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PROPOSITIONS

1. Due to increased competition, the strategy of dairy farming in Mexico can only be

sustainable on the basis of free trade world prices. This thesis

2. For Mexico the future of dairy farming does not lie in the tropics as was predicted.

This thesis

3. In temperate Mexico, dairy farming based on forages and grazing enable a substantial

reduction in feeding costs, provided high stocking rates are maintained. This thesis

4. The response of milk production per hectare to supplementation is affected more by

changes in stocking rate than by changes in production per cow. This thesis

5. Farm research results should always be related to financial returns.

6. The number of bites taken per unit area can be used to describe the effects of herbage
allowance on herbage intake and to analyse the interaction between daily intake per

animal and intake per unit area. This thesis

7. Uneven distribution of incomes between and within nations hinders the development

of sustainable agricultural systems.

8. The development of sustainable agriculture is more dependent on political than on

technological measures.

9. There is no pure science and applied science, only science and the application of
science. Mueller R, A. E. 1993, The product of science. In: M. I. Baker (Ed.).
Grasslands for our world. SIR Publishing. Wellington, New Zealand, pp. 176-183.

10. Knowing in part may make a fine tale, but wisdom comes from seeing the whole. E.
Young. Seven blind mice. Scholastic ITnc. N York. 1992




11. Navigare necesse est, vivere non est necesse. Taken over from Carles Quijano and

three generations of Uruguayans stubbornly looking for freedom and justice.

Propositions belonging to the thesis
A dairy system based on forages and grazing in temperate Mexico

by Ricardo D. Amendola, Wageningen, The Netherlands, 27 February 2002,



R.D. Amendola (2002), A dairy system based on forages and grazing in
temperate Mexico, Chapingo University, Animal Science Department,
Mexico. PhD thesis Wageningen University, The Netherlands

Abstract

Mexican dairy farmers will face in the near future the challenge of increased competition and the
strategy to survive this at farm level will have to be based on competitive free trade world prices. This
thesis describes the design of a dairy system based on forages and grazing to reduce production costs
in temperate Mexico. This dairy system is based on a sequential cropping system of permanent
pastures of alfalfa and orchard grass, winter annual pastures of oats and annual ryegrass and silage
maize. Between May and October the cows graze on permanent pastures and between November and
April they graze both types of pastures. Between October and April the cows also receive
supplementary feeding with maize silage. The cows are supplementarily fed with moderate amounts of
concentrates during the lactation. The responses of stocking rate and milk production per hectare to
increasing levels supplementary feeding with maize silage and concentrates were studied in two
experiments. In both experiments a high and uniform pasture utilisation was targeted irrespective of
the level of supplementary feeding. Milk production per hectare was more closely affected by changes
in stocking rate than by changes in production per cow. Supplementary feeding with maize silage up
to 4.8 kg DM of silage cow™ day” and 4 kg of concentrate cow”’ day”' appeared to be economically
feasible. The right economic decision could not have been based on the response in milk production
per cow to supplementary feeding. The allowance - intake relationship for dairy cows grazing oats and
annual ryegrass pastures is reporied. The responses of herbage intake and composition of the ingested
herbage to different levels of herbage allowance were used to identify the levels of stocking rate and
height of residual herbage that maximised production per unit of area. The number of bites taken per
unit of area appeared to be an adequate variable to interpret the responses to herbage allowance. The
effects of nitrogen fertilisation and irrigation on herbage and nitrogen yield of oats and ryegrass
pastures were evaluated in a cutting trial. Nitrogen fertilisation between 50 and 100 kg N ha™ harvest”
increased herbage production, reduced the cost of produced herbage and improved the efficiency of
utilisation of irrigation water. Using a high level of irrigation reduced the efficiency of utilisation of
irrigation water and the recovery of fertilizer-N. However, increasing the frequency of irrigation
increased the efficiency of use of absorbed N. The results of two years of operation (1998 and 1999)
of the Farmlet for Dairy Production Under Grazing of Chapingo University are reported. The average
stocking rate was 2.6 cows ha™, the average production per cow was 6200 kg milk per lactation and
the average productivity was 16 Mg milk ha' year'. Feeding costs in this dairy system were 43%
lower than the average feeding costs in prevailing dairy systems. The net revenues (1273 US $ ha”
vear") indicate that this dairy sysiem is a feasible option. Based on these results, an improved

pasture-crop rotation is proposed with a targeted productivity of 20 Mg milk ha™' year”.
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Preface

I could say it all started when, after many vyears, I met Prof. "t Mannetje again at the International
Rangeland Congress in 1995. Coming back to my alma mater, and being able to work again with Prof. L.
t” Mannetje and Dr. E. A. Lantinga, was all the encouragement I needed to start my PhD studies at the
age of 45. But life is a matter of love and passion. Thus T have to admit it also started back in the early
60’s when, as a child, I concluded that farmers and their workers fulfill a truly essential duty: producing
food for themselves and everyone else. Some standpoints being held in the current social debate make
me think that nowadays not everyone agrees with my conclusion. Farmers are being blamed for
damaging the environment. But farmers did not create agricultural systems that damage the environment;
those systerns have been created by the - further developing - uneven distribution of incomes between

and within nations.

Designing an alternative production system might seem too ambitious to be the aim of a personal project.
However, this was an institutional project of Chapingo University. Many people contributed to it, but
naming everyone would make this preface extremely long. Nevertheless, it becomes inevitable fo
mention those whose participation made the whole project possible. Meliton Cordoba Alvarez, Luis M.
Serrano Covarrubias, Rames Salcedo Baca, Manuel Cuca Garcia and José Solis Ramirez, authorities of
Chapingo University that lent me the required support. Marco A, Siordia Lara and Joseé Cortés Arriola (a
field-worker of the University and a M. Sc. student, respectively) supported me far more than I could
expect during the very difficult early times of the project, when the farmlet had to be built from bare
ground. The results here reported are the product of the work of M. Sc. students or our University.
Working and learning together with José Cortés Arriola, Marco A. Martinez Castille, Francisco Roman
de la Cruz, Enrique Rivera Reyes, Maria Mercedes Flores Paredes and Feliciano Martinez Valenzuela
has been one of the moest rewarding experiences of my life. Moreover, many B. Sc. students of our
University also contributed to these results. Antonio Mendoza Pedroza has been in charge of the daily
operation of the farmlet since Jannary 1998; he released me from responsibilities that hindered my
involvement in research. Juan A, Burguefio Ferreira gave me advice and assistance whenever I required
it. Mi reconocimiento y agradecimiento a todos.

