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Abstract – Forest ecosystems of Brazilian Amazonia are cleared to allow livestock production. Deforestation contributes significantly to
climate change and losses of biodiversity. Degradation by scrubs reduces pasture productivity after a few years, thus leading farmers to deforest
new areas. For this reason, sustaining cultivated pastures is of major importance for cattle farms. Intensive pasture management techniques have
been proposed to the farmers, with little success so far. Our hypothesis is that these techniques are not implemented by farmers due to weak
work organisation. Here, we assessed the diversity of forage system work of dairy farms in a municipality on the Transamazon Highway.
We analysed factors explaining the adoption of intensive pasture management techniques. We monitored seven dairy farms, with a specific
work assessment approach to build synthetic qualification variables and an interview of 29 dairy farmers to characterise the diversity of forage
system work. Our results show four tasks related to their technical content: pasture maintenance, renovation, land maintenance and exceptional
work. The total duration of work is variable, from 17 to 278 days per year, depending on the technical management choices. Some farmers
are autonomous in carrying out the work, but in several cases, wage workers may contribute significantly, from 33 to 100%. We identified five
types of forage system work. They oppose very simplified technical management carried out in autonomy by the family workforce to intensive
techniques based on a high level of delegation to permanent wage workers. The results show that forage system work is related to the technical
management choices and distribution of work between farmers and permanent wage workers. Forage system work also depends on the amount
of work dedicated to the dairy herd, the role of milk in the farm, and the weight of other farming and non-farming activities. Finally, intensive
pasture management techniques are linked to a high quantity of work with pasture maintenance, hired permanent workers and specialised dairy
farms.

forage system / work organisation / innovation / livestock farming systems

1. INTRODUCTION

More intensive techniques to manage livestock systems
need to be developed across the world to reduce the degrada-
tion of natural ecosystems (Steinfeld et al., 2006). This is a key
concern in Brazilian Amazonia, where cattle raising is subject
to heated debate because of its significant contribution to de-
forestation associated with climate change, and losses of bio-
diversity and carbon (Fearnside, 2005). Since the 1970s, more
than 60 million hectares of pasture have been established af-
ter cutting and burning the forest (Fearnside, 2005). Pastures
are not sustainable owing to the development of herbaceous
and ligneous weeds (Vosti et al., 2002) on the plots once es-
tablished. After a few years, farmers are compelled to abandon
the area and to develop a new one in the forest area. The degra-
dation process induces environmental consequences resulting
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from deforestation of the largest forest in the world, technical
consequences with low herd performances and low economic
results for the tropical livestock farming system.

Innovative techniques were developed by the Brazilian
Amazonia research and development organisations in order
to maintain pasture sustainability (Serrão, 1992). The “inten-
sive pattern” proposes a forage management pattern based on
the cutting of weeds during the rainy season, regular follow-
up of the state of the plots throughout the year and non-
establishment of new pasture. Amazonian farmers, however,
and notably dairy farmers, seem reluctant to adopt these inten-
sive techniques to manage their forage system (Rueda et al.,
2003). Pasture management for dairy cattle production is typi-
cally extensive, with little control of weed invasion, and estab-
lishment of new plots in the forest. A number of factors were
identified to account for the non-adoption of innovative tech-
niques, such as farm size, economic capacities, level of educa-
tion and age of farmers, and access to markets (Solano et al.,
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Table I. Characteristics of the population of 29 dairy farmers.

Pasture area Farm size No. of dairy Quantity of milk AU/ha of Quantity of milk
(ha) (ha) cows (L/year) pasture (L/ha of pasture/year)

Average 64 114 31 18 110 0.99 354
Standard 44 93 19 11 779 0.39 303
deviation

AU = Animal Unit. One AU = a 450 kg cow.

2006; Lee et al., 2006; Feder et al., 1985). Several authors
have emphasised the importance of labour constraints (Mak,
2001), in particular labour availability in Amazonia (Marenya
and Barrett, 2007; Vosti et al., 2002). The techniques proposed
are labour-intensive (Rueda et al., 2003) and require a large
workforce which family livestock farms do not have (Pichon,
1997). However, considering the work issue only from the
workforce availability standpoint does not clearly explain the
non-adoption of techniques to improve the forage system man-
agement (Hervé et al., 2002; Muchagata and Brown, 2003).

