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Abstract

Dairy farming is an activity of great socioeconomic relevance for family farming in Brazil,
but is still characterized by low productivity, low technology employed, and low
remuneration. The objective of this article is to verify how the indicators of technological
intensification were aligned with gains in productivity indicators based on an irrigated
grazing system under intermittent stocking, in a typical family farm in the south region of the
Esp Fito Santo state. The farm from which data were collected was conveniently selected for
having been monitored for 42 months, a period when the technological transition in a
production model was occurred. The intermittent stocking management in the irrigated
tropical pasture, in a module of 0.86 ha of Mombaa grass, has led to an increase in animal
productivity (from 16 to 23 animal units per hectare), labor (96 liters of milk per family
farming labor per day), and land indicators (from 219 to 349 liters of milk per hectare per
day), but the increase in the scale of production is a limiting factor for competitiveness in the
present case study. The proposed intensification model can become a feasible option for the
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modernization of dairy farming in tropics.

Keywords: performance indicators, intermittent stocking, technical assistance and rural
extension, animal data

1. Introduction

In the economic development process, there are changes in the way agricultural products are
produced and destined for sale because of the growing technical-economic integration and
subordination of the primary sector to the urban-industrial sectors (BACCARIN, 2011).

In this way, the current scenario of global agribusiness points to a constant need to evaluate
the efficiency of production systems in any agricultural activity. Historically and globally,
there has been a trend towards a loss in the power of exchange between agricultural products
and their main production inputs, pressured by the ex-ante and ex-post links to rural
properties. The transfer of income to the more organized sectors of the production chains has
required rural producers to overcome the efficiency of using productive resources and
obtaining scale to, at least, maintain the profitability of their production systems. This trend
has been excluding thousands of producers in different agricultural activities, especially those
with low capitalization levels, such as family farming (FF), which have limited investment
capacity.

Poor management control, especially in FF, affects performance and financial results because
the producer does not have information that could be used to make important decisions,
which undermines strategic planning and activity management (SCHMOELLER et al., 2017)
as in the case of the family dairy farming in Brazil, where the historical analyzes of the
modernization of this sector suggest that the logic of development is incompatible with the
viability of the activity. The current issue has been to oppose the future of FF to the process
of rural modernization, as if one excludes the other (BUAINAIN et al., 2003).

Oliveira et al. (2016) highlighted there is a further need to expand knowledge regarding the
dairy supply chain and farm and animal indicators that enable a better understanding of milk
production systems. Moreover, as Silva et al. (2015) stated, with appropriate technical
follow-up, dairy farming has the potential to be more viable performance indicators are
monitored, considering that they help the decision-making process by means of identifying
the interactions of many variables that interfere in production systems.

Indicators that allow comparing the effect of technology application on different farms are
animal productivity, labor productivity and land productivity, which are directly impacted
when the efficiency of productive resources is improved (RESENDE et at., 2012).

However, Schmoeller et al. (2017) warned that the number of dairy farmers who are in a
position to analyze, plan and strategically conduct the activity is small. Therefore, the rural
extensionist takes the lead in identifying the appropriate technologies for each production
system, which is a determining factor in the success of technology generation and technology
transfer (SILVA et al., 2015). This is also stated by Riet-Correa et al. (2013), that pointed the
farmers generally accept the deployment of new technologies, as long as they are gradually
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deployed and appropriate to the systems, these authors also asserted that only with permanent
and multidisciplinary technical assistance can limiting factors of a production system can be
minimized.

According to Chambela Neto et al. (2018), the change of a reality in the Brazilian dairy
farming, when animal productivity falls short of what is needed for the expected profit,
involves the adoption of technologies such as soil acidity correction, fertilization and
irrigation of pastures, as well as the reduction of areas and intensification, pasture production
through strategic fertilization, the adoption of intermittent stocking management, the genetic
improvement of the herd and, in some situations, the exchange of forage species.

