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Abstract: This article characterizes four dual-purpose river buffalo farms (DPBPS) in south-southeastern Mexico. The
objectives were to obtain a broader profile of this system and capture values related to buffalo breeding in that area. The
study identified a group of producers with high levels of education (17 + 1.15 years) and years of experience in
agricultural systems (28.75 + 10.81), especially with buffaloes (9 + 1.83 years). Land tenure is private, and the average
surface area of ranches is 428.75 + 245.57 hectares, located mainly (92%) in flatlands and floodplains with an average
number of animals per hectare 2.03 + 0.69 AU/h. The area has various vegetable strata (grasses, bushes, trees).
Feeding is based on the consumption of vegetable species like Camalote grass (Paspalum fasciculatum), West Indian
Azuche grass (Hymenachne amplexicaulis), and Aleman grass (Echinochloa polystachya), complemented with minerals.
Production units (PU) 2 and 3 add a low proportion of balanced feed. The average number of animals per PU is 611 +
50. Dams and calves represent the largest proportions in the herds. The main breed raised in these buffalo production
systems is Buffalypso (58% * 21%), followed by Italian Mediterranean (24% + 5%) and Murrah (10% + 14%). The data
collected show that the reproduction methods most often utilized, in order of frequency, are fixed-time artificial
insemination (FTAI), direct mounting (DM), and estrus-detected artificial insemination (EDAI). Proportions are 61% *
18%, 24% + 25% and 14% * 17%, respectively. The DPBPS studied are distinguished by the presence of owners and
managers with high levels of education, extensive experience in agricultural systems, and the capacity and willingness to
implement new technologies that permit continuous improvement. However, their experience in buffalo production is still

limited, so there is ample room for improvement.
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INTRODUCTION

The river buffalo is a species recognized especially
for milk production, but buffalo meat also has
outstanding nutritional characteristics compared to beef
from conventional cattle [1-5]. In 2019, river buffaloes
produced 132,959,000 tons of milk, representing 15%
of worldwide production. River buffalo production
systems in Latin America usually obtain milk and meat
products simultaneously on ranches that organize dual-
purpose production systems. These production
systems have had a mean annual growth of 4% over
the past five years [6]. India is the principal buffalo milk-
producing country on the planet, as it accounts for 80%
of the world’s population [2].
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Though concentrated in Asia, this species has been
introduced, gradually, into tropical zones in the
Americas, especially in wetter regions that are
susceptible to flooding [7,8] as a function of certain
favorable characteristics compared to bovines that
include prolificacy, longevity, disease resistance,
precocity, adaptiveness to swampy areas, and the
capacity to exploit natural environments where fodder
is abundant but is of low-to-medium quality [5,7]. Bio-
conditions in  south-southeastern = Mexico are
characterized by the high temperatures and humidity
[9,10] typical of tropical wetlands; There are broad
extensions of land with a high potential for grazing by
herds of river buffalo [11].

Buffalo-raising is of great economic importance in
Asia and Europe, and interest in this activity is growing
in Latin American countries that have ample tropical
wetlands. To date, however, few studies have been
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conducted to evaluate the characteristics of dual-
purpose river buffalo production systems (DPBPS) in
economic, social, organizational, ecological, technical,
technological, productive, and commercial terms.
Research of this kind is required to identify features
where a potential for improvement exists. In light of
these circumstances, the objectives of this work were
to characterize some DPBPS that are currently
operating in tropical regions of Mexico. Due to the vast
amounts of data collected, results will be presented in
two complementary publications. This first article
reports on the following components: the social aspect,
land tenure, feeding, and nutritional management,
animal inventories, and the management of
reproduction and genetics.

MATERIALS AND METHODS

This is a retrospective analysis based on data from
the year 2019. It consists in characterizing dual-
purpose river buffalo production systems (DPBPS) in
south-southeastern Mexico. The principal goals were to
determine the configuration and functioning of several
production units (PU). To capture the complexity of
these DPBPS, general systems theory was utilized as
the conceptual framework because it facilitated an
integral comprehension of the diverse dimensions,
interactions, and feedback that participate in
agricultural systems [12]. The following section
describes the methodological strategy adopted.

