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Abstract

There are few reports on dual-purpose cattle systems characterization in Latin America and Colombia based on
large datasets. This limits our understanding of their dynamics, and the establishment of public policies and
government programs to improve their productive performance, promotion and rural development. This study
aimed to characterize very small, small, medium, and large dual-purpose farms in Colombia from technical and
environmental perspectives. The data analysed were obtained from the Ganaderia Colombiana Sostenible and the
LivestockPlus projects, which gathered information from a total of 1313 dual-purpose farms in Colombia. Farms
were classified as being either very small (1 to 30 bovines), small (31 to 50 bovines), medium (51 to 250 bovines), or
large farms (more than 251 bovines). Numerical and categorical variables were distributed into five components: (1)
General Farm Information, (2) Herd Composition and Management, (3) Pasture Management, (4) Production
Information, and (5) Environmental Information. Each component was analysed using the factorial analysis of mixed
data (FAMD) method. According to FAMD, for the components General Farm Information, Herd Composition and
Management, Pasture Management, and Production Information, the distribution of variables led to a spatial
separation of the centroid from each category of producers. For the component Environmental Information, there
was no separation of the centroid. In general, medium-sized and large farms showed better infrastructure, better
machinery and equipment, and better reproductive practices; however, this was not reflected in a significant
improvement of productive parameters, except for a lower mortality rate. Larger livestock producers need to plan
their livestock husbandry activities properly, based on their better available infrastructure and livestock management
practices, with the purpose of increasing productivity. The main features identified for each livestock producer
category can be the basis to guide and establish policies and programmes for their technological development.
The development of better livestock management practices and the implementation of technology, as well as
technical assistance, should focus on small- and medium-sized livestock producers, which could lead to reaching a
better productive and reproductive performance of dual-purpose systems.
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Introduction

Colombia has approximately 27.2 million head of cattle
(ICA 2019), and is ranked as the fourth Latin American
country in terms of highest livestock population, and
milk and beef production (FAO 2013). In Colombia 933,
000 tons of beef and 7,301 million liters of milk are pro-
duced annually (Fedegan 2019), which come from 623,
794 registered farms, with 82% of such having less than
50 animals (ICA 2019). Dual-purpose farming accounts
for 35.0% of the Colombian cattle herd (Fedegan 2019),
and is an important contributor to those production fig-
ures. These numbers highlight the importance of focus-
ing on small producers for the development and
improvements for cattle production systems in the
country.

Dual-purpose cattle systems (DPS) are defined as those
where milk and meat are produced simultaneously, cows
are partially milked, the residual milk is consumed by their
calves, feed is mainly based on grazing (Ruiz-Guevara
et al. 2008), and their productivity (milk or meat per unit
area and/or per animal) is lower compared to systems ori-
ented towards the production of milk or beef exclusively
(Cortés-Mora et al. 2012). Whilst intensive systems are
more productive, it has been reported that they are not as
profitable as well-managed DPS (Yamamoto et al. 2007;
Puebla-Albiter et al. 2015). This suggests that DPS may
have lower production costs per unit of milk and beef than
intensive systems (Holmann et al. 2003; Magana-Monforte
et al. 2006). The characterization of livestock farms makes
it possible to become acquainted with the limitations and
potentials of the technical, productive, reproductive, and
environmental components. The purpose is to develop
plans, projects, and/or public policies for technology de-
velopment and transfer, to ensure actions are focused on
using resources efficiently (Diaz-Castillo et al. 2014).

Reports on dual-purpose cattle systems characterization
in Latin America and Colombia, based on large datasets,
are few. This limits our understanding of their dynamics,
and the establishment of public policies to improve their
productive performance, promotion and rural develop-
ment. Consequently, this study was conducted to
characterize very small, small, medium, and large dual-
purpose farms across 13 cattle-producing departments of
Colombia from a technical and environmental perspective.
The aim is to identify the main differences amongst
groups and the proper strategies to improve their product-
ive and environmental indicators.

Study area

The 1313 cattle farms studied were located in the trop-
ical lowlands of the following departments in Colombia:
Atléntico, Bolivar, Boyacd, Caldas, Cauca, Cesar, La Gua-
jira, Meta, Quindio, Risaralda, Santander, Tolima, and
Valle del Cauca, as indicated in Fig. 1. These 13
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departments cover an area of 301,363 km? with a popu-
lation of 21,711,637 inhabitants. In Colombian tropical
lowlands, the maximum altitude is 1200 m, and the aver-
age annual temperature ranges from 18 to 38°C, with
1100 mm of annual rainfall averages. The livestock in
the 1313 cattle farms mainly consists of bovines.

