéStarp, 2007).

24



2.2.5 Analyses of benefits and costs of SOM imprawvent through green manure

One simple way to increase SOM may be to grow argreanure crop after tobacco harvest
at the end of summer time and beginning of autu@reen manuring relates to the

incorporation of fresh plant tissue into the sddlanza and Anderson, 2010). By growing

green manure the soil is kept covered in winteetand it does not compete with tobacco for
land; at the end of winter the green manure camberporated to the soil before tobacco
plantation starts. Possible green manure cropseratea include the following winter crops:

wheat, barley, oat, rye and triticale (Vorano, 2007

Improvement of SOM might mean a higher soil nutriemailability (this is to be
confirmed by the econometric model) leading to eooic benefits because of lower
fertilization requirements. So, benefits of SOM noyement refer to costs savings in
commercial fertilizers. To calculate those costirsgs, three effects need to be known: 1) the
effect of growing a green manure crop on SOM, B)dfiect of increasing SOM on N, P, and
K availability, and 3) the effect of increased sNil P, and K availability on the required
amount of fertilizer.

Long terms experiments are required to assessffihe ef growing green manure on
SOM improvement. In this study, we estimated theessary SOM improvement by green
manure to be economically feasible because datiaeoéffect of growing a green manure on
SOM is not available for the area.

The effect of increasing SOM on soil N, P and Kgigen by the elasticity of SOM
with respect to N, P and K, which was estimatedh®y econometric models. The effect of
increased soil N, P, and K on the required amodiriertilizer is specific for each nutrient.
The functions that relate N, P, K fertilizer ne@gsor tobacco production to changes in soll
N, P and K were derived from data of Fernandez ldeati (1990). It takes a quadratic form

for N and a lineal form for K and P:

Yue =52 -118x,, — 2003, (5a)
where Y is N fertilizer, in kg per ha, required for tobagaroduction, and+x is soil N, in %.

Yer = 93— 18Xe, (5b)

where yr is P fertilizer, in kg per ha, required for tobaqroduction, andgp is extractable P,

in mg/kg. For xplarger than 20 mg/kg,pytakes the value of 60 kg.
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Yee = 127~ 9XEK (5C)

where g is K fertilizer, in kg per ha, required for tobacgroduction, and gk is
exchangeable K, in mmgkg. For xk larger than 8 mmgkg, yr takes the value of 60 kg.

The common NPK fertilizer in the Valle de Lermahs compound 11-17-24 (Guardo,
2002), indicating that 100 kg of fertilizer contaihl kg of N, 17 kg of s and 24 kg of
K20. The price was US$ 780 per ton (Coprotab, 20&or costs for fertilizer application
was estimated at around 25.25 US$ per 300 kg tiliZer.

Costs of SOM improvement refer to yearly variabtsts of green manure crops.
These costs include seeds, gasoil, labor and nmaghimaintenance. Technical data to
estimate variable costs of green manure crops olet@ned from Valdez and Galli (2008),
Vorano (2007) and local experts. Variable costthese crops were estimated at 140 US$/ha
and include one irrigation event (1 US$= 3.96 Atgean pesos). The cost of green manure
of 140 US$ per ha equals the value of 162 kg ol7-P4 commercial fertilizer (including

price and application), which is equivalent to 1kgaN fertilizer.
2.3 Results
2.3.1 Econometric models

Tables 2.2, 2.3 and 2.4 show the parameter essniatéhe fixed and random effects models
that were not rejected by the Hausman test. Folotdpdinear function the elasticity is given

by each parameter coefficient.
Nitrogen

The Hausman test (¢hi1.02, Pr= 0.9607) suggests that the random sffemidel was

appropriate for explaining variation in N. The aaléR-squared (0.78) is high. SOM content
is the only variable with a significant effect; p®sitive elasticity of 0.75 suggests that an
increase of SOM increases soil N. The interceptgsesiy that there are negative and
significant cohorts’ specific effects on N availdlgi The value of rho suggests that almost 25

% of the variability in N was due to differenceschorts’ specific effects.
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Table 2.2 Parameter estimates of the random effedel for Nitrogen

Parameter Coefficient Std error Z P>z

SOM .75 .03 23.18 0.000 **
pH -11 .10 -1.12 0.264

Si .03 .05 52 0.603

Cl .01 .03 17 0.868

tt -.01 .02 -0.51 0.609
Intercept -2.52 27 -9.26 0.000 **

R-sq (overall) = .7864

Wald chi2 (5)=635.04.21 Prob> chi2= 0.0000
Rho= 0.246

Hausman test: chi2 (5) = 1.02 Prob>chi2= 0.9607

Notes: Number of observations = 190. Number of cizhd0
Significantly different from zero at ** 5% level.
SOM= soil organic matter; pH= level of acidity dkalinity; Si= silt; Cl= clay; tt= time trend

Phosphorus

The Hausman test (¢hie3.71, Pr= 0.7165) suggests that the random effstimator is
consistent and is appropriate for explaining vasrain P availability. SOM had a positive
effect on P, although the effect is not significah6%. Notably, pH shows a negative effect
on extractable P. The negative elasticity of pldaasistent with results obtained in alkaline
soils, where P uptake is negatively influenced Bly(@handra Sekhara Rao and Subba Rao,
1991). Exchangeable Na was negatively related &vd#ability, in agreement with results
that show a decreased P uptake when salinity reased (Attumi et al., 1999). The negative
elasticity of water saturation is the opposite tiatvis expected priori. A negative effect of
the time trend variable indicates that there hamnlee decrease of P availability over time.
This reduction can be explained by the changesriilizer formulation (with lower P content)
that has been taking place in the last years (Tamy2012). The intercept suggests that there
are positive and significant cohorts’ specific etfe on P availability. The value of rho

indicates that 13% of P variability is due to diéfeces in cohorts’ specific effects.
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Table 2.3. Parameter estimates of the random sffeotlels for Phosphorus

Parameter Coefficient Std. Error Z P>z
SOM .25 .17 1.53 0.127

pH -. 89 .45 -1.98 0.047 **
Na -.27 .07 -3.73 0.000**
Ws -1.17 .45 -2.61 0.009 **
Cl 24 17 1.39 0.166

tt -.19 .09 -2.08 0.037 **
Intercept 8.75 1.26 6.92 00D, **

R-sq (overall) =.2009

Wald chi2 (6)=43.22 Prob> chi2= 0.0000
Rho=0.132

Hausman test: chi2 (6) = 3.71 Prob>chi2= 0.7165

Notes: Number of observations = 186. Number of cish@0

Significantly different from zero at ** 5% level

SOM= soil organic matter; pH= level of acidity dkainity; Na= sodium; Ws= water saturation; Clay tt=
time trend

Potassium

The Hausman test (¢h14.55, Pr= 0.0125) suggests that the cohort tsffae correlated to
the regressors and that the random effect estingtat consistent. The fixed effect model is
appropriate for explaining the variation in exchealgie K. The only variable with significant
and positive effect is time trend, suggesting aitpes effect of technological and
management change on K availability. The valuehofsuggests that 44% of the variance in
exchangeable K is due to differences in cohortstdj effects. In addition to the fixed effect
model, a least square dummy variable model (LSD¥$ win, to get the particular effect of
each cohort. A positive elasticity suggests anease of K availability due to specific
characteristics of that cohort.
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Table 2.4. Parameter estimates of the fixed efiectdels for Potassium

Parameter Coefficient Robust t P >x0
Std. Error

SOM 31 .23 1.34 0.18

pH 1.04 .67 1.54 0.13

Ws -.08 .58 -0.13 0.90

Cl 31 .18 1.66 0.10

tt .28 .09 2.99 0.004 **

Intercept cohort 39 .85 .35 2.44 0.016* *

Intercept cohort 40 .80 .37 2.16 0.033 **

Intercept cohort 48 1.27 43 2.93 0.004 **

Intercept cohort 49 1.15 .40 2.90 0.005 **

Intercept -1.28 2.00 -0.64 0.525

R-sq (overall) =.27

F (5, 69)= 6.54 Prob> F= 0.0000

rho= 0.44

Hausman test: chi2 (5) = 14.5 Prob>chi2= 0.0125

Notes: Number of observations = 190. Number of cish@0
Significantly different from zero at ** 5%.level
SOM= soil organic matter; pH= level of acidity dkainity; Ws= water saturation; Cl= clay; tt= tintbeend

2.3.2 Analyses of benefits and costs of SOM imprawent through green manure

Benefits due to an increase of SOM were estimaidylio terms of reductions of N fertilizer
required. A positive elasticity of SOM with respdot P and K was also found, but not
statistically significant, and therefore no cosvisgs were estimated for these nutrients.
Benefits must cover the costs of SOM improvemeatyveen manure.

The mean N content was 1.0 g per kg of soil. Apjgyequation (5a) to the basis
situation with a soil N content of 0.1% resultsairN fertilizer requirement of 38.2 kg/ha. If
17.8 kg of N fertilizer can be saved due to greemuning, the requirement decreases to 20.40
kg/ha. Applying again equation (5a) it can be s this requirement corresponds to a total
soil N content of 2.0 g per kg, which means anaase of 100% relative to the original soil N
content. The elasticity of SOM from the random effmodel is 0.75. This means an increase
of 133% of SOM is required from the green manuradisieve a N content of 2 g per kg. So,
SOM content would have to rise from 1.55 % to 3/&1
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2.4 Discussion

Fixed and random effect models allow incorporatingbserved cohort (units of observation)
effects such as location specific conditions, manazent strategies, farmers’ skills or
preferences, which are not included as regressBtmtegies to improve fertilizers
management have to account for those particularactexistics of farmers and local
conditions.

Factors influencing the availability of N, P, K weesearched from literature (Ballari,
2005; Troeh and Thompson, 2005; Hofman and Vanrideg, 2004; Attumi et al., 1999;
Pimentel et al., 1995). Those factors for whichadaere available were included in the
models as explanatory variables.

The significant N elasticity with respect to SOM@¥5 obtained in the random effect
model is consistent with the results found in trerknof Shuhao (2005). By applying a two-
stage least square regression to evaluate detartmiobsoil quality, a positive and significant
elasticity of 0.65 of N with respect to SOM wasidu

Costs of growing green manure were estimated at$lpér ha. However, this may
vary depending on the cost of seeds and the nuaflergations.

We estimated that mean SOM content will have toease by 20.6 g per kg of soil to
reach a break-even situation, i.e. benefits andscok green manure are equal. Such an
increase of SOM via green manuring is hardly foumiiterature. Hamza and Anderson (2010)
got a total increase of SOM of 6 g per kg of soi&i4 year experiment of green manure crops.
Hsu et al (2009) reported a SOM increase of 5 g per kg dffsmm green manure after 13
years in a cash crops rotation. Cherr (2006) reiporeases of SOM between 0 and 10 g per
kg of soil following green manure application irostaterm experiments.

It is worth mentioning here that a soil N conteh2ay per kg represents a high value
for tobacco production (Ballari, 2005). Values hegthan 1.8 g per kg may produce problems
on leaves maturity and on the final quality of tot@a (Fernandez de Ulivarri, 1990).
Assuming a maximum target of 1.7 g per kg, greemur& should provide an increase of
SOM of around 107 %, which is still high and ditfit to reach by green manure crops,
according to the literature.

Only the reduction of N fertilizer use has beenetaknto account as the economic
benefit of SOM improvement via green manure. Howgebenefits of SOM improvement
may also result from the enhancement of soil aggesy soil porosity and water infiltration,

cation exchange enabling, root growth and soileba#velopment (Pimentel et al., 1995). In
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addition, growing green manure crops may contribute to aaalu of weeds and plant
diseases (Hamza and Anderson, 2010). Also greemmmanops can be used partially to feed
animals (Vorano, 2007).

Future research would benefit from systematic sygnamong farmers in the area to
allow for building a real panel data set. In thiayywa more precise assessment of changes
over time of SOM and nutrients will be possible.dddition, it is necessary to relate soil
characteristics and nutrient contents to produdtialicators, like tobacco yields. Also, more
detailed information about management practicesdas usually apply is needed. While it is
widely recognized that soils have been degradethenValle de Lerma, knowledge about
cost-effective methods for improving SOM is stifhited.

2.5 Conclusion

The average level of SOM of the pseudo panel das w. This empirical observation
indicates that there is soil degradation in theregal tobacco fields.

Pseudo panel data and panel data estimation teds@an be useful tools to establish
relationships between soil characteristics and Nand K availability in farmer’s field.
Specific cohorts (as proxy for farms) helped tolaxpdifferences in nutrient availability.

The random effect model gave a positive and sicgnifi elasticity of SOM with
respect to N, which means that it is possible tyagase N in soil with an improvement of
SOM and in this way to save on N fertilizer usewdwer, a large increase of SOM through
green manure crops is required to realize savimds fertilizer use. Hence, increasing SOM
content through green manuring appears economicaltybeneficial, although additional

benefits may arise from green manure, which havéeen accounted for in this study.
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Appendix 2.A

Table 2.A.1. Number of cohorts by textural clasd dapartment

Clay Loam Sandy Silty Silty Clay Cohorts observ
Department| loam loam loam clay
loam
Cerrillos 1(n=5) 1(=6) 2 (n=3) 1(n=4) 1(n=3) 1(n=2) 26 71
1(n=2) 1(=4) 4((n=2) 1 (n=2)
5 (n=3)
7 (n=2)
Rosario dgf 1 (n=3) 1(n=5) 2(n=3) 1(n=3) 17 44
Lerma 1(n=2) 3(n=3) 2(n=2)
6 (n=2)
Chicoana 1(m=3) 1(n=5) 5(n=3) 1 (n=3) 27 75
2(n=2) 3(n=4) 3(n=2)
5 (n=3)
6 (n=2)

The number of observation (years) per cohort apanenthesis.
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Abstract

The objective of this article is tidentify typical tobacco farmaccording to determinants of
diversificationthat can be usetb explore possibilities of diversification in tipgovince of
Salta (Northwest of Argentina). National Agricuku€ensus data of 278 farms in the main
tobacco production area of Salta were used foatfadysis. The variables selected concerning
determinants of diversification were: land aredgation, general capital goods and specific
capital goods, ownership of land, education, offfawork, and labour availability. The
analysis of the principal components applied tosgkected variables allowed to reduce the
dimensionality of the data to four components. Ehdscomponents were used to apply K-
means cluster approach to classify the farms. Etusters were determined. Cluster 1 and
Cluster 2 are the largest clusters. These condghhylspecialized tobacco farms. They differ
regarding determinants for diversification due tffedent levels of education of the farmer
and different levels of off-farm work. Both clusteare interesting for further analysis
regarding diversification alternatives to maintain improve income and to reduce soill
degradation. Cluster 3 concerns large tobacco faéeirgy somewhat less specialized than the
farms in clusters 1 and 2. Farms in cluster 4aalyehave a high level of diversification with
substantial livestock production. The presence ekpnial pastures suggests a better soll

management than the other clusters.

Key words:clusters, determinants of diversification, incofeotiana tabacumprincipal
components, soil degradation

40



3.1 Introduction

Tobacco Nicotiana tabacunt..) is the most broadly produced non-food crophie world and

it is cultivated in more than 120 countries, asaib be grown under a wide range of climatic
and soil conditions. The share of tobacco produmedeveloping countries increased from
57 % in 1961 to 86 % in 2006 (Geist et al., 20095A, 2008). Tobacco is a controversial
crop not only because of the negative impact ofksngoon health, but also because of
environmental issues. In fact, soil degradatiefoestation and water pollution are part of
the costs of tobacco production (Geist et al., 2008e World Health Organization (WHO)
recommended measures to control tobacco producind consumption within the
Framework Convention on Tobacco Control (FCTC). cddemended measures aimed at
reducing the demand for tobacco include, amongrstipgice and tax measures, measures to
protect non-smokers from exposure to tobacco snaokka ban on advertising, promotion
and sponsorship. Regarding the reduction of supptpbacco, the WHO suggests, among
others, the promotion of economically feasible raliéives for workers, growers and sellers
(WHO, 2003).

Tobacco production represents around a quarterneftotal gross value of the
agricultural production of the Salta province, imetNorthwest of Argentina, and about
175,000 people depend on tobacco production faviregl (Camara de Tabaco de Salta, 2008;
Fittipaldi, 2004). Salta produced 30 % of the tdtddacco production in the country in 2008.
From 1989 to 2008, local tobacco production inceddsy 93 %. Virginia tobacco represents
97 % of the total production in Salta (MinAgri, Z)0Virginia is a flue-cured tobacco type
that is dried in closed buildings with a heatingtsyn (ITGA, 2008). The tobacco cultivated
area is mainly concentrated in the Valle de Lerimdhe centre of Salta. Cerrillos, Chicoana
and Rosario de Lerma departments are the main peoslin the Valley; they contribute 73
per cent of the total production in tons in SalanAgri, 2008).

Tobacco production has a relevant economic anélsiogpact in Salta. However, also
in this region, the negative environmental effemtsntensive tobacco production, like soill
degradation are recognized (Corvalan, 1997). Initiatgd tobacco farming involves
production and price risk. Tobacco production iss#éve to temperature, precipitation and
irrigation variations. The price of tobacco paid ttne industry is completed so far by the
national government. Future governmental supporunsertain because of international

pressure to reduce tobacco production and consomptnd because of the fact that the
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governmental price complement is the result of ktipal bargain process at national level
(Fittipaldi, 2004).

The need for a diversification strategy for tobagroduction in Valle de Lerma is
widely recognised by national and provincial auties and farming cooperatives (Fittipaldi,
2004). A first step required to be able to explop&ons for diversification is an inventory of
existing tobacco growing systems.

Senthilkumar et al. (2009) suggest that a clasgiba of farms to investigate future
alternatives is needed, as it is not possible toadaot an exploration of every farm. The
variables used in a typology depend on the ainh@ftésearch. In general, variables related to
farm size, capital, labor, production model, saiblity and managerial skills are included to
identify types of farming systems (Kdbrich et &Q03). Titonell et al. (2005) categorized
farms according to resource endowment, productidentation, main constraints faced by
farmers, position in farm cycle and main sourcénobme. Anderson et al. (2007) classified
farms with different environmental performance. a@titative techniques have been applied
to build typologies to understand the variety afrfeng systems (Senthilkumar et al., 2009;
Pardos et al., 2008; Milan et al., 2006; Nahed|.et2806; Usai et al., 2006; Kdbrich et al.,
2003).

This article aims at building a typology to idewttipical tobacco farmaccording to
determinants of diversificatiom the main departments of Valle de Lerma. The Iteswill
provide representative farms which will be used sabsequent research to develop
prospective models and evaluate potential diveedifon alternatives.

For the purpose of this article, the concept ofedsification entails not only the
number of farm activities but also the balancehars of them (Minot et al2006). Off-farm

activities are excluded from the definition of disiication.

3.2 Reasons for and determinants of diversification

3.2.1 Reasons for diversification

Literature shows a wide variety of reasons for dhifcation, but all of them can be
summarized in two main reasons, namely risk redocnd improvement of income.

Risk reduction can be achieved when different sssiof income have low or negative
correlations. Thus, the diversification of farmiagtivities may be a way to handle risk
(Minot et al., 2006; Upton, 2004; Hardaker et 8097).
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An improvement in income may arise from scope entas. The concept of scope
economies refers to cost savings due to joint proll of products compared to costs of
separate production. Cost savings were identifiedlifferent outputs in German dairy farms
(Fernandez-Cornejo et al., 1992). The shared ds@puots like labour, machinery and
equipment led to cost savings in Dutch vegetablasi(Oude Lansink, 2001). Apart from
scope economies, current literature reveals enapirievidence that suggests that
diversification influences farmers’ income positivéBravo-Ureta et al., 2006). By building
scenarios, Hengsdijk et al. (2007) found that diferation emerged as the most encouraging
option to improve per capita income in traditiomale farms, compared to intensification,
land expansion and exit from agriculture. Manos akt (2009) observed that the
implementation of alternative crops to a plan idahg tobacco can increase the income of
farmers. Long distances to roads and markets cah h@useholds to diversify into many
activities to fulfill consumption needs. This wayansaction costs are saved (Minot et al
2006; Barrett et al., 2001). Another example egiby Sharma and Sharma (2005). Cost
savings can be realized through a rice-wheat cospirmuous growing system and replacing
the use of fertilizer with the inclusion of a shdrtration pulse or replacing wheat or rice by
other crops, which can be considered as diversifica A shift from food production for own
consumption to a cash crop production contributesirhprovement of income for
smallholders (Minot et al2006).

3.2.2 Determinants of diversification

Determinants define the diversification possitehtiof a farm. Land area, irrigation, capital
goods, land ownership, age, education level, offiifavork and labour availability are
considered determinants of diversification in coti@erature.

Total area of land is important in the case of Erédrms. There is empirical evidence
in current literature that the area of land ha®sitive effect on diversification (Bravo-Ureta
et al., 2006; Benin et al., 2004). The larger theaaf land, the more motivated a farmer will
be to devote part of it to introduce diversificatio

Irrigation may have a negative influence on theiglec to diversify the farm. An
empirical analysis showed a positive relation betwarigation and the share of tobacco
growing area at household level in India. Thesailtgessuggest that irrigation does not

encourage farmers to diversify (Panchamukhi, 2000).
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The type of capital goods may have opposite effectdiversification. Specific capital
goods may contribute to output specialization wagrgeneral capital goods may facilitate
diversification. For example, general machinery ¢@nused more efficiently if used for
different activities at different times of the ydatardaker et al., 1997; Fernandez-Cornejo et
al., 1992). It can be expected that the availgbif specific capital goods like tobacco curing
barns, backpacks, grain machinery, and pasture imeaghwill prevent farmers from shifting
to diversification. Conversely, general capital gedike tilling tools, tractors, sprayers and
fertilizer drill, trucks and barns can motivatenfaars to diversify.