Selection and Description of the Sample

Requests for information were sent to the
Asociacion Mexicana de Criadores de Bufalo (Mexican
Association of Buffalo Breeders, AMEXBU) to compile
a range of samples. We registered 37 buffalo
production units in the country, distributed mainly in the
south-southeastern region. We selected seven of those
units devoted exclusively to dual-purpose exploitation.
Then, using a non-probabilistic method, we chose four
of the seven for intensive study. In the logic of this
sampling method, the researcher is responsible for
choosing the sample. In this case, the selection was
performed with a convenience method [13]. The
locations of the four PU chosen were: PU1, Hidalgo-
tittan, southern Veracruz; PU2, Pinotepa Nacional,
Oaxaca; and PUs3 and 4, Macuspana, Tabasco.

Selection of Variables and Design of the Data
Collection Instrument

In order to define variables potentially relevant to
social aspects, land tenure, animal inventories,

reproductive, sanitary, and genetic management,
periodic meetings were held with key actors in buffalo
production, including the owners and managers of the
four DPBPS. To complement this, we visited all four
DPBPS [12-15], where we collected 41 variables, some
qualitative, others quantitative (Table 1), and
constructed an index for the dimension of reproductive
management. The indices are based on dichotomic
variables representing the presence, or absence, of the
technologies implemented or those with which each PU
is equipped. The elements present were codified with a
1; if absent, the score assigned was 0. Each index was
calculated using the following equation:

E’»Ij Xij
NT, = 2271 100
n.

J
NT;: technological level of dimension j
xj: technologies selected from area j
n;: total number of technologies selected in area j

The methods for compiling potentially important
data that have been used most often in
characterization studies like this one include
questionnaires and/or direct observation [9,16]. For this
reason, we elaborated a semi-structured survey format
with 83 questions.

Data Collection and Processing

Once the four experimental units were identified and
the data collection instrument defined, the next step
was to collect the information of interest. Data
collection at the PUs was conducted in person using
the questionnaire mentioned above and through direct
observation by one of the authors of the study
[9,12,17]. Upon finalizing this phase, the data obtained
were captured in Microsoft Office 365° for later review
and information processing, using a pre-designed
model.

Review of the Information and Selection of the
Variables

The field data gathered through the questionnaire
were recorded in a database elaborated in an Excel
spreadsheet. The database was then thoroughly
cleansed to eliminate incongruences and equal values
in all the PUs and out-of-range values for some
variables. When that procedure was completed, we
performed a basic descriptive statistical analysis.
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Table 1: The Qualitative and Quantitative Variables

Analyzed
Dimension Variable
Age
Education Level (years)
Social Livestock systems experience (years)

Water buffalo systems experience (years)

Annual training

Total hectares

Various plant strata on flat surface (ha)

Various plant strata on a flat floodable
surface (ha)

Land tenure Various plant strata on hillock surface (ha)

Type of trees used

Type of shrubs used

Type of fodder used

Type of grazing system used

Type of animal feed

Type of food supplement

Average number of animals per hectare
(AU/ha)

Feeding

Maximum number of animals per hectare
(AU/ha)

Buffalo cow (number of animals)

Buffalo pregnant heifer (number of animals)

Buffalo heifer (number of animals)

Female buffalo calves (number of animals)

Animal inventory Bulls (number of animals)

Buffalo Steers (number of animals)

Male buffalo calves (number of animals)

Total inventory (number of animals)

Animal Unit Equivalents (AUE)

Heat detection method

Directing Mounting (DM) (%)

Fixed-time artificial insemination (FTAI) (%)

Reproductive
management Estrous-Detected artificial insemination
(EDAI)
Sexed semen (%)
Embryo transfer (ET) (%)
Buffalypso (%)
Mediterranean (%)
Genetic

Murrah (%)

Jafarabadi (%)

ha Hectares. AU Animal Unit. AU/ha Animal Unit Per Hectares. DM Directing
Mounting. FTAI Fixed-Time Artificial Insemination. EDAI Estrous-Detected
Artificial Insemination. ET. Embryo Transfer.

Application of Techniques of Statistical Analysis

As with the database, this stage was conducted in
Microsoft Office 365°, utilizing formulae integrated with
that software for basic calculations of descriptive
statistics (mean, standard deviation) regarding the
series of original variables and the indices mentioned
above. Fully aware of the implications of performing
these operations (mean, standard deviation) for such a
small number of experimental units, the procedure
began with the first approach to values that could
provide highly-reliable estimates for future studies with
a larger number of units.