Methods

Sampled population

The information used in this study was obtained from
the Sustainable Colombian Cattle Ranching (GCS, Span-
ish initials) and the LivestockPlus (L+) projects con-
ducted in Colombia. In these studies, over a period of
1 year, quantitative and qualitative data were collected
by applying surveys on farms, to determine a baseline
scenario before project interventions. Both projects used
a semi-structured questionnaire for collecting data from
farmers. The components of the collected information
were similar between projects, which allowed us to use it
for the current study. Quantitative and qualitative infor-
mation was provided by the farmers according to their
knowledge of the farms, and/or their farm records,
where available. In the first project (GCS), a survey was
conducted on a total of 2011 farms characterized as
cow-calf, cattle fattening, dual-purpose, full cycle, or spe-
cialized dairy livestock farms according to the farmer re-
sponses during the surveys. Regions where farms are
located were selected based on environmental attributes,
the presence of globally important ecosystems, and prox-
imity to protected areas. Participation in the GCS project
was voluntary. The main criteria for including the farms
in the project were being a property owned by a Colom-
bian; being classified as small, medium, or large in size ac-
cording to the farm area and their location; and not
having records of legal issues. Livestock farms surveyed
were located in the following departments of Colombia (in
parenthesis, the number of municipalities surveyed):
Atlantico (13), Bolivar (4), Boyacd (12), Caldas (2), Cesar
(10), La Guajira (5), Meta (10), Quindio (9), Risaralda (2),
Santander (4), Tolima (6), and Valle del Cauca (7) (Fig. 1).
The 10-component questionnaire used on each farm in-
cluded questions on (1) general information, (2) herd
composition and management, (3) pasture management
practices, (4) livestock production and reproduction data,
(5) animal health, (6) environmental information, (7) so-
cial information, (8) organizational and relationships with
the external environment, (9) income from livestock, and
(10) financial information.

The L+ project conducted a survey amongst farms lo-
cated in the Meta Piedmont (municipalities of Cumaral
and Restrepo), Meta high plains (Puerto Gaitin and
Puerto Lopez), and Cauca dry valley of Patia (El Bordo
and Mercaderes) in Colombia (Fig. 1). Surveys were con-
ducted in 607 livestock farms as follows: Piedmont
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Fig. 1 Departments where surveyed farms were located

(150), High Plains (147), and the dry valley of Patia
(310). The questionnaire focused on eight components:
(1) general information, (2) administrative information,
(3) land-use information, (4) technical assistance, (5)
production and trade system characteristics, (6) associ-
ation membership, (7) financial information, and (8) cli-
mate events. Farms were classified as cow-calf, cattle
fattening, dual-purpose, full cycle, or specialized dairy
livestock farms according to the farmer’s statement dur-
ing the surveys.

From the total combined sample of 2618 livestock farms
surveyed, 1313 dual-purpose farms were identified. These

were stratified according to their livestock inventories into
four categories of producers according to the number of
cattle heads (in parenthesis): very small livestock pro-
ducers (VSP; 1 to 30), small livestock producers (SP; 31 to
50), medium livestock producers (MP: 51 to 250), and
large livestock producers (LP; over 251) (Fedegan 2006).
Table 1 shows the numeric and categorical variables in-
cluded, classified into five components.

Statistical analysis
Assessment of each of the five components was per-
formed by means of factor analysis of mixed data
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Table 1 Components and variables used for the characterization of dual-purpose farms

Component

Numerical variables

Categorical variables

(1) General Information

(2) Herd Composition and Management

(3) Pasture Management

(4) Information on Livestock
Production and Reproduction

(5) Environmental Information

Total number of animals; total area, ha;
grazing area, ha; stocking rate, AU® ha™'; flat
area, %; undulated area, %; hilly area, %;
agroforestry crops area, ha; perennial crops
area, ha; transitory crops area, ha; forest
monoculture area, ha; improved pastures area,
ha; pasture area with more than 25 trees per
hectare, ha; silvopastoral systems, ha; livestock
area, ha; and number of buffaloes, horses,
mules, pigs, goats, sheep, and hens

Number of milking cows, calved cows, dry
cows, female calves (0-1 year old), male calves
(0-1 year old), growing females, growing males,
breeding heifers, fattening steers, and bulls;
supply rate (kg year ' AU™") of mineral salt,
supplements, and concentrate feeds

Fertilized area, ha; fertilizer application rate, kg
ha™' year "; and soil amendment application
rate, kg ha™' year™'

Number of milking cows; milk production, L
animal™" day™"; milk production, L farm™"
day'; birth weight, kg; weaning weight, kg;
fattening final weight, kg; weaning final age,
montbhs; fattening final age, months; weight
gain before weaning®, kg day™'; weight gain
at fattening; and mortality rate, %

Farm facilities (barn, pen, chute, storehouse),
machinery and equipment (tractor, chainsaw,
manual lawn mower, motor pump, electric
fence, electric pump, electronic scale, cooling
tank), crops (agroforestry, perennial, transitory,
forest monoculture, scattered trees in pastures,
improved pastures, silvopastoral systems), large
species (horses and mules), medium-sized
species (pigs, goats, and sheep), and small
species (chickens)