Empirical data reveal very positive effects of laedure on output diversification in
Central America, suggesting that owners grow a migeiety of production items (Bravo-
Ureta et al., 2006). A person who relies on rerngl to produce will be limited in the
decisions regarding land management (Caballeral)2d®e owner of the land may be more
willing to experiment new activities to improve ome in a medium or long term.
Conversely, a farmer that rents the land may facusaking a profit in the short run.

The age of the farmer may affect diversificatiorcidi®ns. Empirical research found
that the number of crops increase with the agauwhérs in Vietnam, suggesting that they try
new crops as they earn experience along their ((Masot et al., 2006). The same was found
within more diversified farms in West Midlands (tbd Kingdom). Farmers involved in
more diversified farms have significant farming expnce; a survey showed that 70 percent
of them were over 45 years of age (llbery, 1991)e Tesults of a survey carried out on
growers in tobacco growing states in the southehshe USA showed a negative relation
between age and being interested in trying diffeeativities from tobacco (Altman et al.,
1996). The findings of another survey on tobaceméas of North Carolina (USA) suggest
that younger farmers are more interested in diffeasion while older growers are more
likely to continue cultivating tobacco until thestire (Altman et al., 1998).

Education level has a strong and positive influeanethe number of grown crops,
stressing the importance of education and abibtyuhderstand information coming from
extension services or other sources (Minot et28l06). Bravo-Ureta (2006) found a positive
effect of the average level of education for hoatdimembers on diversification in Central
America.

Labour factors can reflect the social structure emposition of farms and they could
be determinants for taking decisions regardingrdifieation (Manos et al., 2009; Birthal et
al., 2006). Off- farm work may influence the deorsito diversify. A farmer who Works also

outside the farm will probably be less disposeddanvolved in many different production
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activities due to lack of time. Results of an enggir study suggest that farmers more
occupied in other activity than agriculture areslexpected to include high value crops
because of lack of time and skills (Birthal et 2D06).

Labour will be used more efficiently if it can bdoaated all along the year in a
combination of activities (Hardaker et al., 199¢onomies of scope can arise from sharing
labor for different outputs. Empirical data suggestt diversification in high-value crops is
concentrated among households having enough laupply (Birthal et al 2006). If labour
supply is a problem, substitution of a high-value dabour intensive crop as tobacco by

lower-value and lower labour crops can be a satuidanos et al., 2009).
3.3 Data and method
3.3.1 Study area

This study focuses on three departments with tabgroduction in Valle de Lerma (24°
30’and 25° 38’ Southern latitude and 65° 22’and B°Western longitude), in Salta, in the
Northwest of Argentina. The valley is an extenddgirpbetween mountains and it has a
temperate climate and the annual rainfall variesaf600 to 1000 mm. Tobacco is grown on
irrigated land (Bravo et al., 1999; Baudino, 199Bext to tobacco as the main crop,
vegetables, bean, corn, fruits, pastures, beefnaifid cattle are products of the area. The

departments ar€errillos, Chicoana and Rosario de Lerma (Figute)l1.
3.3.2 Description of data

The source of data for this study was the AgrigaltilCensus carried out by the National
Institute of Statistics and Census (INDEC) in 208R2hough the following census was held
in 2008, at the moment of submitting the final vamsof this paper, results from this census
were not available yet. The reference period ofdésesus comprises July', 12001 to June

30", 2002. To summarize, the variables show genefalration about the farm and the
farmer, use of land, agronomic practices, stockvettock, inventory of buildings, facilities,

machinery, equipment and vehicles, permanent angdeary labour, forms of management

and marketing channels.
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The total number of farms in the study area was &ty farms that grow tobacco in
Cerrillos, Chicoana and Rosario de Lerma departsnemre included in this study. After

checking important missing values the final usathimber of observations was 278.

3.3.3 Selected variables
The selected variables are developed from ther@igiariables in the database that concern

determinants for diversification. In total, 16 \adyies are included to identify types of tobacco

farms to explore potential diversification (Tabld)3
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Table 3.1. Selected variables to be used for gral@omponents

Name of the variable® Description Mean St.deviation Maximum
Land area
Suitable land Hectares 91.37 169.8 1990
Irrigation
Irrigated area Hectares 41.14 58.4 480
General capital goods
Tractors Number 3.09 2.7 16
Tilling tools Number 3.53 2.7 17
Trucks and other vehicles Number 3.48 4.6 37
Fertilizer drill Number 0.52 0.7 6
Sprayers Number 0.83 1.4 14
Barns Number 2.64 2.0 12
Specific capital goods
Tobacco curing barns Number 10.68 11.6 86
Backpacks for spraying  Number 4.56 4.6 30
Grains machinery Number 0.49 0.8 5
Pastures machinery Number 0.24 0.9 6
Ownership of land
Land in property Hectares 73.47 171.1 2000
Educatiorf’
Education level of the =1 more educated 0.58 0.5 1
farmers =0 less educated

Off-farm work?
Farmers with work =1 works 0.05 0.2 1
outside the farm =0 does not work

Labor availability®
Permanent workers Number 5.08 6.9 52

a-Minimum value for all variables= @ Suitable land includes not only the cultivateddabut also natural forests and
pastures land and apt but not used |&he binary variable level of education of farmexisess the value 1 in when farmers
have at least graduated from secondary schoakéstthe value of 0 in case farmers have not gtadifeom secondary
school.? The binary variable of farmers working outside them takes the value of 1 when farmers work outsigefarm
and 0 when farmers work in the farm exclusivélifhe variable of permanent workers includes the rermolb workers that

work every day during six or more months per yaahe farm.
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3.3.4 Principal components analysis

The objective of principal components analysishis teduction of the dimensionality of the
selected data. Data have to be correlated to ssfodlgsapply principal components analysis.
Two tests are used in this article to verify thasibility of the data for the analysis: the
sphericity test and the Kaiser-Meyer-Olkin (KMO) asare of Sampling Adequacy. The
sphericity test developed by Bartlett (SPSS, 2Q0@Hjn et al., 2003) tests the null hypothesis
that the correlation matrix of the population is identity matrix (a perfectly spherical set of
data). If so, data are independent. If the nulldtlgpsis can be rejected it may be justified to
use principal components for data reduction. The(Xtdst indicates the amount of variance
in the variables that might be caused by prindiaetors. High values, close to 1, suggest that
a factor analysis may be useful, and values lems €h5 indicate the analysis is not helpful
(SPSS, 2005).

In principal component analysis, the original vhlés are linearly combined in new
variables which are called components. The firstponents explain as much of the available
information as possible. Each component is untaiee with each other. There are different
criteria that can be followed to decide the numbkicomponents to be retained. In this
research, Kaiser’s rule is followed. This criterguggests keeping principal components with
eigenvalues (variance of each component) larger ¢ime (Kobrich et al., 2003; Lattin et al.,
2003). The retained components are used in clastalysis to determine types of tobacco
farms to explore potential diversification. Statal analyses were performed with SPSS 14.0
and 15.0 (SPSS, 2006; SPSS, 2005).

3.3.5 Cluster analysis

Cluster analysis entails the division of a largeugr of observations into smaller and more
homogeneous groups. A combination of a hierarchmeathod and a partitioning method for
clustering is applied in this study. The hierarahimethod is applied in an exploratory way
and the solution is used in a partitioning methmdnprove the cluster solution (Hair et al.,
2006; Valeeva et al., 2005; Sharma, 1996).
First, Ward’'s method, a hierarchical agglomerath&thod is applied. Ward’s method

seeks to achieve clusters with the smallest susgoéres within the cluster. This approach
starts with each observation in a single clustet ianthe following steps clusters are joined,

until only one cluster contains all the observadiorhe graphical result of these steps is called
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dendrogram, which is a hierarchical tree struc{#@brich et al., 2003; Lattin et al., 2003).
The agglomeration schedule is another result ofhikearchical method. It shows the two
clusters that are combined at each stage and ¢hease in heterogeneity that happens when
two clusters are combined (Hair et al., 2006; SPS85; Byrne, 1998).

The partitioning method following the hierarchicakthod is the K-means clustering.
The goal of K-means method is to split the totainber of observations into a prearranged
number of K homogeneous groups based on prefetrachcteristics. The method can deal
with big number of cases and it seeks to makemtisgwithin the group as short as possible.
In this study, the prearranged number of clust@mmeas from the previous step. Kruskal-
Wallis non parametric test was performed to examimether the values of the selected
variables vary between the groups (SPSS, 2005gValet al., 2005; Lattin et al., 2003).

A variable used to show current diversificationtbé& farms in each cluster is the
Simpson diversity index. The Simpson diversity x@8ID) is a scalar number, ranging from
0 to 1, built from the area shares allocated tpgi@ancluding those crops devoted to livestock
production, natural forests and pastures) and atvshboth the number of crops and their
relative presence (Benin et al., 2004). The valtighe index is 0 in case of complete
specialisation and approaches to 1 as the Lumbenmopfk increases. The SID is calculated as

follows:

SID=1- P2

i=1
where Pi is the proportionate area Bfdrop in the total cropped land (Joshi et al., 3003
Crops include cereals, tobacco, crops for seedugtaxh, pulses, annual pastures, perennial

pastures, vegetables, flowers, aromatics, fruiteerocrops, cultivated forests, nurseries,

natural pastures and natural forests.

3.4 Results
3.4.1 Principal component analysis
KMO test and Bartlett’'s test were performed to tdst suitability of the data to apply

principal components analysis. KMO test result .i839 and Bartlett’'s test result is highly

significant (p = 0.000) to reject the hypothesispliericity of multivariate data.
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Principal components analysis was applied on theeldécted variables as shows Table
3.1. Following Kaiser’s rule, four components weedected. Table 3.2 shows the variance
explained by the four extracted components.

Table 3.3 presents the rotated component matriis fitatrix shows the correlations
(loadings) between each of the extracted four corapts and the original variables. It

facilitates to establish what each component remtss

Table 3.2. Principal component analysis. Totalarage explained by 4 components

Component Initial Eigenvalues

Total % of Variance Cumulative %
1 7.034 43.964 43.964
2 1.462 9.136 53.099
3 1.235 7.718 60.817
4 1.105 6.907 67.724

The total column shows the amount of variance éndtiginal variables accounted for by each compb(eigenvalue).The
column of percentage of variance presents the oditibe variance accounted for by each componetitedotal variance of
the entire variables. The cumulative column exgdlme percentage of variance accounted for by rpoaents. The four
components explain 67.724% of the total variancéh& original variables. These components can lkd ts reduce the

complexity of the data losing 32.276% of the infation.

Table 3.3 presents the rotated component matriis fitatrix shows the correlations
(loadings) between each of the extracted 4 comperaamd the original variables. It facilitates

to establish what each component represents.
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Table 3.3. Correlation of four components withialivariables using principal components

analysis

Component
Variables 7 2" 39 49
Suitable land 0.253 0.180 0.919 0.029
Irrigated area 0.644 0.422 0.389 0.040
Tractors 0.810 0.426 0.201 0.008
Tilling tools 0.555 0.623 0.169 -0.036
Trucks and other vehicles 0.788 -0.032 0.193 0.110
Fertilizer drill 0.650 0.261 0.072 0.235
Sprayers 0.303 0.532 0.178 0.218
Barns 0.717 0.138 0.214 -0.071
Tobacco curing barns 0.835 0.092 0.263 0.001
Backpacks for sparring 0.684 0.151 -0.148 0.059
Grains machinery 0.403 0.578 0.188 -0.098
Pastures machinery 0.009 0.834 0.053 0.100
Land in property 0.172 0.146 0.946 0.064
Education level of the farmers 0.029 0.257 0.066 0.583
Farmers with work outside the 0.073 -0.116 -0.003 0.826
farm
Permanent workers 0.658 0.365 0.332 0.071

Extraction method: Principal Component Analysis. &oh method: Varimax with Kaiser Normalization. régations
above 0.5 are in bol@ The first component explains 43.964% of the varéaand it is positively and highly correlated with
tobacco curing barns and tractors. Since tobacdagbarns is less correlated with the other twmponents it represents
better the componeri. The second component (9.136% of variance) ise@lat pastures machinery, tilling tools and grains
machinery and it can represent production activitieat different from tobacc®. The third component (7.718% of variance)
is correlated with suitable land and land in propend it represents the size and ownership offéne. ¥ The fourth

component (6.907) is correlated with educationllenel work outside the farm and it represents dtartics of the farmer.

3.4.2 Cluster analysis

The four components were used for cluster analifist, Ward’s method was applied. From
this method a preliminary cluster solution was idfesd. The agglomeration coefficient and
the dendrogram were used as stopping rules to eitbesnumber of clusters. A large increase
of the agglomeration coefficient suggests that tatber different clusters were combined. In

Table 3.4 the agglomeration coefficients of the saages of Ward’s method are presented.
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Table 3.4. Agglomeration coefficient of Ward’s ¢rsanalysis of the last 10 stages

Number of clusters Stage Agglomeration Percentage of change in
coefficients agglomeration coefficient

10 268 225.043 10.19

9 269 255.011 13.32

8 270 288.635 13.19

7 271 334.451 15.87

6 272 393.106 17.54

5 273 455.182 15.79

4 274 596.078 30.95

3 275 756.743 26.95

2 276 927.096 22.51

1 277 1,108 19.51

The last column gives insight about the increaseluister heterogeneity. The highest change in bgesreity happens
between stages 273 and 274. The agglomerationiceaff of 596.078 represents the heterogeneity whenclusters are
reduced to four clusters. The significant jump whige clusters are combined in four clusters sutggése five-cluster
solution as a potential cluster solution to be exanh in the K-means cluster analysis. The dendrogirgot shown here
because of its huge length) also suggests a pessiliition of five clusters. Then, the number ofstérs used in K-means

method was five. A single farm cluster was deldtedh the description, ending with four clusters.

Table 3.5 presents the farm types that arise ftoefdur clusters (K-means method).
All the selected variables are significant at 0.084! (Kruskal-Wallis non parametric test),
suggesting that farm size, irrigation, general @moods, specific capital goods, ownership
of land, education, off-farm work and labor availiéyp are useful for discriminating clusters
with respect to determinants for diversification.amh-Whitney Test was performed to
compare clusters. Bonferroni adjustment for a @ig&ificance level was utilized. Results are
given in the description of the clusters. Othelalales are used for cluster description next to
the initially selected variables, like cultivatedea of main cash crops and annual and

perennial pastures, number of heads of differeestock and the Simpson diversity index.
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Table 3.5. Means values of variables to compardifferent clusters

Variables Clusterl Cluster 2 Cluster 3 Cluster 4
N=122 N=126 N=8 N=21

Land area

Suitable land (ha) 71.61 49.64 402.38 247.64

Irrigation

Irrigated area (ha) 26.39 29.94 208.88 128.26

General capital goods

Tractors (n°) 2.33 2.71 11.13 6.76

Tilling tools (n°) 2.65 3.24 7.38 8.95

Trucks and other vehicles (n°) 2.65 2.93 22.00 4.67

Fertilizer drill (n°) 0.49 0.36 2.00 1.10

Sprayers (n°) 0.75 0.58 2.25 2.33

Barns (n°) 2.05 2.66 8.25 3.76

Specific capital goods

Tobacco curing barns (n°) 7.80 9.66 56 16.48

Backpacks for spraying (n°) 3.80 4.25 14.63 7.19

Grains machinery (n°) 0.29 0.37 1.50 2.00

Pastures machinery (n°) 0.07 0.02 0.00 2.62

Ownership of land

Land in property (ha) 59.15 32.34 329.38 214.21

Education

Education level of the farmers 0.98 0.16 0.63 0.81

Off-farm work

Farmers with work outside the farp0.11 0.00 0.13 0.00

Labor availability

Permanent workers (n°) 3.39 4.22 24.88 12.57

Current level of diversification

Index of diversification 0.17 0.20 0.51 0.67

Crop production

Cereals (ha) 1.66 2.58 6.25 14.76

Tobacco (ha) 22.87 24.30 176.25 43.50

Pulses (ha) 9.35 8.01 130.38 52.95

Pastures (ha) 2.69 3.31 23.63 78.57

Vegetables (ha) 0.52 0.82 8.25 2.38

Other crops (ha) 1.73 0.13 0.0 0.95

Livestock production

Calves (n°) 0.78 4.90 32.00 26.52

Fatten livestock (n°) 0.57 1.25 30.25 62.14

Dairy livestock (n°) 1.61 1.33 0.00 83.38
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Cluster 1.Specialized tobacco farms with a more educatetéar

This cluster represents 44% of the total farms. ddhecation level of farmers is the highest of
all. This group shows a high level of specializatisince the mean value for the SID is 0.17.
Farms produce an average of 23 ha of tobacco, whittte lowest of the four clusters. Fifty
seven per cent of the farms are farms specializeéddacco growing (SID = 0). Those farms
that are not specialized present also productioputfes, pastures, cereals, vegetables, other
crops and livestock.

The variables of education level of farmers andfafin work help to discriminate
cluster 1 from Cluster 2 (p = 0.000). Farmers ingi#r 1 are much better educated and work
outside the farm in some cases. With respect tet@is 3 and 4, main differences arise when
suitable land, irrigated area, capital goods, langroperty education level of farmers and
permanent workers are compared <{p0.003), except for pastures machinery when it is
compared with Cluster 3.

Cluster 2.Specialized tobacco farms with a less educataddar

This is the largest cluster, representing 45% efttital number of farms. This group is the
smallest in terms of suitable land. Farmers hawe Itiwest level of education of all the
clusters. All farmers in the group work exclusivalythe farm. The SID is the second lowest
of all (0.20). The mean value for tobacco areadifh@. Fifty six per cent of the farms in this
cluster show a SID = 0 and they only grow tobaddwvs cluster also produces cereals, pulses,
pastures, vegetables, other crops and livestock.

In general, this cluster shows differences withs@#s 3 and 4 in terms of suitable
land, irrigated area, availability of capital goptind in property, education level of farmers
and permanent workers §0.005), except for pastures machinery when ibmgared with
Cluster 3 and for trucks and other vehicles whes @ompared with Cluster 4. It is similar to

Cluster 4 with respect to a full time devotion e farm work.

Cluster 3.Large diversified tobacco farms

This cluster accounts for 3% of the total numbefapis. It has the highest average values
for many of the variables selected for sorting thét clusters. The mean value for the SID is
0.51. This group is the largest in tobacco produnciof the four. The mean value for the
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tobacco cultivated area is 176 ha. Full tobaccaigpeation is not found within the cluster. It
is also the largest pulse and vegetable producetl.oThey produce also calves and fatten
livestock.

Differences with Clusters 1 and 2 mainly follow rfrosuitable land, irrigated area,
capital goods, land in property, education levefiaomers and permanent workers{(f.003),
except for pastures machinery. This cluster alfferdifrom Cluster 2 with respect to off-farm
work. The variables that show a higher power tariisinate this cluster from Cluster 4
include general capital goods like tractors, batnscks and other vehicles, and specific

capital goods like tobacco curing barns and pastora&chinery (< 0.002).

Cluster 4 Highly diversified farms with important livestogkoduction

This cluster comprises 8% of the total number ainfa This cluster shows the highest value
in pastures machinery. Besides, farms grow annodlperennial pastures and present the
highest number of heads of fatten and dairy livedstdhe mean value of the SID is 0.67. The
average value for tobacco cultivated area is 43&0being the second biggest tobacco
producers of all the clusters. Full tobacco spematbn is not found in this group.

This cluster differs from Cluster 1 and Clusten2almost all the variables selected to
discriminate groups (p-value 0.005 or lower), exdep off-farm work and trucks and other

vehicles when it is compared with Cluster 2.

3.5 Discussion and Conclusion

The combination of principal components analysisl afuster analysis was useful to
discriminate four clusters with respect to deteanis of diversification. The results reveal
that there is heterogeneity among tobacco farmsardagy variables that define the
possibilities of a farm for diversification in Valde Lerma.

The results of this study provide a framework t@lgre the problems of tobacco
production and the possibilities for diversificatioBesides the classification of farms
according to determinants of diversification, ttyisology provides insight into the needs for
diversification. The clusters recognized in thigdst will be useful to develop mathematic
programming models concerning the analysis of difieation possibilities in the region.
Developments from this work include the exploratioihthe impact of different farming

activities on farm income, risk and soil degradatim the specialized tobacco farms in Valle
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de Lerma. Cluster 1 and Cluster 2 present the loves®l of diversification of the four
clusters and they are highly specialized in tobapomduction. Therefore they show the
highest need for diversification. They differ maiimh the characteristics of farmer. Farmers in
Cluster 1 are much better educated and, in somes ctigey have another work in addition to
the work in the farm. According to the literatueemore educated farmer will be in better
conditions to pick up information regarding diffateerops and production activities (Bravo-
Ureta et al., 2006; Minot et al., 2006). In contradf-farm work farm may prevent farmer to
be involved in new and different activities (Birthet al., 2006). Both clusters have a good
availability of suitable land, this being higherr f€luster 1. Availability of land may
encourage diversification (Bravo-Ureta et al., 20Bénin et al., 2004). Ownership of the land
would encourage diversification of crops (Bravoddret al., 2006). Cluster 1 has a higher
availability of own land. Farms in Clusters 1 and&m to have an acceptable level of
general capital goods and specific capital goodstdbacco. General capital goods may
contribute to diversification of outputs, while sge capital goods may encourage output
specialization (Hardaker et al., 1997; Fernandexn€jo et al., 1992).

Cluster 3 is the smallest in terms of number omfmand, in this sense, it is not very
representative of the farms in the sample. Diviesgibn in this group may contribute to
reduce risk (Minot et al., 2006; Upton, 2004; H&efaet al., 1997). Irrigated land is devoted
mainly to grow tobacco. The intense tobacco pradoahay imply a decrease in soil organic
matter content and soil fertility (Corvalan, 199The problems of soil fertility may have an
impact on the farm income.