Description of the Production Systems

The data from each PU were presented individually
with the key trend and dispersion measures to describe
the DPBPS as a group, accompanied by a discussion
of each one. The aim was to obtain a broader
panorama of each variable from a comparative and
argumentative perspective. To generate a discussion
based on the aforementioned criteria, some references
to conventional cattle are included since, at least in
Latin America, these species have traditionally been
raised in dual-purpose production systems.

RESULTS AND DISCUSSION

Social Aspects

The study found that the producers had an average
age of 47 = 17.45 years regarding the social variables.
PU3 had the youngest rancher (29 years) due to a
recent generational change. The oldest producer was
from PU2 and was 68 years of age. With respect to
education, we identified two PU owners with 16 years
of education, while the other proprietors had at least 18
years. The average years of education of the four
owners were 17 = 1.15 (Table 2), which means that
they all had reached at least the undergraduate level of
studies. The survey also found that all four had studied
programs related to fields of animal production. That
datum means that this group is among the 4.6% of
ranchers with the most years of education at the
national level [18].

Their average years of experience in buffalo
production units was 9 + 1.83 years, but these ranchers
had previous experience in livestock production before
deciding to incorporate river buffaloes into their
operations. This raised their average vyears of
experience to 28.75 = 10.81 in related activities,
especially in dual-purpose systems that raised cattle
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Table 2: Social Characteristics of the Dual-Purpose River Buffalo Production Units

PU Ages Education Level Livest.ock systems Water b.uffalo systems Annual training
(years) experience (years) experience (years) (Frequency)
1 54 16 36 10 4
2 68 18 40 8 0
3 29 16 19 7 1
4 37 18 20 11 1
Average 47 17 28.75 9 1.5
SD 17.45 1.15 10.81 1.83 1.73

PU Production Unit. SD Standard Deviation.

(genus Bos). While that experience may give a
significant advantage, it means that their buffalo herds
have been handled in ways that are quite similar to
cattle, an approach to management that has not always
produced positive results.

Three of the four producers received some form of
training at least once a year, so the average value for
the annual frequency of training was 1.5 + 1.73.
Training generally focuses on key topics for buffalo
production, such as assisted reproduction techniques
and regenerative grazing systems.

On the aspect of record-keeping, all four PUs
maintain production registers on cards and in ledgers
and manage their data in electronic systems. It is
important to mention that PU1 and PU3 were in the
process of migrating their production data to computer
packages designed specially to compile and analyze
zootechnical data. This facilitates decision-making
related to developing and improving PUs [17].
Producers who calculate various production indicators
have a higher capacity to elaborate and implement
enhancement plans in the short, medium, and long
term [19], including programs for genetic improvement
and to determine selection criteria as a function of the
data recorded.

The high level of education, frequent training,
detailed recording of productive and accounting data,
and experience of these producers constitute a
substantial human capital that augments their capacity
to adopt more efficient technologies and management
strategies at their PUs [9,20,21]. These factors help
explain why they decided to incorporate an emerging
species such as the river buffalo into their operations
and integrate a certain technology level to potentiate
their capacities. We found that one of these PUs
recently went through a generational change that
favored the continuity of these activities and facilitated

continuous improvement in its buffalo-raising activity
[22,23].

Land Tenure and the Surface Area Available

All four PUs are privately-owned. Their surface
areas are 600, 590, 450, and 75 hectares, respectively
for PUs 1, 2, 3, and 4, giving an average of 428.75 =
245 h. These values differ significantly from those
reported in characterization studies of dual-purpose
bovine production systems in tropical areas in Mexico
by Orantes et al. (26.7 = 29.52 h) [17], Juarez-
Barrientos (40.2 = 37.9 h) [24], and Granados-Rivera et
al. [9]. The latter work reported values from three
groups: 19 + 3.49, 32 + 1117, and 128 = 79.59 h.
Similarly, analyses of buffalo production systems in
Turkey also show smaller average extensions [16].
According to these figures, the DPBPS form a specific
stratum within the framework of dual-purpose
production units in Mexico’s tropical wetlands. The
larger production scale also reflects the producers' high
socioeconomic level, increasing the probability that
their operations will be viable financially and technically
[20,23].

