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In order to establish tools for adopting sustainable alternatives for cattle production in the tropical mountain foot of the Republic of Ecuador, 
a participative non-experimental research system was developed in the Los Ríos and Cotopaxi provinces. The methodologies of Benítez 
et al. (2000) and Torres (2005) were applied, as well as others of participative diagnosis. The sample included 60 farms, representing  
30 % of those with more than five hectares, devoted to cattle rearing in the region. The cattle systems were typified and their effects on the 
environment were identified, as well as the needs for their sustainable development. The environmental degradation was associated with 
the application of production alternatives non-suitable to the environmental characteristics and to the absence of an adequate innovation 
management system, which considers the social and cultural situation. Three groups of farms were identified, being differentiated by the 
productive purpose, the land slope, the surface area under exploitation, the herd size and the mechanization level. The alternatives applied 
did not differ, except in few mechanized farms. Out of the demands identified, solutions were defined for sustainable cattle production. 
The methodology for the participative rural innovation and the sustainable cattle production of the region was adjusted. This methodology 
is recommended for the tropical mountain foot of the Republic of Ecuador, as long as the necessary controls are guaranteed to adjust the 
technologies to the corresponding conditions.   
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The participative rural innovation states that 
development is only possible through commitment and 
the permanent and active participation of farmers and 
public and private institutions involved in the productive 
chain. 

The participative methodologies of rural in-
novation search for the wide involvement of the 
different actors of the productive chain, marketing 
and consumption (Thiele and Bernet 2005, Álvarez 
et al. 2008 and Flores 2009) on planning, achieving, 
following-up and assessing the different innovation 
processes. 

This active participation contributes to the 
following-up, assessing and useful life of the 
adoption technologies and processes, beneficiating 
farmers. Besides, it is a basic tool for feeding 
back research and updating the technological 
alternatives, in function of the changes on the market, 
the environment and the society (Córdoba et al.  
2004).  

The knowledge on the details of the farms and 
the identification of their demands is the previous 
and necessary step to set any participative rural 
innovation system. The aim of this study was 
reporting the typification of the cattle farms in the 
mountain foot of the Los Ríos and Cotopaxi provinces 
in the Republic of Ecuador; besides identifying the 
demands of farmers to set a participative rural 
innovation system. 

Materials and Methods 

Climatic characteristics of the area under study. 
It comprises the mountain foot of the Los Ríos and 
Cotopaxi provinces (figure 1). The mountain surface is 
of 1 033.61 km2, 77.7 % corresponding to the Cotopaxi 
province, and the rest to Los Ríos. 

The areas under study occupy 763 km2. They 
are administratively divided into two regions, 
Valencia and La Mana, with a population of  
6 304 inhabitants, distributed into 20 communities, 
with a population density of 8.26 inhabitants/km2. 
The main economical activity of this region is 
agriculture, developed in 704 farms. Out of them, 
550 keep certain type of livestock rearing, and 200 
have surfaces for livestock rearing surpassing 5 ha 
(Camacho 2006). 

The climate is classified as tropical humid, with 
seasonal rainfall. The rainy season is from November 
to April and, it is space variable due to the height effect. 
Figure 2 shows the rain pattern, and figure 3 that of 
annual temperatures.

Table 1 shows the characteristics of the soils of the 
region. Figure 4 refers to the variations of the land slope. 
Figure 5 presents the climatic regions of this mountain 
area.

Tretaments and design. Work was conducted with a 
non-experimental model, controlling as effects the slope, 
with two levels (lower and higher than 30 %), and the 
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Taxonomy Land surface Characteristics 

Dystrandeps

Slopes between 25 and 70 % Yellow soils, loamy, deep, with smaller amount of humic acids 
rather than fluvial. Saturation of bases lower than 50 %. Water 
holding of 50 to 100 %

Slopes from 40 to 70 % Black soils, loamy, saturation of bases lower than 50 %, water 
holding from 50 to 100 %.

Slopes up to 40 % Loamy to sandy soils, deep, with smaller amount of humic 
acids rather than fluvial. Saturation of bases lower than 50 %. 
Water holding from 50 to 100 %. 