Record keeping (yes, no), mineral salt
supplementation (yes, no), plain salt
supplementation (yes, no), another kind of
supplementation (yes, no), and concentrate
feeds (yes, no)

Rotational grazing (yes, no), division of
paddocks (barbed wire, electric fence, and
mixed), weeding method (manual, mechanical,
chemical, and mixed), fertilization (yes, no), soil
amendments (agricultural lime, dolomite lime),
and pasture renewal (yes, no)

Milking method (manual, mechanical), animal
weighing method (weighing tape, scale), weighing

at birth (yes, no), weighing at weaning (yes, no),
reproduction system (free natural mating, controlled
natural mating, artificial insemination, embryo transfer),
reproductive control on cows and bulls (yes, no),
weighing of heifers for breeding at first service

(yes, no), inseminator (yes, no), artificial insemination
equipment (yes, no), separation of the dry lot (yes, no),
calving paddock (yes, no), and determination of the
calving interval (yes, no)

Forest (yes, no), water source (surface water,
underground water, piped water), water springs
(yes, no), water availability during summer for
livestock (yes, no), irrigation system (yes, no),
wastewater treatment system (yes, no), solid waste
management (incineration, burial, water streams,
handled by a third party)

?AU animal unit (1 AU being either 1 cow or 3.3 female and male calves less than 1 year, or 1.7 female and male calves 1-2 years, or 1.3 heifers 2-3 years, or 1.3

steers 1-2 years, or 0.8 bulls)

PWeight gain at weaning (kg day™") was estimated based on the weight at birth, weight at weaning, and the time between birth and weaning
“Weight gain at fattening (kg day™') was estimated based on the weight at the beginning and the end of the fattening stage and the fattening time

(FAMD), using the homonymous function of the Facto-
MineR package in R (R Core Team 2016). Mixed data
are those in which both quantitative and qualitative vari-
ables are recorded on sampling units. FAMD is a multi-
variate method that simultaneously uses both types of
variables as active elements to generate a lower-
dimensional space, through the combination of principal
component analysis (PCA) and multiple correspondence
analysis (MCA) (Pages 2004). Quantitative variables were
balanced and normalized to Z values, whilst the qualita-
tive variables were disaggregated in a disjunctive normal-
ized data table. This ensures a balanced influence of
both quantitative and qualitative variables on the deter-
mination of the dimensions of the lower-dimensional
space. This method allowed us to graphically study simi-
larities/dissimilarities =~ between  production  units

(distances) and correlations between continuous vari-
ables (Pageés 2004). Prior to applying FAMD, missing
data imputation was carried out, using the algorithm im-
plemented in the imputeFAMD function within the mis-
sMDA package (Josse and Husson 2016). Supplementary
variables such as the number of animals and producer
category did not participate in the construction of the
model.

Results

Table 2 shows the general features (general information
and land usage) of the farms. Figures 2, 3, 4, 5 and 6 in-
clude a graphic representation of the FAMDs for each of
the five components described in Table 1, as well as (a)
the spatial relationship amongst the centroids of qualita-
tive variables, with the categories of livestock producers
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Table 2 Biophysical and land-use features in dual-purpose farms by category of livestock producers (average + standard deviation)

Variable VSP SP MP LP

Total number of producers (percentage of total) 697 (53.1) 211 (16.1) 352 (26.8) 53 (4.0)
Animals per farm, number 15+£8 40+6 103 £ 46 474 + 288
Total farm area (ha) 145+257 277+ 251 770+1146 286.3 +384.5
Livestock area, ha 141 +253 275+251 76.7 £114.2 285.6+384.3
Livestock numbers (AU Farm™") 106 +5.7 284145 721£332 335.1+£2023
Livestock numbers (AU ha™") 12+09 14+08 15+10 16+09
Farms with agroforestry crops (%) 26 0 0 0

Farm area with agroforestry crops (%) 06+50 - - -

Farms with perennial crops (%) 126 6.6 7.1 38

Farm area with perennial crops (%)? 19+70 06+64 04+35 0.01+£0.04
Farms with transitory crops (%) 11.8 9.0 8.0 5.7

Farm area with transitory crops (%)° 16+638 04+25 05+£35 10£57
Farms with improved pastures (%) 489 39.1 34.1 37.7

Farm area with improved pastures (%) 268+ 344 2514349 1954318 205+314
Farms with silvopastoral systems (%) 20 33 20 94

Farm area with silvopastoral systems (%)” 04+47 0.1+06 01+1.1 14+82

Flat area (% of total area) 46.7 £40.2 546+410 65.6+ 389 86.8+ 269

VSP very small livestock producers, SP small livestock producers, MP medium livestock producers, LP large livestock producers

®Average calculated with farms having this type of crop or pasture

as supplementary variable, and (b) the projection of con-
tinuous variables on the factor plane of the first two di-
mensions with the number of animals as the
supplementary variable. Supplementary variables did not
participate in the construction of the model. Table S1 of
the Supplementary material provides contingency tables
of the categorical variables included in the FAMDs. The
first two dimensions captured 34.5, 25.1, 30.2, 40.7, and