In three of the PUs, the agricultural surface area is
predominantly flat or of the floodplain type. This is
especially true in PU1, where this kind of terrain
represents over 60% of the total extension. On
average, these units have 166.25 = 180.71 h of this
type of land, which means that it covers 25% of the
total surface area. Only PU2 has hills (Table 3).
Therefore, these PUs are very large and contain a
range of natural resources and biodiversity, including
diverse strata of vegetation that combine trees, shrubs,
and grasses in distinct proportions. These conditions
increase the potential for successful buffalo-breeding
because they allow buffaloes to express their
thermoregulation mechanisms (wallowing in mud) while
also offering shade trees to protect them from solar
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Table 3: Distribution of the Surface Area Occupied by these DPBPS

Pu | Variousplantstats on aflt | Varlous plat strateon lat | Varlous plans1as o1 | Total hctares
ha.
1 420 180 0 600
2 0 50 25 75
3 155 295 0 450
4 90 500 0 590
Average 166.25 256.25 6.25 428.75
SD 180.71 190.85 12.50 245.57
Percentage (%)

1 70% 30% 0% 100%
2 0% 67% 33% 100%
3 34% 66% 0% 100%
4 15% 85% 0% 100%
Average 30% 62% 8% 100%
SD 30% 23% 17%

PU Production Unit. SD Standard Deviation. ha hectares.

radiation [23,25-27]. Finally, the vegetable cover helps
preserve the favorable features of the soil; that is, the
existing level of vegetable biodiversity is beneficial for
both the buffaloes and the ecosystem [28].

Herd Distribution

The number of animals had a mean of 611 + 50.
The smallest unit was PU2 with 124, and the largest
was PU1 with 980. The herds consist primarily of
females, with an average of 272 + 163.78 buffalo cows
per PU, representing 44.9% of the total population.
Pregnant buffalo heifers averaged 29 + 8.30 animals,
or 4.8% of the total, while the percentage of buffalo
heifers was 5.4% (33 + 39.48), and female calves (120
+ 76.16) represented 19.8% of the total. Females are,
of course, fundamental in PUs because they are
responsible for multiplying the herd and producing
replacement animals for the ones destined for sale or
milk production. This may explain why the replacement
females and buffalo cows at these PUs account for
74.9% of the herds (Table 4).

Turning to the male buffaloes, the number of bulls at
these PUs averaged 13.80 + 11.50, while the numbers
for steers and male calves were 25 + 43.59 and 113.5
+ 68.18 respectively. These figures correspond to 2.3,
4.1, and 18.7% of the total, respectively (Table 4). Male
buffalo calves are usually sold at around one year of
age. However, at PU3 and PU4, we identified older

steers because the abundant fodder available allowed
those ranchers to keep the animals for another year, so
they could gain more weight and be sold at the market
for higher prices. This demonstrates the flexibility of
these production systems, for they can prioritize either
meat or milk production as a function of the fodder
available and the relative behavior of market prices
[29,30].

In general, these dual-purpose production systems
show a strong inclination towards milk production but
do not marginalize the production of animals for meat,
as suggested by the high proportion of females
compared to the very low proportion of adult male
animals.

Feeding and Nutritional Management

The principal source of feeding consists of native
grasses based on rotating grazing systems that limit or
eliminate the need for chemical fertilizers altogether by
promoting the utilization of organic fertilization through
the reintegration of the animals’ own excreta. The main
fodder species are native grasses like Camalote grass
(Paspalum fasciculatum), Azuche grass (Hymenachne
amplexicaulis), and Aleman grass (Echinochloa
polystachya) [23]. These plants are not very palatable
for bovines of the genus Bos, but the anatomical and
physiological characteristics of the river buffalo’s
digestive system allow them to digest this fodder
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Table 4: Herd Distribution Per Buffalo Category