Following Madelrieux and Dedieu’s work organisation
framework (2008), we consider the tasks linked to the for-
age system as part of a more complex family farm system.
Farmers need to consider the consistency between the techni-
cal content of the forage system, the duration and rhythm of
these tasks (Hervé et al., 2002), the workforce composition,
and the interactions with other tasks. For any given farm, the
forage system management can be expressed as a set of tasks
to be carried out with a seasonal rhythm, and the workers that
are in charge of them, leading to a specific duration and distri-
bution over the year. The forage system work is in time com-
petition with other tasks when carried out partly or totally by
the same workers. In the dairy farms of Amazonia, the priority
for farmers is to milk the cows daily and sell the milk. Crops,
either for self-consumption or for sale, can be time-consuming
over a long period and are a weighty factor in the allocation of
labour (Carpentier et al., 2000).

While the work issue is often considered a hindrance to the
adoption of innovations, there are few studies which link the
forage system management to the farmer’s work organisation
problems. Our hypotheses are that the intensive techniques re-
quire considerable work time, specifically during the rainy sea-
son, to cut the weeds. Such improved forage systems are to be
carried out by permanent workers; they are not very compati-
ble with a reduced permanent workforce and/or mixed cattle –
crops systems. The aim of this study was to identify the diver-
sity of forage system work on dairy farms, and the factors that
give coherence to it, taking account of the competition with
other tasks and the workforce availability and distribution.

2. MATERIALS AND METHODS

The study was conducted in the municipality of Uruará, a
settlement located on the Transamazon Highway. It was organ-
ised in two steps. First, we selected a reduced sample of farms
to carry out a detailed analysis of the way the farm functioned
and organised work. This smaller but well explored sample

aimed to build synthetic qualification variables that charac-
terise forage system work and to identify explanatory factors.
Following a rapid survey, the second step aimed to charac-
terise diversity of forage system work for the total population
of Uruará dairy farmers and to highlight the main explanatory
factors. The survey draws on the results of the first step using
synthetic description variables supplemented by additional ex-
plicatory values which account for identified variation factors.

2.1. Study area

Uruará began in the early 1970s as a settlement project in
the central-eastern Brazilian Amazon for landless rural fam-
ilies originating from the impoverished Brazilian Northeast
(Perz and Walker, 2002). Uruará is characterised by a pre-
dominance of small-scale farming systems with an average of
100 ha of land and diversified production systems associating
cattle and crops (pepper, coffee, rice). It is a small dairy re-
gion with 29 dairy farms located near the city and an annual
total production of 730 000 litres of milk. As in many parts of
Amazonia, there is no dairy industry. Farmers sell their milk
directly to the town dwellers using a motorcycle to transport
it to town. The cattle consists of herds where zebu cattle (Bos
indicus), preferred by the ranchers for meat production, tend
to be predominant. The zebu are crossed with dairy breeds
(Bos taurus). In Uruará, an average dairy herd totalled 31 dual-
purpose cows (Tab. I). Herd management is based exclusively
on pasture (64 ha on average). The main pasture species is
Brachiaria brizantha. The amount of milk produced is about
18 110 litres per herd per year. The level of pasture productiv-
ity is quite low, with 0.99 Animal Units per ha of pasture and
354 litres of milk per ha of pasture. The family provide the
main part of the workforce. The farms are characterised by a
very low level of equipment and mechanisation. These struc-
tural characteristics were relatively similar to those observed
in other regions of Amazonia (Veiga and Tourrand, 2000).

2.2. Characterising work involved in the forage system
on seven farms

2.2.1. Sample

The sample was designed on the basis of previous studies in
the same area (Hostiou et al., 2006). Seven out of the 29 dairy
farms were selected to cover various situations, taking into ac-
count the forage system management, the combination of eco-
nomic activities and the workforce composition. The sample



Diversity of forage system work and adoption of intensive techniques in dairy cattle farms of Amazonia 537

Table II. Structure, workforce and combination of activities of the reduced sample.

Farm Pasture size (ha) Dairy cows Quantity of milk Workforce Combination of activities
(L/year)

F1 53 11 5300 Family Cattle + crops
F2 90 14 8800 Family Cattle + crops
F3 70 33 15 500 Family + wage workers Cattle
F4 75 45 21 800 Family + wage workers Cattle
F5 80 70 51 700 Family + wage workers Cattle
F6 16 17 17 200 Family + wage workers Cattle + non-agricultural
F7 32 13 6000 Family Cattle + crops

is described in Table II. Pasture area varied considerably from
16 to 90 ha. The number of livestock units was also highly di-
verse, ranging from about 11 to 70 cows. The quantity of milk
produced over the year also varied from 5300 to 51 700 litres.
Three farms specialised in livestock production. Three others
associated livestock farming with crops and one with a non-
agricultural activity. Work was carried out only by the fam-
ily workforce on three farms, and with wage workers on the
other four.

