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ABSTRACT

Farming suffers from a crisis based on lack of profitability. This situation is more relevant in
small farms. Farmers have implemented local breeding programmes that have shown good
results in terms of biodiversity preservation, increase of technological innovation and improve-
ments in farm’s viability. The objective of this study is to compare technological characteristics
among groups of farms, according to their breeding programmes and the viability of dairy
sheep system. Furthermore, the role of technologies by means of a canonical discriminant
model was analysed. The information from 157 dairy sheep farms in Castilla La Mancha, Spain
was used. Technologies were grouped in six technological areas: Management, animal feeding,
animal health and biosecurity, land use, milking equipment and dairy, reproduction and genetic.
Four canonical discriminant models have been used to classify farms according to technological
indicators [Model 1], structural [Model 2], productive [Model 3] and a global model including all
the variables (18) [Model 4], by considering the genetic programme and their viability.
Afterwards, the relationship among the discriminated groups was analysed using cluster analysis.
The canonical model built according to the set of technologies classified a 69.43% of farms
[Model 1]. Therefore, the farms that implement a breeding programme (BP) increase the likeli-
hood of viability. First, BP requires higher levels of technological innovation in management and
genetics-reproduction. Then, such advances should be implemented in milking equipment and
animal health and biosecurity. To conclude, BP is a key factor in the success of techno-
logical adoption.
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HIGHLIGHTS

e Technology adoption plays a strategical role in sheep production systems.

e Breeding program promotes higher global technological level.

o Likelihood of viability in dairy sheep farms increases with implementation of a breed-
ing program.

Introduction structural crisis as a consequence of the constant loss
of competitiveness and profitability (Rivas et al. 2015).
For these reasons, the industry is immersed in a deep
transformation based on reducing the number of

farms and increasing the flock size with progressive

Mediterranean dairy sheep production responds to an
integrated mixed system with synergies among activ-
ities, characterised by a family subsistence organisation

that profits from the system’s own resources to trans-
form them into milk and meat; typical characteristics
from the milk sheep production in Castilla La Mancha
(Caballero 2009; Toro-Mujica et al. 2012). In the last
two decades, sheep farms have experienced a

professionalisation and productive specialisation (Milan
et al. 2011; Rivas et al. 2014; Toro-Mujica et al. 2015a).
Different factors have contributed to this process,
among them: the high price of inputs, restrictions to
pastures, absence for a generational change, price of
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milk, the existence of marginality risks, high opportun-
ity Labour force cost, and the substitution of farming
by other economic activities that provide higher levels
of profitability (Toro-Mujica et al. 2012; Morantes
et al. 2017).

High levels of diversity in the dry land mixed system
promote some different responses to the crisis from
producers: 33.7% of farms have abandoned milk activity
and the rest show a trend towards the intensification
and specialisation of production (Toro-Mujica et al.
20153, 2015b). In this sense, innovation could be a tool
to increase the farm’'s competitiveness, viability and sus-
tainability (Perea et al. 2014; De-Pablos et al. 2018). It
would be of special interest to assess the best innova-
tions and practices of management provided by farm-
ers, to recognise the key factors in the success or failure
of technological adoption (De Pablos-Heredero, et al.
2015). Torres et al. (2014) and Rangel et al. (2017b) iden-
tified technologies applied in mixed system cattle farms
in Ecuador and Mexico and Rivas et al. (2015) did the
same for sheep farms in dry land in Spain.

The most frequent strategy to improve local breeds
until the date has been to run an official breeding pro-
gramme (BP) (Delgado et al. 2018). According to zoo-
technical regulation, a breeding programme includes a
set of actions aimed at the conservation, improvement
and promotion of certain breeds. In the case of the
Manchega sheep breed, the purpose of the breeding
scheme is to determine the best breeding males and
females for quantity and quality of milk to transmit the
desired productive characteristics to the next
generation. Apart from this, the success of BP requires
technological changes in farms (Garcia et al. 2016, Toro-
Mujica et al. 2015a). These structural and technological
changes imply a risk in the viability of the farms, since
they impact their multifunctional character and decrease
the degree of complementarity among different activ-
ities (Ryschawy et al. 2013; Masayasu et al. 2017).
Hence, deepening in the knowledge of farm's techno-
logical needs, a BP can favour the increase of competi-
tiveness of smallholders in mixed systems in
different countries.