PU Buffalo p?:;f:;?mt Buffalo | S0 | g | Buffalo | FEE . Tota 233."2'.3,1'12
cow heifer heifer calves Steers calves inventory (AUE)
Number of animals
1 430 40 80 200 30 0 180 960 7115
2 50 27 0 20 3 0 24 124 95.65
3 350 30 0 150 12 90 150 782 593
4 260 20 50 110 10 10 100 560 418.5
Average 272.50 29.25 32.50 120.00 13.75 25.00 113.50 606.50 454.66
SD 163.78 8.30 39.48 76.16 11.50 43.59 68.18 360.89 267.89
Percentage (%)
1 45% 4% 8% 21% 3% 0% 19% 100%
2 40% 22% 0% 16% 2% 0% 19% 100%
3 45% 4% 0% 19% 2% 12% 19% 100%
4 46% 4% 9% 20% 2% 2% 18% 100%
Average 44% 8% 4% 19% 2% 3% 19% 100%
SD 3% 9% 5% 2% 1% 6% 1%

PU Production Unit. SD Standard Deviation. AUE Animal Unit Equivalents.

efficiently [27,31,32]. All four PUs base their feeding on
these grasses but add mineral complements. PU2 and
PU3 supplement their herds’ diet with silage and
balanced feed, though providing these sources does
not necessarily ensure improved productive indicators.
PU3 administers a 1-kg portion of the balanced feed to
milking cows and 0.5 kg to male calves up to the age of
7 months. The latter measure significantly reduces the
percentage of milk that calves consume. At PU2, the
diet of milking cows is supplemented with corn silage in
the dry season due to specific climatic conditions
(Table 5).

The relatively low level of supplementation in these
PUs is a significant finding, especially for the units in

tropical zones where seasonal oscillations of humidity
and temperature are smaller. This contrasts with the
report on dual-purpose bovine production systems by
Cuevas-Reyes [33], which observed a high degree of
dependence on balanced feed for the animals destined
to be sold for meat, especially on larger PUs. While
both cattle and buffaloes are classified as large
ruminants, the latter have higher food conversion
values. This may account, in part, for the low level of
supplementation they require compared to bovines
raised and developed under similar conditions [34].

The average number of animals calculated per
hectare in this study was1.12+ 0.28 AU/h. The
maximum number of animals per hectare was 2.03 +

Table 5: Feeding Management
Type of animal Animal Unit Total Average number of MaX|ml.1m number
PU feed Type of food supplement Equivalents (AUE) hectares animals per of animals per
q hectare (AU/ha) hectare (AU/ha)
1 Native fodder / Minerals 711.5 600 1.19 1.70
minerals
2 Native fodder Silage / Minerals 95.65 75 1.28 1.40
3 Native fodder Balanced feed / Minerals 593 450 1.32 3.00
Native fodder / .
4 Cultivate fodder Minerals 418.5 590 0.71 2.00
Average 454.66 428.75 1.12 2.03
SD 267.89 24557 0.28 0.69

PU Production Unit. SD Standard Deviation. AUE Animal Unit Equivalents. AU/ha Animal Unit per Hectares.
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0.69 AU/h which is lower than the 2.20 + 1.87 AU/h
reported by Juarez-Barrientos et al. (24). PU3 had the
highest value with an annual average as high as 3
AU/h, though this number could be increased by relying
more on the supplementation with balanced feed
and/or improving rotational grazing management
(Table 5).

Another important aspect of these PUs refers to the
nutritional requirements of river buffaloes [35]. On this
topic, Paul [36] argued that these animals consume a
lower percentage of dry matter than bovines in
proportion to their live weight due to their greater
efficiency in converting fodder, even native grasses of
low-to-medium quality that have a high content of
structural carbohydrates. Therefore, grazing areas
should be adjusted as a function of the characteristics
of this species. Iglesias et al.’'s comparative study [37]
of buffaloes and cattle of similar age and weight in
silvopastoral systems showed that the former achieved
significantly greater daily and final weight gain (p<
0.05), even though calculations of daily food ingestion
revealed that the buffaloes spent less time-consuming
food than the cattle (p< 0.05). These findings might
suggest that buffaloes consume less food, though we
need more reliable measurements of the amounts of
dry matter consumed per day before reaching this
conclusion. We do know, however, that the river buffalo
has the capacity to efficiently exploit areas where
cattle-raising could be pursued only with great difficulty.