Cluster 4 is the most diversified cluster and iis sense they may be reducing risk.
They grow perennial pastures, suggesting that lla@g a better management of the soil than
the others. Therefore, this group looks appealing consider farming activities of
diversification for other clusters.

The selected variables were useful to discrimineliesters of tobacco farms.
Nevertheless, it is worth noting some limitatiomsl &onsequences of the selection of those
variables. For example, it is inferred from theerddture that irrigation does not encourage
tobacco farmers to diversify (Panchamukhi, 200@)s Btatement is reasonable for Valle de
Lerma, because tobacco is a profitable crop anddes with more availability of water will
try to grow more tobacco instead of other cropsis,Thowever, does not imply that the
provision of irrigation facilities would prohibithfting away from tobacco. An encouraging
plan, taken by the government and/or cooperatise®quired to persuade farmers to shift

away to other crops (Panchamukhi, 2000). Labouplgugan motivate farmers to diversify to
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alternative production activities that are lesofattemanding than tobacco. If this would be
the case then some social consequences may artbes sense, Manos et al. (2009) found an
increase of unemployment when tobacco was replagelkss labor demanding and more

mechanized crops.
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Abstract

Continuous mono-cropping of tobacco, excessiveagdl and inadequate irrigation
management have caused soil degradation in tobfcotws in the Valle de Lerma. Soill
degradation due to tobacco mono-cropping and uasicegiconomic perspectives for tobacco
farming call for diversification strategies for tatro farmers. The objective of this paper is to
develop useful criteria for assessing diversifmatactivities and to provide a ranking of
different diversification activities on these crite The Analytical Hierarchical Process (AHP)
technique is applied to get consistent assessnoémisteria and activities from experts and
stakeholders. Next, goal programming methods aed ts aggregate individual assessments
in order to arrive at the final ranking of farmiagtivities for diversification. The five criteria
to judge production activities for tobacco divarsifion are contribution to income,
suitability for biophysical conditions, availabylibf technical information, market feasibility
and contribution to soil improvement. The feasipiio market the products stands out with
clearly high relative weight, while the other critereceived similar weights. The obtained
weights of farming activities showed that espegidillestock activities and spring-summer
crops are important alternatives for tobacco pradaocLivestock activities stand out because
they have high scores on all criteria. Livestockivétees and spring-summer crops will
compete with tobacco for resources because tob@ceospring-summer crop. Therefore,
these activities may be more suitable for tobaezm$ that operate large area of land. The
results of this research can be used in optimimathiodels for determining the optimal mix of
farming activities in combination with tobacco puation.

Key words: criteria for tobacco diversification, ogp decision-making, Analytical

Hierarchical Process, goal programming
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4.1 Introduction

Tobacco Nicotiana tabacuni.) production has an important economic and $acipact in
Salta province, in the Northwest of Argentina. Tatma production represents around a
guarter of the total gross value of agriculturaddarction of Salta and about 175,000 people
rely in this area on tobacco production for a livifCamara de Tabaco de Salta, 2008;
Fittipaldi, 2004).

Many years of continuous mono-cropping, excesshiagé and inadequate irrigation
management have caused soil degradation (GiméneméJet al., 2009; Arzeno, 2009;
Carmona et al., 2008; Guardo, 2002). Soil degradatfers to a decline in soil aptitude to
produce goods for humans and it is the outcomeradi@n, soil nutrient depletion, soil
pollution, soil organic matter decrease (SOM), rsadition and soil structure collapse
(Wiesmeier, 2009; Farquharson et al., 2008). Cafkigl soils used for tobacco production in
the area show a 60 per cent lower SOM content coedpa forests soils (Giménez Monge et
al., 2009). Low SOM content causes problems likermoil structure, weak total nitrogen
availability, poor soil aeration and soil companti@orvalan, 1997). Wilting and death of
plants observed in farmers” field in recent yeass related, among other reasons, to soil
degradation (Giménez et al., 2009).

To maintain the profitability of tobacco productjadhe national government supports
the price of tobacco paid to the farmers. Sincertvaigg of this century governmental support
IS uncertain because of international pressureetinige tobacco subsidies and consumption
and because the price support is the outcome digablnegotiation processes at national
level (Fittipaldi, 2004).

Both, the uncertainty regarding the price of tolmaaod soil degradation because of
tobacco mono-cropping call for diversification ségies for tobacco farmers in the Valle de
Lerma (Fittipaldi, 2004; Guardo, 2002).

Broadly defined, diversification includes a reorgation of farm resources into new
agricultural and non-agricultural products or seegi on and off the farm (Lépez-i-Gelats et
al., 2011). This study uses the more restrictednifiin of Barbieri et al. (2008) which
excludes off-farm employment and off-farm investtsenFarm diversification refers to
farming activities different from tobacco productithat use farm assets (land, labor, capital)
to produce agricultural products (crops and anijnahile at the same time improving soil

conditions.
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Criteria for selecting diversification activitiesuch as economic and ecological
criteria are not well-defined for the situation $alta. Moreover, an evaluation of farming
activities with respect to diversification criteria missing. Little is known about which
farming activities are suitable for diversifyingbtcco farms. Available information on
diversification activities includes ecological, eical and economic, and in a few cases
market information (Fittipaldi, 2004; Bazan et 4095).

Multiple-Attribute Decision Making (MADM) is used ithin the area of decision
making to rank a limited number of alternativeshie presence of conflicting criteria (Sadok
et al, 2008). The Analytic Hierarchy Process (AHP) ig afthe MADM methods. AHP was
developed by Saaty (1980) and is based on a higratcucture to represent the importance
and relationships of elements (criteria, activiéy¢c.) in a multi-criteria decision situation.
AHP has a broad application in different discipin®ecent applications are the selection of
sustainability criteria and partnership models fogriculture (Poursaeed et al., 2010),
evaluation of risk factors in agriculture (Toledat, 2011), evaluation of landscape quality
components (Vizzari, 2011), selection of sustai@aieichnology for wastewater treatment
(Bottero et al.,, 2011) and evaluation of effectfaetors for achieving leanness in industry
(Anvary et al., 2011).

The objective of this article is to develop crigefor assessing diversification activities
and to rank different diversification activities dhese criteria. AHP is applied to get
consistent assessments of criteria and activitiesy fexperts and stakeholders. Next, goal
programming methods are used to aggregate indiveisessments in order to arrive at the
final ranking of farming activities for diversifigan.

The remainder of this article is structured asole8. The data and method section
gives an overview of farming activities for tobacdwersification in the study area. Next,
criteria are defined for a farming activity to bensidered as a diversification activity. This is
followed by a description of the analytical hietaoal process (AHP) technique, the
aggregation procedures and the steps to get thkréinking of activities. Results of each step

are presented and the paper concludes with a discuand conclusions.
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4.2 Data and Methods

4.2.1 Study area

The Valle de Lerma (24° 30" and 25° 38" Southetitutle and 65° 22" and 65° 37" Western
longitude) is a plain between mountains placed attaS in the Northwest of Argentina
(Baudino, 1996). Next to tobacco as the main cbman, corn, fruits, pastures, vegetables,
fruits, beef and milk livestock and pastures armenfag activities in the area (Chavez et al.,
2010). This study is carried out in the central pathe valley, in the departments of Cerrillos,
Chicoana and Rosario de Lerma. These three depagroever more than 70 per cent of the
total production of tobacco in Salta (MinAgri, 2008 map of the area is shown in Figure
1.1.

4.2.2 Farming activities for tobacco diversificatio

Regarding potential diversification activities, i@r strawberry, onion, peach, nut, fig and
dairy cows (including alfalfa, maize and winter fpmss) were studied from a technical,
economic and financial perspective for the ValleLdema (Bazan et al., 1995). Fittipaldi
(2004) proposed feedlot production using sugar .c&sven experts in different farming
activities and extension services reported theofalg activities as technically feasible for
tobacco diversification in the Valle de Lerma: anidean, soybean, oat (green manure and
pasture for animals), wheat, paprika, chili, flowén field and greenhouse), flowers for food
coloring, maize, aromatic crops, strawberry, stbmés, apple, blueberry, nut, vegetables,
lentil, chickpea, forest trees, dairy cows (inchglialfalfa, winter and summer pastures and
maize), feedlot (including alfalfa), dairy goatsdiuding pastures), and rabbits (Chavez,
2007). Also chia has been reported as a feasibfefor the Valle de Lerma (INTA, 1996).

Chavez et al. (2010) found that highly diversiftedacco farms in the Valle de Lerma
produce (next to tobacco) mainly pulses, cerealstuyses, and fatten and dairy cows. A recent
survey about currently used diversification alténes of local advisers (31 persons)
suggested that the main alternatives for tobaceo la@an, maize, feedlot and dairy cows,
followed by winter crops (wheat, oats, green manaral pastures. Activities with a minor
presence are vegetables, pig production, chickesmatic crops, potatoes, paprika and
soybean (INTA, 2011).
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The diversification activities considered in thisudy are based on potential and
current activities reviewed in the literature angveys mentioned above. Moreover, the
activities are grouped in clusters (groups of faignactivities) according to the growing
season, type of production (livestock or cropsyl Emgth of life cycle of crops (annuals or
perennials crops). Clustering enables a proper adsgn of activities as it is impossible for
an individual to compare more than 7 alternatives tame (Saaty, 1980). Table 4.1 shows the

clusters and the farming activities included imthe

Table 4.1. Farming activities for each cluster

Cluster Group of farming Farming activities for each cluster

activities
Clh Autumn-winter crops Wheat (grain and green manwaj (for selling fodder and
green manure), onion, lentil, chickpea, other vagles
(leafy vegetables, carrots, peas, cabbage, garlic)
Cl, Spring-Summer crops Bean, soybean, paprika, cHidld flowers (viceroy,
gladiolus, chrysanthemum), potatoes, chia
Cl3 Perennial crops andFruit trees and scrubs (blueberry, stone fruitg, riut, pome
forests fruits), forest trees (pine and poplar), strawbeanpmatics
and medicine herbs (oregano, rosemary, stevialfalffor
selling fodder)
Cly Livestock production Beef bulls (including maizenda alfalfa), dairy cows

(including alfalfa, maize and other pastures), Yajoats
(including alfalfa, maize and oats), pigs (incluglimaize)

and other small farm animals (rabbits, chickens)

4.2.3 Criteria to select farming activities for tolacco farm diversification

This section develops criteria feelecting diversification activities on specializedbacco
farms in the study area. The selection of critexibased on a literature review on adoption of
crops, innovations, and of technologies by farmers.

Income improvement is an important reason for fasre diversify (Windle and
Rolfe, 2005). The adoption of an alternative crogpplan including tobacco may increase
tobacco farmers’ income (Manos et al., 2009). Cestings may appear due to joint
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production in a diversification strategy (Chavealkt 2010). Diversification into high value-
added crops may increase farmers’ income, provhdentwith income throughout the year
and reduce income risks (Kasem and Thapa, 2011).

Also, in order to be suitable for diversificatigoroduction activities have to fit the
local bio-physical conditions. In fact, climate asdil conditions impact on adoption of
agricultural innovations (Kasem and Thapa, 2011jnéfe 2002).

Avalilability of technical information on a new famg activity or practice is necessary
for its adoption by farmers, and in this way, tlesgnce of extension services and attendance
to trainings can an important role in adopting #tiernative activities (Kasem and Thapa,
2011; Knowler and Bradshaw, 2007; Doss, 2006).

Uncertainty about where new crops can be sold haccontribution to income may
influence farmers’ decision to diversify to othaops (Kasem and Thapa, 2011). Market
accessibility is necessary for purchasing inputsl @elling outputs. Marketing and
transportation facilities play an important roleaidopting new crops. The lack of credits may
limit the adoption of agricultural innovations (Kes and Thapa, 2011; Doss, 2006; Rasul et
al., 2004).

Crop diversification may be recommended as a waiynpfoving sustainability of a
system, i.e. a rotation strategy can improve satility, reduce soil erosion and reduce soil
borne pests and diseases (Hennessy, 2006; Shadh&hamma, 2005). Conservative practices
improve soil fertility, increasing yields and loway yield variation in the long run (Knowler
and Bradswhaw, 2007). Fertilizer use may be arcatdr of environmental pollution (Manos
et al., 2009). Farmers are more motivated to aslojptonservative practices, if they visualize
long-term benefits like increased production ardlioed labor input (De Graaff et al., 2008).
Furthermore, in the case of tobacco farms, a dii@son activity needs to reduce soil
degradation (Chavez et al., 2010).

Based on this literature review, five criteria fdoption of diversification activities
are defined, i.e. contribution to income, suitdapiliof local bio-physical conditions,
availability of technical information, market febsity and soil improvement. The

hierarchical model for ranking farming activities tiversification is shown in Figure 4.1.
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OVERALL OBJECTIVE

CRITERIA

CLUSTERS

ACTIVITIES

Rank of farming activities for tobacco
diversificatior

Contribution to

Suitability for bio-
physical conditior

Technical
informatior

Market
feasibility

Autumn-winter

Spring-summer

—

wheat bean
oat soybean
onion paprika
7 lentil _J chili
chickpea field flowers
other vegetables potatoes
— chia

—

Soil
improvemer

—_—

Cl; Cly
Perennial crops Livestock
fruit trees and scrubs [ beef bulls
forest trees dairy cows
aromatic and medical herbg dairy goats
strawberry pigs
Ifadfa ther small farm animals

—

Figure 4.1. Hierarchical model for ranking farmiagfivities for a diversification strategy.
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4.2.4 Method
4.2.4.1 The Analytic Hierarchy Process

The AHP method is used to determine consistent (feestimates of relative weights and
criteria from experts (Saaty, 1980). Each expeitena judgement of relative weights)(of
all pairs of the n elements and these judgemestsaluded in as a number;Yan a square

matrix A (i.e. the comparison matrix):
A=(a) (,]=1,2,..n) (1)
where a=w/w; and a=1/g

If all judgments are perfectly consistent, thep= agjgx for all i, j, k= 1,....,n .This
characteristic is known as cardinal consistencycandinal transitivity. This requirement,
however, is often not achieved in practice, sineking perfectly consistent value judgments
Is difficult. Therefore, it is important to knowdhdegree of deviation from consistency in
every judgment (Keeney, 2002; Saaty, 1980).

Matrix A has an associated eigenvector with the imam eigenvalue. The
normalized eigenvector gives the priority orderangl the maximum eigenvalue is a measure

of the consistency of the judgment. The eigenvastound using the following condition:
AW= Amax W 2)

where A is the comparison matrix, W is the eigetmeandiaxis the maximum eigenvalue,
which is used to estimate the consistency of tlsellte A positive reciprocal matrix like
matrix A is fully consistent whel nais equal tan (Saaty, 1980). The clos&raxis ton, the
more consistent is the judgement. The deviatiomfamnsistency is called the consistency

index (CI) and is represented by:

_ (Amax—n)
Cl = =peo= 3
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The estimated consistency is compared with theisamey value from a randomly generated
reciprocal matrix, which is called the random indB®f). The Consistency Ratio (CR) relates

the CI to the average RI for the same order méfisied value):

CR=CI/RI (4)

If the CR is lower than or equal to 0.10 then tomsistency is acceptable (Saaty, 1980).
When a CR larger than 0.10 is detected, the regmind asked to reconsider changing
her/his more problematic judgments.

The procedure described above establishes that@soof the elements of one level
of hierarchy with respect to an element of the rexel. If there are more than two levels,
several priority vectors are combined in a finabpty vector for the lowest hierarchy level.

To perform the pairwise comparisons, a scale of bamn is needed. This scale
indicates how many times more important or domircaré element is over another element
with respect to the criteria on which they are cameg (Saaty, 2008). The Saaty’s scale,
which is a scale from 1 (equally important) to &tfemely more important) is used for

comparisons (Saaty, 2008).

4.2.4.2 Aggregation procedures

In the process of ranking activities, individuakdnging to different groups of stakeholders

are asked to give scores. These individual scoresaggregated into a unique collective

preference using a group decision making processmZ@ez-Pachon and Romero, 2007).

First, from the individual weights, group weightavie to be derived and second, the weights
of the different groups are aggregated to get fimaights of the analyzed elements (Linares
and Romero, 2002).

Aggregation of individual weights
Once the priority vector for each respondent isresed, the next step is to aggregate the
individual weights to get the weights of each grafpstakeholders. Linares and Romero

(2002) propose a weighted goal programming (WGRjehto get the weights for each group.

The model is as follows:
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Achievement function

q Nj

Minz Z(nik +pu)™
i=1 k=1
S.t
Goals:
W +ny = puc = @’ i0{1,...,q} kO{1,... N;}, ©

where Nis the number of members of ti group,afjis the weight attached to thth

element (criteria, activity) by theth member of the jth groupl(l.j is the weight attached to
theith element by th¢th group,n;;and p;;, are negative and positive deviation variables and
7 iS a parameter representing a general metric. M&Jeusing the valua = 1 is applied to
each of the respondent groups and weights assighedch element by every group are
obtained. For = 1 the sum of individual disagreements is mingdizvhich is suitable when
possible outliers are members of the same grougstlair relative influence may not be
important (Linares and Romero, 2002). If the numbkrgroup members is uneven, the
resulting group weight using this procedure isriedian of the weights given by the group
members. However, if the number of group membeevén, the solution space is the interval
enclosed by the two central values (Linares and &om2002). When two answers were
available to aggregate individual weights, bothghes represent alternative optimal solutions;

in those cases the average was taken and norm#dizgd the group consensus weight.
Aggregation of group weights

After the priority vector for each group of respents has been estimated, the group weights
are aggregated to obtain the final weight for eatdment. Linares and Romero (2002)
propose an extended goal programming (EGP) modgetdhe weights for all the groups.
The EGP model is a compromise between the maxiioizaf the average agreement (WGP
model) and minimization of the disagreement of thest displaced group (MINIMAX or
Chebyshev model). The model is as follows:
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Achievement function

q m
Min(1 — A)D + AZ Z(ﬁij + ﬁij)

i=1 j=1
S.t
Goals:

q
> @ +p) - D <0,
i=1

q

Z(ﬁim + ﬁim) —D < O,

i=1

WiG +T_I.U - ﬁl] = VVl] [ D{l, ,Q}, k D{l, m},

Accounting rows:

q
> G +pu) =Dy =0,
i=1

q

Z(ﬁim + ﬁim) — Dy, =0,

i=1
q9 m
ZZ(’%‘ +py)—Z=0

i=1j=1

(6)

D represents the disagreement of the group thaatsvmostly from the consensus achieved.
The variables B.., Dy, represent the disagreement of each group witlsdheensus obtained,
WE is the weight attached to thi¢h criteria by all the groups, Z is the sum of all
disagreements, aridis a control parameter. Far= 0 the disagreement of the most displaced
group is minimized. This situation is generallyicated as the principle of the minority. For
A =1 the average agreement is maximized. Thisdgated as the principle of the majority.
Intermediate values of represent compromises between these two solufidnares and

Romero, 2002). GAMS 23.7 software was used foatigregation procedure.
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4.2.4.3 Ranking of farming activities for diversifyng tobacco farms

In this research two hierarchy levels are distised (criteria and farming activities) and
four steps are made to rank farming activities. Tirst step entails the assessment of the
weights of the criteria. The second step consikth® assessment of the weights of clusters
(groups of farming activities) with respect to eactiterion. The third step entails the
assessment of the weights of farming activitieshiniteach cluster with respect to each
criterion and the fourth step ranks farming adegt In the first three steps, priority vectors

are obtained and combined into a priority matrixichk results in a final priority vector for

the farming activities level (Saaty, 1980). Theesok is presented in Figure 4.2.

Step 1

Step 2

Step 3

Criteria to select farming
activities

Clusters of farming
activities according to
criterie

Farming activities within
clusters according to
criterie

v

J

Questionnaire |

Questionnaire I

Questionnaire Ill

Using AHP technique to
compute weights of
criteria for each

respondel

Using AHP technique to
compute weights of
clusters with respect to

criterie

!

Using AHP technique to
compute weights of
farming activities with
respect to criter

Applying WGP to
aggregate individual
weights for criteri

Applying EGP to
aggregate groups weight
for criteria

[72)

Criteria

Applying WGP to
aggregate individual
weights for clusters with
respect to criteria

Clusters

Applying WGP to
aggregate individual
weights for farming

activities with respect to
criteria

Final ranking of farming
activities

Activities

weights

Step 4

Figure 4.2. An overview of the four steps to réaukning activities.
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Step 1. Assessment of criteria weights

The five criteria required for evaluating farmingtigities in terms of their suitability for
diversifying tobacco farms defined in 4.2.2 wereludled in a questionnaire for pairwise
comparisons. The questionnaire form included arodhiction with the objective of the
research, a description of each criterion, the nmgaof each number of the comparison scale
and a table to be filled in for criteria comparis@his questionnaire was submitted to a panel
of five farm advisers, three researchers, threemdes, two tobacco cooperative
representatives and two government representatfagsn advisers include public extension
services employees and private farmers’ adviseese&chers work for a public institute for
agricultural technology located in the study arfeamers are tobacco producers in the area.
Tobacco cooperative representatives are employfette dobacco cooperative that represent
the opinion of the tobacco cooperative. Governnreptesentatives are employees of the
governmental Secretary of Agricultural Issues aaldevel. The purpose was to get a view of
the main stakeholders in tobacco monocropping sssné diversification possibilities. After
receiving a questionnaire back from a respondensistency was determined. If consistency
was too low, a meeting with the respondent was rorgd. In this meeting the cycle of
pointing the respondent at the inconsistenciessi@yv of the judgement by the respondent,
and recalculation of the consistency was repeatgitithe consistency ratio was equal to or
lower than 0.1.