2.2.2. Data collection

In a situation where nothing was known about work linked
to the forage system, our aim was to carry out a detailed analy-
sis of forage system practices and tasks, and their duration and
distribution over the year, with attention paid to the major fac-
tors that could explain diversity. We also aimed to identify the
workforce in charge of them, the distribution of tasks among
workers and interactions with the other activities.

The seven farms were monitored monthly with semi-
directive interviews conducted over one year to collect data on
the forage system management, and the herd and pasture pro-
ductivity (Hostiou et al, 2006). During the monitoring period
one visit was specifically devoted to the analysis of work or-
ganisation using the Work Assessment method (Dedieu, 1993;
Madelrieux and Dedieu, 2008). It aimed to integrate the work
dimension into the analysis of how livestock farming systems
operate at year level. The interview was designed to charac-
terise the forage system and tasks linked to the crops and herd
including their duration, content and period. It also took into
account the workers and their time contribution to carry out
the tasks. The method distinguishes routine tasks with a daily
pattern quantified in hours per day, such as cow milking. The
other tasks, which are deferrable and can be postponed within
a given period, are termed seasonal tasks, viz. repairing fences,
establishing pastures, harvesting, etc. Our forage system tasks
fall into the category of seasonal tasks. They are quantified
in days per year. The workers are not all equivalent regarding
their function in the work group and the way they are remu-
nerated for their work. The method distinguishes a basic group
composed of permanent workers for whom livestock farming
is predominant in time and income. This can be the farmer
or the farming couple. The other workers, e.g., volunteers or
wage workers, form the workforce outside the basic group.

2.2.3. Data analysis

Data consisted of quantitative information (task duration,
number of workers) and qualitative information based on what
farmers said about the work organisation and their practices.
First, we made a comparative analysis of the data, notably of
the work duration and distribution between the basic group
and the workforce outside the basic group. Factors that could
explain diversity were discussed. Then we related the forage
system work data to the duration of the routine work, its dis-
tribution between the two categories of workers and to the du-
ration of the seasonal work due to crops. In the third stage
we selected relevant qualitative variables to characterise work
linked to the forage system, in order to be able to investigate
the whole population of dairy farms in a short time, with-
out using a detailed methodology such as the Work Assess-
ment method. To this end, we used the repertory grid method
developed by Girard et al. (2008). This method, taken from
knowledge engineering, consists of building a series of di-
chotomic attributes, called here variables, defined by extreme
situations encountered in the studied cases, and then identi-
fying intermediate situations, called here modalities. We for-
malised two or four modalities per variable, each modality
having roughly the same frequency. We identified six rele-
vant variables to characterise the forage system work. These
concerned the tasks, workforce and periods of work. A list of
explanatory factors that can explain the different forage sys-
tem work was also identified during the monitoring. They con-
cerned the herd, productive performances and combination of
economic activities.

2.3. Diversity of forage system work in Uruará dairy
farms

2.3.1. Data collection

A brief interview of the 29 dairy farmers was carried out
to analyse the diversity of work tied to the forage systems for
the total dairy farmer population. The questionnaire was fully
structured and gathered easily accessible information on the
six variables that characterised forage system work in the pre-
vious phase, and nine supplementary variables characterising
elements of the family farm system that relate to forage system
work (farm structures, activities, performances).
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Table III. Forage system tasks expressed in number of days per year, work period and quantity of work according to pasture area.

Farm Pasture Pasture Land Exceptional Total Work No. of Ha of
maintenance renovation maintenance work (d/y) seasonal period days/ha of pasture

(d/y) (d/y) (d/y) work (d/y) pasture
F1 17 0 0 0 17 No particular 0.32 53
F2 0 17 20 0 37 Dry season 0.41 90
F3 22 54 0 60 136 Year-round 1.94 70
F4 106 27 0 145 278 Year-round 3.71 75
F5 124 0 30 0 154 Rainy season 1.91 80
F6 15 0 14 0 29 Rainy season 0.5 16
F7 0 144 56 0 200 Dry season 6.25 32

2.3.2. Data analysis

We sought to characterise the diversity of work related to
the forage system for the total population of Uruará dairy
farmers and analyse links with the family farm system. On
the basis of the data obtained from the 29 dairy farms, we ap-
plied a multifactorial analysis followed by an ascendant hier-
archical classification (Escofier and Pagès, 1998). The multi-
ple factorial analysis was selected to allow for the analysis of
relationships both within and between groups of active vari-
ables: the six forage system work variables being active and
the other nine variables referring to the explanatory factors
being inactive. These analyses were performed using SPAD
v 5.5 software. The factors to differentiate forage system work
were identified using their eigenvalue and loading. From as-
cendant hierarchical classification, five types of forage system
work were identified.