The following research questions arise: (i) Do farms
that develop a BP increase the likelihood of viability?
(i) Could the increase of viability be associated to
technological adoption? Therefore, the purpose of this
research is to support the fact that the success or fail-
ure of an official breeding programme (BP) will
depend on the right levels of adoption of techno-
logical innovations at different farm’s areas.

The objective of this study is to identify main simi-
lar and different technological characteristics among

four groups of farms by comparing their breeding pro-
grammes and their viability, based on the case of
Manchego sheep system in Spain. Initially, the role of
innovation was determined by comparing the classify-
ing power of technological variables facing the struc-
tural and productive ones. Canonical discriminant
analyses and the Mahalanobis distances were used.
Later on, the relationship among four groups (viable
farms with BP, non-viable farms with BP, viable farms
without BP and non-viable farms without BP), were
analysed through cluster analysis.

Material and methods
Study area and population

The study area was the Spanish region of Castilla La
Mancha (38°-41°N; 1°-5°W), whose surface area of
roughly 800,000 ha is distributed as follows: 70% arable
land, mostly given over rainfed crops (95%), 20%
woodland and 10% natural pastureland. The land is
mostly flat. Climate is Continental Mediterranean with
dry winters and hot and dry summers. Rainfall is con-
centrated in autumn and spring, and is highly irregu-
lar, annual rainfall figures varying between 400 and
1000 mm. Mean winter temperatures range around
5°C, while mean summer temperatures average is
25°C (Caballero, 2009). The study population was 907
farms of Manchego sheep from ‘La Mancha’ region,
gathered under the protected designation of origin
(PDO) ‘Queso Manchego'. Rivas et al. (2015), described
how a dry land sheep mixed system is characterised
by diversified familiar farms (cereal, wine grapes, ewe,
cheese, among others), with low incomes.

Official breeding programme (BP)

The National Association of breeders of Manchega
sheep breed (AGRAMA) manages an official breeding
programme (BP), whose main objectives are to improve
genetics and the performance of farms from three areas
of action: genealogical information registration, milk
recording and artificial insemination (AGRAMA, 2011).
In Spain, there are 151 livestock breeds for whom a
BP programme has been implemented by their corre-
sponding Associations; 66 of small ruminants (Perea
et al. 2018). The integration in breeding programme
enables the conservation of local breeds under a
productive model of minimum cost, which favours the
utilisation of autochthonous resources, the preservation
of the ecosystem and respect to rural livelihoods.
Farms were randomised selected (integrated and non-
integrated in a breeding programme). Those farms with



indirect participation into the BP (purchasing breeding
stock, etc.) or the farms with less than two years using
the BP were eliminated.

Dairy farm viability

The viability of each farm was based on its economic
results, and it was calculated according to the ability
of the business to generate, over the long term, suffi-
cient profits for guaranteeing the maintenance of the
family unit, according to Toro-Mujica et al. 2012, Rivas
et al. 2015 and Perea et al. 2014). Economic returns
were calculated for each year, as the sum of cash flow
and the opportunity cost of familiar Labour. If a farm
generated a positive economic return from 2011 to
2013, it would be considered as viable (1), and non-
viable in other situations (0).