Assuming that each group of stakeholders is a hemagus group, model (5) was
applied to get aggregated weights per group. Nexilel (6) was applied to aggregate the

groups’ weights.

Step 2. Assessment of cluster weights with respeciteria

To make comparisons between groups of activitiesiers) in terms of the selected criteria,
a second questionnaire was designed. The complefidhis questionnaire required broad
technical knowledge. For this reason, only reseaschvith a general overview of farming
activities were asked to fill out the questionnaiféde groups of farming activities in the
questionnaire came from Table 4.1. Data are predessing the procedure described in
Section 4.2.4.1, consistencies were checked fdr ezgpondent and corrected as explained in

step 1, if inconsistencies were detected. Assurniiagresearchers are a homogeneous group,
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model (5) was applied to produce an aggregationvafjhts. From this step, the cluster
weights were obtained.

Step 3. Assessment of farming activity weightamahch cluster with respect to criteria

This step compares farming activities within eabster in terms of the selected criteria. A
questionnaire per group of activities was senesearchers. The researchers differ per group
of farming activities because this step requiredcsgw and detailed knowledge about the
activities within each group. These researcherferdifom the ones selected for the previous
step. Diversification farming activities to be inded in the questionnaire come from Table
4.1. Respondents’ judgments were processed folgpwhe procedure in 4.2.4.1. Judgments
were checked and corrected as explained in stemdansistencies were detected. Assuming
that researchers are a homogeneous group, mods @plied to aggregate the weights of
them. From this step the activity weights with msto each criterion were obtained.

Step 4. Ranking of farming activities

The final ranking of a farming activity is achievesg first multiplying the criterion weight,
cluster weight and farming activity weight for ttwiterion and then summing up these scores
for the five criteria.

4.3 Results

This section describes the results of the fourssiephe previous section. More detailed

results from individual experts can be obtainedanftbe authors upon request.

4.3.1 Step 1. Assessment of criteria weights

Table 4.2 presents the criteria weights aggregasedyroup. These weights are obtained by

applying model (5) to the judgments of the indinatigroup members.
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Table 4.2. Criteria weights aggregated for eachugr

Group Criteria
Contribution  Suitability = Technical  Market Sall
to income for information feasibility improvem
biophysical ent
conditions
Farm advisers 0.263 0.265 0.147 0.279 0.046
Researchers 0.105 0.420 0.251 0.091 0.133
Farmers 0.192 0.178 0.064 0.509 0.057
Tobacco cooperative
representatives 0.131 0.156 0.203 0.149 0.361
Government representatives 0.220 0.083 0.188 0.302 0.207

Market feasibility is the most important criteriéor three of five stakeholder groups.
Farmers give by far the highest weight to markasitality, suggesting that the possibility to
sell the product is of utmost importance for therew considering alternative activities.
Researchers are clearly focusing more on the slitiyabf alternative activities to local
conditions. Tobacco cooperative representativeggtitie contribution of any alternative to
the soil as the most important criterion. This sglg they are more focused on preserving
tobacco production in the area, since soil conagtiare among the main conditions for future
tobacco production.

Next, model (6) was applied to aggregate the fraeigs’ weights. Table 4.3 presents

the final normalized weights for criteria by appigiEGP for two ranges of parameter

Table 4.3. Normalized aggregated criteria weigbtswo ranges of parameter

) W, W, W, W, W; Z D D, D, D; D, Ds

[0-0.5] 0.146 0.199 0.210 0.296 0.149 2.047 0.505 0.3610%0.50.505 0.381 0.295
[0.51 -1] 0.198 0.184 0.194 0.288 0.137 1972 0.580 0.286800.50.430 0.456 0.220

Note: W, weight for contribution to income; Wveight for suitability for biophysical condition®y; weight for
technical information; \Wweight for market feasibility; \Wveight for soil improvement
D, disagreement of farmers’ advisers; disagreement of researchers;disagreement of farmers,D

disagreement of tobacco cooperative membeystigagreement of government members

80



Two solutions were obtained: one corresponds t@timeiple of the minority and the
other to the principle of the majority. In the intal for A of [0-0.50], which includes the
principle of the minority, there was no unique $iolo. Instead, a range of values for Ahd
W, led to the same Z (total disagreement) and D (mami disagreement). To end up with a
unique solution an additional criterion next to miizing D was introduced, i.e. minimization
of maximum disagreement for each criterion indialtiy The results show that researchers
and farmers have the highest disagreement withviights determined in theinterval [O-
0.50]. The resulting weights confirm the importantenarket feasibility for different groups.

In the interval forA of [0.51-1] the emphasis shifts towards maxim@atof the
average agreement over all groups and weightstlieeprinciple of the majority). Results for
this interval show that the final weights get clogethose of farmers’ advisers, farmers, and
government representatives. It is clear that tlignquents of researchers deviate from the
judgments of the other stakeholder groups. Regartiie change of weights, contribution to
income becomes more important while the weightladther criteria slightly decrease.

4.3.2 Step 2. Assessment of cluster weights withspect to criteria

In Table 4.4 the normalized aggregated weightschasters with respect to criteria of the

researchers are presented.

Table 4.4. Cluster weights aggregated for two redpats

Contribution  Suitability Technical Market Soil
to income for information  feasibility = improvement

biophysical

conditions
Cluster 1: autumn- winter crops  0.095 0.165 0.166 0.134 0. 109
Cluster 2: spring-summer crops  0.488 0.232 0.454 0.444 0.066
Cluster 3: perennial crops and 0.094 0.062 0.060 0.058 0.460
forests
Cluster 4: livestock production 0.323 0.541 0.320 0.364 0.365

The total of each criterion (column) is equal t@oHigher weights represent a higher
contribution to a criterion. Clusters 2 and 4 preésine highest weights, except for soil
improvement in the case of spring-summer crops.st€tu4 presents a more balanced

contribution to the five criteria. Cluster 2 recesvthe highest weights for three of the five
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criteria while it got the lowest score for soil impement. These results show that
respondents highly value spring-summer crops becadfists contribution to income, the
availability of technical information, and its matkfeasibility. When it comes to soil
improvement, however, spring summer crops haveldhest score, probably because of
more soil movements and low soil protection durthg@ period of highest rainfall and
temperature in the year. Clusters 3 and 4 reprgsennial crop production (alfalfa in case
of livestock production), which keeps the soil mgmtected along the year. Cluster 1
includes green manure crops, contributing to imereweil organic matter in the soil and

decrease erosion effects during winter time.

4.3.3 Step 3. Assessment of farming activity weighwithin each cluster with respect to

criteria

The aggregated farming activity weights are disptain Table 4.5. Total for each column
(criterion) within each cluster is equal to one. ig#s can only be compared within each
cluster and not over the clusters, since the dlsisie a whole have different weights as is

shown in Table 4.4.
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Table 4.5. Aggregated farming activity weights witfour clusters with respect to criteria

Farming activities  Contribution to Suitability for Technical  Market feasibility Soil
income biophysical information improvement
conditions

Cluster 1: two respondents

Wheat 0.119 0.137 0.205 0.156 0.315
Oat 0.053 0.243 0.188 0.135 0.433
Onion 0.098 0.132 0.084 0.189 0.043
Lentil 0.287 0.168 0.177 0.141 0.076
Chickpea 0.337 0.193 0.215 0.208 0.075
Other vegetables 0.105 0.127 0.131 0.170 0.059

Cluster 2: two respondents

Soybean 0.079 0.052 0.221 0.403 0.159
Paprika 0.288 0.256 0.220 0.135 0.081
Chili 0.177 0.187 0.230 0.121 0.069
Field flowers 0.157 0.188 0.061 0.071 0.355
Potatoes 0.053 0.031 0.061 0.100 0.040
Chia 0.058 0.139 0.021 0.027 0.135

Cluster 3: two respondents

Fruit trees and

scrubs 0.488 0.186 0.267 0.227 0.193
Forests trees 0.073 0.154 0.077 0.166 0.250
Strawberry 0.140 0.039 0.148 0.076 0.038
Aromatic and

medical herbs 0.145 0.286 0.284 0.249 0.056
Alfalfa 0.154 0.336 0.223 0.283 0.463

Cluster 4: three respondents

Beef bulls 0.285 0.227 0.414 0.442 0.312
Dairy cows 0.463 0.204 0.313 0.252 0.312
Dairy goats 0.090 0.204 0.112 0.080 0.258
Pigs 0.124 0.182 0.107 0.084 0.075

Other small farm
animals 0.038 0.182 0.054 0.142 0.043

Chickpea looks as the winter crop with better penfnce in contribution to income

and technical information, while oats performs ettdy adapted to biophysical conditions and
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it reports as the best crop to improve soil, beeassa green manure it contributes to increase
soil organic matter content.

Paprika shows the highest weights for two critggantribution to income and
suitability for biophysical conditions) within cltes 2. Soybean presents the highest weight of
all crops and it corresponds to market feasibiityeria (soybean is one of the main exports
of Argentina, principally to China). Field floweproduction requires less tillage and they
keep the soil more covered than other crops; thesebe reasons for their high contribution
to soil improvement criterion.

Fruit trees and scrubs stand out in their contitiouto income, suggesting that they
are a promising diversification activity for tobacarms, mainly because of their profitability.
Alfalfa has the highest weights for soil improvemesuitability for biophysical conditions
and market feasibility; its contribution to incorhas the second place below fruits trees and
scrubs, however its relative weight is lower.

Beef bulls and dairy cows show the highest weightghe five criteria. While dairy
cows get a higher score in contribution to incomegrket feasibility is lower, due to
limitations to sell milk to the local milk cooperad. The high weights for soil improvement

are due to growing alfalfa as roughage.

4.3.4 Step 4. Ranking of farming activities for diersifying tobacco farms

Table 4.6 shows the final farming activity weighds each criterion and overall weight for
between 0 and 0.5 (results farbetween 0.51 and 1 are shown in Appendix 4 A). The
activities are ranked based on their overall weighe final weight of the farming activity for
each criterion is calculated as the product ofwbight of the farming activity within a cluster
by the weight of the cluster for the criterion aomylthe weight of the criterion. The overall
weight is calculated as the sum of the five weightsded by the total sum of all weights

(normalization).
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Table 4.6. Farming activities weights with respeatriteria and overall weighk£ [0-0.5])

Contribution Suitability for Technical Market Soil Overall
to income biophysical information  feasibility improvement weight
conditions

Beef bulls 0.013 0.024 0.028 0.048 0.017 0.137
Dairy cows 0.022 0.022 0.021 0.027 0.017 0.114
Soybean 0.006 0.002 0.011 0.053 0.002 0.077
Paprika 0.021 0.012 0.011 0.018 0.001 0.065
Dairy goats 0.004 0.022 0.008 0.009 0.014 0.059
Bean 0.013 0.007 0.009 0.019 0.002 0.052
Chili 0.013 0.009 0.011 0.016 0.001 0.051
Pigs 0.006 0.020 0.007 0.009 0.004 0.048
Alfalfa 0.002 0.004 0.003 0.005 0.032 0.048
Other small
farm animals 0.002 0.020 0.004 0.015 0.002 0.045
Field flowers 0.011 0.009 0.003 0.009 0.004 0.037
Fruit trees and
scrubs 0.007 0.002 0.003 0.004 0.013 0.031
Chickpea 0.005 0.006 0.007 0.008 0.001 0.029
Oat 0.001 0.008 0.007 0.005 0.007 0.029
Wheat 0.002 0.005 0.007 0.006 0.005 0.026
Forests trees 0.001 0.002 0.001 0.003 0.017 0.025
Lentil 0.004 0.006 0.006 0.006 0.001 0.024
Potatoes 0.004 0.001 0.003 0.013 0.000 0.023
Other 0.001 0.004 0.005 0.007 0.001 0.019
vegetables
Aromatic and
medical herbs 0.002 0.004 0.004 0.004 0.004 0.018
Onion 0.001 0.004 0.003 0.008 0.001 0.018
Chia 0.004 0.006 0.001 0.004 0.001 0.017
Strawberry 0.002 0.000 0.002 0.001 0.003 0.009

Beef bulls and dairy cows show a substantially é@rgbverall weight than the other

activities. Both activities present a more balancedtribution to the five criteria than the

other activities. Beef bulls present the highestights for suitability for biophysical
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conditions and technical information of all actieg. Soybean has the highest contribution to
market feasibility of all activities; however coibtions of soybean to the other four criteria
are low. Paprika is below soybean in the overafikikg and it has a less unbalanced
contribution to criteria than soybean. Alfalfa e highest contribution to soil improvement
of all activities, but very low weights for of tlremaining criteria. Dairy cows and paprika
present the highest weights for contribution toome. Dairy goats share the second place
with respect to suitability for biophysical conditis with dairy cows and it is close to pigs

and other small farm animals.

4.4 Discussion

This study is the first to define and evaluate tedative importance of criteria for
diversification of specialized tobacco farms andanking farming activities in terms of the
criteria. Analytical Hierarchical Process (AHP) wased to determine and evaluate criteria.
This decision making method allows to convert scifpje assessments into numerical scores,
which is valuable especially when there is a latkjuantitative and precise data and when
knowledge and judgment of stakeholders or expartased to improve decision making
(Sadok et al., 2008; Alphonce, 1997).

To realize a consistency ratio of 0.1 or lower wittgard to the judgments of
respondents, the cycle of reconsidering judgmeeésied to be used zero to a maximum of
three times. A consistency ratio of 0.1 being atalap is criticized among others by Bana e
Costa and Vansnick (2008). They claim rightfullyattta consistency ratio of 0.1 does not
match with the requirement of cardinal consisterttgwever, reaching cardinal consistency
will in practice be very difficult if not impossie] because it will often require many more
cycles of reconsideration, leading to frustratespomdents as they are constantly pointed at
their inconsistency. In such cases the risk is tingth respondents will quit their cooperation
to the research before full consistency is reactéokeover, we consider the ranking of
farming activities following from the procedure wsed absolutely plausible.

Stakeholders in tobacco production and diversificetompared criteria and assessed
their relative importance in the first step of tesearch. A specific group, namely researchers
compared farming activities in terms of their imjamice with respect to the different criteria
in the second and third steps. In these steps reslyarchers were involved because of the
required specific and detailed knowledge aboutvdies that are in many cases not familiar

to the other stakeholder groups.
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Available literature does not recommend a specitimber of respondents for AHP
applications. In the investigation carried out & &t al. (2002) six individuals participated in
software selection. Anvari et al. (2011) got opisoof 5 and 6 experts in automotive
industries. Vizzari (2011) does not mention the hamof experts included to compare
landscape components. In this study, the numbeesgondents in each group ranged from
two to five which is in line with Linares and Rome(2002) who included two to four

respondents in each group.

4.5 Conclusion

From literature research, it appears that fiveedatare important when judging alternative
activities for diversification of tobacco produatioThese are the contribution to income, the
suitability for biophysical conditions, the availily of technical information, the feasibility
to market the products, and the contribution tbisgpirovement. The feasibility to market the
products stood out with clearly high relative wejghhile the other criteria received similar
weights. The high weight for market feasibilitylicates that market research is important for
assessing the suitability of current and poteriéiahing activities as diversification activities
for tobacco farms.

The obtained weights of farming activities showldt tespecially livestock activities
and spring-summer crops are important alternatilzagestock activities stand out because
they have high scores on all criteria partly beeausminants are fed with alfalfa, which
contributes highly to soil improvement. Livestoc&tigities and spring-summer crops will
compete with tobacco for resources because tobmc@o spring-summer crop. So these
activities may be more suitable for tobacco farhreg bperate a large area of land. Tobacco
farms that cultivate a small area of tobacco mdtelyf have to devote all their land to
growing tobacco and can grow something else duwnger time, after tobacco harvest.
Although farming activities like chickpea, oat, valieand lentil (autumn-winter crops) were
not ranked in the first positions, they may be asilele alternative for small farms to
complement tobacco production. Also pigs and otherall farm animals (rabbits and
chickens) are appealing alternatives for farms Vattu constraints.

The results of this research can be used in opdimiz models for determining the
optimal mix of farming activities in combination tlvitobacco production. Such models can

provide further insights into the use of resouneéhin a farm in a diversification strategy.
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Appendix 4.A

Table 4.A.1. Farming activities weights with resp@ccriteria and overall weight€ [0.51-

1])
Contribution  Suitability for ~ Technical Market Soil Overall weight
to income biophysical  information feasibility improvement
conditions

Beef bulls 0.018 0.023 0.026 0.046 0.016 0.129
Dairy cows 0.030 0.020 0.019 0.026 0.016 0.111
Soybean 0.008 0.002 0.010 0.052 0.001 0.073
Paprika 0.028 0.011 0.010 0.017 0.001 0.067
Dairy goats 0.006 0.020 0.007 0.008 0.013 0.054
Bean 0.018 0.006 0.008 0.018 0.001 0.052
Chili 0.017 0.008 0.010 0.015 0.001 0.051
Pigs 0.008 0.018 0.007 0.009 0.004 0.045
Alfalfa 0.003 0.004 0.003 0.005 0.029 0.043
Other small 0.002 0.018 0.003 0.015 0.002 0.041
farm animals
Field flowers 0.015 0.008 0.003 0.009 0.003 0.038

Fruit trees and 0.009 0.002 0.003 0.004 0.012 0.030
scrubs
Chickpea 0.006 0.006 0.007 0.008 0.001 0.028
Oat 0.001 0.007 0.006 0.005 0.006 0.026
Wheat 0.002 0.004 0.007 0.006 0.005 0.024
Lentil 0.005 0.005 0.006 0.005 0.001 0.023
Forests trees 0.001 0.002 0.001 0.003 0.016 0.023
Potatoes 0.005 0.001 0.003 0.013 0.000 0.022
Other
vegetables 0.002 0.004 0.004 0.007 0.001 0.017
Chia 0.006 0.006 0.001 0.003 0.001 0.017
Aromatic and
medical herbs 0.003 0.003 0.003 0.003 0.004 0.004
Onion 0.002 0.004 0.003 0.007 0.001 0.016
Strawberry 0.003 0.000 0.002 0.001 0.002 0.008

94



Chapter 5

Exploring diversification as an option to address @il degradation on a specialized

tobacco farm in the Northwest of Argentina

M.D. ChaveZ" 2 P.B.M. Berentsefi A.G.J.M. Oude Lansink

! Instituto Nacional de Tecnologia Agropecuaria (INTBstacién Experimental Salta. Grupo

de Estudios Econdmicos y Sociologia Rural. EstaExperimental Salta, Argentina

?Business Economics Group, Department of Socialn8e® Wageningen University, the

Netherlands

Submitted toAgricultural Systems

95



Abstract

Many years of continuous tobacco mono-croppingessive ploughing and poor irrigation
control have caused soil degradation in the VabelLerma in Salta. Moreover, tobacco
farming in Salta entails a production and a prigk which is increasing because of
uncertainty of governmental subsidies. Both sogrddation and future low prices call for
diversification strategies for tobacco farmers lie Valle de Lerma. The objective of this
article is to determine optimal plans of currend ativersification activities for risk averse
farmers on a specialized tobacco farm to stopdggradation.

To reach this objective, a quadratic programmingdehcof a typical specialized
tobacco farm is developed. Soil organic matteriduided in the model by means of the
concept of the carbon balance. The carbon balanteei difference between carbon supply
and carbon decline in a year. Two different sitwagi with respect to soil degradation are
evaluated using the model. The current situatiaugies no restriction on carbon balance
while the desired situation includes the restrittioat carbon balance cannot be negative.

The model results for the current situation shbat {and is devoted to tobacco and
soybean production, no matter of the level of askrsion of farmers. The carbon balance is
negative and soil continues to degrade. In théretbsituation, tobacco and soybean are
replaced for an important part by beef bull prodarc{including the production of alfalfa and
maize for silage) to fulfill the requirement of @ megative carbon balance. As the risk
aversion coefficient in this situation increasesefobulls and soybean are partly replaced by
the low risk crop chickpea. The requirement of ndHer soil degradation comes at a high
cost since gross margin of the farm is decreaseddmye 35% compared to the current
situation. Finally, the model is used to explore #ifects of an abolishment of governmental
subsidies on tobacco. In this situation the pradagblan consists of soybean, beef bulls and
tobacco in such a proportion that carbon balanpessive. Income effects of an abolishment
of governmental subsidies on tobacco would be eoosnas the gross margin of the farm

decreases by some 60%.

Key words: tobacco diversification, soil degradatiquadratic risk programming, income risk,

risk aversion
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5.1 Introduction

Tobacco Kicotiana tabacunlL.) is an economically and socially important criop Salta
province, in the Northwest of Argentina. Tobaccodarction represents around a quarter of
the total gross value of agricultural productionSafita and about 175,000 people rely in this
area on tobacco production for a living (Camarardbaco de Salta, 2008; Fittipaldi, 2004).
From 1987 to 2010, Virginia tobacco production alt& increased by 146 % and the province
produced around 48 % of the total of Virginia totmgroduction in Argentina in 2010
(MiniAgri, 2011).

Many years of continuous tobacco mon-ocropping.essiwe ploughing and poor
irrigation control have caused soil degradatioe, reduced soil aptitude for production
(Arzeno, 2009; Giménez Monge et al., 2009; Carmenal., 2008; Guardo, 2002). Soil
degradation is the outcome of erosion, soil nutrdiminution, soil pollution, soil organic
matter (SOM) decrease, salinization and soil stmectcollapse (Wiesmeier, 2009;
Farquharson et al., 2008). Tobacco cultivated snilhe Salta province have a 60 per cent
lower SOM content than forests soils (Giménez Moergeal., 2009). Low SOM content
causes problems like poor soil structure, low tatabgen availability, poor soil aeration and
soil compaction (Corvalan, 1997). This paper usebSs the indicator of soil degradation.