Information about the Farm (Fig. 2), Herd Composition
and Management (Fig. 3), Pasture Management (Fig. 4),
Production and Reproduction Information (Fig. 5), and
Environmental Information (Fig. 6), respectively. The
contribution of each variable (square cosine (cos?)) to
the construction of the first two dimensions in each
FAMD analysis is presented in Table S2 of the Supple-
mentary material. There was a clear separation of the

29.1% of the variability of components: General centroid of the different groups (VSP, SP, MP, and LP)
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categorical and numerical variables is shown in Table S3 of the Supplementary material

in the components: General Farm Information, Herd
Composition and Management, Pasture Management,
and Production Information (Figs. 2, 3, 4 and 5). For the
component Environmental Information, there was no
separation from the centroid, which suggests there are
no remarkable differences in the implementation of
these practices associated to farm size.

General farm information

Plotting the categorical variables within this compo-
nent showed an alignment of the livestock producer
categories over the first dimension of the FAMD

representation (Fig. 2a) Variables as those related to
the presence of machinery, equipment, and facilities
were more correlated with the first dimension (trac-
tor, chainsaw, motor pump, manual lawn mower, pen,
chute) and second dimension (electronic scale, cooling
tank, electric pump, electric fence, barn, and store-
house) (Table S2). In addition, these variables were
closely correlated to large-, small-, and medium-sized
species, and with categories LP and MP, since they
are in the same area of the graph (Fig. 2a). On the
contrary, the lack of use of these technologies and
the absence of these species were located on the left
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numerical variables is shown in Table S3 of the Supplementary material
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side of dimension 1, where the presence of agrofor-
estry crops is also located, and are thus associated to
categories VSP and SP, as they are in the same area
of the graphical plot.

Numerical area variables—total farm area, area allo-
cated to livestock, improved pastures, agroforestry crops,
transitory crops (i.e. annual), silvopastoral systems, scat-
tered trees in pastures, and perennial crops—and the

number of horses, goats, and sheep contributed the most
to the construction of the first dimension (Table S2).
Additionally, these variables were positively correlated
with this dimension and the number of cattle, i.e. with
MP and LP. In turn, the variables number of pigs and
forest monoculture were positively correlated and were
also the ones contributing the most to the construction
of dimension 2 (Table S2).
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Table 3 Herd composition, supplementary feeding, and productive parameters by farm size for dual-purpose farms (average +

standard deviation)

Variable VSP SP MP LP

Herd composition
Milking cows 32+31 10.1£52 240+163 109.1+91.7
Calved cows 09+19 13+33 20+63 106 £36.1
Dry cows 22+26 50+45 13.8+134 559+43.1
Female calves (0-1 year) 06+06 1610 38+25 159+ 142
Male calves (0-1 year) 05+06 14+09 35+26 155+120
Raising females (1-2 years) 08+15 24+26 70+76 314+344
Raising males (1-2 years) 05+12 13+23 44+6.1 278+373
Heifers for breeding (2-3 years) 13+24 37453 86+ 109 378+398
Fattening calves (2-3 years) 03+14 0.7+3.1 32+84 200+ 384
Bulls 07+£1.1 14+14 27+22 11.3£108

Supplementary feeding
Supply rate of concentrate feeds (kg year ' AU™')? 2281 +859 2355+91.2 3074+ 964 3107+ 1059
Supply rate of supplements (kg year" AU™")? 760+322 731+314 8474389 954+413
Supply rate of mineral salt (kg year™" AU™")? 292+138 318+79 333+49 336+ 17

Productive parameters
Weight at birth (kg) 324+45 32644 323+44 33.0£40
Weight at weaning (kg) 139.1+£249 1419+ 231 154.6 +25.1 150.8 +24.4
Age at weaning (months) 82+14 82+12 86+ 1.1 88+09
LWG pre-weaning stageb (kg day™) 045+0.12 045+0.10 048+0.11 045+ 0.09
LWG fattening stage (kg day™") 041+0.07 042 +0.07 043+0.10 047 +0.08
Mortality rate (%) 113£11.8 9.1+£106 56+57 30+21
Milk production (L cow™ ' day™") 32£22 38+17 37414 37+1.1

VSP very small livestock producers, SP small livestock producers, MP medium livestock producers, LP large livestock producers, AU animal units, LWG live

weight gain
?Average calculated with farms applying this practice
PAverage daily weight gain before weaning

Herd composition and management

Herd composition, supply rates of supplementary feeds,
and productive and reproductive parameters for VSP,
SP, MP, and LP are shown in Table 3. Calved cows are
those calved in the days prior to the development of the
surveys, whilst milking cows are those which are milked
and usually have a calf with her until the weaning. After
a period of time, when calved cows start to be milked,
they are counted as milking cows.