3. RESULTS AND DISCUSSION

3.1. Forage system work

In this section, we present the results provided by the re-
duced sample, concerning the elementary forage system sea-
sonal tasks, their duration, the workforce mobilised to carry
them out, and the interactions with the family farm system.

3.1.1. Variability of elementary seasonal tasks

Four types of elementary seasonal tasks were found in re-
lation to their content: pasture maintenance, pasture renova-
tion, land maintenance and exceptional work (Tab. III). Pas-
ture maintenance involved cutting back weeds using a sickle.
The number of days spent on the farms varied substantially
from 0 to 124 days. This number depended on the area main-
tained. Three modalities were observed: farmers did not carry
out pasture maintenance, some cut the weeds on certain plots,
and others on the total pasture area. Pasture renovation was
applied by farmers to restore plots of weed-infested pasture.
This involved first cutting the weeds then burning off the area
and subsequently sowing forage seeds of Brachiaria brizan-
tha. This work was done on four farms and required from
17 to 144 days per year. The high variability observed de-
pended on the area renovated and also on the initial level of

weed invasion on the plots. Another type of seasonal work
was linked to land maintenance and involved fence repairs,
requiring 14 to 30 days per year on four farms. The duration
was explained by the amount of fencing to be repaired. Excep-
tional seasonal work included establishing pasture in the forest
area and fencing once the pasture was established. Only two
farms were concerned. The quantity of work, 60 to 145 days
per year, depended on the area established, i.e., respectively,
5 and 10 hectares. Referring to the intensive pattern recom-
mended by the research Institutes, it involved maintenance of
the whole pasture area once a year and no other elementary
seasonal task.

3.1.2. Work period

Periods for carrying out seasonal work differed among
farms. We identified four types of distribution (Tab. III). Farm-
ers with low duration of seasonal tasks did not have a particular
time schedule and proceeded according to the time available.
Some farmers concentrated their seasonal tasks in the dry sea-
son. The pasture renovation tasks must be carried out in that
period so that the biomass may dry out and be burnt before the
first rains. Seasonal work was also concentrated in the rainy
season, as was the case for pasture maintenance, in order to
favour grass growth and grass competition with weeds. In the
last case, the seasonal work period was spread over the whole
year. The intensive pattern entailed a distribution of work that
was concentrated in the rainy season.

3.1.3. Duration of seasonal work

The seven farms displayed variability regarding the dura-
tion of work linked to the forage system work over the year,
ranging from 17 to 278 days per year (Tab. III). The variabil-
ity observed in the number of seasonal work days expressed
per hectare of pasture (0.32 to 6.25 days/ha/year) was also
very high. The literature puts forward three factors to explain
this variability: area, equipment and the technical management
(Dedieu and Servière, 2001). Our data did not suggest a cor-
relation with pasture area, a result that contrasts with French
analyses in livestock farms (Jourdan, 1996). The common low
level of equipment was not a way to reduce the volume of
seasonal work in opposition to more mechanised livestock



Diversity of forage system work and adoption of intensive techniques in dairy cattle farms of Amazonia 539

Table IV. Workforce carrying out forage system work.

Farm Total seasonal Forage system work (d/y)
forage system Basic group Seasonal wage Permanent wage

work (d/y) workers workers
F1 17 17 0 0
F2 37 37 0 0
F3 136 51 85 0
F4 278 186 92 0
F5 154 20 75 58
F6 29 0 0 29
F7 200 200 0 0

farms (Dedieu and Servière, 2001). So, the main factor was the
technical content of the forage system management (Legarto,
2004). Some farmers carried out only one type of task, such as
pasture maintenance, on a limited area. Others applied pasture
maintenance practices to the total pasture area, with little or
no renovation or exceptional work. Others spent quite a lot of
time on renovation or exceptional work.

3.1.4. Workforce composition

Seasonal work depended on the workforce composition and
on the distribution of work among the categories of workers.
We identified two categories: the basic group composed of the
farmers, and the workforce outside the basic group composed
of permanent or seasonal wage workers (Tab. IV). The distri-
bution of forage system work varied significantly between the
farms with situations where the basic group was self-sufficient
and others where work was delegated to wage workers; perma-
nent, seasonal or both. The situations we investigated showed
the significant contribution of wage workers to work, which
varied from 33% to 100% of the total seasonal work. Several
studies describe the essentially family nature of the workforce
(Pichon, 1997), whereas in our observations salaried work
tends to take central place in understanding the logic of these
family farms (Errington and Gasson, 1996). A similar diversity
has been observed in a number of Work Assessment studies
(Jourdan, 1996). Extreme situations of delegated work may be
observed where livestock farmers are overburdened with work
as a result of herd size or diversification of farming activities
(Dedieu et al., 1998). In our sample, the intensive pattern was
extremely work-intensive. It was associated with a high degree
of work delegation to permanent wage workers. By contrast,
forage systems practised autonomously by farmers tend to re-
sort to simplified technical formulas.