The support and guidance of Prof. Dr. Ir. L. t” Mannetje and Dr. Ir. E. A. Lantinga were essential to the
fulfilment of the objectives of this project. Leen, Egbert, Maricke en Wil, dankzij jullie vriendschap,
weer thuis te zijn is heerlijk geweest. De gastvrijheid van Biologische Bedrijfsystemen zorgde voor cen
zeer plezierige werksfeer tijdens mijn verblijf in Wageningen. Daarom wil ik Prof Dr. Ir. A. H. C. van
Bruggen en de medewerkers van de afdeling - in het bijzonder Wampie en Hennie - danken. Anne,

Maya, Esther, Sander, Aitana en Santiago jullie zijn geweldige kamergenoten geweest.

Sander Essers en Kees van Maaswaal have been dearest friends since I started studying at the
Landbouwhogeschool, no wonder they are today my paranimphs. My wife Mar{a and my daughter Lucia
were patient and supporting - though Lucia still believes that the cows of the experimental farmlet rank
above her in my affections. However, they were also rewarded, the year we spent together at Maricke s
wonderful house in Bennekom is unforgetable. Since then, we three share the many reasons I have to be

proudly -though not uncritically - Dutch.



Chapter 1

General introduction

Dairy production in Mexico had suffered a severe crisis of profitability during the 1980s.
More than 70% of the milk is produced under temperate and semi-arid conditions in the
Plateau and North of Mexico. Two dairy systems prevail in those regions: the intensive
Specialised Dairy System and Semi-specialised Dairy System. Farms of the Specialised Dairy
are large, the production is highly mechanised, the productivity is relatively high and farmers
are well organised and highly integrated. Farms of the Semi-specialised dairy system are
much smaller; rely to some extent on the use of unpaid family labour and the degrees of
adoption of modem technology and of integration increase with the size of the farm. In both
systems cows are permanently kept indoors, and the ration includes high proportions of
concentrates. Praduction costs in these systems are high, leading to low margins. Feeding

costs represent approximately 70% of those costs.

In Mexico, like in many other countries forages and grazing might offer a solution for the
problem of high production costs. Dr R. De Lucia and M Sc I. C. Avendafioc working in
Chapingo University started pioneering by the beginning of the 1990s with a design of a dairy
system based on grazing of alfalfa and orchard grass pastures (Avendafio et al., 1991).
However, when this system was adopted by farmers, many imperfections emerged which

jeopardised its sustainability, The main problems faced by farmers were:

s low herbage availability during the winter,

o lack of options for the problem of poor persistence of pastures,

¢ too high rumen degradable protein content in the diet,

* high bloat-risks,

* oo low productivity of cows,

* poor body condition and reproductive performance of cows,

e lack of estimates of the range of stocking rates leading to best performance of the system,
o lack of estimates of economically feasible levels of supplementary feeding.

Different problems were apparently related with each other. Too low productivity of cows,

poor body condition and reproductive performance were related to excessively high stocking
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rates during the winter. The high content of rumen degradable protein of the diet made this
problem even worse. Pastures lost persistence and had to be sown again after a few years.
Sowing must take place in the autumn to avoid high levels of weed infestation. However,
sowing in the autumn reduced even more the already low herbage availability during the
winter. Events of bloat were frequent and to face the risk, longer rest periods and lower
herbage allowances were applied. This kind of grazing management reduced the risks of bloat
in one grazing cycle. But it also increased the proportion of alfalfa and hence the risks of bloat
in the next grazing cycle. Due to the lower herbage allowances used the poor body condition
of cows became even worse. The use of supplementary feeding could have helped to solve
these problems, but no information was available on the economically feasible levels of

supplementary feeding. Therefore, this alternative dairy system was obviously not sustainable.

In the late 1990s, we undertook the task of developing a sustainable dairy system at Chapingo
University based on forages and grazing. We assumed that profitability is one of the most
important components of sustainable agricultural systems. Therefore in this initial phase of
design of the system, research was focused mainly on profitability. In doing so, we
dangerously moved in a narrow edge between agricultural science and invention (Mueller,
1993). We accepted that risk because we agree with the statement by Nores and Vera (1993)
that to remain viable and relevant, the grassland profession needs to transmit its research

output in a manner that facilitates its use and makes its socioeconomic relevance explicit.

The problem was complex, and to face it, three forms of general-purpose heuristics -as briefly
described by Mueller (1993)- were used: i} the progress principle, ii) means-ends analysis and
iii} problem splitting. The general goal was to develop a sustainable dairy system widely
applicable in the Plateau and North of Mexico. By applying the progress principle, we aimed
with this project to design a first version of an economically feasible dairy system in a
particular ecological and socio-economic environment (that of a small enterprise in the State
of Mexico). The design of this alternative system to be evaluated found its roots in: i) dairy
systems based on forages and grazing in other countries (Australia, Argentina and Uruguay),
1i) the forages used in the Specialised Dairy System of Mexico, and iil) previous research
carried out at Chapingo University. In doing so we used means-ends analysis. According to
McCall and Sheath (1993), matching animal feed demand and the supply pattern of forage is
essential in the development of intensive animal production systems based on grasslands.
Therefore, the components of the system related to the availability of feed during the winter
deserved priority in research. Research was conducted in order to find rather specific answers

to specific questions on the use of supplementary feeding, grassland management and the use

of nitrogen fertilisation and irrigation water. The experiments were intended to provide results
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that could be used in the further development of the design of the alternative system. That was

our sui generis way of using problem splitting general-purpose heuristics.

Based on the results of Jiménez et al. (1986), Dr. R. De Lucia and M Sc J. C. Avendafio
chose alfalfa and orchard grass as the mixture for the permanent pastures. In later experiments
(Améndola et al. 1997, Marin ef al. 19972, 1997b; Paniagua, 1999) it was confirmed that at
Chapingo alfalfa and orchard grass mixtures were superior to perennial ryegrass and white
clover mixtures. A review of 17 experiments on grazing of alfalfa and orchard grass pastures
carried out at Chapingo (Sanchez et el., 1996) revealed that herbage accumulation rates of the
pastures ranged between 72 kg DM ha' d' (between April and October) and 47 kg DM ha'! d"!
{between November and March). The crude protein content of herbage on offer for the same
periods was on average 23.5 % and 27.0 % respectively. Hardly any information was
available on the persistence of these pastures. However, an experiment on third-year pastures
composed of orchard grass mixed with different cultivars of aifalfa (Julian, 1996) revealed
that net herbage production between November and March ranged between 16 and 24 kg DM
ha” d"', and was therefore much lower than the average reported by Sdnchez et al. (1996).
The productivity of these third-year pastures during late auturnn and winter was closely

related with the proportion of alfalfa.