Data collection and study design

A random sample of 17.2% (157 farms) of the whole
population was selected. The information was col-
lected by using in situ visits to the farms in 2012 and
2013. To evaluate the hypotheses posed, the sample
was segmented into four groups: viable farms that
have implemented a BP (n=50), viable farms that
have not implemented a BP (n=41), non-viable farms
that have implemented a BP (n=13), non-viable farms
that have not implemented BP (n=53).
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Three set of variables were defined: those related
with technological areas (T;), those related with farm
structure (S;), and those related with productive per-
formance (P;). Technological indicators included the
variables management (T,), animal feeding (T,), animal
health and biosecurity (T3), land use (T,), milking
equipment and dairy (Ts), reproduction and genetic
(Te). Each technological index groups a set of innova-
tions, technologies and organisational practices shown
in Supplementary Table 1 (Rivas et al. 2014, 2015). It
was based on the proportion of innovations imple-
mented in each farm over all innovations identified,
with values from 0 to 100%. The variables used in the
structure indicator were: surface (S;), ewes (S,), own
surface (S3), family Labour (S,), external feeds (Ss) and
stocking rate (S¢). The variables included in the pro-
ductive returns were: Lamb yield (P;), sanitary cost
(P,), milk yield (Ps), lambing interval (P4), lambs sold
(Ps) and feed cost (Pe). Most frequently used variables
were selected in the characterisation of sheep systems
in La Mancha (Toro-Mujica et al. 2012; Rivas et al.
2015; Caballero, 2009).

Rivas et al. (2015) widely describe Manchego dairy
mixed system in Castilla La Mancha. The mean flock
size was 868 sheep in 1117.7ha total farm surface;
83% for grazing and the rest corresponded to culti-
vated surface. 58% of farms applied unifeed and the
consumption of concentrate was around 0.8 kg/ewe/d.
In 82% of farms three season mating take place and

Table 1. Descriptive statistics of technological, structural and productive variables in Manchega sheep breed.

With BP? Without BP
Variable Total Viable non-viable Total Viable non-viable SDMP
Sample (n) 63 50 13 94 M 53
Technological variables
T;, Management, % 71.110 71.200 70.770 30.420 32.440 28.870 21.180
T,, Feeding, % 61.900 64.280 52.750 53.500 57.840 50.130 19.670
Ts, Health and biosecurity, % 77.600 78.000 76.070 67.500 69.110 66.250 11.150
T4 Land use, % 41.270 42,000 38.460 29.360 32.680 26.790 23.680
Ts, Milking equipment, % 61.620 62.910 56.640 45.070 52.550 39.280 17.920
Te. Reproduction and genetic, % 69.840 69.560 70.940 17.610 18.970 16.560 29.570
Structural variables
S1, Surface, ha 1374.730 1476.100 984.92 945.410 1308.780 664.320 1359.880
S,, Own surface, % 24.550 27.550 13.000 8.710 9.150 8.370 31.950
Ss, Ewes, no 1229.790 1360.580 726.770 625.110 832.660 464.550 798.790
S4, Family Labour, %° 32.970 34.080 28.720 73.240 62.450 81.570 40.970
Ss, External feeds, % 49.440 47.900 55.350 69.140 60.720 75.650 31.580
Se, Stocking rate, LU/ha® 0.170 0.178 0.181 0.214 0.129 0.149 0.150
Productive variables
P;, Lamb yield, no/AWU® 381.240 403.390 296.040 322.080 361.070 291.920 170.410
P,, Sanitary cost, €/ewe 15.080 14.960 15.540 15.750 15.690 15.790 3.130
P3, Milk yield, kg/ewe 165.400 149.810 118.870 127.800 143.440 115.250 66.280
P, Lambing Interval, d 332.080 324.020 362.920 347.620 355.240 341.720 70.670
Ps, Lambs sold, % 75.540 76.200 73.000 78.830 78.590 79.120 9.650
Pe, Feed cost, €/ewe 85.750 83.730 93.490 73.810 69.490 77.160 40.100

BP: breeding programme

BSDM: standard deviation of the mean
Percent familiar work units.

dLU: Livestock units (1 ewe = 0.15 LU)
€AWU: annual work u units.
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the rest maintain the ram with the ewes permanently
throughout the year. The mean production was of
133.4kg/ewe per lactation, 1.4 lambs per parity, 3.4
annual work units (57.1% familiar). The mean revenue
per sheep was 336.8 €/ewe, while the mean unit cost
was 2.2 €/kg of milk. The common descriptive charac-
teristics of studied variables and groups are shown in
Table 1.

