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Factors associated with grain feeding in dairy farms
located in the central-western region of Parana State,
Brazil

Fatores associados ao uso de graos em fazendas
leiteiras localizadas na regiao centro-oeste do Estado
do Parana, Brasil
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Highlights

Factors associated with grain feeding determine the typology of dairy farms;
Grain feeding is associated with diet quality, technology, and breeding composition;
Farm productivity is associated with the supply of grains to the cows.

Abstract

This study aimed to investigate factors associated with grain feeding and determine the typology of
dairy farms that use high-grain diets. Twenty-two farm operators were interviewed in three municipalities
located in the central-western region of Parana state, Brazil. Information on reproductive and nutritional
management practices, sociodemographic characteristics, and farm performance was collected. Data
were analyzed using exploratory factor analysis, hierarchical cluster analysis, and multiple linear regression.
Three factors (F1, F2, and F3) were extracted, which together explained 82.61% of the total variance. F1
comprised diet quality, technology, and breeding composition. F2 comprised labor and size. F3 comprised
feed quality and schooling. Farms were classified into four groups and compared in terms of factor scores
and performance parameters. Group 1 had the highest mean score on F1 (0.715), group 4 on F2 (1.642),
and group 2 on F3 (1.116). Groups 4 and 1 had the highest milk productivity (2043.50 and 399.52 L day™’,
respectively) and labor efficiency (418.16 and 148.63 L worker™' day™', respectively). Group 4 also had
the highest mean number of cows per worker (25.52 cows worker™"). Regression analysis revealed that
diet quality, technology, and breeding composition (F1) explained the variance in cow productivity. Labor
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and size, (F2) explained the variance in number of cows per worker. Daily productivity and labor efficiency
were explained by both F1 and F2. Feed quality and farm operator’s level of schooling did not explain the
variation in any of the variables. We found that roughage quality, breeding technology, and herd breed
composition are the major factors associated with grain feeding. Farmers who feed cows high-quality
roughage throughout the year and invest in genetic improvement and selective breeding strategies are
more likely to adopt high-grain feeding and have high milk productivity.

Key words: Animal feed. Concentrate. Farm typology. Multivariate approach.

Resumo

Este estudo teve como objetivo investigar os fatores associados ao uso de graos e determinar a tipologia
de fazendas leiteiras que utilizam dietas ricas em grdos. Foram entrevistados 22 produtores rurais em
trés municipios localizados na regido centro-oeste do estado do Parand, Brasil. As informa¢des foram
coletadas sobre praticas de manejo reprodutivo e nutricional, caracteristicas sociodemograficas e
desempenho da fazenda. Os dados foram analisados por meio de analise fatorial exploratéria, andlise de
agrupamento hierarquico e regressao linear multipla. Foram extraidos trés fatores (F1, F2 e F3), que juntos
explicaram 82,61% da variancia total. F1 compreendeu uso de graos, qualidade da dieta, estratégia de
melhoramento genético e composic¢ao racial do rebanho. F2 compreendeu as caracteristicas da forca
de trabalho, tamanho do rebanho e tamanho da fazenda. F3 compreendeu o nivel de escolaridade e a
qualidade da alimentacao. As fazendas foram classificadas em quatro grupos e comparadas em termos
de escores dos fatores e variaveis de desempenho. O grupo 1 teve a maior escore médio em F1 (0,715),
0 grupo 4 em F2 (1,642) e o grupo 2 em F3 (1,116). Os grupos 4 e 1 tiveram a maior produtividade de
leite (2043,50 e 399,52 L dia™", respectivamente) e eficiéncia de trabalho (418,16 e 148,63 L trabalhador
dia™, respectivamente). O Grupo 4 também teve o maior nimero médio de vacas por trabalhador (25,52
vacas trabalhador™). A andlise de regressao revelou que a qualidade da dieta, estratégia de criacdo e
composicao do rebanho (F1) explicaram a variagao na produtividade das vacas. As caracteristicas da forca
de trabalho, tamanho do rebanho e tamanho da fazenda (F2) explicaram a variacdo no numero de vacas
por trabalhador. A produtividade diaria e a eficiéncia do trabalho foram explicadas por F1 e F2. A qualidade
da alimentacéo e o nivel de escolaridade do produtor rural ndo explicaram a variagdo em nenhuma das
variaveis. Descobrimos que a qualidade do volumoso, a tecnologia de melhoramento genético dos
animais e a composicao do rebanho séo os principais fatores associados a alimentacao a base de graos.
Os produtores que alimentam as vacas com volumoso de alta qualidade ao longo do ano e investem em
melhoramento genético e estratégias reprodutivas tém maior probabilidade de adotar alto teor de graos
na dieta das vacas e ter alta produtividade.