The Specialised Dairy System of the Plateau and North of Mexico is based on the use of cut-
and carry-forages. That dairy systemn uses a crop rotation where alfalfa pastures are rotated
with silage maize (during the summer} and oats or annual ryegrass (during the winter),
Preliminary research carried out at Chapingo on grazing of the mixture of oats and annual
ryegrass (Améndola ef al., 1995; Morales, 19935; Améndola and Morales, 1997; Dorantes,
1997} showed that:

e the mixture was able to produce 8000 to 10000 kg DM ha' in four grazing cycles carried
out between the end of November and April, i.¢. the period when the productivity of
alfalfa and orchard grass pastures was low,

s the variety of oats was an important factor (Coker 234 was a variety well-suited for
grazing),

* a50%-50% proportion of the seed densities used in monoculiures led to best results,

o fertilising with 50 kg nitrogen per ha after each grazing cycle led to higher yields than
including legumes,

s in order to attain high herbage production during the winter sowing should take place in

the beginning of the auturmnn.
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The variety of maize V-107 is the highest yielding variety of forage maize available for
temperate regions in the State of Mexico, yielding 26000 kg DM ha” under experimental
conditions {Bravo, 1994). Mufioz (1997) sampled commercial ¢crops of that variety during
three years and found that average yields ranged between 11250 and 18030 kg DM ha'',
However, Cortés (1995) reported a vield of 28876 kg DM with this variety in Chapingo.
Between 1989 and 1991, commercial crops in the experimental field of Chapingo University
yielded 19000+1098 kg DM ha''. The dry matter content of these commercial crops was on
average 22.2% DM (unpublished results).

Based on all this information a pasture-crop rotation was proposed as a basis for the
alternative dairy system. This rotation would include a phase of 4 years of alfalfa and orchard
grass pastures. The pastures would be rotated with oats and ryegrass pastures during the
winter and silage maize during the summer. The hypothetical feed availability expected with

that rotation is depicted in Figure 1.

o
—‘E 0O Maize (silage or green)
E [ Annual pastures

o O Permanent pastures

1 23456 78 9101112
Month

Figure 1. Hypothetical feed availability with the alternative pastures-crop rotation.

The questions to be answered for designing the first version of the alternative dairy system

based on grazing of these pastures and supplementary feeding with maize silage were:

¢ How much silage can be supplementarily fed to cows and what are the responses to

supplementary feeding in terms of stocking rate and productivity per unit of area?
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s How are the responses to supplementary feeding with concentrates in terms of stocking
rate and productivity per unit of area, and which levels of supplementary feeding with
concentrates are economically feasible?

¢ How do annual pastures compare against permanent pastures during the winter?

»  What are the effects of supplementary feeding with maize silage and concentrates on the
content of rumen degradable protein in the diet?

e  What levels of daily herbage allowance can be used once cows are supplementary fed, and
which are the levels of stocking rate leading to highest performance of the system?

e What levels of nitrogen fertilisation have to be used in the winter annual pastures and how
does nitrogen fertilisation interact with the level of irrigation water?

¢ How are the biophysical and economical results of the dairy system based on this pasture-
crop rotation?

The situation of the international and the national dairy markets changed strongly during the

1990s. Nonetheless, there was no report available on the probable consequences of those

changes for Mexican dairy farmers. Taking into account that these changes could have a huge
effect on the probable adoption of the alternative dairy system, a review of that topic was

deemed to be necessary.

Structure of the thesis

In Chapter 2, a review of dairy production in Mexico is presented. This constitutes a more
detailed description of the main problems. The difficult task of previewing perspectives for
the Mexican dairy sector receives special attention. The following four chapters report the
results of experiments dealing with the specific questions: the use of supplementary feeding
with maize silage (Chapter 3), daily herbage allowance on winter annual pastures (Chapter 4),
the use of supplementary feeding with concentrates (Chapter 5), and the use of nitrogen
fertilisation and irrigation water on winter annual pastures (Chapter 6). The alternative system
was implemented in an experimental farmlet at Chapingo University. In Chapter 7, the
biophysical and economical results of two years of operation of that farmlet are reported. In
the General Discussion (Chapter 8), the consequences of the results are reviewed in terms of
the efficiency of the dairy system. Factors affecting that efficiency are discussed. Based on
that analysis an improved pasture-crop rotation is proposed and future research needs are

outlined.



Chapter 2
Dairy production in Mexico

R. D. Amendola

Animal Science Department, Chapingo University — The C. T. de Wit Graduate
School for Production Ecology, Wageningen University, The Netherlands.

Sammary

A review of the dairy production sector in Mexico over the last 25 years was carried out. The
main objective was to update the characterisation of the sector and the outlines of its perspectives.
The Mexican dairy sector and its relationship with the world dairy market suffered major changes
during the 1990s. Between 1985 and 1997 the price paid to Mexican dairy farmers was coupled to
the international price of skim milk powder. The dairy systems of Mexico were exposed to a
heavily subsidised world market and this exposure had a huge negative effect on the national
dairy production. Around 1990, imported dairy products supplied on average more than 25% of
the national demand. The per capita consumption of dairy products in Mexico is not expected to
grow in the near future since the Programme of Social Supply is being reduced and dairy products
might be unaffordable for a high proportion of the population. Since the beginning of the 1990s,
world dairy production has been moving from high-cost countries to Jow-cost countries and
international competition is becoming more intense. Production systems of the latier countries are
based on year-round grazing of temperate and sub-tropical pastures. If - as expected - the dairy
sector of Mexico becomes increasingly exposed to that competition, prices paid to farmers will
approach the theoretical world milk price, which during the 1990s was lower than the prices paid
to Mexican farmers. Feeding costs in the dairy systems of the Plateau and North of Mexico where
80% of the national milk production takes place are high, representing more than 90% of the
theoretical world milk price during the 1990s. Taking into account the prospects on reduced
growth of demand, increase of competition and reduction in the prices paid to farmers, those dairy
systems should reduce feeding costs in order to remain competitive. In other parts of the world,
grazing-based dairying with low use of concentrates is considered as a viable way to face the new
context, in which the strategy at farm level must be based on competitive free trade world prices.
The technological basis for dairy production based on forages and grazing of temperate pastures
in Mexico is weak. If such a system appears to be a promising candidate for low-cost production,
solutions should be found for the unbalanced feed supply throughout the year and the low
persistence of the pastures. The use of supplementary feeding and the potential productivity and

economical feasibility of the system should also be evaluated.
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Dairy production in Mexico