Camargo (2009) suggested intensive pasture management with tropical forages as an efficient
land use alternative, as it allows the production of large amounts of forage per area, combined
with a satisfactory nutritional value of this forage. Thus, advances in research with tropical
forage plants, despite the significant morphological variation of species of productive or
economic interest, the different grazing sites and methods employed, the idealization and
formulation of grazing management strategies become a real alternative for the production
efficiency of livestock systems in tropical pastures (DA SILVA & NASCIMENTO Jr., 2007).

Because of these aspects, the technology of milk production intensification by intermittent
stocking in the irrigated tropical pasture has become an option for FF in mountainous regions,
who aim at combining high productivity levels of their productive resources with a scale of
production that enables competing with alternative agricultural activities. However, milk
production on pasture demands a correct understanding and manipulation regarding the
complex interaction among soil, plant, climate, animal, and human so that the production
system can meet results within planned expectations.

1.1 Research Question and Objectives

This exploratory study sought to verify how the indicators of technological intensification
were in line with benefits in productivity indicators, providing information on the effects of
the intensification process on dairy farming in a tropical region.

As such, this article aims at responding to the following research question: By providing
adequate technical support, does a dairy farming system under intensive tropical pasture
management make it possible for FF to become competitive in the dairy supply chain?

In this way, the objective of this article is to verify how the indicators of technological
intensification were aligned with gains in productivity indicators based on an irrigated
grazing system under intermittent stocking, in a typical property of FF in the south region of
the Esp Tito Santo state.

2. Materials and Methods
2.1 Case Study Characterization

The farm studied is located in the municipality of Alegre, state of Esp Tito Santo, Brazil, with
geographic coordinates 2037'48.6" south latitude and 4132'51.9" west longitude and is
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characterized by being a mountainous region of the south of the state. The dairy farming is
the main economic activity, with the family labor force (FLF) composed of the owners
(spouses), and conveniently selected for having been monitored in two production cycles,
from March 2011 to February 2012 and from January to December 2013, a period in which
there was a technological transition from a low-level technological production model,
considered traditional in the region, to a production model enhanced by the adoption of
technologies, occurred.

2.2 Technical Assistance and Rural Extension Actions

The decision was made to work with the intensified production model, adopting tropical
pasture management as the productive base. To this end, an area of 0.86 ha of Momba@
grass (Panicum maximum Jacq cv. Momba@) was recovered. After soil analysis, acidity was
corrected, and organic and chemical fertilization of the area was carried out. A drip sprinkler
irrigation system was implemented, and the area was divided into 25 paddocks with an
electric fence. Management of the grass was based on its morphophysiological responses
according to the light interception methodology mentioned by Da Silva & Nascimento Jr.
(2007), consisting of an occupation period that ranged from 0.5 to 1.0 day and a rest period
between 13 and 26 days, depending on climate variations over the year. The lactating cows
received individually concentrated feed in the proportion of 1.0 kg of concentrated feed to 3.0
liters of milk produced and were supplemented with sugar cane with 1% urea.

2.3 Farm and Animal Indicators

Chart 1 depicts the zootechnical indicators adopted to evaluate the production system and its
calculation methods.

Chart 1. Farm and animal indicators used to assess the efficiency of the production system
adopted in the case study.

Item Unit Description
Area Hectare (ha) Area for dairy farming
Total Production Liter (L) Liters of milk in 12 months
Lactation  cows % Numbgr of lactation cows in relation to total
(LC) cows in the herd

Number of lactation cows in relation to total
LC in the herd % animals in the herd (including both breeding
and rearing animals)

LC productivity L.LC .day? Average daily yield of lactation cows

Total cows | L.cow in the Average daily yield of cows in relation to
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productivity herd .day* the total number of cows in cattle
(including both breeding and rearing
animals)