Dystrandeps + 
Troporthents

Slopes higher than 70 % Yellow soils, loamy, deep, with smaller amount of humic acids 
rather than fluvial. Saturation of bases lower than 50 %. Water 
holding from 50 to 100 %

 

Figure 1. Location of the areas under study

Figure 2. Space distribution of rainfall Figure 3. Annual pattern of temperatures

Table 1. Characteristics of the soils in the area under study

Source: FAO (2000) and MAGAP (2007)
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purpose of the farm (milk or beef production and dual-
purpose). The performance of the cattle processes was 
assessed through a participative diagnosis, evaluating 
33 variables of technological, environmental and social 
nature.

Experimental procedure.  In order to typify cattle 
rearing in the mountain foot of the Los Ríos and 
Cotopaxi provinces, the methodologies of Benítez et al. 
(2000) and Torres et al. (2006) were used. For the study, 
200 farms were selected, with more than 5 ha for cattle 
exploitation. A sample was collected from 60 farms, 
representing 30 % of the total.  

A count was performed to identify the values 
of the variable body composition in the herds.  
The frequency of appearance was set for each of 
the five points established in the methodology. 
Later, the average body condition of the herd was 
calculated. The weight of each point was weighted 
by its frequency of appearance. With this technique, 
the liveweight of the animals was determined, 
estimated by the hearth girth measurement with 
a graduated tape. Tables of estimation were used 
for each breed. The methodology of dry weight of 
t´ Mannetje and Haydock (1963) was applied to 
determine the botanical composition of the pastures. 
The visual method was used for the pasture biomass 
yield (Haydock and Shaw 1975). The health control 
of the farms was evaluated according to the bio-
protection norms of the facilities devoted to the 
rearing of animals of the cattle, buffalo, sheep, 
goat, and horse species. For the evaluation of the 
environmental status of the farm, the “Guide of 
evaluation of the environmental impact for the 
cattle activity” was used (Ministerio del Ambiente 
1999). The Geographical Information Systems 
(GIS) from each territory, designed in Arviu, were 
used. They were added the layers of land and soil 
tenant. 

The agricultural soil vocation map was used to 
define technological alternatives for sustainable 
cattle production. Also, it was used the database that 
recorded the measurements of the sample. Indicators 
were controlled in respect to environmental-
technical, social, and health factors, with the 
objective of typifying these forms of production, 
defining the generalized technological alternatives, 
and determining their effect on the economy, the 
environment, and the society.   

The methodology of Torres et al. (2006) was 
applied, permitting the selection of the variables 
of greatest influence on the variability of the 
indicators. The similarities between the forms of 
production under study were established integrally. 
The tools of factorial multivariate analysis were 
used for defining the factors that determine the 
productive efficiency in the cattle farms. The 
method of principal components was applied for 

the extraction of the factors, and that of varimax 
normalized to minimize the factors defining the 
model. The technique of hierarchical cluster was 
used for grouping the farms. As grouping strategy, 
the method of Ward was used, and in order to 
calculate the matrix of distance, the Euclidian 
technique.  The stat ist ics mean and standard 
deviation of each group identified were used to 
establish the types (Statsoft 2003).  

Results and Discussion 

The productive efficiency in the area under study 
was determined by three components, which accounted 
for 79.92 % of the variance accumulated for these cattle 
systems. Tabla 2 presents these components and the 
related variables.

The first component accounted for 51.44 % of the 
total variance accumulated, and it was associated with 
the variables grazing area and amount of cows in the 
system. They define the dimensions of the farm and 
the size of the herd under exploitation. Moreover, this 
component was also related to the area compatible 
with the grazing, when performed in the mountain 
slopes (surface with slopes lower than 30 %), and to 
the number of groups in which the herd is divided 
and to the amount of paddocks. At the same time, the 
component and the enumerated variables were related 
to the milking cows, the milk produced throughout 
the year, the birth rate and the eroded area. These data 
corroborated previous results which are established 
science.   

The variables defining the herd organization 
and the technological alternative formed this first 
component. They influence on the productivity 
of the system and on the environmental situation 
of the farms under study. Of course, these results 
are general, as they do not allow a more precise 
interpretation due to the limitation of the available 
biological  data referred to management and 
feeding. 