3.1.5. Interactions with the family farm system

The forage system work may be analysed as a component
of the overall family farm system consistency, taking into ac-
count the duration of daily activities, the categories of work-
force in charge of them and the other activities (crops, non-
agricultural activity). Daily routine work duration included
daily tasks linked to hand-milking, selling milk and gather-
ing herds. It varied from 700 to 3955 hours per year (Tab. V).

It may be done autonomously or with a high contribution of
permanent wage workers. The main differences resulted from
the number of cows being milked and the time devoted to
milk sales. Seasonal work for crops involved a high volume
of work on four farms, i.e., more than 83 days per year. The
non-agricultural activity of F6 was also time-consuming on a
daily basis.

The seven cases highlighted several factors which may ex-
plain the forage system work done by the basic group workers
in relation to the family farm system, i.e., crops, high daily
routine work time or pressure of non-agricultural activities.
They induced either a simplified forage system management
(F1, F2) or an intensive one with a high level of delegation (F5,
F6). In the latter cases, where milk productivity, expressed in
litres per hectare, and herd size were high, the total duration
of work for the forage system also tended to be high in order
to assure grass production and utilisation. The dairy activity
appeared to be a priority. Decreasing the farmer’s direct work
implies delegating tasks to permanent wage workers. The size
of the basic group was also an explanatory factor. Work pres-
sure on each farmer of the basic group was lesser in couples or
father – son groups than for individual farmers. They could de-
vote time to pasture management, mainly to renovation (F7).
F3 and F4 increased their pasture area: they required seasonal
wage worker contribution, the percentage of it being more sig-
nificant for F4, as he was the only basic group worker. The
Amazonian situation highlights the weight of technical man-
agement choices, notably for the forage system, because its
variability is considerable, with significant repercussions on
time and organisation. In contrast, the buildings, equipment
and milking parlour are the features that make a difference in
Europe.

3.1.6. Variables to characterise the forage system work

From our analysis of the seven farms, we selected six vari-
ables as being relevant in characterising the forage system
work (Tab. VI). These variables related to the workforce in-
volved in the seasonal tasks, the types of tasks carried out and
the work period. For each variable, extreme and intermedi-
ate “practices” were identified. We also proposed explanatory
variables (Tab. VII). The size of the dairy cattle herd and the
quantity of milk produced over the year set the duration of
daily routine work. The combination of agricultural and non-
agricultural activities highlighted interactions and competition
with the forage system work. The productive performances of
the pasture area underlined the more or less important role of
dairy activity on the farm. We also took into account variables
that characterise the farm structure such as pasture area, forest
area and number of head of cattle.

3.2. Diversity of forage system work

3.2.1. The statistical analysis

The eigenvalues and loadings of each factor of the multiple
factorial analysis are given in Table VIII. We used the first two
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Table V. Competition with daily routine work and crops to explain interactions with forage system work.

Farm No. of people Total seasonal Forage system Daily routine Quantity of No. of Litres of Crops
in the basic group work (d/y) work (%) work (h/d) milk (L/year) dairy cows milk/ha (days/years)

Basic Wage Per person of the Wage
group workers basic group workers

F1 1 17 100 0 6h30 0 5300 11 66 111
F2 1 37 100 0 4h30 0 8800 14 122 83
F3 2 136 37 63 2h50 0 15 500 33 460 0
F4 1 278 67 33 5h50 0 21 800 45 210 108
F5 1 154 13 87 3h30 7h30 51 700 70 640 0
F6 0* 29 0 100 0 1h45 17 200 17 1200 0
F7 2 200 100 0 2h 0 6000 13 183 98

* F6 has a full-time non-agricultural activity.

Table VI. The six variables used to characterise the forage system work, and their modalities (the number of farms per modality).

Variables Modalities (number of farms)
Workforce 1- Forage system work is carried out only by the basic group (3)

2- Forage system work is delegated partially to seasonal wage workers (2)
3- Forage system work is delegated partially to permanent and seasonal wage workers (2)

Type of pasture maintenance 1- No pasture maintenance (2)
2- Cutting back weeds on a small area (3)
3- Cutting back weeds over the whole pasture area (2)

Type of pasture renovation 1- No pasture renovation (3)
2- Pasture renovation (4)

Type of land maintenance 1- No fencing repair (3)
2- Fencing repair (4)

Type of exceptional seasonal work 1- No exceptional seasonal work (5)
2- Exceptional seasonal work (2)

Work period over the year 1- No particular period (1)
2– Seasonal work carried out all year (2)
3– Seasonal work carried out in the dry season (2)
4– Seasonal work carried out in the rainy season (2)

Table VII. The nine variables used to explain work relating to the
forage system.