Palavras-chave: Alimentacdo animal. Concentrado. Tipologia. Abordagem multivariada.
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Introduction

The state of Parana ranks among the
largest milk-producing states in Brazil. Over
3.4 Dillion liters of milk were produced in
2017, accounting for 11.3% of the total milk
production in the country (Instituto Brasileiro
de Geografia e Estatistica [IBGE], 2017;
Secretaria de Estado da Agricultura e do
Abastecimento [SEAB], 2019b,a). Paranaisalso
a major grain producer and exporter. Soybean
and maize are the mostimportant crops grown
in the state. In the 2017/2018 harvest, Parana
produced 19.1 million tonnes of soybean and
11.9 million tonnes of maize, which accounted
for 16.05 and 14.73% of Brazilian soybean and
maize production, respectively. These grains
are the main sources of energy and protein
in concentrate feed for dairy animals (Goes,
Silva, & Souza, 2013).

Dairy cows have the biological ability
to convert low-value grains into high-value
animal products. Supplementation of cattle
diets with grain-based concentrate is a
value-adding strategy to transform grains
into milk (Bargo, Muller, Kolver, & Delahoy,
2003; Gonzalez-Rivas et al., 2018). The use
of high levels of grains in dairy cattle diets
has been linked to several benefits, including
greater digestibility and energy use, increased
production  efficiency, increased milk
production, increased herd productivity, and
reduced greenhouse gas emission ( Gonzalez-
Rivas et al, 2018; Hurtaud, Chesneau,
Coulmier, & Peyraud, 2013; Hynes, Stergiadis,
Gordon, & Yan, 2016; Jiao, Dale, Carson,
Gordon, & Ferris 2014; Mendes et al., 2013).
Increasing the scale of milk production may
translate into higher profits, possibly leading
to the expansion of rural jobs and retention of
young generations in the dairy business. Such
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benefits are likely to provide competitiveness
gains (Beber, Carpio, Almadani, & Theuvsend,
2019). Productivity growth is necessary to
make use of the idle capacity of the Brazilian
dairy industry (Baptista, Sugamosto, & Wavruk,
2011).

Although the relationship between
milk production, total dry matter intake, and
grain intake has been extensively investigated
(Hills, Wales, Dunshea, Garcia, & Roche
2015; Hurtaud et al., 2013; Hynes et al,
2016; Jiao et al., 2014), few studies analyzed
associations between these parameters
and characteristics of dairy production
systems, such as reproductive management
strategies, labor force, and sociodemographic
characteristics of decision-makers (Duncan
et al., 2013; Janssen & Swinnen, 2017). Such
investigation is necessary because several
systemic factors interfere with the frequency
and amount of grains fed to dairy cattle, from
the quality of forage management, breeding
management, and herd breed composition
to grain storage capacity (Biradar & Kumar,
2013; Denis-Robichaud, Cerri, Jones-Bitton,
& LeBlanc, 2016; DeVries, Holtshausen,
Oba, & Beauchemin, 2011; Garcia, Dorward,
& Rehman, 2012; Hills et al., 2015; Li et al.,
2016; Macdonald et al., 2017; Yabe, Bankuti,
Damasceno, & Brito, 2015). In this study, we
investigated the factors associated with
grain feeding and the typology of dairy farms
that use high-grain feeding in three major
grain-producing municipalities in central-
western Parana, Brazil. Milk production in
central-western Parana has great economic
and social importance. The dairy activity has
created many jobs in rural areas, reducing
unemployment and social exclusion (Bankuti &
Caldas, 2018; IBGE, 2017).
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Material and Methods

The semi-structured questionnaire
was approved by the Human Research Ethics
Committee (written consent, process no.
2.396.173) of the State University of Maringa,
Brazil.