This suggests that existing conditions could support
larger animal loads, especially during some seasons of
the year, and that this could bring improvements in the
average  annual production levels. Efficient
management and exploitation of the region’s natural
resources have the potential to reduce per-unit
production costs in systems based on the exploitation
of vegetable cover. This benefit could be quite notable
in comparison to stable-based systems [9,10].

As described above, efficient management of
natural resources is a key aspect of DPBPS; however,
a determining factor that complements the expression
of certain desirable qualitative and quantitative charac-
teristics is the genetic management implemented at
PUs. The next section examines the breeds utilized
and the selection criteria that producers consider.

Genetic Management

The main breed raised on these buffalo production
systems is Buffalypso (58% * 21%), followed by lItalian

Mediterranean (24% £ 5%) and Murrah (10% £ 14%)
(Figure 1). In the strict sense, the predominant breed is
a mixed one. Although all breeds are deemed apt for
dual-purpose systems, Murrah and Mediterranean
buffaloes have outstanding characteristics for milk
production. Indeed, the latter has often been included
in programs of genetic improvement because it has
specific, advantageous characteristics for the dairy
industry (e.g., volume of milk, fat, protein, and the
qualitative characteristics of protein composition) that
are reflected in objective indicators determined by tests
of progeny and pedigree. Unfortunately, the lack of
established norms in Mexico impaired the importation
of germplasm for many years, so the utilization of this
material simultaneously with techniques of assisted
reproduction did not begin until 2017 after the norms
were modified and Mexico opened its sanitary borders
to countries like ltaly, where notable advances have
been made in selecting animals that can transmit
desirable milk production characteristics [35].

In the case of the genetic selection of dams, the
criteria most often applied at all four DPBPS are the
volume of milk production and docility; that is, features
both qualitative and quantitative are assessed when
evaluating milk production and behavioral aspects. The
features that need to be evaluated in this regard are
associated with high productivity, such as an adequate
corporal structure that optimizes the ingestion and
transformation of food. A second key feature is
developing an ample mammary system capable of
synthesizing large amounts of milk. Other desirable
traits include the location and size of the teats to
prevent problems with the milking process, especially if
automated equipment is utilized. The characteristics of
the animals’ hooves and legs are also closely related to
their permanence in production units [23,38]. This is
particularly important in grazing PUs where buffalo
have to move to paddocks to ingest their food.
However, it might also be important to consider such
features as the morphological characteristics
associated with long-term permanence in the PU; for
example, high productivity and fertility.

In summary, while the selection criteria that these
ranchers consider are transcendental, there is room for
improvement in their selection of both the dams and
sires that remain in their respective PUs. The latter are
selected through catalogs of mating bulls that have the
genetic values that breeders wish to transmit to the
descendants of their herds. This genetic material is
sometimes employed through estrus-detected artificial
insemination (EDAI), but more frequently with fixed-
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Average 58% 24% 10% (986
PU4 30% 20% 30% 20%
PU3 60% 30% 0% 10%
PU2 80% 20% 0%
PU1 60% 25% 10% (5%
0% 20% 40% 60% 80% 100%
Buffalypso Mediterranean Murrah @ Jafarabadi

Figure 1: Principal breeds utilized.

time artificial insemination (FTAI). The assisted
reproduction technologies used in these PUs are
described in the following section.

Reproductive Management

The management of reproduction in these PUs is
performed as a function of the anatomical and
physiological characteristics of the buffalo cow and the
zootechnical objectives of each operation. In this case,
the main methods utilized are those of assisted
reproduction that is congruent with the reproductive
specificities of this species and permit genetic
improvement. According to the data gathered, the
method of reproduction most often employed is fixed-
time artificial insemination, followed by direct mounting
(DM). Both are more common than estrus-detected
artificial insemination. Calculations showed the
following proportions: 61% * 18%, 24% + 25%, and
14% + 17%, respectively (Table 6). In contrast, various
studies of conventional dual-purpose cattle (genus
Bos) production systems in tropical environments
report low or null utilization of these technological tools
of assisted reproduction [9,21,30] (Figure 2).

No cases of embryo transfer (ET) or the use of
sexed semen were detected, though the importation of
those technologies is now allowed and could begin to
accelerate genetic progress in DPBPS in Mexico [29].