Tobacco farming in Salta entails production andcepririsks. Fluctuations in
temperature, precipitation and irrigation affecbdoco yield quantity and quality. Future
tobacco yields are expected to decrease if SOMiraged to fall on farms that practice
tobacco mono-cropping. The national government supghe price of tobacco paid to the
farmers. However, national political and internatibpressure to reduce tobacco subsidies
and pressure to reduce tobacco consumption makeefgbvernment support and hence the
future revenues uncertain (Fittipaldi, 2004).

Both, the future uncertainty about the tobaccoepeand the expected yield decreases
as a result of SOM decrease call for diversificastrategies for tobacco farmers in the Valle
de Lerma (Fittipaldi, 2004; Guardo, 2002). Stitiete is little knowledge about the effect of
diversification on expected income and income dtkobacco farms and on SOM increase.
Available information includes technical, econonand financial analysis of individual
diversification farming activities or of a combirat of one activity with tobacco production
(Fittipaldi, 2004; Bazan et al., 1995). The exigtiiterature often analyses diversification
using positive approaches such as econometric mmgd@&émurger et al., 2010; Birthal et al.,
2006; Bravo-Ureta et al., 2006; Benin et al., 2QD#shi et al., 2003). Normative approaches
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to explore diversification possibilities are lesenonon. Normative approaches in the
literature include mean-variance models (M-V), éngrogramming models and weighted
goal-programming models (Manos et al., 2009; Heljigsd al., 2007; Guvele, 2001). The
reason to apply a normative approach in this rebeas the need to explore how
diversification can help to address the problerdesfreasing SOM.

This article aims at determining optimal plans ofrent and diversification activities
for risk averse farmers on a specialized tobacem feo stop soil degradation. A mean-
variance analysis is applied in this study, whissuemes that farmers’ choices are based on
expected income and variance of income. Mean-vegi@malysis can be solved by Quadratic
programming which allows evaluating diversificatiactivities in terms of their contribution
to income, risk and soil degradation (Hazell andtdlg 1986; McCarl et al., 1977; Scott and
Baker, 1972).

5.2 Method and data

5.2.1 Study area

The Valle de Lerma (24° 30" and 25° 38" Southetitutle and 65° 22" and 65° 37" Western
longitude) is a plain between mountains placedaha$in the Northwest of Argentina. Next
to tobacco as the main crop, bean, corn, fruitsiyras, vegetables, fruits, beef and milk
livestock and pastures are farming activities ia #nea (Chavez et al., 2010). This study is
carried out in the central part of the valley, ire tdepartments of Cerrillos, Chicoana and
Rosario de Lerma. These three departments covan@ro3 per cent of the total production
of tobacco in Salta (MinAgri, 2007).

5.2.2 General structure of the model

The farm model is a static year model. The matotation of the quadratic programming
model is as follows:
Max Z =C X — 05dX'WX (1)

Subject toAX < B

and x=0
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In this modelzZ is the expected utility to be maximized subjectdnstraintsC is a vector of
gross margins for activities is a vector of activities is a scalar called the absolute risk
aversion coefficientyV is the variance-covariance matrix of activitieegg margin,A is the
matrix of input-output coefficients ariélis the vector of the resource constraints (Hazell a
Norton, 1986; Scott and Baker, 1972).

Gross margin is defined as revenues from salesapf products and fattened bulls
minus variable costs. Variable costs are costeedls, pesticides, herbicides, fertilizers, own
machinery maintenance, hired labor, energy and gastract work, transport costs and
feeding and veterinary costs. The output of the @hottludes the optimal production plan at
the chosen risk aversion level including irrigatiwater use and net effect of SOM expressed
as the change in organic carbon.

Risk can be defined as uncertain consequencescugrie is an activity that entails
risks. A risk averse farmer is willing to acceptemduction of income from farming for a
reduction in risk, to a degree that satisfies tiaglé-off depending on how risk averse the
farmer is (Hardaker et al., 1997). The relativk version coefficient (Rr) relates (the
absolute risk aversion coefficient) to wealth (W takes the following values: 0 (risk
neutral); 0.5 (hardly risk averse), 1.0 (somewlsk averse, 2.0 (rather risk averse); 3.0 (very
risk averse); 4.0 (extremely risk averse) (Acsle2809).

Table 5.1 shows the structure of the farm modeé fEiming activities are shown at
the top of the table: crops for sale, animal préidn¢ and feeding crops. Also an activity
reflecting seasonal hired labor for general workh@uded. The rows of the matrix show the
constraints: land availability, permanent labor fggneral work and for tractor driving,
irrigation water availability, SOM (in terms of augic carbon balance) and a balance of

animal feeding requirements and supply.
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Table 5.1. General structure of the farm model

Activities Crops Animal Feeding Hired B vector
for sale Production crops  labor®

Constraints

Land availability +1 +1 < available land

Labor for general work +g +g +1 < available permanent
labor general work

Labor for tractor driving +g +g +3; < available permanent
labor tractor driving

Irrigation water availability] — +a; +3; < water availability

Organic carbon -8 -8 -8 >carbon decline

Feeding requirements +g -8 =0

Objective function Gross Gross Cost Cost

margin margin (US$™  (US$™)

(US$™  (US$9)@

(1) Excludes costs of feeding crops and includes femd butside the farm
(2) For seasonal general work

5.2.3 Selection of farming activities

Farming activities for tobacco diversification t@ lincluded in the model come from a
ranking of 23 activities performed according toefigriteria (Chavez et al., 2012). Criteria
include: contribution to income, suitability for dsphysical conditions, availability of
technical information, market feasibility and samhprovement. The overall ranking of
farming activities starting from the activity withe highest score is as follows: beef bulls,
dairy cows, soybean, paprika, dairy goats, beaih, plgs, alfalfa, other small farm animals,
field flowers, fruit trees and scrubs, chickpedspaheat, forests trees, lentil, potatoes, other
vegetables, aromatic and medical herbs, onion, shiawvberry. Based on the overall ranking
and on the four different groups of farming actest (livestock production, spring-summer
crops, perennial crops and forests and autumn-manggs), the following farming activities
were chosen to be included in the model in additiontobacco production: beef bulls
including silage maize production for feeding, sesih, alfalfa (for feeding and/or selling hay)

and chickpea. The months of production for thesmifag activities are shown in Figure 5.1.
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Tobacco |

Beef bulls |

Alfalfa |

Maize | |

|

]

Soybean | | |:|
|

Chickpea |

Figure 5.1. Months of production of farming acties

5.2.4 Data

Tobacco is assumed to be produced using own maghineabor for general work
(transplantation and harvest) in peak periods ssiragd to be hired in addition to permanent
labor. Animals for fattening are assumed to be bowgth 180 kg. Two subsequent diets for
bulls are included. The first starts at 180 kg IuB®0 kg, with a daily weight gain of 0.9 kg
and the second begins from 300 kg to 360 kg witlaity weight gain of 1.20 kg. Hence, it is
assumed that the animals stay in the lot aroundmgirths (Navarro, 2012). Because of a
higher market supply of animals for fattening inrieta it is assumed that fattening beef bulls
takes place from March to August. The diets ar@ged basically with maize silage, maize
grain and alfalfa hay. Maize grain is assumed tbdugght outside the farm and maize silage
and alfalfa hay are produced within the farm. Afbleal requires 408 kg of alfalfa (dry
matter) and 469 kg of maize (dry matter) during fdtening period of six months on the
farm (Navarro, 2012). Alfalfa production is inclué the model for feeding own animals
and as a cash crop activity (hay produced forrggllilt is assumed to be grown for four years,
with a lower yield in the first year than in themraining three years. Alfalfa is assumed to be
produced in rolls of 500 kg each using own maclyindtaize for silage is assumed to be
produced using own machinery except for harvestihigh is assumed to be done by contract

work. Soybean is produced without plowing. Machynter seeding and harvest are assumed
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to be contracted and pesticides application israsduto be done using own machinery.
Chickpea is produced using own machinery whilevthek for harvesting it is contracted.

Input data about yields, prices, variable coststatal labor requirements as shown in
table 5.2 were obtained from different sources.abob and soybean yields are the historical
averages for the study area (FET, 2009-2011; SA099-2011). Alfalfa hay and maize silage
yields are obtained from Navarro (2012) and chiekfrem Garcia Medina (2012), both
researchers of INTA (National Institute for Agritiiial Research). The tobacco price used in
this research was the average final output pric@®9-2011 and it includes the market price
paid by the industry to the farmers and the govemnsubsidy (MinAgri, 2009-2010; FET,
2009-2011, Camara de Tabaco de Salta, 2011). Soybez is the average prices for 2009-
2011 and were obtained from the Chamber of ceddsario (CAC Ros, 2009-2011). It is
assumed that the farmer gets 90 per cent of tie prvhen the soybean is sold for feeding
animals (Collado, 2012). Alfalfa hay historical ggs and beef bull prices are obtained from
Castignani (2012) and Suplemento Ganadero (201hick@ea prices are obtained from
MinAgri (2009-2011). The prices published by MinAgre FOB prices (free on board); the
farmer usually gets 60% of the FOB-price when thedpct is sold at the farm. Transport
costs, taxes, exporters’ expenditures and profitalbnake the 40% difference (Méndez, 2012;
Panadero Pastrana, 2012).

Variable costs for each farming activity were takigom different sources (as
indicated in the footnotes below Table 5.2). In truases, costs for the year 2011 were used
as costs generally do not fluctuate much over tiklistorical prices were corrected for
inflation using the Price Index (IPIM) developed the National Institute of Statistics and
Census (INDEC, 2012), i.e. prices were expresséiSmollars of 2011.

The variance-covariance matrix of gross margineggnts the variation in yields and
prices, and is shown in Appendix 5.A (Table 5.A)1The absolute risk aversion coefficient
(d) was calculatedyy dividing the relative risk aversion coefficigfr) by wealth (). Wealth
was represented by owners’ equity and was assumbed équal to 242000 dollars, based on
the typology of Chavez et al. (2010) and tobacampction costs of Camara de Tabaco de
Salta (2011). Considering ranges of Rr betweend4m can take values between 0 and
0.000017. GAMS 23.7 software was used for applymaglel (1).
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Table 5.2. Yields, price, revenues, variable cagsss margin, labor requirements and carbon suppfiarming activities

Farming Activities Unit Tobacco Beef bulls Alfalfa Alfalfa Maize Soybean Chickpea
(for selling (feeding (silage)
hay) animals)

Yield kg ha’or kg bull* 1947 356 7425 74258 14006 2648 1700
Price US$ kg or kg bull* 3.69 1. 685 0.0408 0. 267 0.538
Revenues US$ Heor bull* 7185 600 301 706 915
Variable costs US$ hd or bull®* 2633 513 18¢ 188 602 354 557¢
Gross margin (GM) US$ Heor bull* 4552 87 113 352 358
Standard deviation of GM uss har bull* 488 198 18 58 19
Coefficient of variation of GM 0.11 2.3 0.16 10. 0.05
Labor requirements

Tractor driving working days Ha 4,70 0.37 0.87 0.87 0.8 0.6258 1.5¢

General work working days ha 99 4.5 4.5 4°
Carbon supply (t C Reor bull™®) 0.34 0.06 0.56 0.56 0.63 1.19 1.3

Note:! historical average yields for years 2009-2Ckktimated average yieldgverages for years 2009-201 1tabor costs are not includethased on Camara de Tabaco de Salta (2011), Ba@ah)@and INTA

(2007); © costs of silage of maize and alfalfa hay are ndtided; based on Navarro (2012), Fiore (201)Fitiipaldi (2004); based on Cortez (2012), Navarro (2012) and Margagespecuarios (2011;

based on Navarrro (2012) and Valdez (2018%sed on Collado (2012) and Bazan (201°based on Garcia Medina (2012) and Bazan (2011)

103



5.2.5 Resource availabilities and requirements

Land

In the typology of tobacco farms of Chavez et @010), farms specialized in tobacco
growing represent 90 per cent of tobacco farm$ienarea and they devote around 40 ha to
crop production. Based on this typology, we asstlradobacco farm in our analysis operates
40 ha of land.

Labor

Two types of work are distinguished in the model, general work and tractor driving work.
Chavez et al. (2010) estimated an average of 3pgersanent workers (which work at least
six months per year, every day in the farm) in fuspecialized in tobacco growing. For this
analysis, 3 permanent workers are assumed: 2 fargework and 1 for tractor driving. The
farmer has a management task and does not dowimlkl In peak periods (i.e. periods for
tobacco plants transplantation and leaves harfast)ers hire seasonal labor for general
work in addition to permanent labor that is avd#abn the farm. Hired labor for seasonal
general work was added as an activity with a c6é28095 US$ per man-day. In order to
account for the seasonality in labor requiremefdsr periods differing in terms of labor
requirement are distinguished in the model. Laleguirements for general work and tractor
driving work for each farming activity and for eagériod are shown in Table 5.A.2.

Irrigation water

Water for crop production is available from raihtahd irrigation. In winter time, which is the
dry season, water is crucial for production. lagsumed in this research that the availability
of irrigation water is 81 mm per ha per month (Con® de Riego de Rio Toro, 2012;
Ledesma, 2012). Based on Chavez et al. (2013, assumed that 28 ha of land (70 %) have
water available for irrigation.

Tobacco, alfalfa and chickpea need irrigation inqus of low rainfall, from May to
November. The rest of the crops can fulfill wateeds with rainfall. The water requirements

for crops are estimated following Yafiez (2012; d0Garcia Medina et al. (2007) and Garcia
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Medina (2012). Monthly irrigation water requiremdnt tobacco, alfalfa and chickpea are
shown in Table 5.A.3.

SOM and carbon balance

SOM improvement is necessary to decrease soil degoadatarbon is part of SOM. To

includeSOMin the model the concept of carbon balance is:used

AC = Carbon supply — Carbon decline (2)
AC = CarY * hc — Car * mic

Carbon balancedC) is the difference between carbon supply and cadexline, it reflects
yearly SOMincrease/decrease and it is expressed in tonarbéi per ha per year (t Cha
Carbon supply follows from crop residues and cartdecline is the dioxide that is produced
by microbial respiration during the mineralizatipnocess (Carrizo et al., 2009; Alvarez,
2007).

CarY is the yield of the above-ground post-harvestdeesi(including straw and
excluding the economic product that is harvested) @ the roots of the crop expressed in
terms of carbon content (t C Ha In perennial crop<arY includes a proportion of the
economic product that goes to the soil as hanasstels. A carbon content of 50 per cent in
vegetable residues is assumed in this researchrigWienet al., 2010)ac is the humification
coefficient which is the fraction of organic carbibrat is left after one year of decomposition
and it varies with the chemical composition of plaraterial (IRRI, 1984)hc is assumed to
be 0.5 for all the considered materials (AlvaréX) D).

Car is the current organic carbon in the soil (t C)hassuming 25 cm of soil layer and
it is determined by soil analysis. Soil analysisules normally are expressed as percentage of
SOM. Assuming the usually accepted 58 per cent ofazadontent, SOM content has to be
multiplied by 0.58 to get carbon content. For ttasearch a SOM percentage of 1.55 per
cent (Chavez et al., 2011) and a soil weight 6538 ha® for the first 25 cm of soil are
assumed (Ballari, 2005)nic is the yearly mineralization coefficient &M which varies
with climate, soil type, texture, pH and cultivati§q Kolbe, 2007, IRRI, 1984)mic is
assumed to be 3.5 per cent in a year for the @ei@da, 2009). Thus, it is assumed that
carbon decline equals 1.064 t'heger year.
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CarY estimation for different crops is based on thehoéblogy proposed by Bolinder
et al. (2007) and adapted for manuarY is estimated as follows:

Cary=Cp*hl+Cs +Cr 3)

where Cp is the carbon content of the part of the crop ikaharvested and that has an
economic value (grain, leaves, etti)js the proportion of this part that is returnedhe soil
as harvest losses (assumed to be 0 for annual armpkarger than O for perennial cropS§

is carbon content in straw ar@r is carbon in root tissue, excluding any produdthe
formulae forCp, CsandCr assuming a 50 per cent of carbon content for caogs

Cp=Yp*0.50 (3a)
Cs=Yp* (1-HI)/ HI *0.50 (3b)
Cr=Yp/(S/R*HI)*0.50 (3¢)

whereYp is the dry matter of economic yield (grain, legvesy),HI is the harvested index
and S/Ris the shoot root ratiddl is the economic part of a crop (kg of grain, leawetc.)
expressed as the proportion of total above-grounthé#ss on a dry matter basis. As an
extension oHI, Cr can be estimated by using relative C allocatiorffments. For alfalfaCr
= Rro/Rp* Cp, whereRro is the relative proportion of root with respectGarY andRp is
relative proportion of the economic part with restge Cary.

In the case of manur¥pis the dry matter of manure produced by a butiut*) per
year. A carbon content of 27 per cent in manuassimed in this research (Bakayoko, 2009)
and Cp is expressed in t C bifll Carbon supply is presented for each crop and reainu

Table 5.2. Details of the Carbon supply calculatom presented in Table 5.A.4.

5.2.6 Set up of calculations

The model (1) is run for two different situatiomsdvaluate the impact of diversification on
soil degradation. The first situation is referredas the ‘current situation’ and it includes no

restriction on the carbon balance. In the seconghtsdbn a carbon balance restriction is

included so implying that no further degradationaairbon is allowed. This situation is
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referred to as the ‘desired situation’. For botinaions the model is run with different risk
aversion coefficients to explore the effect of raslersion.

Tobacco price includes two components, i.e. a carepbpaid by the industry and a
component paid by the national government as adyliSince the persistence of the subsidy
component is uncertain, a sensitivity analysis asied out to evaluate the impact of an
abolishment of the subsidy. The average price @irad¢co including the industry and
government payments is 3.69 dollars (2009-2011¢ Subsidy is 27, 6 % of this value (1.02
dollars), so the average tobacco price for theiweitg analysis is 2.67 dollars (MinAgri,
2009-2011; FET 2009-2011; Camara de Tabaco de, 28itd). Yield and variable costs for
tobacco production are assumed to remain the sammks the gross margin decreases from
4552 dollars (see Table 5.2) to 2573 dollars. Ttaadard deviation is then 501 dollars and
the coefficient of variation is 0.195. The grossrgma variance-covariance matrix is
recalculated for the price without the subsidy (€&hA.1.2). Also in this situation the model
is run with and without the restriction on the ecartbalance and using different risk aversion

coefficients.

5.3 Results

5.3.1 Basic results

The results are presented in Table 5.3. Optimahgaplans were determined for different
values of absolute risk aversion coefficients and the two situations regarding soll

degradation. From the results it appeared thati¢igeee of risk aversion of the farmer had no
effect on the optimal plan in the current situatism in Table 5.3 there is only one column for
the current situation. The available land of 40itndghe model is devoted to production of
tobacco and soybean, due to their higher grossiméege Table 5.2). The optimal plan uses
all the irrigation water available in October andvdmber to produce tobacco. Total land
shows a shadow price of around 353 dollars penti@ating an increase of expected utility
by this value if one ha of land is increased. Byréasing the availability of land by 1 hectare,
an additional hectare of soybean is included ingp&mal plan. Irrigation water in October

has a shadow price of around 16 dollars per mmn@& mm increase of water availability

would make alfalfa for beef production enter theugon. This can be checked by increasing

the water availability in that month by one unidam-running the model. Labor for general
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work is necessary to be hired for planting and éstimg tobacco in periods 1 and 4 (see
Table 5.A.2). The carbon balance is negative (-0dper hectare per year), showing that the
combination of tobacco and soybean do not suppbyigim carbon to cover the annual carbon
decline of 1.064 Tn per hectare.

Adding the carbon balance constraint (i.e. theit@el situation’) changes the optimal
plan. Three levels of risk aversion are includedTable 5.3: risk neutral, somewhat risk
averse and very risk averse. For all risk aversioefficients, the gross margin is far lower
than for the current situation. The results formaadhy risk averse coefficient (Rr = 0.5) are the
same as for the risk neutral farmer. The resultsttie rather risk averse (Rr = 2.0) and
extremely risk averse coefficient (Rr = 4.0) are fame as those of a very risk averse farmer.
For that reason the results for these values bfagrsion are not included in Table 5.3.

For a risk neutral farmer (Rr = 0), the optimalrplentails the use of 40 ha of land;
beef bull production, tobacco and soybean enteisthation, because of their gross margin
and carbon supply. Irrigation water is not limititikge optimal plan. Land has a shadow price
of around 2330 dollars. Extra land would increases tobacco and soybean area in the
optimal plan while slightly decreasing beef bulloguction. Permanent labor for tractor
driving in period 2 has a shadow price of 173 dellper day and extra availability of labor
would increase the level of tobacco and beef bpitsduction while decreasing soybean
production included in the optimal plan.

For a somewhat risk averse farmer (Rr = 1.0), ¢l@ gross margin is slightly lower
than for the neutral risk averse farmer, while ¢@ndard deviation is considerably lower.
Because of the increasing focus on risk, activitigs a higher coefficient of variation (i.e.
beef bulls including feed production and soybeam) zartly replaced by activities with a
lower coefficient of variation (i.e. tobacco andaipea) while the production plan remains
restricted by the carbon balance constraint. dtiggn water is not constraining the optimal
plan. Land has a shadow price of around 2387 dolExtra land increases the level of all
activities except chickpea, which shows a decreBsemanent labor for driving the tractor
has a shadow price of 142 dollars and increasibgrldor tractor driving increases all
activities except soybean which decreases.

For the very risk averse farmer (Rr = 3.0), agataltgross margin is only slightly
lower, while the standard deviation is considerdblyer. Compared to the previous situation,
the production plan changes in the same way. Thdash price of land increases to 2422

dollars; extra land will decrease chickpea whileréasing tobacco, beef bulls and soybean.
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Irrigation water in September is now limiting theligion (shadow price of 0.56 dollars).