Introduction

During the 1980s and 1990s Mexico faced a severe deficit in milk production. The country
was in that period the main importer of skim milk powder (SMP) in the world, buying on
average 13% of the SMP traded (FAO, 2000d). For many years imported dairy products
supplied on average more than 25% of the demand and national food security was jeopardised
by the increase in dependence (Muiioz ef al, 1995). The national milk production stagnated
without net growth between 1985 and 1995 (FAQ, 2000c; CEA, 2000b). Mufioz & Odermatt
{1992) concluded that the economic feasibility of Mexican dairy farms was low and this lack
of competitiveness led to the stagnation of the sector. In agreement with this conclusion,
ITESM (1994) reported that during 1990 and 1991, average national production costs were
US $ 0.28 per litre while the average price paid to farmers was US $ 0.29 per litre.

During the 1990s descriptions and diagnoses of the dairy production sector in Mexico were
given in different reports. According to Mufioz ef al (1995) and ITESM (1994), the Mexican
dairy sector is composed of three main systems: i) specialized and large enterprises located in
the northern and central regions under temperate or semi-arid climates (with irrigation), ii)
small family-based (semi-specialized) enterprises mainly located in the central plateau and iii)
tropical dual purpose (calf-milk) systems. In the specialized and family-based or semi-
intensive systems cows are permanently housed and are fed with cut-and-carry forages and
high amounts of concentrates. Both systems share their most important problem: high feeding
costs leading to low margins., According to Perez ef al. (1991) and ITESM (1994), feeding
costs in those systems represent about 70% of production costs; the high use of concentrates
being the main cause. Feeding in the tropical dual-purpose system is based on grazing of
sown and native pastures and therefore feeding costs are much lower. Mufioz et al (1995)
conchuded that: i) the competitiveness of the specialized system was very low and adopting a
dairy system based on grazing of lemperate pastures could be the way to increase
competitiveness, ii) production costs in the family-based or semi-intensive systems were high
but were counteracted by intensive use of unpaid family labour, and iii} the competitiveness
was expected to be highest in the tropics, particularly if the dual-purpose systems were
changed into dairy systems.

However, during the 1990s the Mexican dairy sector and its relationship with the world dairy
market suffered major changes. Updating the characterisations of the sector and the outlines
of perspectives for the sector was necessary in order to provide a wide problem representation
for dairy production based on forages and grazing in temperate Mexico. Therefore, a review

of the dairy production in Mexico over the last 25 years was carried out.




Dairy production in Mexico

Many of the factors that constitute the environment for dairy production are analysed in this
review: 1) the evolution of demand for dairy products, ii} dairy policies, including import of
skim milk powder and definition of prices paid to farmers, iii) milk production of the different
dairy systems including a brief description of these systems and their production costs, iv) the
evolution of the world dairy market and v) changes in the national dairy market. Additionalty,
available technological options for dairy production based on grazing of temperate pastures

were reviewed in order to identify research needs.

Demand for dairy products

The absolute demand for dairy products in Mexico grew at much higher relative rates than the
world average (Figure la). However, until 1981 the growth rate was extremely high and
rather constant, whilst afterwards it decreased and became erratic. The rate of increase in
demand for dairy products depends on demographic growth and changes in the supply per
capita. Changes in supply per capita are generally linked to more general changes in the
nutritional pattern of the population. These changes are usually ascribed to migration of rural

populations to urban areas and to fluctuations in consumer spending power.
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Figure 1. The supply of dairy products in Mexico and the world. Relative supply
considering supply in 1965=100 (a), and per capita supply (b). Lines depict lincar
equations that minimise rest standard deviation. After FAO (2000a).



Dairy production in Mexico

Demographic growth explains part of the increase in demand for dairy products. The
population of Mexico grew at much higher relative rates than the waorld population (INEGI,
2000; FAO, 2000b). Demographic growth in Mexico is slowing down — according to INEGI
(2000) annual relative growth rate of the population decreased from 3.3% in the 1970s to
2.1% in the 1990s - but the sharp change of slope in Figure la appears to be more closely
related to fluctuations in per capita consumption (Figure 1b). Between 1965 and 1981 supply
of dairy products per capita increased at an annual rate of 3.77 kg cap™, and afterwards it
remained with no significant changes (p>0.05) at an average of 101+2 kg cap™' year!. A
review of factors involved in changes in the pattern of consumption of dairy products is

necessary to foresee some perspectives of future changes.

The increase in per capita consumption of dairy products was part of a more general change in
the nutritional pattern, The demand for energy and animal-based proteins in Mexico increased
strongly until the beginning of the 1980s. Afterwards, those rates of change became lower
(Figures 2a and 2b). These long-term dietary shifts also involved reductions in the proportions
of protein and energy contributed by maize and beans - traditionally considered the basis of
Mexican diets — with a change of slope at the beginning of the 1980s (FAQ, 2000a). Dairy
praducts contributed with more than one third of the demand for animal-based proteins (FAO,
2000a). Such a high contribution is probably due to the fact that protein in milk was cheaper

than most other animal-based proteins (Dominguez, 1990; Alvarez, 1998).
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Figure 2. Changes in dietary pattern. Demand for animal-based protein {(a) and total energy
(b) in Mexico and the world between 1965 and 1998. Lines depict linear equations that
minimise RSD. After FAQ (2000a).
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Dairy production in Mexico

Changes in the nufritional pattern in developing countries are usually ascribed to the
migration of rural populations to urban areas, which usuvally result in up-graded diets with
shifts towards animal-based proteins (Alvarez, 1998; Jachnik, 1999; OECD, 2000). The
proportion of urban population in Mexico, which was already high in 1960 (55%), grew to
74% in 1999 (FAQ, 2000b). However, there were no changes in the rate of increase of the
proportion of urban population during the 1980s (INEGI, 2000), and therefore migration of
rural populations to urban areas is not clearly related to the change in slope of per capita

consumption of dairy products that occurred at the beginning of the 1980s.