Analysis of the categorical variables showed a higher
correlation in the use of concentrate feeds, mineral salts,
and record keeping for livestock production with dimen-
sion 1 (Table S2). Variables indicating the adoption of
these practices were located on the right side of the first
dimension, whilst variables indicating non-adoption were
located on the left side (Fig. 3a). Therefore, MP and LP
are more likely to keep productive and reproductive re-
cords and use a larger proportion of supplementary feed
in the animal diets than VSP and SP (Table S1).

Regarding numerical variables, the supply rate of min-
eral salts, concentrate feeds, and supplementary feeds
showed a positive correlation to dimension 1 (Fig. 2b)
(Table S2). On the other hand, variables such as the per-
centage of male and female calves and the percentage of
milking cows showed a positive correlation with dimen-
sion 2 (Table S2).

Pasture management

Categorical variables such as pasture renovation, rota-
tional grazing, chemical fertilization, division of pad-
docks with barbed wire, and manual weed control
presented a higher correlation with dimension 1 (Fig. 4a)
(Table S2). On the other hand, chemical and mixed
weed control and no use of soil amendments had a
higher correlation with the second dimension (Table
S2). Additionally, there was an aggregation towards the
right side of dimension 1 of the variables: chemical
fertilization, pasture renovation, rotational grazing,
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division of paddocks, application of soil amendments,
and use of electric fences (Fig. 4a). On the contrary, vari-
ables related to the non-implementation of these prac-
tices and/or activities oriented towards the left side of
dimension 1. Moreover, as an overall behaviour, MP and
LP tend to divide pastures using electric fences and
barbed wire (the combination of both practices) to a lar-
ger extent, as well as weed control using a combination
of chemical, mechanical, and manual methods (mixed
method), and pasture renewal practices.

Numerical variables, such as fertilization rate, applica-
tion of soil amendments, and number of animals, were
positively correlated to dimension 1 (Fig. 4b). On the
other hand, fertilized area was positively correlated to di-
mension 2 (Table S2). This suggests that MP and LP ap-
plied higher amounts of fertilizers and soil amendments.

Production and reproduction information

With respect to the categorical variables, the use of a
scale, weighing animals, weighing at birth and wean-
ing, calving paddock, determination of the calving
interval, and separation of the dry lot showed a high
correlation with dimension 1 (Table S2). In addition,
variables such as type of reproduction system, weighing
measuring tape, and reproductive control on cows and
bulls presented high correlation with dimension 2 (Table
S2). Furthermore, there was an aggregation towards the
upper side of the graph of the categorical variables: mech-
anical milking, controlled natural mating, artificial insem-
ination, embryo transfer, palpation of cows, reproductive
control on bulls, weighing of heifers for breeding at first
service, the use of scale, separation of the dry lot, and de-
termination of the calving interval, in addition to the exist-
ence of a calving paddock, equipment for artificial
insemination, and inseminator (Fig. 5a). On the contrary,
the variables related to non-adoption of these practices
and/or activities, and the non-existence of such facilities
or equipment were located on the left side of the graph,
along with the variable free natural mating. Hence, both
MP and LP tend to carry out better productive and repro-
ductive practices, which could lead to a better economic
performance of farms classified in those categories (Hol-
mann et al. 2003).

With respect to numerical variables, live weight gain
(LWG) in the pre-weaning stage, weight at weaning,
weight at birth, final fattening weight, and age at the
end of fattening showed a positive correlation to di-
mension 1 (Table S2) (Fig. 5b). Moreover, age at
weaning, LWG in the fattening stage, and mortality
rate showed a negative correlation to dimension 1. In
addition, the number of milking cows, total milk pro-
duction (L farm™ day’l), and the number of animals
were positively correlated to dimension 2.
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Environmental information

In this component, there was no clear separation of the
centroid amongst the four livestock producer categories
(Fig. 6), which suggests there are no patterns in the de-
velopment and implementation of environmental prac-
tices across producer categories.

Discussion

Around 69.2% of the surveyed farms had less than 50 ani-
mals, which agrees with the percentage distribution of live-
stock farms in Colombia (ICA 2019). Similarly, over 50% of
dual-purpose cattle systems characterized in Mexico corre-
sponded to small farmers with less than 50 animals (Vila-
boa-Arroniz and Diaz-Rivera 2009; Orantes-Zebadua et al.
2014). Therefore, to have an impact on most producers and
improve their economic and social conditions, public pol-
icies to promote and transfer technology in the country
should include VSP and SP. However, for greater impact
on DPS as a whole, attention should also be paid to MP—
which account for 27% of farms but own 45% of the total
cattle population of the farms—for development of strat-
egies to improve production.