Statistical analysis of results

Preliminary testing of data was carried out to determine
outliers to be discarded before further analysis. As data
presented different units of measurements, they were
standardised to zero mean and a standard deviation
unit. Differences and similarities in the structure, per-
formance and technological level obtained for each
group of farms were analysed using canonical discrimin-
ant analysis (Tabachnick and Fidell 1996). The first step
in the canonical discriminant analysis was to determine
the a priori basis for grouping the farms.

The analysis was performed on four models: model
1 related to technological areas (T;), model 2 related
to farm structure (S;), model 3 related to productive
performance (P;) and a fourth model containing the
whole group of variables (T;+S;+P)).

The efficiency of the discriminative power of a
given model was determined by the test of signifi-
cance of the Wilks’ lambda value. The capacity of pre-
diction for each model was tested using the absolute
assignment of farms to the preassigned group. The
distances among groups were determined using the
Mahalanobis distances and their statistical significance.
Step-wise discriminant analysis was used to determine
the discrimination ability of the variables, either for-
ward or backwards. A complete description of the
method can be found in Zurita-Herrera et al. (2011),
among others.

The second step was the study of the concrete rela-
tionships that exist among the discriminated groups.
The cluster analysis was appropriate because it pro-
vides not only a simple representation of the groups
but also a quantification of the relationships among
these groups (Delgado et al. 2018). The joining tree
clustering method, which is based on a plot that
shows linkage distances along the vertical axis has

been applied. Every node in the representation points
out where a cluster is defined. When the data have a
structure, with groups of similar elements, this group-
ing (structure) is established in the hierarchical tree in
the form of different branches.

Clustering analysis was carried out among the
groups formed with farms belonging to each group
(viability and BP). These analyses were developed
using the individual Mahalanobis distances performed
in the canonical discriminant analysis and were carried
out for the same sets of variables analysed by the
canonical discriminant analysis. A complete description
of the method can be found in Zurita—Herrera et al.
(2011) and Caballero-Villalobos et al. (2018). All statis-
tical analyses were performed using the SPSS Inc
(SPSS Statistics 2010).

Results

Table 2 shows the general results of the canonical dis-
criminant analysis with all the variables measured
(18) [Model 4] and also with each set of variables:
technological (6) [Model 1], structural (6) [Model 2] and
productive indicators (6) [Model 31. In all cases, discrim-
ination among groups was evident because the F statis-
tics of the Wilks’ lambda were always significant for the
discriminant variables. The models 4 and 1 with all the
variables (T{+S;+P;) and with six technological areas (T;),
classify 80.89% and 69.43% of cases correctly. Both
models show high discriminant capability, although
technological areas (T;) showed higher F-statistic and
higher deviation concerning the group mean and
greater classification capability. Table 3 shows the dis-
criminant power of the all variables utilised in each of
the four models and Figure 1 shows the classification of
farms by canonical components. From a visual perspec-
tive it can be observed that the means among those
groups are very different along the axis (Technological
variables, T; and all the variables, T;+S;+P;). First dimen-
sion (CAN1) discriminates farms with or without BP,
and CAN2 discriminates means among viable and non-
viable farms (Supplementary Table 2). The model 4
comprising all the variables and the model 1 with tech-
nologies showed a great capability to discriminate farms
according to their integration or lack of integration in a

Table 2. Results of the canonical discriminant analysis in Manchega sheep breed.

Model [n] Variables Groups Wilks” lambda F p Correct?
[1] Technological variables (T;) 6 4 0.081 33.428 <.0001 69.430
[2] Structural variables (S;) 6 4 0.605 4529 <.0001 49.040
[3] Productive variables (P;) 6 4 0.751 2481 <.0001 50.960
[4] All the variables (T;+S;+P;) 18 4 0.049 13.138 <.0001 80.890

2percent correctly classified into farms assignment (R?>=1 - tolerance).
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Table 3. Individual results for variables included in the four canonical discriminant models (variables with the highest discrimin-

ate power are bold) and correlations of each variable with the canonical variables.