Extra water availability in this month will increagobacco and chickpea production while

beef bulls will decrease. Permanent labor for tnadtiving in period 2 has a shadow price of

around 94 dollars and an extra availability of kaimothat period will increase all the activities

in the optimal plan except chickpea and soybearmhwhill decrease.

Table 5.3. Optimal farm plans for current and dsbsituation for different values of absolute

risk aversion coefficient

Current situation

Desired situation

Risk neutral Somewhat risk  Very risk
averse averse
d 0-0.000017 0 0.000004 0.000012
Rr 0-4.0 0 1.0 3.0
Total revenue (US$) 191510 208510 198850 184150
Total variable costs (US$) 71591 155540 144310 4072
Total hired labor costs (US$) 61050 14300 16074 7187
Total gross margin (US$) 58871 38672 38462 38141
Standard deviatioiJS$) 11431 20471 17445 12878
Carbon balance (Tn C per ha per year) -0.41 0 0 0
Optimal cropping plan (ha or bulls)
Tobacco 25.2 7.8 8.3 9.1
Alfalfa (selling)
Alfalfa (feeding) 13.3 11.8 9.7
Maize (silage) 8 7.2 5.8
Soybean 14.8 10.9 7 1.2
Chickpea 5.7 14.2
Beef Bulls 241 215 175
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5.3.2 Sensitivity analysis

For the sensitivity analysis, it is assumed tham&s only receive the price paid by the
industry (i.e. no subsidy). The results are theesdion risk neutral and rather risk averse
farmers (Rr = 2.0). For that reason, only the ttesidr a risk neutral, very risk averse and
extremely risk averse farmer are presented in T&lkle Only one situation with respect to
carbon balance is presented, since the inclusiom @arbon balance restriction is not
necessary to prevent a negative carbon balanceoftmaal plan for the risk neutral farmer
includes the production of beef bulls, soybean arféw hectares of tobacco. The optimal
plan is determined by the total land area, thelabiity of labor for tractor driving in period

2, and the availability of general labour in periadTotal land has a shadow price of around
351 dollars, and an extra hectare of land wouldeim®e soybean production because of its
higher gross margin. Labor for tractor driving ierjpd 2 has a shadow price of 124 dollars
per man-day. Extra availability of this labor wilicrease beef bull production, and decrease
soybean and tobacco production. General laborriogd has a shadow price of 10.4 dollars
per man-day, indicating that it is not economicaligrthwhile to hire labour at the price of
28.9 dollars per man-day. Extra general labor is geriod would slightly increase tobacco
production while the others activities would deeeeaFinally, the carbon balance in this
situation is slightly positive.

Like in the basic situation a stronger focus ork fisads to slightly lower gross
margins, considerably lower standard deviationsadécrease of the numbers of beef bulls,
being the most risky activity. The area of land neéded for feed production goes to tobacco
and soybeans. Extra labor for general work in gedaowill increase tobacco and beef bulls
production while decreasing soybean. The shadoee pof land goes up and the carbon

balance remains positive.
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Table 5.4. Optimal farm plans for current and dabsituation for tobacco price without

subsidy for different values of the coefficientatifsolute risk aversion

Risk aversion

Risk neutral Very risk averse Extremely risk averse

d 0 0.000012 0.000017
Rr 0 3.0 4.0
Total revenue (US$) 179770 168070 132050
Total variable costs (US$) 150590 139310 104590
Total hired labor costs (US$) 3907 4020 4369
Total gross margin (US$) 25278 24739 23082
Standard deviation (US$) 23754 21685 15319
Carbon balance (Tn C per ha per year) 0.08 0.078 .06 0
Optimal cropping plan (ha or bulls)

Tobacco 3.9 4 4.2

Alfalfa (selling)

Alfalfa (feeding) 13.7 12.4 8.7

Maize (silage) 8.3 7.6 5.3

Soybean 14. 15.9 21.8

Chickpea

Beef Bulls 249 226 158

5.4 Discussion

This study aimed at assessing diversification pagses for a typical tobacco farm to get

insight into the impact of diversification on farmmeome, risk and SOM (expressed as carbon

balance). The quadratic programming model provebet@ useful tool to account for yield

and price risk.

A static model was used in this study. The develmnof dynamic models would be

necessary for a more accurately evaluation of ttdugon of the carbon balance over time

for the different optimal plans and for farmershwdtifferent risk aversion coefficients.
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The addition of the carbon balance concept allogetting insight in the effect of the
residues of farming activities on SOM content. Heere the lack of specific local data
regarding carbon supply from plant and manure vesidand humification coefficients for
different materials led to the use of data fromeotheographic areas, which makes the results
less reliable. Moreover, other ways to improve S@My be included, like urban wastes,
green manure, and other animal wastes like bondkod (IRRI, 1984). Again, local data
are not available.

The model results for the current situation (ndooarrestriction) are in line with what
happens in practice in the Valle de Lerma. Tobasgrown by farmers irrespective of their
risk attitude and irrespective of any soil degrauat

The findings of this research are consistent whih tesults found by Manos et al.
(2009) in the sense that as decoupling (directidigssto tobacco are stopped) increases,
allocation of land to tobacco production decreases$ other production alternatives enter the
solution. The sensitivity analysis shows that alidecof government subsidy would make
tobacco less attractive to farmers and other fagnaativities beef bulls and soybean are
included in the optimal plan.

The results show that in all situations with astflg reduced area of tobacco the costs
of hired labour decrease to 7-30% of the origiredug. This decrease is equivalent to 1500-
2000 man-days per farm. Given the number of tobdaons, this points at a considerable
regional loss of employment problem coming intanlgaf tobacco production is abandoned.

Four farming activities in addition to tobacco weneluded in the model. A larger
number of farming activities (see Chavez et al12)(can be included in future studies to
improve the model. Reliable data of yields, inpansl prices are needed of the additional set

of farming activities.

5.5 Conclusion

The quadratic programming model is a valuable togbroduce realistic results. The results
showed that, like in reality, the optimal plan e tcurrent situation includes mainly tobacco
production, no matter how large the SOM decreasgdtive carbon balance) is or what the
level of farmer risk aversion is. The great diffeze of tobacco gross margin and low

coefficient of variation with respect to other fangp activities is the reason for these results.
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In the current situation, soybean performs as #st Qiversification activity. The fact that it
does not use irrigation water makes it a suitablaglement for tobacco production.

This study provides valuable understanding on cesgg the optimal plan according
to farmers risk aversion in case a carbon balaesgiction is included. First of all, the
tobacco area needs to be replaced considerably#éb tine carbon balance restriction which
has a large effect on income. Suitable diversificatactivities are soybeans, beef bulls
(including alfalfa and silage maize) and chickp8acond, the number of diversification
activities increases as the level of risk aversimreases, indicating that high risk averse
farmers will tend to allocate their resources amadifigrent activities to reduce risk. Finally,
the results show that it is possible to reducewighk only a small impact on income.

A reduction of tobacco subsidy or a decrease ofritiestry price due to less demand
from consumers would have two evident consequeramenormous decrease of farmers’

income and a spontaneous improvement of soil ciomdit
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Appendix 5.A

Table 5.A.1.1. Variance-covariance matrix of grosggin. Price of tobacco includes industry

and subsidy prices

Tobacco Alfalfa (for Soybean Chickpea Bulls
selling)
Tobacco 237675 -8200 -28178 5886 -40993
Alfalfa (for selling) -8200 320 1016 -113 1128
Soybean -28178 1016 3392 -592 4524
Chickpea 5886 -113 -592 364 -1709
Bulls -40993 1128 4524 -1709 9271

Table 5.A.1.2 Variance-covariance matrix of grossgm. Price of tobacco includes only
industry price

Tobacco Alfalfa (for Soybean Chickpea Bulls
selling)
Tobacco 250772 -8668 -25856 766 -21295
Alfalfa (for selling) -8668 320 1016 -113 1128
Soybean -25856 1016 3392 -592 4524
Chickpea 766 -113 -592 364 -1709
Bulls -21295 1128 4524 -1709 9271
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Table 5.A.2. Labor requirements per periods anchifag activities (days per hectare)

Farming activities

Tobacco Alfalfa (selling or Maize Soybean Chickpea Beef
Period of time feeding) bulls
Period 1
Tractor driving 1.7 0.41 0.375 0.5
General work 64
Period 2°
Tractor driving 0.375 0.22 0.88 0.183
General work 0.75 0.75
Period 3
Tractor driving 1.28 0.03 0.13 0.183
General work 4.45 2.25 0.75
Period 4
Tractor driving 1.35 0.21 0.45 0.125 0.5
General work 30 15 25
Note:

' 15 Dec-14March
215 March- May
% Jun-Aug

* Sep-14Dec
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Table 5.A.3. Irrigation requirements for tobacdfaléa and chickpea in shortage rainfall

periods (mm per ha).

Crop Months
May June Jul Aug Sep Oct Nov
Tobacco 60 45 90 90
Alfalfa 60 60 60 60 60 60 60
Chickpea 60 90
Table 5.A.4. Carbon supply calculation for eaatpcand manure
Crop Yp (t Cp hi HI Cs(tC SR Cr(tC CarY(t hc’ Carbon
ha'or (tCha-1 ha®) ha') Cha'or supply (t
bullY)  or bull®) bull™?) C ha' or
bull™)
Tobacco 1.56 0.78 0 0.67 0.39 g 0.29 0.675 0.5 0.34
Alfalfa 8.25' 4.13 0.16 ° 2.82 1.17 0.5 0.56
Maize 14 7 0 ° 1.3 1.3 0.5 0.63
(silage)
Soybean 2.28 1.14 0 o048 171 425  0.67 2.38 0.50 1.19
Chickpea  1.4% 0.71 0 032 150 20¥ 110 2.60 0.50 1.3
12
Manure 0.45 0.12¢ 0.12 0.50 0.06
Note:

1 Average for the area (considering 80 per cedtyimnatter)
2 Based on Diez et al (2008)
3 Based on Alvarez (2007)

4 Average for four years of production, based diciehcy of harvest Navarro (2012)

5 Based on Bolinder (2007) not calculated for peiarcrops

6 It is calculated for the last year of four oftotdtion. Relative plant C allocation coefficiemtere used for this

calculation. Cr= (Rro/Rp)* Cp is used. Rro (relatproportion of root=0.308). Rp (relative propontiof
economic value=0.492). Based on Bolinder et al0720

7 Average vyield of silage (considering 35 per adrdry matter)

8 Relative plant C allocation coefficients weredifar this calculation. Cr= (Rro/Rp)* Cp is usedoRrelative

proportion of root=0.138). Rp (relative proportioheconomic value=0.772). Based on Bolinder et2407)

9 Average for the area (considering 86 per cedrpimatter)
10 Based on Alvarez (2007), Forjan (2002) and RBigim(2007)
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11 Average (considering 83 per cent of dry matter)

12 Based on Hay (1995)

13 Based on Ganjeali and Kafi (2007)

14 Based on Gil (2006) the daily production of mantepresents 5.5 per cent of the animal weighthuvia
production is estimated for the average weightahinal has along the fatten period (around 6 mont®r

that, it is assumed that an animal of 240 kg stay433 days and then when it is around 333 k¢pgs50 days
in the lot. Dry matter is 17 per cent.

15 Based on Bakayoko (2009) car bon content ofeé2 tent
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6.1 Introduction

In the province Salta, located in the NorthwestAofentina, tobacco is economically and
socially important, as many people depend direatlindirectly on its production. However,
the current practice of tobacco monocropping, esigestillage and inadequate irrigation
management causes soil degradation, which negatiugbacts tobacco yields. Also, the
future of tobacco production is uncertain becaugdt dependence on subsidies and
increasing concerns about health damage from tobeaosumption. Hence, there is a need
for diversification by specialized tobacco farm$eToverall objective of this study was to
explore opportunities for diversification of spdi@ad tobacco farms in the Valle de Lerma.
This study attempts to integrate knowledge fronfed&nt disciplines in a bio-economic
approach to provide insight for developing moretansble production systems in the Valle
de Lerma.

The overall goal was achieved in four chaptershig thesis. Chapter 2 provides
insight in the current soil organic matter (SOM)ntmt in tobacco fields, it explores
possibilities of soil nutrient improvement by SOMcieasing and it makes an economic
assessment of the use of green manure as a wanptovie SOM in tobacco fields. Chapter 3
identifies a typology of tobacco farms in termsdeterminants of diversification in the Valle
de Lerma. This classification is based on existilaga at farm level regarding available
resources for production and farmers charactesisGbhapter 4 develops criteria for assessing
diversification activities and ranks different disgication activities based on those criteria
using the opinion of stakeholders. Chapter 5 detessn optimal plans of current and
diversification activities of risk averse farmers a specialized tobacco farm to stop soil
degradation.

This chapter discusses research issues and prélsentsin conclusions of the thesis.
The remainder of this chapter is organised asvaldn the next section, the methodologies
and data used are discussed. Then, a synthegsuif is presented. After that an overview of
implications of the study for policy makers, resdars and business are provided and finally,

the main conclusions are presented.
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6.2 Methodological and data issues

6.2.1 Modelling at farm level

In this study, farm level models were developeddéscribe the current situation and to
explore future options for diversification of spaded tobacco farms. Farm level modelling
is valuable for analysis of tobacco mono-croppimgl @f possibilities of diversification,
because the farm level is the level where decisawagnade that have a direct impact on soll
quality. The potential role of farmers in the purtien of natural resources has been widely
recognised by international organizations (Louhithal., 2010).

Farms that are less endowed in terms of land, alagttods, irrigated area and labor
are less diversified (Chapter 3). This makes a féawel approach an appealing tool to
investigate diversification possibilities on spéizied tobacco farms.

However, the focus on the farm level brings aloimgitations, because there are
feedback mechanisms that operate at higher levelggregation such as the watershed,
regional and national level. Irrigation water aghility is one factor that requires a higher
level of analysis. An analysis at watershed levidlllve necessary to analyse the feasibility of
the introduction of farming activities (like alfalffor feeding bulls) to complement or replace
tobacco in relation to their irrigation requirememntd the total regional water availability. Yet
another factor is the market price of outputs.aktrf level, prices of tradable commodities are
exogenous as they are generally determined onnadtar world markets (Sadoulet and de
Janvry, 1995). However, in distant rural areas,afaay from large markets (that could only
be reached at high transportation and market cdsts)l production and demand may
influence local prices of certain products (Sadbaled de Janvry, 1995). In our study, this
can be the case for alfalfa for selling. So, a a@ednstudy needs to be conducted in order to
get an accurate measure of the capacity of thé hoaeket to absorb extra supply of products
(in case many farms start to produce alfalfa) @ititmainly be traded locally.

Social aspects of diversification also need atbentt regional level. Tobacco uses
more labor than the other farming activities, s@ribvides a source of income to many
workers in the region. A substantial replacementhef tobacco area by less labor requiring
farming activities would imply an increasing uneoyhent which could lead to an increase

of social discontent.
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6.2.2 Bio-economic modelling: positive and normate/ approach

Bio-economic modelling combines quantitative metilodies from biophysical
(agronomic) and economic sciences in a way thatlteesre relevant for both social and
biophysical sciences and allow for policy debatd #rey are applied at different time and
aggregation scales (Louhichi et al., 2010; Krusera@00).

Diversification and soil degradation problems dsnaddressed using positive and
normative approaches. In this thesis, positive @ggres (econometric methods) are used to
relate fertilizers to current nitrogen content ihapter 2 and to develop a farm typology in
Chapter 3. In Chapter 2, random and fixed effectiei® helped to understand the relation
between organic matter content in tobacco fieldd @ossibilities to improve nutrient
availability, based on historical data (pseudo paia¢a). Given the scarcity of explanatory
variables to be used in the models, the noveltyflieggmn of econometric models to soil
iIssues was the possibility to isolate cohorts’ gpeeffects that may include management
practices and farmers preferences. In ChapteriB¢ipal components and cluster analysis
allowed getting insight into the clusters of tobaéarms in the study area, using census data.
Positive approaches do not require an a priorirapion regarding farmers’ decision rules,
but may ignore factors that affect production (litsming of input use). In addition, the
relative merit of the results of positive approacheitically relies on the availability of a
sufficient number of observations and on the gualitdata (Weersink et al., 2002; Verstegen
et al., 1995). Normative approaches used in thidysare the multiple criteria method applied
in Chapter 4 and the optimization method appliedChmapter 5. The opinion of qualified
experts and stakeholders to get insight into thdopmance of farming activities for
diversification with respect to selected criteriasxcollected using the Analytical Hierarchical
Process (AHP) in Chapter 4. In Chapter 5, the quedmprogramming model was an
appropriate tool for exploring a combination ofnfamg activities. The method allows for
including a large number of farming activities, fdient ways to produce them, (e.g. less
intensity tillage), financial activities (e.g. credto invest in facilities or machinery), rent thn
and constraints like water availability (becausearns disposal for storing water). In general,
normative approaches are considered to have pahdtigitations; they tacitly assume that
farmers decide according to pre-determined decisiateria, and do not account for
inconsistencies in the decision process (Verstegen., 1995). In this sense, the application

of (AHP) allowed improving respondents’ inconsisgtgnwhen it was detected. An
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optimization model consists of a system of equatiand/or inequalities that are designed to
replicate farm-level activities and it involves thpecification of a behavioural assumption,
like profit maximization (Weersink et al, 2002). Ghapter 5, a single objective (utility) was

optimized. However, farmers may be pursuing othgedives. Besides, due to reasons like
imperfect information and limited management skifrmers are not running the farm as
model outcomes would suggest. The results of thienggation model in Chapter 5 generate

the maximum achievable utility, given minimum regments on soil degradation, and the
differences between the outcomes of the model amat & farmer does in reality reflect the

possibilities for farmers to improve the economi &oil management performance of the
farm (van Calker et al., 2004).

Normative and positive approaches were useful ¢bresving the overall objective of
this research. The positive approaches gave arhettierstanding of underlying statistical
relations, like the relation between SOM and natriavailability (Chapter 2). Moreover,
farming activities observed in clusters of farmantified using a positive approach in Chapter
3 were included in the ranking of farming activstiior tobacco diversification in the AHP of
Chapter 4. The identification of clusters of farmsthe region (Chapter 3) also helped in
defining restrictions on resources like land, mtign water availability, labor availability in
the optimization model. Therefore, the positive rapghes provided useful information for

building the normative model in Chapter 5.

6.2.3 Data issues

The lack of data related to soil degradation anv@dification of tobacco farms in the Valle
de Lerma was an issue in all chapters of this sh&&ry limited historical data were available
on the changes of SOM and soil management in tob&etds in the region. Moreover,
tobacco yields as a function of SOM levels for éimalysed tobacco fields were not available.
This scarcity in data limited the application oétbconometric model to nutrients (Nitrogen,
Phosphorus and Potassium) in Chapter 2 as a funatiSOM. Data for Chapter 2 came from
laboratory analysis reports requested by farmergetofertility diagnosis of soils. Reports
included percentages of clay, silt and sand whiedenit possible to determine solil texture
to build cohorts. Other variables used in the eocogtac models are the normal variables that
a soil analysis provides, like pH, nutrients cotdeisOM, etc. Other important information

like number of tillage practices, tobacco yieldtbé plot, applied fertilizer in the previous
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year and use of green manure was not recorded., A¢solts from experiments relating
organic matter supply from different types of greeanures are not available in the area. Soil
degradation in this study was limited to soil origamatter. A more complete model needs to
include other factors affecting soil degradatide lerosion, nutrient depletion, soil pollution
and salinization. Moreover, the analysis has to Wveader; it should include other
environmental impacts like water contamination bitilizers and pesticides. Unfortunately,
necessary data are still missing in the area.

Data to build the typology in Chapter 3 were takemm the Census that was
completed in 2002. The Census questionnaire iesladpredetermined number of variables.
Another Census was carried out in 2008, but thaeltsesvere not available at the time the
research was done. More recent data regarding fasources, size and farming activities
could give a better knowledge of the current fagpets in the region. Census data are
published at aggregate levels (principally depants)e An agreement between INTA
(National Institute of Agricultural Technology) atitke institute in charge of the realization of
the Census (INDEC) made it possible to use thedfath base for this study. However, due to
confidentiality restrictions, it was not possibteitientify individual farms and to relate each
observation with the soil analysis reports use@hapter 2.

In Chapter 4, only limited data were available oiteda for diversification of farm
activities and the performance of farm activitieshwespect to selected criteria. Therefore,
knowledge of experts and stakeholders was used.

Different data sources were used for parameterisireg bio-economic model in
Chapter 5 Severe lack of data regarding new difiesion activities led to the decision to
include in the quadratic programming model onlyfir& ranked activity from each group of
activities, namely autumn-winter crops, spring-swenierops, perennial crops and forests and
livestock production. Historical yields in the regiand experts’ estimates of yields were used
for farm activities. The use of expert estimates loa criticized because it might not precisely
reflect reality. Experts that were asked aboutdgeln this study are, however, well
experienced in the region. The technical infornratmestimate variable costs also came from
different sources: experts’ knowledge, farmersemitews and scientific publications. A farm
survey on crop management and the use of inputéd,cdiowever, lead to a better
parameterisation of the bio-economic model. Carlsapply data from crops were not
available for the area. Based on local yields avefficients and data from literature, carbon

supply was estimated.
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6.3 Synthesis of results

This section provides the relations between theliefrom the different chapters. Figure 6.1
helps to understand the link between the chapters.