General farm information

VSP and SP, where the use of family labour prevails,
were related to lower availability and existence of ma-
chinery, equipment, and facilities, compared to MP and
LP (Table S1). However, this was not reflected in higher
productivity of bigger farms. In addition, it has been re-
ported that investments on infrastructure and equip-
ment are marginal in DPS in Colombia, because they are
systems with low levels of specialization and, in general,
investments are mainly done on land and cattle (Rivas
and Holmann 2002). The foregoing, in addition to the
low percentage of farm area with flat topography
(Table 2) means that smaller producers who have poor
access to finances have restricted possibility of investing
in machinery or equipment. Similar observations were
reported in characterizations of DPS in Bolivia,
Colombia, and Mexico, where small- and medium-sized
producers showed a low availability of machinery, equip-
ment, and infrastructure for cattle production (Solano
et al. 2000; Cortés-Mora et al. 2012; Cuevas-Reyes and
Rosales-Nieto 2018; Méndez-Cortés et al. 2019). There-
fore, the majority of DPS in Colombia and Latin Amer-
ica as a whole, which are small farmers, usually have
limited adoption of technologies, and farm operations
are dependent on family labour.

In all categories of livestock producers, the share of
farms with agroforestry, transitory (annual), and peren-
nial crops was below 13%, which indicates that DPS fol-
low a simplified livestock production approach, based on
monocultures without crop diversification. Thus, as long
as DPS have the necessary area, they could offer a major



Gonzalez-Quintero et al. Pastoralism: Research, Policy and Practice

potential to diversify production, for instance, through
the incorporation of agricultural and forestry systems.
The livestock, agricultural, and forestry diversification in
cattle farms could generate productive and environmen-
tal benefits (Iglesias et al. 2011). Agroforestry systems
(AFS) are an alternative that makes it possible to diver-
sify and optimize production and increase the productive
and environmental parameters of DPS. Within AFSs,
trees or shrubs interact biologically and economically
with crops and animals in the same area, associated ei-
ther simultaneously or sequentially (Sotelo et al. 2017).
Additionally, AFS farms can be more stable and resilient
to climate impacts, which makes them an important al-
ternative to mitigate and adapt to climate change and
generate ecosystem services. However, the implementa-
tion of AFS has to be evaluated specifically for each farm
according to their characteristics, the willingness of
ranchers to adopt this technology, and the financial
mechanisms for its adoption, amongst others.

Herd composition and management

MP and LP showed larger supplementation rates of ex-
ternal feed inputs (Table 3). Supplementation with min-
eral salt is a widely adopted practice in the DPS and is
being conducted in over 73% of farms assessed in each
category (Table S1). Similar results have been reported
for DPS in Colombia, where mineral supplementation
was carried out in most of the characterized herds (Cor-
tés-Mora et al. 2012, 2014). This type of supplement
could make it possible to offset the possible mineral de-
ficiencies of natural pastures usually present in extensive
systems (Rosero-Noguera and Posada-Ochoa 2016), and
improve the productive and reproductive parameters of
the herd. However, with the data available, it was not
possible to assess how the supplementation with mineral
salt is impacting the productive parameters of farms, but
it is expected that the impact could be positive.

The use of concentrate feeds was more associated to
MP and LP; however, the percentage of farms supplying
them was lower than 41% in all categories, with the
highest numbers occurring in MP (40%) and LP (41%).
These results are similar to those reported in character-
izations of DPS in Mexico and Bolivia, where the use of
concentrate feeds was low, and mainly amongst the
smaller producers (Solano et al. 2000; Rangel et al. 2017,
2020; Cuevas-Reyes and Rosales-Nieto 2018; Méndez-
Cortés et al. 2019). Nevertheless, our results were higher
than those reported in a project conducted in Colombia,
where characterized DPS did not use any concentrate
feeds (Cortés-Mora et al. 2012), but this study was per-
formed for a small sample of 14 farms from a specific re-
gion of the country which did not adequately represent
DPS at the national level. It has been reported that the
highest variable expenses in intensive cattle herds are
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usually attributable to the supplementary feeds (Fedegan
2013a). The high cost of supplementation and the pos-
sible low economic return to farmers could explain the
low adoption rate of this practice in the studied DPS, as
was also reported in characterizations carried out in
Colombia and Mexico (Fedegan 2013b; Orantes-
Zebadua et al. 2014).

In the four livestock producer categories, the percent-
ages of cows in the herd ranged between 53% to 60%,
whilst the percentage of male and female calves (0-1
year) was 6 and 5%, respectively. The percentage of
milking cows showed a positive relationship with the
percentage of female and male calves (0-1 year) (Fig. 2b).
Similar observations were reported for DPS in Mexico
where most of the herd corresponded to cows, heifers,
and female calves (Vilaboa-Arroniz and Diaz-Rivera
2009; Albarran-Portillo et al. 2015). The above shows
that studied DPS farms are mostly oriented towards milk
production as the main productive and economic activ-
ity, with meat as a co-product on the farms, which
agrees with other studies conducted on DPS farms in
Colombia (Holmann et al. 2003; Cortés-Mora et al.
2012). Therefore, a dual-purpose system is an important
modality of milk production in the country, due to DPS
being approximately 39% of the national cattle popula-
tion (DANE 2017). However, milk yield per cow is much
lower than figures reported for specialized dairy systems
in Colombia (Munera-Bedoya et al. 2018; Ruiz et al.
2019). Hence, this characterization study can help pol-
icymakers to know the strengths and weaknesses of
DPS, for proposing strategies to improving the perform-
ance of these systems, and therefore strengthen the na-
tional dairy market.