Study region and data collection

A total of 22 dairy farms located in
Ubiratda (24°33'18"S 52°58'40"W, 508 m
elevation), Campina da Lagoa (24°35'30"S
52°47'56"W, 561 m elevation), and Mamboré
(24°19'10"S, 52°31'48"W, 750 m elevation),
Parana, Brazil, participated in the study. The
following criteria were used to select dairy
farms: (i) farms should adequately represent
the productive characteristics and feeding
practices of other farms located in the
region (Yabe et al., 2015; Zoma-Traoré et al.,
2020) and (ii) the sample size should meet
the requirements for multivariate statistical
analyses. Thus, atleastone observationshould
be obtained for each input variable (Barrett
& Kline, 1981; Hair, Black, Babin, & Anderson
2009), and the number of observations should
exceed the number of parameters estimated
by multiple linear regression (Hair et al.,
2009; Koerich, Damasceno, Bankuti, Parré, &
Santo, 2019). To meet the selection criteria,
we consulted experts who work in the dairy
industry in Parand, including researchers in
milk production in the state and technicians
from the Institute of Technical Assistance
and Rural Extension (EMATER), who provide
services to farmers in the analyzed region and
the entire state (Bankuti, Caldas, Bankuti, &
Granco, 2017; Yabe et al., 2015; Zoma-Traoré
etal., 2020).
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A semi-structured questionnaire was
applied to farm operators. Information was
gathered on 20 variables, including grain
supply, grain type, roughage type, use of
concentrate, breeding practices, herd breed
composition, type of labor, sociodemographic
characteristics, sources of income, and
marketing strategies. Answers were presented
in ascending order of score (Bankuti et al.,
2020; Garcia et al., 2012; Prospero-Bernal,
Martinez-Garcia, Olea-Pérez, Lopez-Gonzalez,
& Arriaga-Jordan, 2017). The questionnaire
also included questions on six variables
related to farm performance: cow productivity
(L cow™" day™), total daily production (L day™),
productivity per area (L ha™ day™), stocking
density (cows ha™), labor efficiency (L worker
day™), and number of cows per worker (cows
worker).

Data analysis
Sample characterization

Descriptive statistics (mean, maximum,
minimum, and standard deviation) were
used to analyze the characteristics of farm
operators (age and farming experience) and
farms (number of workers, total farm size, dairy
production area, number of dairy cows, and
daily productivity).

Exploratory factor analysis

Exploratory factor analysis was
conducted to identify factors associated with
the use of grains in cow diets. This dimension
reduction technique condenses a large
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number of variables into common factors or
components. Variables that define a factor
show a strong correlation with each other but
a low correlation with variables that compose
other factors (Favero, Belfiore, Silva, & Chan,
2009; Hair et al., 2009).

First, we standardized the management
variables. Means equal to zero (0.0) and
standard deviations equal to one (1.0) were
obtained. This procedure avoided problems
related to differences in units of measure and
stabilized variances for the determination of
factor loadings (Field, 2009; Simbes, Reis, &
Avelar, 2017). After variable standardization,
the model was applied as follows (equation 1):

Xp =ap7><F1+ap7 xF,+.. +apm><Fm+ep
(equation 1)

where Xp represents the p-th score of the
standardized variable (p = 1, 2, .. m), F_is the
extracted factor, a,  is the factor loading, and
e, is the error.

Factor scores for each dairy farm were
estimatedbymultiplyingstandardizedvariables
by the coefficient of the corresponding factor
score (equation 2):

Fj = dj7 x X+ o'j7 xX, ..+ djp Xij (equation 2)
where Fj is the j-th factor extracted, djp is the

factor score coefficient, and p is the number of
variables (Favero et al., 2009; Hair et al., 2009).
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Factorscoreswere savedasregression
variables, and factor loadings were adjusted
from the initial correlations between variables.
This procedure allowed factor scores to
be generated for each farm and used for
hierarchical cluster analysis, mean tests, and
multiple regression (Field, 2009; Hair et al.,
2009).

Principal component analysis was
performed on the correlation matrix. The
number of extracted factors was determined
by the Kaiser criterion (Favero et al., 2009); that
is, factors with eigenvalues less than one were
excluded. The eigenvalue of each factor was
given by the sum of squared factor loadings
of all variables. Communality, which indicates
how much a factor explains each variable, was
calculated by summing the squared factor
loadings of the variables that compose a
factor (Hair et al., 2009). Variables with factor
loadings of less than 0.60 were excluded
(Field, 2009; Hair et al., 2009).