Chapter 2 confirms the initial assumption that lexeSOM in tobacco fields is low
which means that soils have degraded, most likelyha result of the practice of tobacco
mono-cropping. This result is in line with localpexts’ knowledge regarding SOM. Soils
under tobacco in the Valle de Lerma show 60 pet le=ms SOM than forest soils taken as a
reference in the same area and it is limiting potida to some degree (Giménez Monge et
al., 2009; Ortega and Corvalan, 1992). As is shimwfigure 6.1, the average SOM content of
1.55 % derived from the data in Chapter 2 was tsestimate the current content of organic
carbon in the soil in Chapter 5. This current cohtd organic carbon was multiplied by the
mineralization coefficient, to obtain the yearlytwan decline, which is included in the carbon
balance. Based on local experts’ estimates (0O2808; Ballari, 2005) yearly carbon balance
declination of 1.064 t Raper year is a reasonable assumption. The issuestlla have
degraded due to mono-cropping as noted in Chapiadizated that soil improvement should
be a criterion for selecting farming activities tobacco diversification in Chapter 4. This is
illustrated by the arrow in figure 6.1 that conseChapters 2 and 4. In addition, green manure
(oats and wheat) where considered in Chapter #exsatives for diversification.

In Chapter 3, it appeared that there are two typdsghly specialized tobacco farms
next to two other types of farm producing tobaced being rather diversified. As the
specialized tobacco farms are the farms havingséwerest problems with soil degradation
and as these farms appear to be very similar in $kéup, it was decided to conduct the farm
level analysis in Chapter 5 on the basis of theagee of these two farm types. The tobacco
cultivated area was on average 23.5 in these specdaobacco farms. These farms have
around 40 ha of land for crop production, 28 h#hefland have irrigation, and they have 3 to
4 permanent workers on the farm. Land for crop petidn, irrigated land and permanent
workers availability from this chapter were takenaaailable resources of the representative
farm in the optimization model of Chapter 5, as #reow from Chapter 3 to Chapter 5
indicates in Figure 6.1. The optimization modeCimapter 5 showed a cultivated tobacco area
of 25 ha in the current situation of no restrictmm carbon balance, irrespective the level of
risk aversion. Results regarding the use of wateolbacco production from the optimization

model are in line with what was observed on thenfain the study area (Chapter 3). In
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Chapter 3, it was pointed out that limited irrigatiwater availability may have a negative
effect on diversification. This is confirmed in Qitar 5 where irrigation water is a limiting
factor and is totally devoted to tobacco productiothe current situation without restrictions
on soil degradation. The optimal plan in the curgtuation includes soybean production in
addition to tobacco, where soybean does not ugation.

Current and potential farming activities for diviicsation were compared with respect
to a number of criteria in Chapter 4 and a finalkiag was made. Current farming activities
identified in the farm clusters of Chapter 3 weareluded in Chapter 4 to make the ranking.
This is illustrated by the arrow in figure 6.1 thainnects Chapters 3 and 4. The criteria
included in Chapter 4 did not consider the useanitspecific resources. In Chapter 5, a
selection of activities coming from the ranking read Chapter 4 (an arrow from Chapter 4
to Chapter 5 illustrates this in Figure 6.1) weraleated in their aptitude to improve expected
farm income and SOM at given farm resources (ldaldor, irrigation water) in different
periods of the year. The optimization model of Ghap did not include all the considered
criteria in Chapter 4. In fact, the model assumes same market feasibility, technical
information and suitability for biophysical conditis for all the farming activities. The results
of Chapter 4 showed that beef bulls production tines farming activity with the highest
overall weight in the ranking of activities for @xro diversification, soybean was third,
alfalfa for selling hay was ninth and chickpea wageenth.

In Chapter 5, soybean was relevant in diversificain the current situation of soll
degradation (no carbon balance restriction), wibdef bulls and chickpea entered (in addition
to soybean) the optimal plan when the restriction tbe carbon balance was included.
Chickpea has a higher share as the risk aversieffident increases (due to its low
coefficient of variation of gross margin). Figurd &hows in the frame of Chapter 5 the land
share for the crops in optimal plans for curretiagion of no carbon balance restriction and
for the desired situation with carbon balance r&sin for a somewhat risk averse farmer.
Alfalfa for selling hay did not enter any solutictespite its higher ranking than chickpea in
Chapter 4. Alfalfa for selling hay had a low scareaall criteria, except in its contribution to
soil improvement (Chapter 4). As further soil dei@on in Chapter 5 could be prohibited by
including beef bulls (that included growing alfalfar feeding) and chickpea, alfalfa for
selling hay was not included in any optimal planGhapter 5. The methods for selecting
farming activities in Chapter 4 and Chapter 5 amnglementary and for proper decisions of

diversification at farm level, both general andnfaspecific information is required. For a
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better analysis of the usefulness of the diffediaersification activities of Chapter 4, it is
necessary to include in the optimization model ¢dfagter 5 all the activities ranked in
Chapter 4.

6.4 Implications of the study

6.4.1 Policy implications

Chapter 3 shows that land and irrigation availgbiire, among others, determinants for
diversification. According to the results of thgptogy, there is still suitable land (natural
forests and pastures) that may be incorporatedoim groduction. Policies may be oriented to
make more land available for agricultural productitor example through the provision of
subsidies or loans. Wood production in steep apédise valley (not feasible for agricultural
production) can be also considered. Depending derwaquirement for different crops and
periods, irrigation water may limit diversificatidfor example, if alfalfa is produced to feed
beef bulls). Hence, policy makers can promote ttepaon of diversification activities
through subsidies or loans for making wells foigation in farms and building more dams in
the area.

According to the results in Chapter 5, in a si@atdf unchanged prices and subsidy,
tobacco remains very dominant in the region. Cdrretional policies tend to strengthen
tobacco production (e.g. by encouraging farmers \aatkers training, improving working
conditions and improving tobacco cured processes)enthan to promote diversification
(MinAgri, 2012). Future policies can include incees to diversify (like cheap credits),
obligatory practices (like rotations) or fines toange current farmers’ practices that worsen
soil degradation. Tobacco production uses highlsew€ labor which is not the case of the
farming activities for diversification included i€hapter 5. Large scale introduction of
diversification activities would decrease the cotremployment level. Decision makers will
have the task of combining conflicting purposesqisasving the environment (with emphasis
on improving soil quality as a key factor for prativity) versus maintaining farmers” welfare
and maintaining a high level of agriculture relagsdployment in the region.
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6.4.2 Research implications

This research has provided insights that can bed use future disciplinary and
interdisciplinary research. Chapter 2 showed tbds $n the Valle de Lerma have degraded.
Research regarding different methods to recovels gsi still limited and an economic
evaluation of those methods is missing. In additmigreen manure practices, other ways to
improve SOM like urban and animal waste and crgdues (IRRI, 1984) can be evaluated
in terms of their effective supply of organic matie the soil and by specifying a time horizon
to achieve adequate levels of SOM in soil. In tirg/, technical information will be available
for economic evaluation and recommendations faméas can be improved. The results of
Chapter 2 indicate that there are unobserved cafi@tts that influence nutrient availability
which are not evident from the explanatory variahleed in the model. These variables may
be related to the correct moment of applicationheffertilizer, farmers’ management skills,
education level, age and soil management practiteese identified unobserved cohort
specific effects rice the question of which varégbhre involved in nutrients availability in
addition to applied fertilizers. By detecting amdproving those variables affecting nutrients
availability, a more efficient management of saill e achieved.

An updated typology of tobacco farms based on @ipejuestionnaire including
variables related to types of soils, managemerttioes, farms resources, inputs use, farmers’
characteristics and real crops vyields is desirablethis way, a better assessment of
diversification will be possible.

Farming activities for tobacco diversification posed in Chapter 4 were evaluated by
invoking the opinion of expertise and differentk&taolders. An alternative way of measuring
farming activities could provide insight into thebustness of the results. To derive
recommendations to farmers regarding activitiesdfgersification, a quantitative estimation
of expected income is required. For current adéisjtsurveys from farmers with actual yields
and technical information of common managementtjmex could provide an alternative for
expert opinion. For potential activities, estimatiof expected yields and management
practices from experts and experiments are requildtere and how to sell the production
and buy inputs is crucial for farmers to take tleeision to diversify. In this sense, market
feasibility studies are required, principally oretlemand side of products, to determine if
extra supply can be absorbed by the market withausing price changes. On the input side

the possibilities for buying specific inputs (elgmiing material) for new activities need to be
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investigated. With respect to the criteria suitiépifor biophysical conditions of potential
activities, the opinion of expertise is highly appated; however experiments for evaluating
the suitability of new crops to local climate amil sonditions are required. Special emphasis
has to be put on varieties of winter crops (likeeathand onion) that are suitable to be grown
after tobacco harvest, to get additional incomel, thiat can be harvested at the beginning of
spring to give way for tobacco production againe Pwossibility of production in winter time

is important, especially for farmers with limiteand availability. Research on these topics
will provide farmers with robust information regard tobacco diversification possibilities.

Regarding environmental issues there is a broapgestr doing research. This study
was limited to soil degradation and within this]JyoBOM was included (due to limited data
availability). Soil erosion and soil and water @mtnation coming from tobacco production
need attention in future research.

Carbon supply from crops was estimated from liteeat An accurate assessment of
carbon supply from different crops in the area eeded for realistic estimation of carbon
balances.

Tobacco production and its diversification entadt ronly soil degradation and
economic aspects but also social aspects, as caderived from Chapter 5. The challenge for
an interdisciplinary research is to develop sustam production systems for the Valle de

Lerma, addressing environmental, economic and kdicreensions of sustainability.

6.4.3 Business implications

Market accessibility is crucial for tobacco farmérgheir decision to pursue diversification
strategies. Introducing new farm activities at rgéascale requires access to large markets in
terms of demand, like the market in Buenos Airég9QLkilometres far from Salta). Selling in
Buenos Aires entails high transportation costs iandstments in marketing facilities, like
conservation and packaging facilities. So, develapnof new marketing channels needs to
done.

With current tobacco prices and subsidies, a sjeethtobacco farmer faced with the
decision of diversifying production will have to balling to give up income in order to
diminish soil degradation by means of diversifioatias shown in Chapter 5. If tobacco
subsidies are abolished, or if tobacco prices dserethen farmers will introduce more easily

new activities because tobacco production thenrbesaelatively less profitable.
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Specialized tobacco farmers in the area are wéledkn producing tobacco, but not
yet in animal production. Therefore, training Wik necessary for farmers to diversify into
livestock production. In this sense, the educatbthe farmer will play an important role.
According to determinants of diversification (Chexp8) a better educated farmer is expected

to have better access to information on the manageaof new farming activities.

6.5 Main conclusions

The main conclusions of this thesis are as follows:

* It is feasible to improve nutrient availability frelds of Valle de Lerma by increasing
SOM, but it is not economically attractive to inese SOM by means of green manure
(Chapter 2).

* Soil nutrient availability is explained in part loywobserved cohorts’ specific effects
like farmers’ skills or preferences, local condiso and management strategies.
(Chapter 2).

» Considering determinants of diversification, spkoga tobacco farms with a better
educated farmer have more possibilities for difieeion. In addition to the level of
education, more land availability, lower irrigatéeghd availability, higher level of
ownership of land, lower share of specific capgabds devoted to tobacco may
encourage diversification (Chapter 3).

* The largest tobacco producers in terms of the afd¢abacco are highly diversified
while the smallest are specialized in tobacco pcodn (Chapter 3).

e Market feasibility of inputs for production and otitputs is crucial for introducing
diversification activities (Chapter 4).

» Livestock production activities like beef bulls addiry cows are considered the best
diversification activities by stakeholders in terofghe selected diversification criteria
(Chapter 4).

* Price and yield risk, risk aversion, and soil deigteon do not have an impact on the
farmer’s decisions to produce tobacco in the siaatvith current tobacco prices and
subsidy and without restrictions on soil degrada{Ghapter 5).

* In the situation of current prices and restrictiars soil degradation, tobacco and
soybean are for the greater part replaced by héksf énd chickpea (Chapter 5).
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The requirement of no further soil degradation he situation of current tobacco

prices strongly decreases total gross margin ofaime (Chapter 5).

Tobacco subsidy abolishment leads to the replaceaieabacco by soybean and beef
bulls and a strong decrease of the total grossimafghe farm (Chapter 5).

Because of the highly labour intensive charactetobficco production compared to
the alternatives, substantial replacement of tabatSalta will result in considerable

loss of employment on the specialized tobacco fd@hsipter 5).
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Summary

In the province Salta, in the Northwest of Argeatirtobacco Nicotiana tabacumL.) is
economically and socially important, as many peagégpend directly or indirectly on its
production. However, the current practice of tolmaomono-cropping, excessive tillage and
inadequate irrigation management causes soil dagoad with negative impacts on
production. Also, the future of tobacco productisruncertain because of its dependence on
subsidies and increasing concerns about health giarnam tobacco consumption. Hence,
there is a need for research on diversificatiorsfiigcialized tobacco farms. Diversification is
defined as the adoption of farming activities dife from tobacco production that use farm
assets (land, labor, capital) to produce agricaltproducts (crops and animals). The
definition of diversification in this study exclusleoff-farm employment and off-farm
investments.

The overall objective of this study was to explopportunities for diversification of
specialized tobacco farms in the Valle de Lermads Dverall objective was pursued in four
different steps, which are described in chaptds2

In Chapter 2, a pseudo-panel of data from soilyasmalreports of tobacco cultivated
fields was built to explore the potential for impmg Nitrogen (N), Phosphorus (P) and
Potassium (K) availability by increasing SOM, usiramdom and fixed effect econometric
models. Based on the results of this econometradyais, an economic assessment of the
increase of SOM by using green manuring crops veaee dThe average current content of
SOM in the analysed sample was 1.55 %, which isidened low. Positive elasticities were
found between N, P and K availability and SOM. Bhasticity of N with respect to SOM of
0.75 was the only statistically significant elag§icThe elasticity suggests that an increase of
1 % of SOM will increase soil N by 0.75 %. The misdesults suggest that 25 % of N, 13 %
of P and 44 % of K variations were explainedunobserved specific characteristics such as
location-specific characteristics, management esgias, farmers’ skills and preferences and
environmental heterogeneity. The effect of SOM iowement through the use of green
manure was evaluated in relation to N, being thky aignificant elasticity. The results
showed that costs and benefits of green manuringidvoe equal if SOM would increase
from 1.55 % to 3.61 % which is barely achieved aditm to the literature. Hence, growing
green manure crops to increase SOM and thereby &lahbility is economically not

attractive, although additional benefits may afisen SOM improvement and by growing
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green manure crops, like enhancement of soil agtgeg of soil porosity and of water
infiltration, biota development and weeds and pthséase reduction.

Chapter 3 reviewed the literature on determinamtgdiversification and developed a
typology of tobacco producing farms in Salta, bagsedhese determinants and by applying
Principal Component Analysis and Cluster Analysis Agricultural Census data. Risk
reduction and income improvement are the main reagor diversification. The variables
selected concerning determinants of diversificati@mne: land area, irrigation, general capital
goods and specific capital goods, ownership of ,|attlication, off-farm work, and labour
availability. The analysis of the principal compatsapplied to 16 selected variables allowed
to reduce the dimensionality of the data to 4 comgmts. Those 4 components were used to
apply K-means cluster approach to classify the $afrour clusters were determined. Cluster
1 and Cluster 2 were the largest clusters in teaihsiumber of farms. These clusters
concerned highly specialized tobacco farms witt223a of tobacco. They mainly differed in
education level of the farmer and different levefsoff-farm work. Both clusters were
interesting for further analysis regarding divacsifion alternatives to maintain or improve
income and to reduce soil degradation. Cluster i&c@med large tobacco farms (average
tobacco cultivated land is 176 ha) being somewdss $pecialized than the farms in clusters 1
and 2. Farms in cluster 4 already had a high lefsdiversification with substantial livestock
production.

Chapter 4 developed criteria for assessing diveasibn activities based on a
literature review, and ranked different diversifioa activities with respect to those criteria.
The Analytic Hierarchy Process (AHP) technique waed to quantitatively measure the
scores on different criteria of activities from exis and stakeholders. Next, goal
programming methods were used to aggregate indiVassessments in order to arrive at the
final ranking of farming activities for diversifiian. Four groups of diversification activities
were determined, namely autumn-winter crops, sgsiungmer crops, perennial crops and
forests and livestock production. The five critet@ judge the production activities for
tobacco diversification were: contribution to inoensuitability for biophysical conditions,
availability of technical information, market felgity and contribution to soil improvement.
The feasibility to market the products stood outhva high relative weight, while the other
criteria received similar weights. The obtainedighies of farming activities showed that
especially livestock activities and spring-summm@ps are important alternatives for tobacco

production. Livestock activities stood out becaubey got high scores on all criteria.
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Livestock activities and spring-summer crops compeith tobacco for resources because
tobacco is also a spring-summer crop. Following rdogking of activities from Chapter 4,
Chapter 5 determined optimal plans of current aeérdification activities for risk averse
farmers on a specialized tobacco farm to stop degradation. SOM was included as an
indicator of soil degradation. A quadratic prograimgnmodel of a typical specialized tobacco
farm including maximization of expected income nsnask was developed. SOM was
included in the model using the concept of the @arbalance, being the difference between
carbon supply and carbon decline in a year. Twéehht situations with respect to soil
degradation were evaluated using this model. Theegusituation included no restriction on
carbon balance while the desired situation inclutthedrestriction that carbon balance cannot
be negative. The model results for the currentatitm showed that all irrigated land was
devoted to tobacco production while the rest waslder soybean production, irrespective of
the level of risk aversion of farmers, resulting anhighly negative carbon balance and
continuous soil degradation. In the desired dtmatobacco and soybean were replaced for
an important part by beef bull production (incluglithe production of alfalfa and maize for
silage for feeding) to fulfill the requirement ob megative carbon balance. As the risk
aversion coefficient in this situation increaseeketibulls and soybean were partly replaced by
the low risk crop chickpea. The requirement of mHer soil degradation came at a high cost
since gross margin of the farm was decreased by 85% compared to the current situation.
Finally, the model was used to explore the effemttsan abolishment of governmental
subsidies on tobacco. In this situation the pradagblan consisted of soybean, beef bulls and
tobacco in such a proportion that carbon balanpesstive. Income effects of an abolishment
of governmental subsidies on tobacco would be eoosnas the gross margin of the farm
decreased by some 60%.

Based on the findings of this thesis the main amiohs are:

» It is feasible to improve nutrient availability frelds of Valle de Lerma by increasing
SOM, but it is not economically attractive to inese SOM by means of green manure
(Chapter 2).

« Soil nutrient availability is explained in part loywobserved cohorts’ specific effects
like farmers’ skills or preferences, local condiigo and management strategies.
(Chapter 2).
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Considering determinants of diversification, spkogal tobacco farms with a better
educated farmer have more possibilities for difieeion. In addition to the level of
education, more land availability, lower irrigatéeghd availability, higher level of
ownership of land and lower share of specific Gpybods devoted to tobacco may
encourage diversification (Chapter 3).

The largest tobacco producers in terms of the afg@abacco are highly diversified
while the smallest are specialized in tobacco pctdn (Chapter 3).

Market feasibility of inputs for production and ofitputs is crucial for introducing
diversification activities (Chapter 4).

Livestock production activities like beef bulls addiry cows are considered the best
diversification activities by stakeholders in terofghe selected diversification criteria
(Chapter 4).

Price and yield risk, risk aversion, and soil deigteon do not have an impact on the
farmer’s decisions to produce tobacco in the siuaatvith current tobacco prices and
subsidy and without restrictions on soil degrada{iChapter 5).

In the situation of current prices and restrictiars soil degradation, tobacco and
soybean are for the greater part replaced by hélsfénd chickpea (Chapter 5).

The requirement of no further soil degradation he situation of current tobacco
prices strongly decreases total gross margin ofaimne (Chapter 5).

Tobacco subsidy abolishment leads to the replaceaieabacco by soybean and beef
bulls and a strong decrease of the total grossimafghe farm (Chapter 5).

Because of the highly labour intensive charactetobficco production compared to
the alternatives, substantial replacement of tabatSalta will result in considerable

loss of employment on the specialized tobacco fd@hsipter 5).
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Samenvatting

In de provincie Salta, in het noordwesten van Atiges is de tabaksproductie economisch en
sociaal van belang, omdat veel mensen er direstdafect van afhankelijk zijn. De manier
waarop tabak geproduceerd wordt, in continutee#it weel grondbewerkingen en met een
vaak inadequate manier van irrigatie leidt echaerérlies van bodemkwaliteit met als gevolg
een daling van de bodemproductiviteit. Daarnaasdeistoekomst van de tabaksproductie
onzeker, omdat overheidssubsidies voor tabaksptiediut Argentinié onder druk staan
vanwege de schadelijke effecten van tabaksgebra&r Wde volksgezondheid. Deze
ontwikkelingen vormen de achtergrond en de aamgidvoor het in dit proefschrift
gepresenteerde onderzoek naar de diversificatieijidgelen voor gespecialiseerde
tabaksbedrijven in Salta. Diversificatie is in ditderzoek gedefinieerd als het opnemen van
activiteiten door een agrarisch bedrijf, anders dartabaksproductie, die gebruik maken van
de beschikbare productiemiddelen arbeid, grond epitéal voor het produceren van
agrarische producten (gewassen en dieren). Dematdetan diversificatie sluit activiteiten
waarbij arbeid of kapitaal buiten het bedrijf wondeangewend uit.

Het doel van deze studie was het vaststellen gaariache activiteiten geschikt voor
diversificatie op gespecialiseerde tabaksbedrijnetie Valle de Lerma en het evalueren van
de effecten van opname van deze activiteiten omketnen, op het inkomensrisico en op het
organische stofgehalte van de bodem. De Valle dendes een concentratiegebied ten
aanzien van tabaksproductie in de provincie Sak&een opperviakte van bijna 7000 %m
Het doel van de studie is uitgewerkt in de hoofklstn 2 tot en met 5 van dit proefschrift.