In developing countries the demand for dairy products and other animal-based proteins is also
closely linked to consumer spending power (Griffin, 1999; OECD, 2000). Changes in
spending power of the majority of the Mexican population can be described by the evolution
of the minimum wage. Also in this case, a change of slope took place at the beginning of the
1980s (Figure 3a). The change in slope in Figure 3a is closely related to important changes in
econtomic policy that started in 1982 with the government of Miguel de la Madrid {Valle,
1998; Arriaga et al., 1998).

More than half of the variation in per capita consumption of dairy products is related to
variation in the minimum wage (Figure 3b; R*=0.35, p<0.001). But two other factors affected
this relationship, namely i) the diverging distribution of incomes generating skewness
{asymmetry) in the demand for dairy products, and ii) policies of the Mexican government
aiming to protect the consumption of dairy products of sectors of the population with low

incomes.

Asymmetry in the demand for dairy products is to be expected in a developing country, as
milk and milk products might be unaffordabie for the majority of the population (Griffin,
1999). Unfortunately information on the distribution of demand for dairy products related to
income level in Mexico is scarce. According to INEGI (1988; quoted by Dominguez, 1990),
two deciles of the population with the highest incomes accounted for 40% of the expenditure
in dairy products, whereas at the other end two deciles with the lowest incomes accounted for
only 4%. Distribution of incomes in 1997 (Figure 4) leads to the conclusion that asymemetry in
demand for dairy products might still be an important factor. Incomes of almost two thirds
(64%) of the economically active population are lower than twice the minimum wage, which

is insufficient to cover the costs of basic needs {Conapo, 2000a).
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Figure 3. Purchasing power and consumption of dairy products. Evelution of minimum wage
(a); lines depict linear equations that minimise RSD; period 1970-1976 after Rivera (1990),
period 1978-1999 after Banco de México (2000). Relationship between the minimum wage
and the per capita consumption of dairy products (b); data on consumption after FAO (2000a).
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Figure 4. Distribution of incomes in Mexico (1997). Proportion of the population with
incomes expressed in Minimum Wage (MW). Adapted from INEGI (1999).

Dairy policies

The effects of dairy policies have been widely discussed during the 1990s. The government
protected consumption of dairy products with two kinds of policies: i) keeping the price low

through official maximum prices, and ii) importing skim milk powder (SMP)} for the
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Programme of Social Supply. Both kinds of policies have had a huge impact on the balance of

demand, production and import.

The Programme of Social Supply and imported skim milk powder.

The Programme of Social Supply run by the large state agency LICONSA received increasing
governmental support during the 1980s. In 1992, a maximum of 1486 million litre milk per
year was reached. Afterwards, the annual amounts of disiributed milk gradually decreased
(Figure 3). In the original definition, supply was granted to families with children younger
than 12 years and incomes below twice the minimum wage (Dominguez, 1990). Small
changes were introduced to this definition after 1991 (Muifioz ef al., 1999). Recombined milk
(mostly from SMP) was delivered daily, but in isolated rural areas milk powder was delivered
on a less frequent schedule (LICONSA, 1999). The price of this product was subsidised, and
according to the statistics (Mufioz et al. 1995; Presidencia de la Republica, 2000), the average
subsidy amounted to 0.23+£0.02 US §$ per litre between 1983 and 2000. Subsidy is defined
here as the difference in price between milk sold by LICONSA and the average price of

pasteurised milk.

The importance of this programme can be assessed with the amount of subsidy used. Even in
the 1990s, when it was being reduced, subsidy assigned to this programme was 2.75 times
higher than subsidy assigned to maize tortilla, and 5 times higher than subsidies for
technological improvement in animal production systems within Alianza para el Campo (from

data quoted by Presidencia de la Repiiblica, 2000).
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Figure 5. Annuval amount of milk distributed through the programme of social supply. Lines

represent linear equations that minimise RSD. Period 1980-1989 afier Mufioz et al. (1995);
period 1990-2000 after Presidencia de la Republica (2000).
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A subprogram of LICONSA aiming to gather fresh milk represented only a very small
proportion of the distributed milk (CEA, 1996). Therefore, the programme relied almost
exclusively on imported milk powders (mainly SMP), Consistently, the growth of the
Programme of Social Supply led to an increase in the import of SMP (Figure 6a). Milk
powders were exclusively imported by LICONSA (Mufioz and Odermatt, 1992) and mainly
used in the Programme of Social Supply. Before 1983, LICONSA used on average 45% of
the imported milk powder in the Programme of Social Supply (Fonseca, 1988). Considering
the total amount of milk powder imported between 1983 and 1999 (FAQ 2000d; CEA, 2000)
and the total amount of milk distributed by LICONSA (Mufioz ef al., 1995; Presidencia de la
Repiiblica, 2000), the subsidised distributed milk accounted for approximately 63% of
imported SMP. The remainder of the milk powder was sold to private dairy enterprises, which
after 1991 took place by auction (Muiioz ez al., 1999). During the 1980s, Nestlé transformed

most of that milk powder into condensed and evaporated milk (Cuevas, 1988).

Import of dairy producis

Following the trend of the Programme of Social Supply, import of dairy products, which was
relatively low during the 1970s, grew steadily during the 1980s but tended (p>0.05) to
decrease during the 1990s. A large year-to-year variation can be observed in the amount of
imported dairy products (Figure 6a), reflecting price instability in the world market of SMP.
The proportion of demand supplied by import rose substantiaily during the 1980s (Figure 6b).
Between 1989 and 1994 imported dairy products supplied on average more than 25% of the
demand, jeopardising national food security. After 1994 a decline is observed, reflecting a
decrease of import and an increase of national production. Estimates of import of dairy
products in terms of milk equivalents by Mufioz et al. (1999) are higher than those of FAQ
(2000d) in Figure 6b, reflecting differences in coefficients used to convert milk products into

milk equivalents.