Milk yield (in liters) in relation to the area

i -1 -1
Land productivity | L.ha*.year allocated to dairy farming

Lactation cows in relation to the area

-1 -1
LC.ha".year allocated to dairy farming

Milk yield (in liters) in relation to the
FLF productivity | L.FLF.day™ number of family labor force allocated to
dairy farming per day

3. Results and Discussion
3.1 Land Productivity

Zootechnical results driven by the grazing system under irrigation in an intermittent stocking,
shown in Table 1, indicated that the module of 0.86 ha of Mombaaa grass made it possible to
achieve a significant stocking rate, ranging from 16 to 23 animal units (AU) per hectare. The
average daily milk yield ranged from 189 to 302 liters, resulting in a productivity that varied
from 219 to 349 liters of milk per hectare per day. Moreover, the substantial supplementation
carried out for 106 days, along the dry season 2013, resulted in a 70-day reduction,
approximately, in comparison with the conventional system adopted in the region. These
results support information given by Mendon@ & Camargo (2009), who pointed out that
pasture irrigation reduces the effects of climate stress and allows the recovering of its high
productivity earlier in the transition from winter to spring.

Table 1. Stocking rate, average daily milk yield and average daily productivity by month of
the intensified area in Mombaa grass in 2013

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

AU.ha' 16 20 20 20 16 17 18 18 20 20 23 16
Daily milk
yield 198 266 226 218 196 189 195 242 258 252 302 268

L.halday® 230 309 309 253 228 219 227 281 300 293 349 312

Source: Research data.

As such, the intermittent stocking management led to a 50% reduction in the total area
allocated to dairy farming and a 90% increase in the milk yield.
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3.2 Importance of Production Scale

The search for a production scale, however, is a preponderant factor in keeping a viable milk
production system as, in addition to the volume produced is directly related to the income
earned in the activity, it is also the item over which, proportionally, and the farmer has the
greatest capacity for influence when compared to the price of the milk. When analyzed
economic forecasts on dairy farms in FF as strategic tools for evaluating livestock
development, Bassotto et al. (2018) found that the milk yield is responsible for maintaining
profitability, providing the long-term continuity of productive activities.

3.3 Zootechnical Performance Indicators

Table 2 shows the evolution of the main zootechnical indicators in the two productive cycles.
The indicator that assesses reproductive efficiency, measured by the proportion of LC in
relation to the total number of cows, was negatively affected by the sale of six cows due to
commercial opportunity. If they had been counted, it would have caused this indicator to
exceed 80%. This suggests that the reproductive efficiency of the dairy herd would be the
same as the proposed by Bergamaschi et al. (2010), who affirmed a reproductively efficient
dairy herd in Brazil should contain, on average, 83% of LC, with a 10-month lactation period,
which would mean a herd with 12 months of calving interval.

Table 2. Zootechnical performance indicators of family dairy production, located in the
municipality of Alegre, south of the state of Esp Tito Santo, in two production cycles

Period
Indicator 2011/2012 2013
12 months 12 months
Area (ha) 20 10
Total milk yield (liters) 45,881 87,193
LC (%) 70 5%
LC in the herd (%) 34 36
Animal productivity (L.cow.day?) 11.1 14.2
,?\r(;lar;all) productivity in herd (L.cow 77 10.7
Production per area (L.ha.year?) 2,086 8,719
LC per area (LC.ha t.year?) 0.56 1.66
FLF productivity (L.FLF.day™) 63 96
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*Recorded the sale of six cows.
Source: Prepared by the authors using data from the research.

Animal productivity increased approximately 28%, although it is noticed the difference
between animal productivity expressed in liters per lactation cow per day (LC) and animal
productivity expressed in liters per cow of the herd per day (LC in herd) is approximately 6%
smaller after the intensification process, which suggests an advance in the herd structure
breeding, reflecting the increase in the number of LC in the herd, which achieved 36%. The
value expected for this indicator is between 40 and 60% (CAMILO NETO et al., 2012),
which would be achievable in the farm studied if there had been no sale of cows.