Variable [Model] Wilks' lambda F p R? CAN1 CAN2
Technological variables [Model 1]
T, Management 0.107 426.115 <.0001 0.805 0.993 0.062
T,, Feeding 0911 5.003 .002 0.062 0.227 0.521
T, Health and biosecurity 0.792 13.419 <.0001 0.266 0.470 0.242
T4, Land use 0.928 3.948 .010 0.194 0.264 0.250
Ts, Milking equipment 0.704 21.419 <.0001 0.342 0.490 0.743
Te, Reproduction and genetic 0.243 158.586 <.0001 0.772 0914 —0.032
Structural variables [Model 2]
S;,Surface 0.934 3.604 .015 0.433 —0.402 -2
S,, Own Surface 0.927 4.028 .009 0.316 —0.422 -
Ss3, Ewes 0.788 13.694 <.0001 0.576 —0.770 -
S4, Family Labour 0.733 18.573 <.0001 0.361 0.894 -
Ss, External feeds 0.869 7.694 <.0001 0.227 0.636 -
Se, Stocking rate 0.981 0.999 395 0.378 —0.165 -
Productive variables [Model 3]
P, Lamb yield 0.920 4424 .005 0.281 —0.696 —0.111
P,, Sanitary cost 0.987 0.675 .568 0.041 0.219 0.254
P3, Milk yield 0.945 2.974 034 0.122 —0.579 0.035
P4, Lambing Interval 0.963 1.968 121 0.163 0.225 0.379
Ps, Lambs sold 0.964 1.910 130 0.197 0.062 0.579
P, Feed cost 0.969 1.613 189 0.230 0.015 —0.602
All groups of variables [Model 4]
T;, Management 0.107 426.115 <.0001 0.824 0.986 0.000
T, Feeding 0.911 5.003 .002 0.152 0.230 0.351
Ts, Health and biosecurity 0.792 13.419 <.0001 0.398 0.469 0.136
T4 Land use 0.928 3.948 .010 0.624 0.264 0.144
Ts, Milking equipment 0.704 21419 <.0001 0.481 0.494 0.427
Te, Reproduction and genetic 0.243 158.586 <.0001 0.818 0.907 —0.056
S,, Surface 0.934 3.604 .015 0.512 0.175 0.328
S, Own surface 0.927 4.028 .009 0.444 0.255 0.129
Ss3, Ewes 0.788 13.694 <.0001 0.637 0.401 0.434
S4, Family Labour 0.733 18.573 <.0001 0.498 —0.515 —0.143
Ss, External feeds 0.869 7.694 <.0001 0.587 —0.333 —0.275
Se, Stocking rate 0.981 0.999 395 0.421 0.130 —0.085
P, Lamb yield 0.920 4.424 .005 0.474 0.190 0.375
P,, Sanitary cost 0.987 0.675 .568 0.226 —0.109 —0.061
P3, Milk yield 0.945 2974 .034 0.254 0.135 0.340
P4, Lambing interval 0.963 1.968 a21 0.305 —0.108 —0.065
Ps, Lambs sold 0.964 1.910 130 0.318 —0.173 0.145
Pe, Feed cost 0.969 1.613 189 0.366 0.146 —0.181

®Non significant values for this canonical component.

Breeding programme (BP), while the classification of
farms depending on viability was barely measured.

This outcome is supported by the Mahalanobis dis-
tances among groups and in the classification matrix
of each farm in its preassigned group (Figure 2 and
Supplementary Table 3). The Mahalanobis distances
among viable and non-viable farms were 2.340 and 4.
258, while between farms with and without BP was
42.000 and 50.155. In addition, 96.7% of classification
errors occurred with respect to viability, while there
was only one misclassification regarding the existence
of BP. This is more evident in the graphical representa-
tion of the results in two dimensions. The existence of
BP clearly discriminated the groups, while the viability
maintained a certain degree of overlapping.