Between 1965 and 1998, milk powder (SMP and whole milk powder) accounted on average
for 60+2% of the value of imported dairy products (Figure 7). According to Griffin (1999),
the world market is shifting from bulk products to products more closely focused on
consumer needs. Mufioz et al. (1997) predict in Mexico changes in the compaosition of import
in concordance with trends in the world market. Some changes that took place during the
1980s agree indeed with changes in the world market. For instance, condensed and evaporated
milk almost disappeared from the market. But concerning most other products, the trend of
changes during the 1990s - that could be expected due to the reduction of the Programme of

Social Supply - are not significant (p>0.05). These trends of changes involve a reduction in
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proportion of milk powder, increase in proportions of cheese and fresh products, and decrease
in the proportion of butter. This lack of significance might be due to the high variation
between years, caused inter alia by price fluctuations and devaluation of the Mexican peso.
The proportion of whey (as the sum of different presentations imported from the United
States) is an exception, showing a significant increase (p<0.01). According to Muiioz et al.
(1997) and Valle (1998) this product was being used by dairy factories for adulteration in the

industrial processes of pasteurised milk and cheese.
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Figure 6. Moving averages (4 years) of import of milk powders (a) and proportion of demand
for dairy produets satisfied by import (b). After FAO (2000a; 2000d).
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Figure 7. Composition of imporied dairy products (percentage of total value), “Fresh
Products” are the sum or proportions of fresh milk, fresh cream, yoghurt, buttermilk, ice
cream and curd, and “Others” are the sum of proportions of casein and products of natural
milk constituents. After FAO (2000d),
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Mexico in the world dairy market

According to FAO statistics (FAO, 2000d), Mexico was the main importer of SMP in the
world between 1980 and 1998 with on average 13.2 £1.0% of SMP traded (excluding EU
intratrade). Between 1989 and 1997, most important suppliers were the European Union (EU)
with 4715%, New Zealand with 2044% and the United States (USA) with 21+5% (Mufioz ef
al., 1995; Larrondo, 1998). These proportions reflect also the share in the world market of
SMP (FAOQ, 2000d). However, the coefficients of variation of proportions delivered by each
country are high (on average 60%). According to Muiioz et al. (1995), this variation was due
to the strong position of Mexico in negotiations, as leading importer in a world dairy market

subject to strong distortions.

Views on the international dairy market are presented by OECD (2000) and in the issues 339
and 343 of the Bulletin of the International Dairy Federation (IDF, 1999; Konandreas, 1999,
Griffin, 1999; Jachnik, 1999; Suber, 1999; Ramos, 1999). Those views will be briefly
discussed because it has long been recognised that since the beginning of the 1980s the world
dairy market has exerted a strong influence on the Mexican dairy sector (Mufioz and
Odermatt, 1992; TTESM, 1994). Attention will be drawn to long-term trends, ignoring
transitory changes due to the financial and economic crisis that started in 1997 (IDF, 1999).

During the 1980s, the subsidised supplies from dairy exporting countries in the Northern
Hemisphere (particularly the EU and in second place the USA) predominated the market, and
the nature of subsidy programmes determined the form in which dairy products were
exported. As the main interest of policy makers in those countries was surplus disposal, SMP
as main component of the bulk market provided a useful safety valve in times of over-supply
(Griffin, 1999). Konandreas (1999) states that transfers to producers in most of the developed
countries - measured by Producer Support Estimates or Producer Subsidy Equivalents (PSE) -
were 50 high that 60-80% of revenues by farmers came from government budgets. Data from
USDA (1999b) on PSE show that between 1982 and 1989 dairy farmers received on average
higher PSE than all other farmers in the USA and most other farmers in the EU.
Governmental intervention in the dairy industry started earlier and has been stronger than in
other sectors (Jachnik, 1999). As a result of subsidies, surplus production was generated and
large sums were spent on public stockholding and on subsidised exports, leading to a
depression of world market prices and contributing to world market instability {Konandreas,
1999). The instability of the SMP world market during the 1980s can be elucidated by the
high variation coefficient of the price (CV=43%,).
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During the 1990s some changes took place in the dairy world market. In the first place,
according to statistics of FAO (2000¢; 2000d), world trade has been growing faster than
production. Notwithstanding, it still represents only 7% of production (Griffin, 1999). In the
second place, export is shifting from bulk products to products more closely focused on
consumer needs and with higher added value. In the third place, even though protection
remained very high, reductions in farm support have been taking place as a consequence of

pressure exerted both from inside and outside each country.

Changes are also the result of attempts to integrate agriculture in a multilateral trading syster.
These attempts are expressed in the commitments agreed in the Uruguay Round Agreement
on Agriculture under three main headings: capping and reducing export subsidies, limiting

barriers to imports and reducing trade-distorting domestic support (OECD, 2000).

Important changes have been taking place in the EU and the USA, shifting assistance from
direct price support towards less distorting direct compensatory payments to farmers (OECD,
2000). However, prices paid to farmers are still much higher than the theoretical world milk
price, calculated as the return from the sale of products on the world market (Figure 8).
Domestic support remains high, PSE still represents a high proportion of dairy farmer's
incomes and milk shares almost 20% of all support given to agriculture (Table 1). Export
subsidies also remain high. James (1999) estimates that the price of SMP from the EU and the
USA on the international market still has a subsidy of 80-88% (depending on the countries of
origin); prices of whole milk powder and butter have even higher subsidies (93 and 138%

respectively).

—=— New Zealand
World (theoretical)
------- United States

— European Union

1985 1990 1995 2000

Figure 8. Price paid to farmers, the theoretical world price is calculated as the return from the
sale of products on the world market. Adapted from IDF (1999).

17



Dairy production in Mexico

Table 1. Producer Support Estimates (PSE) for OECD countries. Source: Konandreas (1999),

1986-88  1991-93 1997 1998
Milk
Amount of PSE (10° US §) 43977 49261 44919 53344
PSE as percentage of farm incomes 59 56 49 58
All Commodities
Amount of PSE {10° US $) 246561 292005 245546 273649
PSE as percentage of farm incomes 41 39 32 37
PSE to milk (% of PSE to all 18 17 18 19

commodities)

In spite of the relatively high protection of dairy sectors in countries of the Northern
Hemisphere, statistics of FAQ (2000d) show a shift in the proportions shared in the world
market by the EU and the USA on one side, and countries of Oceania and the Southern Cone
of South America on the other (Figure 9). The common feature of these countries of the
Southern Hemisphere is that they are low-cost producing and able to export dairy products
without the use of subsidies (Griffin, 1999). Prices paid to farmers in those countries are
much lower than in the USA, the EU and Mexico (Table 2). Griffin (1999) predicts that
production will keep moving from high-cost countries to low-cost countries. In general,
production systems of the latter countries are based on year-round grazing of temperate and
sub-tropical pastures, and the use of moderate amounts of conserved forages and few
concentrates (Carambula, 1987; Monti, 1987; Guy, 1993; Holmes, 1995).