Types of Variables
variables

Structure
SUPA Pasture area
SUFO Forest area
BOTO No. of heads of cattle

Daily routine VLTO No. of dairy cows
work LIAN Quantity of milk per year
Combination COMB 1. No other activity
of activities 2. Agricultural activity

3. Non-agricultural activity
4. Agricultural and non-agricultural
activities

Productive PRPA Quantity of milk per ha of pasture
performances UAEA Stocking rates per ha of pasture

MILK 1. Milk production over a specific period
2. Milk production over the whole year

factors (loadings 26.99 and 25.16%, respectively) to explain
the diversity of work linked to the forage system. The first fac-
tor concerned variables of the forage seasonal tasks carried out

and the work period (Fig. 1). It discriminated farms accord-
ing to their “proximity” to the intensive pattern. At one end,
the analysis pointed to forage system tasks that were closely
related to the intensive pattern. It was defined by the cutting
of weeds over the whole grazing area exclusively during the
rainy season. At the other extreme, we found a type of for-
age management based on different seasonal tasks. Farmers
restricted weed cutting to some plots, carried out pasture ren-
ovation and established new pastures in the forest area. Work
was done during the rainy and dry seasons according to task
types. The second factor contrasted dairy farms according to
the delegation of forage system tasks to wage workers and the
complexity of the forage system management. At one end, sea-
sonal work was carried out autonomously by the basic group.
Farmers simplified their forage management. At the other end,
forage system work was partially delegated to seasonal wage
workers. Farmers concentrated a high volume of work, notably
exceptional work, during the dry season.

3.2.2. Five types of forage system work

Five types of forage system work were identified from the
ascendant hierarchical classification (Fig. 1). Each type was
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Figure 1. Distribution of farms (circles T1 to T5) on factors 1 and 2 of the multiple factorial analysis. The first two factors were used to explain
the diversity of forage system work on dairy farms. The first factor discriminated farms according to their “proximity” to the intensive forage
system management pattern. The second factor contrasted dairy farms according to the delegation of forage system tasks to wage workers. The
classes issued from ascendant hierarchical classification are the numbered areas.

Table VIII. Loadings and eigenvalues of the 10 factors resulting from
the multiple factorial analysis of the 29 farms.

Factor Eigenvalue Loading (%)
1 0.4499 26.99
2 0.4194 25.16
3 0.3563 21.38
4 0.1653 9.92
5 0.1232 7.39
6 0.0559 3.35
7 0.0380 2.28
8 0.0319 1.92
9 0.0213 1.28
10 0.0056 0.33

characterised by a specific combination of modalities of the six
active variables in the multiple factorial analysis. Information
on the types was completed by data concerning the additional
explanatory factors (Tab. IX).

- “Maintaining the pasture with permanent wage workers”
(T1). On these eight farms, the forage system work was char-
acterised by a single task, i.e., hand-cutting of weeds on each
plot of the pasture area (50 ha on average) as recommended
by the intensive pattern. The period of work was concen-
trated during the rainy season, which the farmers considered
to favour grass growth. This forage system work required time

during the period of pasture maintenance. Therefore, farm-
ers employed wage workers. Owing to the large number of
cows to be hand-milked (43 cows for 25 278 litres of milk
per year), permanent wage workers also carried out part of the
daily routine work. The forage system therefore supported an
intensive dairy production compared with regional standards
(Muchagata and Brown, 2003). This type of management was
observed on farms where the pasture area was stabilised due
to limited farm forest area (7 ha on average).

- “Maintaining pasture according to the availability of the
family workforce” (T2). On these six farms, pasture mainte-
nance was limited to a small area. Work was carried out only
by the basic group consisting of the farmer, assisted in two of
the farms by another family member (spouse or son). There
was no specific period for cutting, because seasonal work was
done according to the availability of the family workers and
to the competition between livestock and crops. Weed control
was used to check the development of self-propagating veg-
etation, a necessity for easier supervision and monitoring of
the cows on the plots. In addition to being poorly controlled,
productive performances of pastures were low. The livestock
activity was small, with 16 dairy cows and 8813 litres of milk
per year. The milk was sold during one part of the year, owing
to the low number of cows.