The herd size and the farm area establish the 
stocking rate. This variable determines the capacity of 
the system to feed the herd, and it was not manifested 
in the model due to the high homogeneity. The stocking 
rate in the sampled farms varied from 0.91 ± 0.44 to 
1.34 ± 3.98 LAU/ha, excessive values for the slopes 
of the systems, which were between 35 and 55 % 
(Benítez et al. 2007). This proves there are no necessary 
controls available to match the stocking rates with the 
conditions of the farms and improve their efficiency 
and sustainability. 

The number of paddocks in most of the farms 
was between 3 ± 12 and 7 ± 0, which forced using 
occupation times between 7 and 30 d. The interaction 
of the stocking rate with the occupation days determines 
the grazing intensity, which is an indirect measurement 
of the herd feeding, as well as the tread of the animals 
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Components Variables Weighting 
factor 

Eigen 
value 

Explained
 accumulated 
variance, %

I

Grazing area, ha 0.88 8.23 51.44
Grazing compatible area, ha 0.95
Cows, heads 0.94
Replacement heifers, heads 0.81
Milking cows 0.94
Production groups 0.63
Amounts of paddocks 0.73
Milk yield annually, thousands of liters 0.90
Births of calves 0.92
Eroded area, ha 0.90

II

Calf weaning age, months 0.89 2.87 69.41
Cow/sire ratio 0.62
Breeding age of the heifer, months 0.94
Age at first calving, months 0.92

III
Land slope, % -0.89 1.68 79.92
Amount of pits in 100 meters -0.88

  

Tabla 2. Components that determine the efficiency of the cattle production in the tropical mountain foot in Ecuador

during grazing. This estimation accounts for the 
influence of the first component on the productive 
behavior of the herds and the environmental situation 
of the cattle farms (Baldo et al.1998, Osechas et al. 
2007 and Aguirre 2008).

The management alternative should have direct 
effect on the productivity and the environment of 
the cattle farm, but the available data do not allow 
to sufficiently knowing the dynamic performance 
of these systems. However, Benítez et al. (2007) 
reported for a sample of 845 farms in the mountains 
of Cuba that the productive alternative determined the 
productive efficiency and the environmental situation 
of the grazing area. Ramírez et al. (2004) obtained 
similar results when evaluating the performance 
of cattle production in the mountains of the Cuban 
East. However, under these conditions, a systematic 
and systemic control is demanded to attain higher 
sustainability and efficiency. 

The second component accounted for 17.97 % 
of the total variance in the system and it was related 
to the variables weaning age of the calves, cow/sire 
ratio, breeding age of the replacement heifer and 
age at first calving in breeders. These variables are 
a consistent part in breeding. It has been proved that 
in farms with natural breeding systems, the suckling 
method influences the duration of the postpartum 
anestrus length, the pregnancy and birth rates in the 
herds (Benítez et al. 1993, Pedroso and Roller 1996, 
Pedroso et al. 1997, Bertot et al. 2000, Benezra 2001, 
Pérez et al. 2001, Álvarez et al. 2005 and Viamonte 
2005 and 2007).  

The replacement heifer rearing system determines 
the breeding age. This and the procedures with which 
the breeding process is conducted are elements that 
affect the breeding efficiency (González-Stagnaro et 
al. 1999 and Rondón 2001). However, aspects related 
to the feeding balance should be included to determine 
results with the adequate credibility and accuracy for 
their better interpretation. 

In the third component, the variables land slope 
and amount of pits in 100 meters of land slide, 
according to the sense of the slope. This component 
also accounted for 10.51 % of the total variance 
of the systems under study. When grazing in the 
slopes, as the land slope grew, there was rise in 
the erosion intensity by the combined action of the 
grazing, compacting the soil and diminishing the 
water infiltration capacity; besides having increase 
in leakage and erosion risks Benítez et al. 2007).  
This result agreed with those by other authors 
(Chaverri-Polini 1998 and FAO 2000, 2007 and 
2009), who reported that the land slope, combined 
with the management alternative, is responsible for 
the land degradation in areas under mountain slope 
grazing.