Table 2. Price paid to farmers during 1998. Source: TDF (1999}

US $ kg milk ™ US $ kg milk
EU' 0.333 Australia 0.179
USA 0.333 New Zealand 0.154
Mexico * 0.306 Argentina 0.190
"Weighted average
* From CEA (2000)
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Figure 9. Proportion of export shared in the world dairy market (excluding EU intratrade) by
countries of the Northern Hemisphere (EU and USA) and countries of the Southemn
Hemisphere (Australia, New Zealand, Argentina and Uruguay). Adapted from FAO (2000d).

Prices paid to farmers.

The other policy aiming to protect consumption of dairy preducts undertaken between 1974
and 1998 in Mexico was the establishment of official maximum prices. According to Mufioz
et al. (1999), the system of maximum prices has had different regulations during that period.
Between 1974 and 1989, reference (maximum) prices to be paid to farmers and dairies and to
be paid by consumers were defined per regions. Between 1989 and 1995 only maximum
prices to be paid by consumers were defined. After 1995, the only maximum prices
established were those of pasteurised and UHT milk in standard i-litre packages. The system
ended in January 1998.

Production costs were not taken into account in the definition of reference prices. After three
years of using the system of reference prices, Banrural (state bank for the rural sector) warned
that the prices paid to farmers were on average 17% lower than production costs in all
temperate dairy regions, excepting the States Cohauila and Durango where the major dairy
region La Laguna is located (Banrural, 1977; quoted by Rivera, 1990). In spite of official
statements concerning criteria used in the definition of reference prices - such as consultation
and agreement with different sectors as quoted by Muifioz ef al. (1999) -, statistics of prices
reflect the use of different criteria in two periods. In the first period the prices paid to farmers
were coupled to the minimum wage, and in the second period it was coupled to the
international price of SMP of the previous year. Even though Valle (1998) states that price of
SMP became the reference after 1991 {when sales of imported milk powders by auction
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started), there are strong indications that the change of criteria took place between 1983 and
1985. This will be discussed below.

The relationship between the daily minimum wage and the prices paid to farmers can be used
to identify the period in which prices paid to farmers were coupled to the minimnn wage.
This relationship was calculated by dividing the daily minimom wage (US § d") by the prices
paid to farmers (US $ kg milk™). Between 1975 and 1988 this ratio was on average high but
became unstable after 1983. From 1988 onwards the ratio was rather low but stable (Figure
10). The stability of the ratio between 1975 and 1983 means that the prices paid to farmers
were coupled to the minimum wage in that first period of reference prices. Changes that took
place after 1983 were necessarily related to changes in policies concerning the agricultural
sector undertaken by the government of Miguel de la Madrid (Valie, 1998; Arriaga et al.,
1998).
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Figure 10. Ratio between the minimum wage and the prices paid to farmers [(US $ d”)/(US $
kg milk)] (a) and variation coefficient of the center- moving average (5 yr) of the ratio (b).
Minimum wage period 1970-1976 after Rivera (1990), period 1978-1999 afier Banco de
México (2000). Price paid to farmers after FAO (2000¢) and CEA (2000a, 2000b).

If the whole period of reference prices is considered (1974-1997), the residual standard
deviation of the relationship between price paid to farmers and international price of SMP of
the previous year is minimised when those 25 years are split into two periods, before and after
1985, Between 1974 and 1985 there was no relationship at all but afterwards (if 1993 is left
out because of the strong devatuation of the peso in December 1994) it was highly significant
(Figure 11). The increase in international prices that took place during the 1990s affected the
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way the adjustment took place, meaning that full transmission was not considered (see
Konandreas, 1999). Muiioz ef al. (1995), Téllez (1995), Cendejas (1998) and Sanchez (1999}
estimated parity prices; a summary of those reports results in an average conversion factor of
0.19 (US$ litre ")/(US$ kg SMP). Using such a conversion factor to compare parity prices
and prices paid to farmers suggests that between 1984 and 1989 (when international SMP
prices were extremely low), prices paid to farmers were on average 46% higher than parity
prices. Between 1990 and 1994 they were similar to parity prices and between 1995 and 1997
they were 22% lower than parity prices.
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Figure 11. Relationship between the prices paid to farmers in Mexico and the international
price of skim milk powder of the previous years in two periods. The broken line represents the
linear relationship for the period 1985-1999 (R?=().75, p<0.01); data from 1995 are not taken
into account in the relationship.

The etfect of governmental dairy policies during the 1980s can also be assessed with average
PSE and Consumer Subsidy Equivalents (CSE) as reported by USDA (1999b). Due to low
milk prices and artificially expensive feed (CSE of Sorghum and Soybeans were —24.7% and
—15.8% to consumer’s cost respectively), Mexican dairy farmers received negative subsidy
(PSE=-2.44+0,9% to producer’s value). On the contrary, Mexican consumers of dairy products
were subsidised more than consumers of any other agricultural product (CSE=7.611.6%). In

spite of the high amount of subsidies devoted to the Programme of Social Supply, two thirds
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of CSE originated in Border Controls (Table 3), That means that dairy farmers had the largest

share in the subsidy received by consumers of dairy products.

Table 3. Average composition of Subsidy Equivalents of dairy products in Mexico. Producer
Subsidy Equivalents period 1982-1999 in ratio (%) to producers’ value and Consumer Subsidy
Equivalents period 1982-1990 in ratio (%) to consumers' cost. Adapted from USDA (1999b).

Producer Subsidy Equivalents %  Consumer Subsidy Equivalents %

Border controls' -3.08 Border controls' 52
Credit subsidy 0.24  Direct subsidy (LICONSA) 2.9
Balanced feed subsidy -0.1  Exchange rate adjustment -0.5
Fiscal transfer subsidy 0.24

Exchange rate adjustment 0.29

" low prices paid to farmers

Dairy production

Dairy production in Mexico fluctuated strongly during the last 3 decades (Figure 12). Three
distinet periods can be identified: diminishing growth rate until 1982, negative growth rate
between 1982 and 1989 and high growth rate thereafier. As shown in Figure 12, 1985 and

1989 were very dissimilar years.