Higher rates of adoption of practices such as record
keeping were found among SP (62%), MP (74%), and LP
(91%), whilst only 41% of VSP carried out this activity.
The aforementioned result contrasts with the study of
Cortés-Mora et al. (2012) and Solano et al. (2000) in
Colombia and Bolivia, respectively, where most charac-
terized DPS farms did not implement any record keep-
ing. The lack of records could limit the proper
establishment of plans for improving efficiency and prof-
itability. Hence, we suggest that promoting a culture of
record keeping in all farms could help ensure the suc-
cess of technical assistance and technology transfer, by
monitoring of productive, reproductive, and economic
parameters on farms (Diaz-Castillo et al. 2014).

Pasture management

In all the four categories, farms tend to have low propor-
tions of their areas with improved pastures (values ran-
ging between 34 and 49%), as was also reported for DPS
in Latin America as a whole (Solano et al. 2000; Rangel
et al. 2020). In addition, the percentage adopting
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chemical fertilization was also low in each farm category,
with values ranging between 16 and 18%. These findings
are similar to those reported for DPS in Latin America,
in which adoption percentages were low or zero (Urda-
neta de Galué et al. 2008; Bravo et al. 2018; Enciso et al.
2018). Therefore, there were more farms adopting im-
proved pastures than farms implementing chemical
fertilization. It has been reported that pasture yield is
usually increased by using N fertilizer (Macdonald et al.
2017); hence, the lack of pasture fertilization in the
farms with improved pastures affects the total forage
production and likely their milk and meat production.

Our findings also showed that chemical fertilization rates
on pastures ranged between 120 and 360 kg N 'ha ' year ™,
and the highest rates corresponded to LP. Among DPS in
the Latin American tropics, adoption of chemical
fertilization is not a common practice, and is mostly
adopted by large farmers with application rates below 100
kgha™ (Urdaneta de Galué et al. 2008). There is variability
in the application rates of fertilizer amongst DPS. Therefore
it is necessary to establish optimal fertilization rates by
evaluating the economic and productive responses to differ-
ent doses, taking into account soil properties, climatic con-
dition, type of pastures, and type of production system
implemented, amongst other characteristics. This could
help to increase the performance of farms, avoiding over-
grazing and guaranteeing the system’s sustainability.

Regardless of the method used, weed control was per-
formed in over 90% of farms across the livestock produ-
cer categories, which highlights the importance that
farmers attach to weed control. The manual method was
the most widely used by VSP (57% of farms) and SP (52%),
whilst the mixed method (manual, mechanical, and chem-
ical) was used by MP (51%) and LP (72%). This behaviour
was also reported for DPS in Central America, where most
farms did not use herbicides, machinery or equipment
for controlling weeds, and predominantly used manual
controls (Yamamoto et al. 2007; Ferguson et al. 2013;
Gaitan et al. 2016). The above finding, added to the high
percentages of farms that did not adopt pasture fertilization
or supplementary feeds, indicates the low dependence on
external inputs among the majority of DPS studied, which
is common in the Latin American context.

Rotational grazing was more practiced by MP and LP,
with larger percentages of adoption (96 and 100%, re-
spectively); however, this was a common practice across
all categories, carried out in over 85% of farms. This
good pasture management practice is important because
it can help to reduce the impact of cattle on the soil and
allow for the recovery of pastures and shrubs during the
resting periods (Calle et al. 2012). The foregoing can also
benefit the quantity and quality of biomass production,
prevent pasture degradation, and improve the productive
parameters of the herd (Arango et al. 2016).
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Production and reproduction information

In the four livestock producer categories, the most
widely used reproduction method was free natural mat-
ing (Table S1). This is in agreement with characteriza-
tions of cattle farms in Latin America as a whole,
indicating a low technological level in wuse of
reproduction methods such as artificial insemination or
embryo transfer (Solano et al. 2000; Cortés-Mora et al.
2012; Rangel et al. 2017, 2020; Nieto et al. 2018). How-
ever, it is important to note that LP (34%) practised arti-
ficial insemination (AI) to a larger extent than the rest
of the livestock producer categories. This could reflect a
greater economic capacity and better technical assistance
service for these farmers, as reported in other cattle sys-
tems in Latin America, where larger ranchers who
showed greater economic returns and more intensive
farms adopted this reproductive method (Solano et al.
2000; Cuevas-Reyes et al. 2013; Mazzetto et al. 2015). It
has been reported that the adoption of artificial insemin-
ation improves the reproductive parameters of farms,
such as increasing conception rate up to 70% (Mazzetto
et al. 2015). Therefore in future studies it is necessary to
evaluate how the adoption of Al could influence repro-
ductive and productive performances of DPS in
Colombia, to define the viability of Al adoption.