The group of producers studied displays clear
evidence of initiatives to acquire improved genetic
resources and assisted reproduction technologies that
consider the seasonal reproductive cycle of the buffalo

cow and the difficulty involved in detecting estrus. This
is shown by the relatively frequent utilization of FTAI
and —though to a lesser extent— EDAI, which require a
vasectomized bull to identify females that are viable for
the utilization of these technologies since the typical
signs of estrus —vulvar edema, frequent urination,
vaginal secretion— are shown at low intensities in
buffalo cows, making visual detection difficult and
impairing the identification of optimal times for applying
the EDAI technique. Moreover, buffalo cows have low
estradiol concentrations [40,41], and studies have

found that only 3.4% of these animals show
homosexual behavior, while over 60% experience
silent  estrus [33,37]. Therefore, the  joint

implementation of reproductive  biotechnologies
contributes to genetic advancement towards the
objectives of improving productive indices and
controlling the estrus cycles of buffalo cows.

Production wunits in countries like Colombia,
Argentina, and Venezuela have successfully
implemented more complex methods of assisted
reproduction, such as embryo transfer, the use of
sexed semen, thermal monitoring to better understand
changes during estrus, and technologies that allow the
detection of sick animals without clinical signs [42,43].
There are even cases where genomic testing is applied
to identify the animals with the greatest genetic
potential. By integrating all these tools, those PUs have
improved important characteristics for both the dairy
and meat industries [39-41]. Producers in Mexico have
been advancing towards the adoption of new
reproductive techniques, but the absence of norms has
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Vasectomized bull
For effective heat
detection a vasectomized
male is used

(

Olfactory
particles

Olfactory
recognition*——/

Olfactoty bulb ( e
Hypothalamus

Chemical substances

Structures of the limbic
system and central
nervous system

Estrus behaviors
Silent ovulation is common in
buffalo without any behavioral

symptoms of estrus.

Reproductive protocols used
in DPBPS

-FTAI (63 + 17%)
-DM (24 + 25%)
- EDAI (14 + 17%)

DM Directing Mounting. FTAI Fixed-Time Artificial Insemination. EDAI Estrous-Detected Artificial

Insemination. VNO.Vomeronasal Organ.

Figure 2: Reproduction methods utilized on the DPBPS. This figure illustrates the assisted reproduction techniques utilized at
these four DPBPS. They include fixed-time (FTAI) and estrus-detected (EDAI) artificial insemination. The goals are to achieve
genetic improvement of stocks and identify optimal times for serving females. EDAI requires a vasectomized bull because buffalo
cows present low frequencies of homosexual behaviors, vulvar edema, and frequent urination, so it is difficult to visually identify
the onset of estrus. However, the vomeronasal organ (VNO) of male buffaloes allows them to perceive chemical substances that
project signals towards the olfactory bulb and diverse structures of the limbic and autonomous nervous systems that trigger

recognition of the female’s estrus condition [39].

Table 7: Reproductive Management and Assisted Reproduction Techniques

pu | Esousdatecton  pry o
1 Vasectomized bull 60% 5% 35% 100% 60%
2 Vasectomized bull 70% 10% 20% 100% 60%
3 no detection 80% 20% 0% 100% 60%
4 no detection 40% 60% 0% 100% 40%
Average 63% 24% 13% 100.00% 55%
SD 17% 25% 17% 10%

PU Production Unit. SD Standard Deviation. DM Directing Mounting. FTAI Fixed-Time Artificial Insemination. EDAI Estrous-Detected Artificial Insemination.

blocked the implementation of certain technologies —
like importing embryos— that require zoosanitary
permits [28,40,44].

CONCLUSION

The DPBPS studied are distinguished by the
presence of owners and managers with high levels of
education, extensive experience in agricultural
systems, and the capacity and willingness to implement

new technologies that permit continuous improvement.
However, their experience in buffalo production is still
limited, so there is ample room for improvement.

It is also clear that the DPBPS occupies a specific
stratum in the framework of livestock-breeding in
Mexico, one with high levels of management that
promote the rational exploitation and regeneration of
various vegetable strata, including flood-prone zones
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and wetlands rarely exploited by conventional cattle
ranches or for other agricultural uses. Nevertheless,
the adoption of assisted reproduction techniques such
as the use of sexed semen and embryo transfer may
further increase the productivity of buffalo enterprises
in Mexican tropical areas.
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