- “Autonomous pasture renovation” (T3). On these three
farms, the forage system was based on pasture renovation to
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Table IX. Forage system work in relation to explanatory factors.

Types of Forage Pasture area Forest area No. of No. of Quantity of Productive Wage Combination
forage management (ha) (ha) heads cows milk/year performance labour of activities
system work of pasture
T1 Pasture 50 7 114 43 25 278 High Yes On some farms

maintenance
T2 Pasture 42 35 38 16 8813 Low No Yes

maintenance
T3 Renovation 44 23 41 13 6692 Low No Yes
T4 Pasture 118 90 139 36 22 204 Low Yes No

maintenance,
renovation

T5 Pasture 62 54 105 34 19 467 Medium Yes No
maintenance,
renovation,

exceptional work

readjust forage resources to herd requirements. When the level
of weeds was too high on the plots grazed by the dairy cows,
farmers carried out the renovation by cutting the weeds, burn-
ing and sowing of Brachiaria. Another task they carried out
was fencing repairs. The work period for these tasks was con-
centrated in the dry season because of their imperative na-
ture. This type of forage system management was observed
on farms where the basic group was composed of one per-
son only, the farmer, who did all the work on the pasture on
his own with no wage worker. Furthermore, the farmer was
engaged in other agricultural activities such as pepper or cof-
fee, which demand a high volume of work. As a consequence,
no pasture maintenance task was carried out during the year
owing to this competition and the low availability of family
workers. These farms were characterised by a small livestock
activity (41 head of cattle, 13 cows, 6692 litres of milk per
year), and seasonal milk production.

- “Maintaining the pasture through renovation and weed-
ing with the help of wage workers” (T4). On these six farms
the forage system management included pasture maintenance
on several plots to curtail weed invasion. The workforce also
carried out renovation of degraded pastures to increase forage
availability when weeds could not be controlled by cutting.
Depending on workforce availability and owing to the high
cattle numbers and the pasture area that needed maintaining,
weed control was carried out throughout the year. Farmers del-
egated part of the seasonal work to wage workers. The level of
dairy production was high, with 22 200 litres of milk, but with
low productive performances.

- “Extending the pasture area with seasonal wage workers”
(T5). On these six farms, the forage system management was
based on exceptional seasonal work to extend the grazed area
into the forest (54 ha) and setting up fences. The pasture area
was also maintained through hand-cutting of weeds and reno-
vation of some degraded plots. It involved work throughout the
year. The workforce was composed of family workers and also
of seasonal wage workers. The latter were employed according
to the availability of the basic group: they could be hired for
the different tasks. These farms were characterised by 62 ha

of pasture area and a medium volume of milk (19 647 L/year),
and specialised in cattle rearing.

3.3. Factors affecting the forage system management

Our work pointed out that in the study conditions, the
choice of the forage system is determining for the amount of
work to be done at year level. Hence, farmers had two op-
tions: either to simplify the forage system or to delegate work
to wage workers. Farms with high expectations regarding their
dairy activity, and therefore needing well-maintained pastures,
must find a balance by resorting to wage labour, as in these sit-
uations the intensive forage system requires a great volume of
work. Other farmers opted for a very simplified forage man-
agement pattern, limiting the work to be done. Our typology
illustrated intermediate situations where the forage system in-
volves renovating the pastures or exceptional work for which
employment of seasonal wage workers is imperative, if the
permanent workforce is a limiting factor.

Our results corroborated earlier ones from herbivore pro-
duction systems in France (Jourdan, 1996; Dedieu et al.,
1998), which show that technical management choices play
a key role in forage system work. We also confirmed that
workforce availability, notably the opportunities for delegat-
ing tasks outside the basic group, influences technical man-
agement choices (Moulin et al., 2001). A relation could thus
be established between technical choices and their impact on
work duration, the workforce and the definition of priorities
among the different tasks (Madelrieux and Dedieu, 2008). The
daily routine work appeared in most cases to be a priority over
the seasonal forage system work. The fact that the herd gives
a direct income from sales of milk and calves may account for
this (Solano et al., 2006). Conversely, a given type of forage
system management may be explained by competition with the
crops or a non-agricultural activity, as these mobilise labour
efforts and little deferrable work during the year (White et al.,
2005; Fiorelli et al., 2007). Competition with crops explained
why pasture was often maintained by renovation of areas de-
graded by weeds rather than by regular weed control on some
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farms such as type T2 and T3. The work schedule, in such
cases, hindered the adoption of innovative techniques to en-
sure pasture sustainability.