Mortality rates were inversely correlated to the num-
ber of cattle (Fig. 5b) and were higher in VSP and SP,
compared to MP and LP (Table 3). A higher mortality
rate generates less profitability and competitiveness for
the farm, which in turn can lead to lower income for
VSP and SP. In addition, it must be kept in mind that in
small farms, the proportional impact of one dead animal
is greater than in a big farm.

Milk production ranged between 3.2 and 3.8 L cow™
day ™" across all four livestock producer categories. This
yield falls within the range reported for DPS in
Colombia, where the average yield is 3.5L cow ' day™*
and higher at 6.8 L cow™ ' day ! in more intensified farms
(Fedegan 2013b). In addition, our results are similar to
those reported for conventional DPS in Bolivia and
Nicaragua (Solano et al. 2000), higher than smallholder
DPS farms in Mexico (Rangel et al. 2020), but lower
than figures for intensified DPS farms in Mexico and
Nicaragua (Ferguson et al. 2013; Albarran-Portillo et al.
2015; Gaitadn et al. 2016).

Results for weight at weaning (139.1-154.6 kg) and age
at weaning (8.2—-8.8 months) in all four farm categories
were similar to the values reported for conventional DPS
in Colombia and Mexico (Rojo-Rubio et al. 2009; Villate-
Calderén and Martinez-Roldan 2011; Orantes-Zebadta
et al. 2014; Bravo et al. 2018; Enciso et al. 2018). The
higher weight at weaning observed in MP and LP was in-
fluenced by older age and not by the daily weight gain at
this stage (Table 3). The results for the LWG in the pre-

1
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weaning stage were higher than the national average re-
ported by Fedegan (2013b) for DPS, where the age at
weaning varied from 8 to 9.5 months and daily weight gain
(DWGQ) ranged between 0.15 and 0.35 kg. However, these
parameters are low, compared to intensified DPS, where
the reported DWG was 0.57 kg (Fedegan 2013b). Intensi-
fied DPS were characterized by developing good livestock
management practices, which led to higher economic and
productive (milk or beef per unit area and/or per animal)
indicators than the national average (Fedegan 2013b). The
above results point out that adoption of good livestock
practices, and the intensification of farms through supple-
mentary feed and improved pastures, can be strategies for
increasing productivity performance of farms in terms of
milk and meat yields.

Environmental information

The main solid waste management practice was inciner-
ation, with adoption rates above 56% in each livestock
producer category (Table S1). Burial of solid waste was
the second most used management practice in all four
producer categories (21-26%), whilst the delivery of
solid waste to third parties was observed in less than
20% of farms. These management practices were also re-
ported as the most used by DPS in Colombia, where in-
cineration and burial were implemented in 64% of
characterized farms, due to a lack of solid waste collec-
tion service in rural areas (Cortés-Mora et al. 2012).

Over 64% of all farmers reported the presence of forests
on their farms (Table S1); however, it was not determined
what percentage of the farm area was allocated to this land
use. Therefore, it is necessary to promote the conservation
of existing forests in cattle farms and, if possible, increas-
ing the forested area, to ensure conservation of different
tree and shrub species, foster biodiversity, protect water
sources, provide animals with shade, increase connectivity,
and improve the physical and chemical characteristics of
the soil, amongst other benefits.

The implementation of wastewater treatment systems
in the four farm categories was below 40%, which is
similar to the information reported for DPS in
Colombia, where less than 30% of farms implemented
this type of technology (Cortés-Mora et al. 2012). Live-
stock farming can contribute to the eutrophication of
water sources through the release of nutrients, patho-
gens, pesticides, antibiotics, and heavy metals (Patifio-
Murillo and Tobasura-Acufia 2011). Considering that
over 85% of farms used surface water bodies as their
source of water supply, both for household and farming
use, it is important to establish mechanisms for the im-
plementation of wastewater treatment systems, to pre-
vent eutrophication and ensure a better quality of water
supply for human and animal consumption.
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Conclusions

Our findings show that, in general, medium-sized and
large farms were associated with better infrastructure, bet-
ter machinery and equipment, and better reproductive
practices. However, this was not reflected in a significant
improvement of productive parameters, except for a lower
mortality rate. Therefore, based on the available infra-
structure and better livestock management practices
developed, larger livestock producers need to better plan
their livestock activity, with the purpose of increasing their
productivity.

The main features identified for each livestock produ-
cer category can guide and establish policies and pro-
grammes for their technological improvement. The
development of better livestock management practices
and the adoption of more technology, as well as tech-
nical assistance, should focus on small- and medium-
sized livestock producers, which could lead to better
productive and reproductive performance of dual-
purpose systems.

There were no big differences in the implementation
of environmental practices associated with the size of
the farms. It is important that future research studies
obtain more information on the environmental features
of farms, to allow for quantification of impacts and de-
velopment of strategies to mitigate negative impacts.
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