Production (10° litres year'])

1970 1980 1990 2000

Year

Figure 12. Dairy production it Mexico between 1974 and 1999. After FAQ (2000 ¢) and CEA

(2000 b). Line depicts a polynomial equation developed using stepwise regression.
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Production correlates well with price paid to farmers. Based on data reported by
FAQ (2000¢; 2000¢) and CEA (2000) and considering up to 4 years of delay for the
reaction of production to changes in prices, the regression model of production on

price (Equation 1) was developed using stepwise regression (R*>=0.54, p<0.001):

y=3356+3762x,+ 4317 x, + 4791 x; O
where

y = annual milk production in Mexico (10° ton)

x| = price paid to farmers the same year (US §$ litre™")

x3 = price paid to farmers the year before (US § litre™)

x3 = price paid to farmers three years before (US $§ litre™)

The response involved short-term and long-term effects of price. This means that by
experiencing a new price the farmer took some decisions that affected the production
immediately and also the following year. According to Herrera y Saldafia (1996) farmers
responded to lower prices farmers by reducing costs. Taking into account responses reported
in other systems (Ramos, 1999), the short-term decisions probably implied reducing the
amount of concentrates. Farmers also took other decisions which affected production three
years later. This long-term effect appears to be related to changes in the replacement policy.
Based on numbers of specialised dairy cattie (mostly Holstein) and non-specialised dairy
cattle (mostly crossbreed cattle in dual purpose tropical systems) for the periods 1972-1978
(DGEA, 1983) and 1980-1988 (Rivera, 1990} regression equations of numbers of cattle on
price were developed using stepwise regression (Equation 2). The results show that the
response of farmers with specialised dairy cattle to lower mitk prices was to reduce cattle
numbers (R?=0.75, p<0.001):

y=232+ 191 x; + 308 x2 (2}
where

y = number of specialised dairy cattle in Mexico (thousands)

x| = price paid to farmers the same year ($ litre") :

x» = price paid to farmers the year before ($ litre™) :

"Deflated according to National Producer Price Index, 1994=100 (Banxico, 2000).

The relationship between numbers of non-specialised cattle and price had a much lower
determination coefficient (R?*=0.34), probably because farmers with this kind of cattle also
rely on calf production (Mufioz et al., 1995},

23



Dairy production in Mexico

The effect of price on production was therefore strong (Equation 1). In the period that the
price was coupled to minimum wage (1975-1983; Figure 10) the growth rate of production
decreased (Figure 12). When the price was coupled to the international SMP price (1983-
1997; Figure, 11} dairy systems of Mexico were exposed to a highly protected (subsidised)
and unstable market and therefore the growth rate of production became highly variable
(Figure 12). The huge effect of this exposure is confirmed by the relationship between the
international price of SMP and the national milk production calculated using stepwise
regression (Equation 3, R*=0.88, p<0.001).

y=2599 + 4432 x;+ 3871 x; + 7592 x; 3
where

y = annual milk production in Mexico (10° litre)

x1 = international price of SMP the same year (US$ ton™")

xz = international price of SMP the year before (US$ ton™)

x3 = international price of SMP three years before (USS$ ton™)

It is noteworthy that it was the price and not the volume of imports that exerted the negative
effect on production. This might confirm the proposition stated by Cuevas (1988) that the
Programme of Social Supply by itself did not represent a threatening competition for dairy
farmers, because it was addressed to a sector of the population that otherwise would not

consume dairy products.

Dairy systems.

Dairy production in Mexico takes place under many different ecological and socio-economic
conditions, leading to a range of distinct production systems. A typification of characteristic
production systems appears to be unavoidable in order to understand the response of the dairy
sector to changes in the production environment, and to predict the reaction to probable future

changes,

During the 1980s and 1990s, the predominant characterisation was that proposed by FIRA
(Cuevas, 1988; Torres 1991). FIRA is a governmental institution that advises on the
formulation and evaluation of agricultural projects submitted for credit solicitation. FIRA
classified dairy production systems as Specialised, Familiy-based and Tropical, and allocated
to those systems 25, 35 and 45% of the national dairy production, respectively. Main
attributes described in that typification are summarised in Table 4. A diagnosis on
competitiveness of the systems was coupled to the typification. It was concluded that a) the

competitiveness of the Specialised System was low due to high production costs and
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dependence on imported inputs, b) the Family-based System had advantages due to reduced

labour costs (unaccounted family labour) and c) the Tropical system was the most competitive

due to very low costs and high improvement potential through technical innovation.

Table 4. Some attributes of dairy production systems in Mexico according to the
typification by FIRA. Adapted from Cuevas (1988) and Torres (1991).

Specialised Family-based Tropical
Size (number of cows) 230 (100-3000) 3-30 200 (only 10%
milked)

Nature of labour

Infrastructure
(buildings and
equipment)

Feeding

Number of farmers
Number of cows

Trading

Productivit?(

(litres cow ' lactation’

Organisation

Calving interval
{months)

Not reported

Cows permanently
housed, pen fed
“technologically
advanced”

Cut- and- carry
forages, concentrates

1850
470,000

Mostly delivered to
dairies (the system
provides 80% of
national supply of
pastevurised milk)

5,000

Most farmers
integrated in large co-
operative dairies
{price of milk 15%
higher than average)

13-15

Mostly from the
family (not hired)

Rudimentary,
“backyard”

Extensive use of
crop residues

100,000

1,470,000

Mostly informal (raw
milk and milk sold to
small processors,
producing cheese and

other dairy products)

2,500

Low

16

Not reported

Not reported

Grazing of natural
or seeded pastures

120,000
3,900,000
Mostly informal,
problems due to

extremely seasonal
production

700

Low

17

Even though in some reports the need for better descriptions of systems and new
classifications was stressed (e.g. ITESM, 1994; Alvarez, 1998), the characterisation by FIRA
remained the most frequently used vntil the end of the 1990s (e. g. Muiioz and Odermatt,
1992; ITESM, 1994; Muiioz et al., 1997; Alvarez, 1998). A restraint of the classification by
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