Figure 6 presents the hierarchical cluster that 
defines the grouping of the farms. Table 3 provides the 
typification of the farms from the sample. At 50 % of the 
Euclidian distance, three groups were obtained, being 
different basically due to their productive aim (milk, 
beef or both), the land slope, the dimensions of the 
surface under exploitation, the herd size and the level 
of technical development.  
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Figure 6. Hierarchical cluster of the cattle farms

The variables that define the technological 
alternative applied did not differ, except in the farms 
with low level of technical development.  The milk 
producing farms are dual-purpose and use similar 
techniques for calf rearing, with weaning ages that 
coincide with the end of the lactation in cows. This 
system does not apply any procedure to mitigate the 
effect of the lactation on the postpartum anestrus 
(González-Stagnaro et al. 1999 and Viamontes 2005 
and 2007). The cow/replacement heifer ratio, along 
with the breeding and first calving ages, denotes the 
difficulties in the rearing process of replacement 
heifers (Benítez et al. 2007). Although the cow/sire 
ratio is considered among the optimum indicators, 
the utilization of multiple yards with sires of 
different ages and conditions, together with the calf 
rearing system, predisposes to the inefficiency in the 
reproductive process (Santiago 1989 and Alvarez et 
al. 2005).

The organization of the herds agreed with the 
report of several authors (Voisin 1963, Machado 
1996, Senra 1999, Fernández et al. 2000, Ray 
2000, Fernández et al. 2001, Juárez 2005, Reyes 
et al. 2005 and Benítez et al. 2007). In this study, 
the rotation in only one group did not facilitate 
the differentiation in the care of the animals with 
greater needs. The interaction with long occupation 
times in the paddocks, due to the reduced number, 
would possibly force the animals with greatest 
needs to consume the poorest quality pasture for 
long times. This may condition a deficit feeding, 
which would be reflected in the extent of the weed 
areas, the poor body condition of the herds and the 

lower milk yield in the third group. However, the 
long occupation times may not lead the animals to 
consume the poorest quality pasture, if the reduction 
in the paddocks were proportional to the rise in the 
availability, due to the increase in the area of each 
paddock. The total pasture area and the stocking rate 
may be kept the same, and this may not be reflected 
in the poor body condition of the herds, due to the 
feeding deficit.  

In view of these codnitions, according to Senra 
et al. (1985), Senra (2005) and Senra et al. (2005), 
the fundamental cause of the breeding defficiencies 
would be to have kept the number of animals above 
the stocking rate capacity, and not setting longer 
occupation time, due to the reduction in the number 
of paddocks. The high grazing pressure, together 
with the poor management by insufficient rest, 
may lead to overgrazing with increment in weed 
areas, and lower milk yield, primarily in the third 
group. 

Table 4 shows the herd structure for each of the 
typified groups. It is distorted, due to the low growth 
rate of the replacement heifers, delaying the breeding 
and the first calving ages, which may provoke a the 
breeding deficiency. Besides, the purpose of the 
farm also affects the herd structure, because by not 
being self-sufficient, due to the low breeding rate, 
animals from other areas should be brought in. This 
leads to diseases in their respective environments, 
increasing the lack of sustainability of the exploitation 
systems.

The health and sustainability risks are high because 
the preservation measures from the health norms are 

Method of ward

Euclidian distance

(U
ni

on
 d

is
ta

nc
e/

m
ax

im
um

 te
m

pe
ra

tu
re

)*
10

0



386 Cuban Journal of Agricultural Science, Volume 45, Number 4, 2011.

45th Anniversary

G
ro

up
s

G
ro

up
 I

G
ro

up
 II

G
ro

up
 II

I
Va

ria
bl

es
N

M
ea

ns
SD

N
M

ea
ns

SD
N

M
ea

ns
SD

H
ei

gh
t, 

m
 a

sl
17

93
5.

63
19

6.
00

9
84

0.
00

10
8.

00
34

88
0.

48
17

.0
0

Sl
op

e,
 %

17
51

.4
7

14
.4

4
9

35
.0

0
15

.0
0

34
55

.0
9

14
.6

8
G

ra
zi

ng
 a

re
a,

 h
a

17
32

.6
5

28
.3

6
9

17
4.