To better interpret the extracted
factors, we carried out orthogonal varimax
rotation, which minimizes the number of
variables that have high loadings in one factor
and maximizes the variation between the
weights of each factor (Favero et al., 2009; Hair
et al., 2009). After the analytical procedures,
14 variables were maintained in the analysis
(Table 1). Factors were named according to
the variables that defined them (Koerich et al.,
2019).
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Table 1
Farm Management Variables and Scores

Variable Scores

Amount of grain fed to lactating cows

Grain-fed cows
Criteria used to define the amount of grain fed
to lactating cows

Type of grain

Grain supply

Forage base

Criteria used to define the amount of
conserved forage fed to lactating cows

Cows fed conserved forage

Breeding strategy

Herd breed composition

Level of schooling of farm operator

Labor force characteristics

Herd size (n)
Dairy production area (ha)

3436

1, Lactating cows are not grain fed; 2, Up to 4 kg cow™’
day™; 3, From 5 to 6 kg cow™" day™"; 4, Above 7 kg cow™’
day™.

1, Herds are not grain fed; 2, Dry and lactating cows;

3, Heifers, dry cows, and lactating cows; 4, All animal
categories are grain fed (calves, heifers, dry cows, and
lactating cows).

1, Lactating cows are not grain fed; 2, No criteria are
used, all lactating cows receive the same amount of
grain; 3, Milk production; 4, Lactation stage.

1, Animals are not grain fed; 2, Grain by-products; 3,
Grains and grain by-products; 4, Grains only.

1, Animals are not grain fed; 2, Soybean meal is
purchased, corn is grown on the farm; 3, Soybean
meal and corn are purchased; 4, Concentrate feed is
purchased.

1, Mainly tropical forages; 2, Tropical forages and winter
forages (ryegrass and oat grass); 3, Tropical forages
and corn silage; 4, Corn silage; 5, Corn silage, hay, and
haylage.

1, Lactating cows are not fed conserved forage; 2, No
criteria are used, all lactating cows receive the same
amount of conserved forage; 3, Milk production; 4,
Lactation stage.

1, Cows are not fed conserved forage; 2, Dry and
lactating cows; 3, Heifers, dry cows, and lactating cows;
4, All cows (calves, heifers, dry cows, and lactating
COWS).

1, Natural breeding; 2, Artificial insemination and
natural breeding; 3, Artificial insemination; 4, Fixed-time
artificial insemination.

1, Undefined breeds not selected for dairy production;
2, Crossbreds; 3, Crossbreds with high milk production
capacity; 4, Purebreds.

1, Incomplete primary; 2, Complete primary; 3,
Incomplete secondary; 4, Complete secondary; 5, Post-
secondary.

1, Family labor (farmer and spouse); 2, Family labor
(farmer, spouse, and offspring); 3, Farm owner and hired
labor; 4, Hired labor only.

Numerical value.
Numerical value.
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Suitability of the data for exploratory
factor analysis was evaluated using the
Kaiser-Meyer-Olkin (KMO) test and Bartlett's
sphericity test. A KMO index greater than 0.60
and a significant Bartlett's test (p < 0.05) was
expected (Favero et al., 2009; Hair et al., 2009).
Exploratory factor analysis allowed identifying
the variables that most distinguished the dairy
farms and how they related to each other.
Condensation of variables into factors also
allowed a more objective analysis of data.

We emphasize that the minimum
sample size for exploratory factor analysis
depends on the quality of the evaluation
instrument (Damasio, 2012). A Monte Carlo
simulation study demonstrated the stability
of factor solutions with one, two, or three
observations per variable (Barrett & Kling,
1981). Barrett and Kline (1981) and MacCallum,
Widaman Zhangand Hong (1999) consider that
the size of the sample is not a limiting factor
for exploratory factor analysis if the following
criteria are met: each factor is defined by four
or more variables, factor loadings are greater
than 0.60, and communality values are high.