Our observations confirm Netting’s study (1993), which
shows that family farmers have additional workforce re-
sources. It was clear from our study, in particular in the light
of the characteristics of the group “ Maintaining pasture with
permanent wage workers”, that delegation to permanent wage
workers is a prerequisite for the development of more intensive
forms of forage system management (Errington and Gasson,
1996). This situation implies that available wage labour is cru-
cial to offsetting household labour shortages and to sustaining
agricultural diversity over time.

From this in-depth study of a reduced number of farms, rep-
resentative of existing situations (Hostiou et al., 2006), we pro-
duced the first data on work associated with the forage system,
and a first hypothesis on the elements that may help describe
and explain its diversity. The analysis made for the 29 dairy
farms validated the variables and modalities identified in the
reduced sample and enabled us to qualify the diversity of situ-
ations in the region under study. Uruará was representative of
a large number of regions in Amazonia where the main char-
acteristics are diversified production systems, low levels of
equipment and sales of milk carried out by the farmers (Veiga
and Tourrand, 2000). It should therefore be possible to trans-
pose the variables, the modalities and factors of differentiation
of forage system work on a wider scale than our region of
study.

3.4. Changes of forage system

Our approach provided a means of introducing work or-
ganisation aspects into studies on adoption of technical in-
novations. We may conclude from this study that intensive
techniques to manage the forage system such as cutting back
weeds, etc., cannot be implemented on dairy farms without
a full understanding of the work organisation. To introduce a
new technique to improve the livestock system management
one needs to consider its impact in terms of tasks, duration,
rhythm and distribution and to analyse (1) its implication on
workforce distribution and notably on task delegation, and (2)
its relations (seasonal competition, priorities) with other tasks,
given the workers that are in charge.

Improving the forage system may be a major goal on the
way to sustainable farming systems on the Amazonian agri-
cultural frontier. The propositions made need to consider other
types of adaptation of the livestock farming system and not
solely target the forage system. For example, improving for-
age management may be accomplished by reducing daily rou-
tine work. This may involve introducing mechanised milking
and/or organised breeding to achieve better calving periods
(Cournut and Dedieu, 2005). A dairy factory could be set up
to collect the milk, thereby reducing the time spent daily by
the farmers to sell their milk and making time for other work.
On these farms, where all the work is done by hand, introduc-
ing equipment to maintain pastures would also allow a reduc-
tion of the workload. Pooled equipment for pasture could also

reduce capital investment for farms with limited economic re-
sources (Rueda et al., 2003). Diversity of forage system work
also means that there is no one single path to be followed by
farmers to modify their forage system management. Improv-
ing ways of managing pastures to promote their sustainabil-
ity cannot be formalised for an average farm (Solano et al.,
2006), and when considering diversity within one region, fea-
tures such as the basic group composition, level of mechanisa-
tion, and occurrence of other time-consuming activities should
be included. Hence for T1, one path could be the use of equip-
ment and mechanisation to reduce workloads. For the other
farm types, changes should target herd management to organ-
ise calving better, and facilitate recruitment of wage workers
and introduction of equipment to limit workloads. Our con-
clusion is that to improve the forage system management at a
territorial level, we should take into account the diversity of
work organisation at the farm level.

4. CONCLUSION

Our study addresses the issue of barriers to adoption of in-
novative techniques to maintain sustainable forage systems on
Amazonian livestock farms, with particular attention to work
organisation on the farm. Studies in this field have so far of-
ten considered the family workforce as a central limiting fac-
tor (Marenya and Barrett, 2007). While much is known about
the forage system diversity, its translation in terms of work
tasks, types of workforce and work periods has been little for-
malised (Muchagata and Brown, 2003). Furthermore, inter-
actions and competition between work devoted to the forage
area and other work on the farm or outside it, taking account
of the available workforce, have remained unexplored. Thus,
our initial hypothesis has been validated: the intensive forage
system advocated by research to curtail deforestation on live-
stock farms is highly work-demanding. With limited family
members and a high total workload pressure, intensive man-
agement of the forage system relies on the recruitment of per-
manent wage workers. In situations where the family work-
force cannot hire wage workers, the forage system must adjust
to priority tasks. Such adjustment means simplifying tasks and
techniques. Intermediate situations exist, which we have char-
acterised. To understand choices made or plan conditions for
technical change, the technical system must take account of
work organisation and work duration on the farm. Introducing
the analysis of work organisation into research on livestock
farming systems means re-examining the reasons why farmers
do what they do without limiting their objectives to technical
and economic targets only. This leads us to take a new view
of the farm in livestock production science: it is not only a
technical production unit; it is also a system where economic
and technical goals, expectations with regard to quality of life,
social and employment networks, and combination of off- and
on-farm activities interact to create the organisations we are
studying.
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