Performance indicators of land productivity measured by milk production and the number of
dairy cows per area presented a substantial increase in land occupation efficiency. When
analyzing land productivity by milk yield, an increase of 318% was seen, reaching a value
above the average of 3,333 L.ha L.year’estimated in 159 dairy farms studied by Pereira et al.
(2016) in the Alto Paranaba region, state of Minas Gerais, Brazil. As Costa (2007) stated,
this indicator should exceed 7,300 L.hatyear™.

In this study, the decrease in land occupation combined with the increase in the number of
LC resulted in 1.66 lactation cow per hectare (LC.ha'), a value higher than 0.70 LC.ha
reported by Pereira et al. (2016), and higher than 1.18 LC.ha* found by Bassotto et al. (2018).
These authors confirmed that the results obtained in that study were satisfactory for the
number of LC per area.

According to Lima et al. (2012), pasture milk production systems adopting technologies such
as irrigation and forage conservation bring the benefits from lower production costs, due to
reduced expenses with facilities, machinery, and labor force (LF). In the current study,
however, which adopted a similar production system, the productivity of LF was only 96
L.LF'.day?. As a comparison, the productivity of LF in a study carried out by Camilo Neto
et al. (2012) ranged from 126.16 to 562.03 L.LF'.day? according to the technology
employed, just as the 876.6 L. LF.day* found by Lima et al. (2012).

3.4 Labor Productivity

LF productivity is an indicator to evaluate human resource efficiency, considered by Lima et
al. (2012) as being dependent on the herd productivity and favorable conditions for work.
Hence, in this study, the low scale of production can explain the low level of this indicator; as
such, it is essential that the strategic planning of activities determine working conditions that
promote worker comfort by means of technologies accessible to the FF.

3.5 Globalized Context

Structural adjustment processes have enabled some developing countries to benefit more
directly from their national and regional comparative advantages. However, as sectoral
efficiency is still vulnerable, the need for learning about the dynamics of the agricultural
sector in a globalized context has arisen (FINAMORE et al., 2017).
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In this way, New Zealand has the largest dairy processor in the world and is part of the
world's largest dairy marketing company to significantly influence the prices of global dairy
products and, consequently, the prices paid for raw materials in producing countries
(CAMILO, 2019). As DairyNZ & LIC stated (2018), the family business model, which
combines land and herd ownership, as well as management control, leads 60% of New
Zealand dairy herd, in which 43% of the farms have from 150 to 349 animals with an average
lactation above 4,000 liters, which demonstrates the efficient use of its LF. As in Brazil, this
scenario in New Zealand is typical of a worldwide historical trend of exclusion of inefficient
dairy farmers and continuous search for efficiency and production scale. But it also suggests
a limited expansion of dairy production of a relevant country in the international market,
differently from Brazil, which has wide technical conditions to increase its production and
become competitive at a global level.

In this sense, this study is in line with Reis et al. (2017), who affirmed that the knowledgeable
use of management tools can assist farmers to identify strengths and weaknesses of rural
properties, providing rapid decisions with the aim, respectively, of correcting failures and
turn them into opportunities for economic and zootechnical gains.

4. Conclusion

This single case study shows that the intensification model suggested in this paper, should be
a viable alternative for modernizing the Brazilian dairy family farming as long as the
intermittent stocking management in irrigated tropical pasture is considered as part of a
complex arrangement of productive resources, which have to be used in harmony, taking into
consideration the efficiency of grazing management, herd structure, forage species adequacy,
topography, and other factors.

For this reason, the viability of the dairy family farming starts from raising awareness among
rural extensionists and farmers on the adoption of management models that result in the best
decision making by means of farm and animal indicators.

New studies with a larger number of dairy family farms assisted by technicians need to be
conducted to ensure the finds of the present single case study.
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