Hierarchical cluster analysis

The factor scores of each dairy farm,
calculated using exploratory factor analysis,
were used to form homogenous groups
through hierarchical cluster analysis (Bankuti
& Caldas, 2018; Martinez-Garcia, Ugoretz,
Arriaga-Jordan, & Wattiaux, 2015; Yabe et al.,
2015). Hierarchical clustering is a multivariate
statistical technique used to group individuals
based on their similarity. The tool results in
the formation of groups of individuals that
show high internal similarity and differ from
individuals in other groups (Hair et al., 2009;
Zoma-Traoré et al., 2020).
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The Euclidean distance measure and
the complete linkage method (equation 3)
were used for hierarchical clustering:

dlk (i) ]=max[d(k i), d(kj)] (equation 3)

This agglomerative algorithm
calculates the shortest distance between the
two closest elementsiandjusing the distance
matrix dij' Then, the distance between the
farthest elements in each cluster is calculated
(Hair et al., 2009).

The number of retained clusters
was chosen so as to obtain an inter-cluster
variance greater than 75% and an intra-
cluster variance lower than 25% (Favero et
al., 2009). Validated dairy farm clusters were
compared with respect to mean factor scores
and performance parameters using the non-
parametric Kruskal-Wallis test (p < 0.05). The
Kruskal-Wallis test was chosen here because
clusters were composed of different numbers
of elements (Bankuti et al., 2020; Field, 2009).

Multiple linear regression

Multiple  linear regression  was
performed to identify significant factors and
their explanatory capacity. Factor scores of
each dairy farm were considered independent
variables, and the six performance parameters
were considered dependent variables (Koerich
et al., 2019). Stepwise procedures based on
the F-test (p < 0.05) were used to select factors
for the model (Camdevyren, Demyr, Kanik, &
Keskyn, 2005; Koerich et al., 2019) (equation 4):

y=a+B,*A_ +B,"A_, +B,* A, + e (equation 4)

where y is the performance parameter, a is a
constant, B is the regression coefficient of
each factor, A_is the factor score coefficient,
and e is the model error.
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Regression coefficients were tested
by Student's t-test. The coefficient of
determination (R?) was used as a standard
criterion of predictive success (Camdevyren
et al, 2005; Koerich et al, 2019). These
procedures allowed finding associations
between extracted factors and performance
parameters.

All statistical analyses were carried out
using IBM SPSS Statistics version 18.

Results and Discussion

Sample characteristics

Farm operators had a mean age of
45.00 £ 11.92 years and a mean farming
experience of 12.00 £ 9.01 years. Farms had
on average 2.90 + 1.41 workers. The mean
total farm size was 78.15 £+ 201.49 ha; and the
mean dairy production area, 19.01 = 17.74
ha. Dairy farms produced on average 626.78
+ 790.24 L of milk per day with 46.22 + 48.71
COWS.

The high standard deviation values of
dairy farm parameters are evidence of the high
heterogeneity between dairy farms analyzed
in this study and indicate that sampling criteria
were met. The farms are representative of the
study region, as previous studies have also
shown that dairy farms in central-western
Parand are highly diverse (Bankuti et al.,
2020; Zimpel, Bankuti, Zambom, Kuwahara,
& Bankuti, 2017). However, the sample is
not representative of dairy farms across
Brazil, and, therefore, the results should be
interpreted with care.

Our findings agree with those of other
studies assessing the sociodemographic
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characteristics of farm operators (Brito et al.,
2015; Casali et al., 2020; Lange et al., 2016)
and the production parameters of dairy
farms in central-western Parana (Bankuti et
al., 2020; Yabe et al.,, 2015). Farm operators
were relatively young, with a mean age of 45
years, and had vast experience in the activity,
with a mean of 10 years of experience. The
production area of dairy farms was on average
20 ha, with a mean of 40 animals per farm,
characteristics of small- to medium-sized
farms. These types of farms are common in
Parana (Brito et al., 2015; Defante, Damasceno,
Bankuti, & Ramos, 2019).

In analyzing dairy farms located in
Parana State, Bankuti et al. (2020) observed
highheterogeneityinstructuraland production
characteristics. The analyzed sample had
a mean farm size of 20.38 + 24.20 ha, milk
production of 290.11 + 347 L day™', and cow
productivity of 12.25 + 6.31 Lcow™" day™". The
heterogeneity of farm systems in Parana State
was also demonstrated by Zimpel et al. (2017),
who found farm areas ranging from 2 to 211
ha and daily milk production volumes of 40 to
1900 L day™". The authors also observed that
the age of dairy farm operators ranged from
20to 71 years.