In hoofdstuk 2 worden de mogelijkheden onderzochtde beschikbaarheid van N, P
en K in de bodem te verhogen door middel van hetogen van de organische stof in de
bodem. Dit is gedaan in twee stappen. In de eattp werd het verband tussen het
organische stofgehalte in de bodem en de N, P eeds¢hikbaarheid vastgesteld. Hiervoor
werd een database samengesteld met gegevens umapdlyses van percelen met
tabaksteelt. Deze database werd geanalyseerd nhelpbgan random en fixed effect
econometrische modellen. De resultaten van dezsoeuetrische analyse werden vervolgens
gebruikt om vast te stellen of het economisch edgsant is om de organische stof in de
bodem te verhogen door middel van een groenbemdistgieteeld kan worden in de periode
tussen twee tabaksteelten. Het gemiddelde organstdigehalte van de bodem op basis van
de gegevens in de database bedroeg 1,55 % wahagsalngemerkt kan worden. Uit de

econometrische analyse bleek een positief verbaggkh de organische stof in de bodem en
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de beschikbaarheid van N, P en K, maar alleen dengen relatie met N bleek statistisch
significant. De elasticiteit van de organische stofle bodem met betrekking tot N bedroeg
0,75, hetgeen betekent dat een verhoging van dmisahe stof in de bodem met 1% leidt tot
een verhoging van de beschikbaarheid van N met Q«5De resultaten van de
econometrische analyse laten verder zien dat 131486 van de variatie in N, P en K
beschikbaarheid niet verklaard kon worden door gmsche stof in de bodem, waardoor
andere verklaringsfactoren als locatiespecifiekestandigheden, managementstrategieén, en
preferenties en vaardigheden van de ondernemeeeald lkomen als mogelijke, maar in dit
onderzoek niet onderzochte verklaringen. Voor dmemische evaluatie van het verhogen
van de organische stof in de bodem werd vervolgalsen het effect op de N-
beschikbaarheid, zijnde het enige significante agffmmeegenomen. De resultaten laten zien
dat een groenbemester economisch pas interessaitt als de organische stof in de bodem
door het verbouwen van de groenbemester omhoogwgeatl,5 naar 3,61%. Omdat dit
volgens de literatuur niet haalbaar is kan gecate#ud worden uit dit onderzoek dat het
verhogen van de organische stof in de bodem dobwdrbouwen van een groenbemester
teneinde de N-beschikbaarheid te verhogen econbrmsst interessant is. Hierbij moet
opgemerkt worden dat additionele positieve, maagilifjote kwantificeren, effecten van een
groenbemester, zoals verbetering van de bodemstmjetan de wateropname door de bodem
en van het bodemleven en reductie van onkruiderieitedruk niet meegenomen zijn in de
berekeningen.

In hoofdstuk 3 wordt een typologie gemaakt vameldrijven in de Valle de Lerma die
tabak produceren. De typologie is gebaseerd opijtseden ondernemerskenmerken die
bepalend zijn voor de mogelijkheden van een bedogir diversificatie. Deze kenmerken zijn
vastgesteld op basis van literatuuronderzoek. B&geatelde kenmerken werden vervolgens
gebruikt om een dataset met een beperkt aantahbedein vast te stellen op basis van
landbouwtellingsgegevens. Op deze dataset wertbtengrincipale componentenanalyse en
clusteranalyse toegepast om te komen tot een lamekgpologie. De diversificatiekenmerken
die uit de literatuur naar voren kwamen en die ggiruikt in dit onderzoek waren de totale
bedrijfsoppervlakte, de oppervlakte die geirrigekash worden, de omvang van algemene
kapitaalgoederen en van Kkapitaalgoederen voor epgacifeke productie, de
eigendomsrechten van grond, de mogelijkheden voerkwbuiten het bedrijff en de
beschikbaarheid van arbeid. Dit leidde tot een s#dtanet 16 variabelen en 278 tabak

producerende bedrijven. Principale componentenaadiyacht het aantal variabelen terug tot
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4 componenten. Clusteranalyse op basis van deemponenten resulteerde tenslotte in vier
clusters van duidelijk te onderscheiden bedrijfesyCluster 1 en 2 bevatten samen 89% van
alle bedrijven en zijn clusters van gespecialised¢adbaksbedrijven met gemiddeld 23 en 24
ha tabak. Het belangrijkste verschil tussen deze talusters is het opleidingsniveau van de
ondernemer dat het hoogst van alle clusters iduster 1 en het laagst van alle clusters in
cluster 2. Cluster 3 bevat de grote minder gespsesde tabaksbedrijven. Cluster 4 bevat
bedrijven waar tabaksproductie van beperkt belangaiast de andere productieactiviteiten
waaronder melkproductie en vleesproductie. De ijvedr in de clusters 1 en 2 zijn de
bedrijven waarop dit onderzoek zich met name richt.

In hoofdstuk 4 wordt een ranking gemaakt van #etten geschikt voor diversificatie
op tabaksbedrijven. Allereerst werden op basis litaratuuronderzoek criteria vastgesteld
aan de hand waarvan diversificatie-activiteitendemworden gerankd. Vervolgens werd het
relatieve belang van elk criterium beoordeeld dogerts en stakeholders die vervolgens een
selectie van geschikte diversificatie-activiteiteroordeelden op de verschillende criteria. Om
de beoordelingen kwantitatief te maken werd de Wil Hierarchy Process techniek
gebruikt. Tenslotte werden doelprogrammeringsmethagebruikt voor het aggregeren van
de beoordelingen van individuen tot één finale nagk/an diversificatie-activiteiten. De vijf
criteria voor de beoordeling van diversificatieraiteiten die uit het literatuuronderzoek naar
voren kwamen waren achtereenvolgens: de bijdrage let inkomen, de mate van
geschiktheid gegeven de biofysische omstandighedde, beschikbaarheid van
productietechnische informatie, de mogelijkheden @enproducten te vermarkten en de
bildrage aan bodemverbetering. Vier groepen vanerdificatie-activiteiten werden
vervolgens vastgesteld, namelijk: herfst- en wgegrassen, voorjaars- en zomergewassen,
meerjarige gewassen en dierlijke productie. De img van de criteria door de experts en
stakeholders leverde een duidelijk hoger gewichtvopr de vermarktingsmogelijkheden,
terwijl de overige vier criteria vergelijkbare gehten kregen. Uit de beoordeling van de
diversificatie-activiteiten, met inachtneming vae dewichten voor de criteria, bleek dat
dierlijke productie-activiteiten en voorjaars- ewonergewassen hoog scoorden, waarbij
dierlijke productie-activiteiten hoog scoorden dfe «ijf criteria. De uiteindelijke ranking
van alle individuele activiteiten werd dan ook aawvaerd door vileesstieren, gevolgd door
melkkoeien en sojabonen.

In hoofdstuk 5 zijn optimale plannen bepaald vogico-averse ondernemers op

gespecialiseerde tabaksbedrijven op basis vandmiidn nieuwe diversificatie-activiteiten
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waarmee verdere daling van de bodemkwaliteit vaodo wordt. Hiervoor werd een
kwadratisch programmeringsmodel van een gespesgatistabaksbedrijf ontwikkeld waarin
het saldo (opbrengsten minus variabele kosten) snhmet risico als de te maximaliseren
doelstelling werd gebruikt. Bodemkwaliteit werd hiet model opgenomen door middel van
de koolstofbalans, zijnde het verschil tussen ddijiese koolstoflevering en koolstofafname.
Twee situaties met betrekking tot bodemkwaliteitrde® onderzocht met het ontwikkelde
model. Voor de ‘huidige situatie’ werd het modeloggmaliseerd zonder beperking aan
bodemkwaliteit. Voor de ‘gewenste situatie’ werd lperking opgelegd dat de bodem niet
verder mocht degraderen, met andere woorden dstk@lmhlans mocht niet negatief zijn. De
resultaten voor de ‘huidige situatie’ laten zien dile geirrigeerde land gebruikt wordt voor
tabaksteelt terwijl het overige land gebruikt wovdor de teelt van sojabonen. De mate van
risico-aversie zoals gebruikt in het model heeérgeffect op het resultaat. De sterk negatieve
koolstofbalans wijst op een verdergaande bodemdatea Om in de ‘gewenste situatie’ te
kunnen voldoen aan eis van niet verdergaande baelgnaditie, zijn tabak en sojabonen voor
een belangrijk deel vervangen door alfalfa en saiignvoor de productie van vieesstieren op
het bedrijf. Een toenemende risico-aversie in deuatie leidt tot gedeeltelijke vervanging
van de vleesstieren (op basis van alfalfa en sig)oor kikkererwten, een gewas met een
positieve koolstofbalans, met weinig risico, maak anet een relatief laag saldo. De
beperking ten aanzien van verdere bodemdegradaedft lgrote gevolgen voor het
bedrijfssaldo. Dit neemt af met 35% ten opzichte da ‘huidige’ situatie. Als laatste werd
het model gebruikt om de effecten te verkenneneamafschaffing van de overheidssubsidie
op tabak. Ook dit leidt tot een productieplan wgddbak een veel minder prominente plaats
inneemt naast sojabonen en vleesstieren met geddl zelfs een positieve koolstofbalans als
gevolg. De effecten voor het saldo zijn enorm neet @aling van ongeveer 60%.

De belangrijkste conclusies van deze thesis zijn:

* Het is mogelijk de beschikbaarheid van nutriéntede bodem in de Valle de Lerma
te verhogen door het organische stofgehalte teogern maar het is niet economisch
interessant om dit te doen door middel van eennipemester (hoofdstuk 2).

« De beschikbaarheid van nutriénten is voor een teeérklaren uit niet vastgelegde
effecten als locatiespecifieke omstandigheden, gemantstrategieén en preferenties
en vaardigheden van de ondernemer (hoofdstuk 2).

* Bedrijven met een beter opgeleide ondernemer hebbtare mogelijkheden om te

diversifieren. Andere aspecten die de mogelijkhedeerbeteren zijn: de
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beschikbaarheid van meer land en van minder geérigland, een groter deel van
het land in eigendom, en een lager aandeel varuptiedpecifieke productiemiddelen
(hoofdstuk 3).

De grote tabaksproducenten in de Valle de Lernra\@gl meer gediversifieerd dan
de kleine tabaksproducenten (hoofdstuk 3).

De mogeliikheden om de benodigde inputs te kopenoen de producten te
vermarkten zijn cruciaal voor de introductie vamedsificatie-activiteiten (hoofdstuk
4).

Dierlijke productieactiviteiten als vleesstieren emelkkoeien worden door
stakeholders en experts beoordeeld als de meeshikfesdiversificatie-activiteiten
(hoofdstuk 4).

In de situatie met de huidige prijzen en subsidiesr tabak hebben risico, de
risicohouding en bodemdegradatie-effecten geenlenikeloed op de beslissing om
maximaal tabak te produceren (hoofdstuk 5).

In de situatie met de huidige prijzen en subsidvesirin verdere bodemdegradatie
niet toegestaan is, wordt tabak voor een belangegd vervangen door vleesstieren
en kikkererwten (hoofdstuk 5);

Het niet toestaan van verdere bodemdegradatie sitdatie met huidige prijzen en
subsidies leidt tot een sterke daling van het [fedaldo (hoofdstuk 5);

Het afschaffen van de subsidie op tabak leidt ®tvdrvanging van tabak door
vleesstieren en sojabonen, tot bodemverbeteringoereen grote daling van het
bedrijfssaldo (hoofdstuk 5);

Vanwege het arbeidsintensieve karakter van tabad#sptie in vergelijking met
alternatieve producties, leidt een substantiélevareging van tabak door andere
producties tot een sterk verlies aan werkgelegenbpitabaksbedrijven (hoofdstuk
5).
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Resumen

La produccion de tabacélicotiana tabacuni..) es econdmica y socialmente importante en la
provincia de Salta, en el Noroeste de Argentinggu@numerosas personas dependen directa
o indirectamente de su produccion. Sin embargonaiocultivo, el excesivo laboreo y el
inadecuado manejo de riego producen degradaciGuele, con impactos negativos en la
produccion. También, existe incertidumbre en rélaal futuro de la produccion tabacalera
debido a la existencia del subsidio al precio dada y una creciente preocupacién por los
dafios que ocasiona el consumo de tabaco en la s&nkrge, entonces, la necesidad de
realizar investigacion de posibilidades de divezadion en explotaciones especializadas en la
produccion de tabaco. Se define diversificacion @oia adopcion de actividades
agropecuarias distintas al tabaco que usan rec(ti®osa, tabaco, capital) para producir
productos agropecuarios (cultivos y animales).deicepto de diversificacion en este estudio
excluye actividades extra-prediales e inversionesaf de la explotacion.

El objetivo general de este estudio fue explorartymidades de diversificacion en
explotaciones especializadas en la produccién lwictaen el Valle de Lerma. Este objetivo
fue alcanzado en cuatro pasos, que son descripios eapitulos 2 a 5.

En el capitulo 2 se construyd un pseudo-panel ttes @apartir de analisis de suelos de
lotes tabacaleros, para explorar el potencial denmeéle la disponibilidad de Nitrégeno (N),
Fosforo (P) y Potasio (K) mediante el incrementandderia organica (MO), usando modelos
econométricos de efectos fijos y aleatorios. Enebaslos resultados de estos analisis
economeétricos, se realiz6 una evaluacion econénetancremento de MO por el uso de
abonos verdes. El contenido actual promedio deei@ muestra analizada fue 1.55 %, lo
gue es considerado bajo. Se encontraron elastesdpositivas entre N, P y K y MO. La
elasticidad de N con respecto a MO de 0.75 fue riwalicon significado estadistico
significativo. Esta elasticidad sugiere que unenuento de MO del 1 % incrementaria el
contenido de N en 0.75 %. Los resultados de losetnsdhplicados muestran que el 25 % de
las variacién en la disponibilidad de N, 13% de #96 de K se explican por la presencia de
caracteristicas especificas no observadas, tale® caracteristicas locales, estrategias de
manejo, habilidades y preferencias del productbeterogeneidad ambiental. El efecto del
aumento en MO por el uso de abonos verdes fue a@len relacion al N, que fue el Unico
nutriente que presentd elasticidad significativas lkesultados mostraron que los costos y
beneficios de la aplicacién de abono verde segaalés si la MO se incrementara desde el
1.55% al 3.61%, lo cual es dificil de alcanzar,adaerdo a bibliografia consultada. Asi, la
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aplicacion de abonos verdes para mejorar el catdese MO y de esta manera aumentar la
disponibilidad de N no es econdmicamente atracéivague pueden aparecer otros beneficios
de aumentar la MO y cultivar abonos verdes, tal@sioc mejora en la estabilidad de
agregados, porosidad del suelo e infiltracion deaaglesarrollo de microrganismos y
reduccion de malezas y enfermedades.

En el Capitulo 3 se realiz6 una revision biblioma&f sobre determinantes de
diversificacion y se elabord una tipologia de etgidmnes productoras de tabaco, basada en
esos determinantes y mediante la aplicacion deigi®alle Componentes Principales y
Andlisis de Conglomerados a datos censales. Lasipaies razones para diversificar son:
reduccion de riesgo y mejora del ingreso. Las b&sconsideradas como determinantes de
diversificacion son: superficie de tierra, dispalidlad de riego, bienes de capital general y
especifico, propiedad de la tierra, nivel de edidcadrabajo extra-predial, disponibilidad de
mano de obra. El andlisis de componentes princpagemitié reducir la dimensién de los
datos a 4 componentes. Estos componentes fuerdiosusa la aplicacion del método K-
medias para clasificar las explotaciones. Se d&tanon cuatro conglomerados. Los
conglomerados 1 y 2 fueron los mas grandes ennésmel numero de explotaciones. Estos
conglomerados estan altamente especializados modaccion de tabaco, con un promedio
de 23-24 hectéareas plantadas. Difieren principaienen el nivel educativo del productor y en
la presencia de trabajo extra-predial. Ambos canglados son interesantes para investigar
oportunidades de diversificacion para aumentanggeiso y reducir la degradacion de suelos.
El conglomerado 3 incluye a las grandes explot@asoproductoras de tabaco (con un
promedio de 176 ha) siendo menos especializadolague€onglomerados anteriores. Las
explotaciones del conglomerado 4 presentan ungaétdo de diversificacion con una gran
presencia de producciéon ganadera.

El Capitulo 4 consistié primero, en el desarrokoatiterios para evaluar actividades
de diversificacion, en base a revision bibliogrfic segundo, en la elaboracion de una
jerarquizaciéon de actividades en relacion a esitarios. La técnica de Analisis de Procesos
Jerarquicos (AHP) fue aplicada para medir cuantéatente los puntajes de las actividades
con respecto a los criterios a partir de la opirdénexpertos y actores involucrados en la
tematica de la diversificacion. Luego, se aplicanoétodos de programacion objetivo para
agregar las evaluaciones individuales y arribaa getarquizacion final de actividades de
diversificacion. Se determinaron cuatro grupos cieszidades: cultivos de otofio e invierno,

de primavera-verano, cultivos perennes y forestalesoduccion animal. Los cinco criterios
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para evaluar las actividades fueron: contribucidn irgreso, factibilidad biofisica,
disponibilidad de informacién técnica, factibilidade mercado y contribucion al
mejoramiento de suelo. La factibilidad de mercade él criterio que recibié el mas alto
puntaje. Los puntajes finales de las actividaddsanon que las producciones animales y los
cultivos de verano son importantes alternativadidersificacion. Las producciones animales
recibieron puntajes elevados en todos los criteEstas actividades (que incluyen produccién
de forrajes) y los cultivos de primavera- veranmpiten con el tabaco por recursos ya que el
tabaco es un cultivo estival. A partir de la jetazgcion realizada en el Capitulo 4, en el
Capitulo 5 se determinaron planes 6ptimos de detilds de diversificacion y produccion de
tabaco para distintos niveles de aversion al riesgaina explotacion especializada en la
produccion de tabaco, para detener la degradacgrsuglo. Se aplicO un modelo de
programacion cuadratica que incluyd la maximizaaiéhingreso menos el riesgo. La MO
fue incluida en el modelo usando el concepto dareal de carbono, que es la diferencia entre
el aporte y la pérdida de carbono en el afio. Skia@een dos situaciones con respecto a la
degradacion de suelos. La situacion actual no ydchinguna restriccion con respecto al
balance de carbono, y la situacién deseada indtugondicion de no negatividad del balance
de carbono. Los resultados del modelo para lacdoactual mostraron que la superficie con
riego se destinaba a la produccion de tabaco yesfor a la produccion de soja,
independientemente del nivel de aversion al ries@roductor, resultando en un balance de
carbono negativo y continuidad de la degradaciosugéo. En la situacion deseada, el tabaco
y la soja fueron reemplazados en parte por la m@da de novillos (que incluia la
produccion de alfalfa y maiz para silo) para cumgdin la condicion de no negatividad del
balance de carbono. A medida que la aversion aaipaité produccion de novillos y soja fue
reemplazada parcialmente por el garbanzo, un outter menor riesgo. El requisito de no
degradacion de suelo significé un alto costo ecoodrya que el margen bruto de la finca
decreci6 un 35 % en comparacion con la situaciGmahcde degradacion de suelo.
Finalmente, el modelo se usé para explorar lost@$ede una supresién del subsidio al
tabaco. En esta situacion, el plan 6ptimo consestita produccion de novillos, soja, y tabaco
en una proporcion en la que el balance de carbsmpogtivo. El impacto en el ingreso de la
supresion del subsidio seria enorme ya que el maogato de la explotacion tabacalera
decaeria en un 60%.

En base a los resultados de esta tesis las priesipanclusiones son:
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Es factible aumentar la disponibilidad de nutrisrde los suelos del Valle de Lerma
por el incremento de MO, pero no es atractivo deddeunto de vista econémico
aumentar la MO por medio del uso de abonos vef@agi{ulo 2).

La disponibilidad de nutrientes en suelo es expécan parte por efectos especificos
no observados tales como habilidades o preferersghsproductor, condiciones
locales o estrategias de manejo (Capitulo 2).

Considerando los determinantes de diversificac&muellos productores con mejor
nivel educativo tienen mayores posibilidades derodhicir actividades de
diversificacion en la explotacion. Ademas, mayospodnibilidad de tierra, menor
disponibilidad de tierra bajo riego, la propiedadla tierra y una menor cantidad de
capital especifico para tabaco son variables geatah la diversificacion (Capitulo
3).

Los grandes productores de tabaco en el area asaamente diversificados, mientras
que los mas pequefios estan altamente especialieeddés produccion de tabaco
(Capitulo 3).

La posibilidad de mercado de insumos y productageessiva para la introduccion de
actividades de diversificacion (Capitulo 4).

La produccion ganadera, como novillos y vacas lechieieron consideradas como las
mejores actividades para diversificar por difererdetores en relacion a criterios de
diversificacion (Capitulo 4).

El riesgo en rendimientos y precios, la aversioreslgo y la degradacion de suelos no
tienen impacto en la decision de los productoreprdducir tabaco, en la situaciéon
actual de precios y subsidio y sin restriccionesedacion a la degradacion de suelos
(Capitulo 5).

En la situacidon de precios actuales y restriccivfaedegradacion de suelo, el tabaco y
la soja son reemplazados mayormente por la proglucde novillos y garbanzo
(Capitulo 5).

El requisito de no degradacion de suelo en ladiinade precios actuales disminuye
fuertemente el margen bruto total de la explota@@apitulo 5).

La supresion del subsidio conduce al reemplazaatbelco por la soja y la produccion
de novillos y una fuerte disminucion del margerttue la explotacion (Capitulo 5).
Debido a la caracteristica de intenso uso de marabrch de la produccién tabacalera
en comparaciéon con otras alternativas, el sigrifioareemplazo del tabaco en Salta
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resultara en una pérdida considerable de posibéslae empleo en las explotaciones

tabacaleras (Capitulo 5).
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