11
12

9.
00

34
16

.9
3

8.
75

G
ra

zi
ng

 c
om

pa
tib

le
 a

re
a,

 h
a

17
4.

65
8.

44
9

12
1.

11
11

2.
00

34
4.

45
6.

19
A

m
ou

nt
 o

f c
ow

s, 
he

ad
s

17
0.

00
0.

00
9

70
.0

0
72

.0
0

34
8.

00
5.

00
R

ep
la

ce
m

en
t h

ei
fe

rs
, h

a
17

1.
00

3.
00

9
34

.0
0

18
.0

0
34

4.
00

1.
00

Fa
tte

ni
ng

 b
ul

ls
17

22
.0

0
22

.0
0

9
34

.0
0

61
.0

0
34

5.
00

7.
00

G
lo

ba
l s

to
ck

in
g 

ra
te

, L
A

U
/h

a
17

1.
33

1.
20

9
0.

96
0.

44
34

1.
34

3.
98

M
ilk

in
g 

co
w

s, 
he

ad
s

17
0.

00
0.

00
9

34
.0

0
34

.0
0

34
5.

00
1.

00
Pr

od
uc

tio
n 

gr
ou

ps
17

1.
00

0.
00

9
3.

00
1.

00
34

2.
00

1.
00

Av
er

ag
e 

ag
e 

of
 th

e 
he

rd
, y

ea
rs

17
2.

48
1.

38
9

5.
56

1.
13

34
5.

14
2.

26
C

al
f w

ea
ni

ng
 a

ge
, m

on
th

s
17

0.
00

0.
00

9
7.

00
1.

00
34

7.
00

7.
00

C
ow

/s
ire

 ra
tio

 
17

0.
76

3.
15

9
19

.0
0

16
.0

0
34

7.
50

0.
38

B
od

y 
co

nd
iti

on
 o

f t
he

 h
er

d 
17

2.
91

0.
48

9
2.

77
0.

36
34

2.
51

0.
38

Fi
rs

t c
al

vi
ng

 a
ge

, m
on

th
s

17
0.

00
0.

00
9

37
.0

0
4.

00
34

42
.0

0
5.

22
N

um
be

r o
f p

ad
do

ck
s 

17
3.

00
12

.0
0

9
29

.0
0

22
.0

0
34

7.
00

0.
00

Pr
ed

om
in

an
t p

as
tu

re
 

17
M

ol
as

se
s

9
M

ol
as

se
s

34
M

ol
as

se
s

G
ra

zi
ng

 m
et

ho
d

17
R

ot
at

io
na

l
9

R
ot

at
io

na
l

34
R

ot
at

io
na

l
W

ee
d 

ar
ea

, h
a

17
1.

06
2.

54
9

1.
00

1.
73

34
8.

53
7.

37
M

ilk
 y

ie
ld

, L
/c

ow
17

0.
00

0.
00

9
6.

44
2.

31
34

4.
41

2.
17

B
irt

hs
 a

nn
ua

lly
, h

ea
ds

17
0.

00
0.

00
9

52
.0

0
59

.0
0

34
4.

00
4.

00
Er

od
ed

 a
re

a,
 h

a
17

31
.6

5
32

.3
7

9
16

9.
33

14
0.

51
34

16
.8

9
15

.2
4

A
m

ou
nt

 o
f p

its
 in

 1
00

 m
17

31
2.

00
12

4.
00

9
15

7.
00

10
2.

00
34

30
3.

00
17

2.
00

Ta
bl

e 
3.

 T
yp

ifi
ca

tio
n 

of
 th

e 
ca

ttl
e 

fa
rm

s o
f t

he
 tr

op
ic

al
 m

ou
nt

ai
n 

fo
ot

 o
f E

cu
ad

or

not applied to control zoonosis (table 5). The odds 
of brucellosis and tuberculosis are not studied, the 
requirements to transfer animals are not fulfilled and 
the biosecurity norms are violated in the farms. The 
vaccinations against pulmonary edema and blackleg 
are not fulfilled in 26.7 % of the farms. The incidence 
of cattle ticks in 36.7 % is high. Ectoparasites are not 
controlled in 12 %, and there is not veterinary doctor 
in 88.24 % of the farms. These conditions make them 
vulnerable to diseases and to obtain poor quality 
products.