Cluster analysis supported these results (Figure 2),
as the distances outcome in a clear division between
groups according to the existence of BP (linkage dis-
tance =2,216.5), while they showed greater similarity
among viable and non-viable groups (linkage distance

=9.1 for groups without BP and 2.8 for groups with BP).
Wilks" lambda tests indicated a higher discriminating
ability for the variables related to technology (Table 2).

The variables with greater discriminant ability are
highlighted in Table 4. Variables that discriminated
between pairs of groups were identified using stepwise
discriminant analysis (Figure 2). The variables of man-
agement technologies, surface and flock size differenti-
ated between five pairs of groups. The variables health
and biosecurity technologies, land use technologies,
milking equipment, reproduction and genetic technolo-
gies and external feeds differentiated between four
pairs of groups.

Discussion

Breeding programmes (BPs) usually were evaluated on
a long term basis, according to a set of zootechnic
parameters integrated in a breeding plan; for example,
Arias et al. (2016) somatic cell counts (SCC) and milk
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Figure 1. Representation of results in each discriminant model for the groups of farms (Viability and BP) in Manchega sheep
breed, defined by the axis built by the first canonical variables (CAN 1 and CAN 2). e viable with genetic improvement pro-

gramme (BP), ® non-viable with BP, e viable without BP,

yield in Manchega sheep; Ledn et al. (2012) type of
kidding, lactation number, kidding season in Murciano-
Granadina goats, among others. In this research, trans-
versal data instead of longitudinal ones were used.
Farms where BP has been implemented to farms
where BP has not been implemented (Table 1) and
viable farms and non-viable farms were compared.

The technology canonical model (Management (T,),
animal feeding (T,), animal health and biosecurity (T3),
land use (T,), milking equipment and dairy (Ts), repro-
duction and genetic (Tg) shows higher levels of dis-
criminatory power (69,43%) than the structural
(49,04%) and productive models (50,96%) (Table 2).
Results show that farms with BP present higher
technological innovation levels in the different areas
and this implies an increase in the chances to be
viable. In Table 3 the structural variables (ewes, famil-
iar Labour and external feeds) were significant in the
canonical discriminant analysis too. The application of
BP implies higher technological levels and demands at

non-viable without BP.

the same time of a minimal dimension, even though
dimension is not just enough to increase the technol-
ogy and the farm'’s viability (Rivas et al. 2015; Toro-
Mujica et al. 2015b).

According to Le Gal et al. (2011), Ryschawy et al.
(2013) and Ceyhan et al. (2017), there are different
strategies to improve competitiveness: (i) Large scale
farms and specialised (ii) Small farms with sustainable
intensification. Both strategies require of structural
changes, the adoption of technologies and business
process redesign and a deep transformation of the
organisational structure (Morantes et al. 2017; De-
Pablos-Heredero et al. 2018).

i) Large scale farms. They tend to increase produc-
tion volumes, herd size, and productivity. According
to Toro-Mdujica et al. (2012) production is being
migrated towards technical and scale efficiencies.
However, large scale farms decrease biodiversity and
system’s resilience (Toro-Mdjica el al. 2012 and
Ryschawy et al. 2013). (ii) Small farms. According to
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Figure 2. Plot of the cluster analysis developed for the four groups of farms evaluated in Manchega sheep breed.

Table 4. Variables that discriminated between pair of groups using step — wise discriminant analysis in

Manchega sheep breed.

. Without BP
With BP?
Group Non-viable Viable Non-viable
With BP Viable S3, Py Ti, T3, Ts, Te, S3, Sa, Ss T1, Ty, T3, Ta, Ts, T, S35 Sas S5, Py
Non-viable T, Ts, e S4 Ti, T3, Ts, Te, S3, Sa S5
Without BP Viable T1, Ts, S3, Sa, Ss

?BP, breeding programme; T;, management; T, feeding; T3, health and biosecurity; T,, land use; Ts, milking equipment; T, repro-
duction and genetic; S,, surface; S,, own surface; Ss, ewes; S,, family Labour; Ss, external feeds; Se, stocking rate; P, lamb yield;

P3, milk yield.