Figure 7 presents the annual dynamics of the 
index of temperature and relative humidity (ITH), 
calculated by the area under study. Figura 8 shows the 
welfare range and the breeds that can be exploited in 
a sustainable manner in the mountain foot, taking as 
reference the ITH. The dynamics of the ITH situates 
the stress area along the year for the Bos taurus breeds 
of European origin, which is modified by the height 
and the land slope.  For the ecosystems of the region, 
with predominance of high slopes, the recommended 
breeds are crossbreds of Zebu, Creole, and F1, which 
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Groups
Group I Group II Group III

N Mean SD N Mean SD N Mean SD
Cows 17 1 5 9 70 72 34 8 6
Replacement heifers 17 2 5 9 34 18 34 1 5
Sires 17 0 1 9 2 2 34 1 1
Calves 17 1 5 9 32 18 34 5 5
Fattening bulls 17 24 21 9 34 61 34 7 5
Horses 17 1 1 9 5 5 34 1 1
Other equines 17 1 1 9 2 2 - -   -

Tabla 4. Structure of the herds in the classified groups 

Table 5. Health risks in the area under study, percentage of the total of farms sur-
veyed 

Variables %
Do not take environmental preservation measures 100.00
Do not study the incidence of brucellosis  or cattle tuberculosis 100.00
Do not vaccinate against blackleg and/or pulmonary edema 26.70
Keep high infestation of cattle ticks 36.70
Do not control ectoparasites 12.00
Do not keep good hygiene at the milking 57.00
Defficient fencing status 7.00
There is not systematic presence of the veterinary doctor 88.24

are resistant to adverse environments. This, at the 
same time, is related to the height levels and the 
slope where the farm is located. Nevertheless, the 
underfeeding effect should also be considered in these 
conditions, because it could disguise the influence of 
other factors.

The factors that lead to stress should be considered 
to establish the management alternatives of the 
herds in the cattle farms. The climatic stress is 
the consequence from the combined action of the 
temperature with the environmental humidity. The 
temperatures and the high relative humidity indices 
lead to heat stress, because they hamper the release 
of body heat, break the animal homeostasis and force, 
to the maximum, the regulating capacity of the body 
to maintain stable the vital functions (Morais 1986, 
West, 1992 and Gallardo and Vartota 2000).   

The high relative humidity provokes stress by 
reducing the productive and breeding capacity of 
the herds (Morais 1986, West. 1992, Santos and 
Lean 2000 and De Villalobos et al. 2008). One of 
the most important measures to counterbalance 
this is the breed order in the cattle farms (figure 
8). For the particular case of the area in view, the 
landscape relief interacts with the system of grazing 
management. The outcomes get worse because the 
maintenance needs of the herds are increased and the 
productive capacity of the herds is reduced (Benítez 
et al. 2007).

It is concluded that the efficiency of the cattle 
production in the area under study at the tropical 
mountain foot is determined by three components, 
which account for 79.92 % of the variance accumulated 
in these systems. This value is related to the variables 
defining the size of the farms and the herd, the 
technological alternative in practice, the organization 
of the breeding process, the environmental conditions 
and the environmental degradation. 

Three groups of farms are distinguished being different 
by the land slope, the land surface under exploitation, 
the size of the herd and the level of technological 
development. This is also in correspondence with the 
productive aim (beef, milk and dual-purpose). 

The technological alternatives do not differ 
between the farms, a regardless the differences in 
the environment, except in the few farms with high 
technical development. This conditions the negative 
environmental effect and the productive inefficiency 
in the cattle systems.  

The health and sustainability risks in the cattle farms 
are high, due to the biosecurity norms are not considered 
as part of the work system in those that were classified. 
In the cattle farms under study there was predominance 
of high slopes and high environmental humidity, factors 
that led to stress. These elements are not considered by 
farmers when ordering the breeds under exploitation or 
those preferred in the cattle systems.  
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Figure 7. Annual dynamics of the ITH, calculated from the information of the San Juan La Mana 
and Pichiligue meteorological stations

Figure 8. Arrangement of breeds in the region
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