Philippidis et al. (2014), Toro-Mujica et al. (2015b),
De-Pablos-Heredero et al. (2018) farms could be ori-
ented to a sustainable intensification at minimal cost
by benefiting from flexibility, the existence of
dynamic capabilities and localisation barriers. Small
farms can reach an efficient allocation of resources,
locate production at a level of increasing returns and
shift the mean costs curve to more competitive areas
(Ceyhan et al. 2017; Rangel et al. 2017a; Garcia
et al. 2016).

Next paragraph links results obtained from discrim-
inant and cluster analysis (Table 4) with 38 techno-
logical innovations identified in Supplementary Table 1
(Rivas et al. 2014, 2015). In this case, the Manchega
breed BP has been focussing on increasing the milk
production through genetic improvement and repro-
ductive techniques (Tg) from 1975. The improvement in
Te requires a strong technical support and the applica-
tion of a process management programme (PMP)
(Morantes et al. 2017). The BP started with structural
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changes in management (T;) and reproductive and
genetic technologies (Te), according to the results of
discriminant analysis and the factor loadings from
canonical analysis as shown in Table 3 (T1: F, 426.115,
R? 0.805 and CAN1, 0.993; Ts: F, 158.586, R?, 0.772 and
CAN1, 0.914). This organisation of technologies agrees
with the results found by Rangel et al. (2017a). Diverse
studies (Wolfova et al. 2009, among others) indicate
that the systematization of the reproductive process is
very important to the productivity of livestock farms
since it constitutes the conducting factor. The BP for
reproductive and genetic control should be organised
from the management area (Le Gal et al. 2011).
Morantes et al. (2017) indicated that it is essential to
establish a technical support for developing the BP
and balance the fitness of the reproductive procedure
to the type of livestock and farming management.

Therefore, the improvement of the breed within a
BP also entails an organisational change in the integral
process of managing the farm in a process manage-
ment programme (PMP) (Garcia et al. 2016). PMP is
based on the systemisation and standardisation of
organisational routines (systems for the productive
records, reproductive systems, etc.) and its use in the
decision-making process oriented to the reproductive
planning, health programmes, milk quality, land use,
etc. The management of processes comprises different
dimensions and its study requires of a holistic and
dynamic approach, where the existent interactions
among the different elements in the system gather
together (De-Pablos-Heredero et al. 2018). Discriminant
analysis between pair of groups results (Table 4) were
analysed according to Solano et al. (2006) and Millan
et al. (2011). The adoption of technological innovations
and organisational practices in animal feeding (T,) and
land use (T,4) increased milk production and decreased
the dependence of external inputs.

Future studies should be oriented to deepen in the
synergies and interactions between the management of
processes, the economic development and the environ-
mental sustainability addressed by De-Pablos-Heredero
et al. (2018), Perea et al. (2014) and Rangel et al.
(2017b) in the long run. Apart from this, Torres et al.
(2014) indicated that management process system con-
tributes to the corporate responsibility, by orienting the
processes according to the needs of producers and it
constitutes a factor for social sustainability.

Conclusions

The canonical discriminant model built according to
the technological set classified a 69.43% of Manchega

sheep farms. The technological innovations used were
management, animal feeding, animal health and bio-
security, land use, milking equipment and dairy, repro-
duction and genetic. The likelihood of viability of the
dairy sheep farms that implement a breeding pro-
gramme increased.

BP promotes higher global technological level, and
reproduction-genetic and management are the areas to
which it has been applied at a large extent. A second
group of technologies is required to improve those
ones associated to animal health and milking equip-
ment. Finally, the technological level in the land use
and in feeding is extremely low, and there is a lack of
the application of management process programmes in
these areas. The results showed that dairy sheep system
presents multiple interactions (synergies and trade-offs)
among technologies and it is necessary to deep in their
knowledge to increase their sustainable viability without
losing the mixed-dry system attributes.
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