Extracted factors

The KMO index (0.774) was adequate,
and Bartlett's test of sphericity was significant
(p <0.05), indicating that the data were suitable
for factoranalysis (Hair etal., 2009). Orthogonal
varimax rotation was used because factors
were not correlated (Hair et al., 2009). Three
orthogonal factors with eigenvalues greater
than 1.0 were obtained, which explained
82.61% of the total variance (Table 2). Factor
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loading and communality values confirmed
the good quality of the sample and the
adequacy of the sample size (Barrett & Kline,
1981; MacCallum et al., 1999). In exploratory
factor analysis, extracted factors generally
explain 70% or more of the total variance, and
the first factor explains a higher percentage of
the variance than the other factors (Garcia et
al., 2012; Martinez-Garcia et al., 2015; Mele et
al., 2016).

Table 2

The variables that defined and
characterized each factor are presented in
Table 3. The first factor, F1, was named "Diet
quality, technology, and breed composition.”
F1 explained 42.04% of the total variance of
the sample (Table 2) and was defined by nine
variables (V1-V9). The mean communality was
81% (Table 3). F1 was anindicator of increased
roughage and concentrate quality, high-
level breeding technology, and herd breed
composition.

Eigenvalues and Percentages of Variance Explained

Factor Eigenvalue?® % of Variance® Cumulative %°
Factor 1 5.88 42.04 42.04
Factor 2 3.30 23.55 65.60
Factor 3 2.38 17.01 82.61

aSum of squared factor loadings.
PRatio of the eigenvalue to the total variance in the correlation matrix.
°Sum of the variances accounted for by current and preceding factors.

The second factor (F2), labeled “Labor
andsize"” explained 23.55% of the total variance
(Table 2). F2 was defined by variables V10,
V11, and V12, which had a mean communality
of 89% (Table 3). F2 was an indicator of the
production scale and productive capacity of
dairy farms. It was associated with farm size
and type of labor force.
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The third factor (F3), labeled “Feed
quality and schooling,” explained 17.01% of
the total variance (Table 2). F3 comprised
variables V13 and V14, which had an average
communality of 80% (Table 3). F3 indicated
the level of control over the choice and origin
of concentrate used in cattle diets and the
decision maker's level of schooling.
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Table 3
Factor Loadings of Farm Variables

Variable
V1. Amount of grain fed to lactating cows
V2. Grain-fed cows

V3. Criteria used to define the amount of grain fed to

lactating cows
V4. Type of grain
V5. Forage base

V6. Criteria used to define the amount of conserved
forage fed to lactating cows

V7. Cows fed conserved forage

V8. Herd breed composition

V9. Breeding strategy

V10. Herd size

V11. Dairy production area

V12. Labor force characteristics

V13. Grain supply

V14. Level of schooling of farm operator
Eigeinvalue®

Factors
F1 F2 F3 Com (%)?
0.864 0.244 0.280 88
0.889 0.166 0.117 83
0.634 -0.108 0.604 78
0.755 -0.009 0.423 75
0.799 0.383 0.265 86
0.870 0.053 0.159 78
0.940 0.192 0.025 92
0.649 0.228 0.467 69
0.632 0.626 0.143 81
0.149 0.925 -0.032 88
0.086 0.932 -0.051 88
0.233 0.780 0.485 90
0.435 -0.304 0.706 78
0.068 0.379 0.821 82
5.88 3.30 2.38

aCommunality, calculated using the sum of squared factor loadings of each variable.

bSum of squared factor loadings of each factor.

F1, "Diet quality, technology, and breed
composition,” can be considered an indicator
of the quality and quantity of roughage
and concentrate in dairy cow diets and of
the technological input given to breeding
management, which is associated with herd
breed composition (Table 4). Thus, a high
factor score on F1 indicates that the farmer is
more likely to include large amounts of grains
in cattle diets, have purebred cows, and adopt
breeding strategies.

Dairy cows fed high-quality roughage
together with concentrate have higher milk
production (Auldist et al., 2013; Macdonald et
al., 2017). In general, preserved forage is used

3440

in total or semi-confinement systems. In these
cases, grains are supplied to contribute to the
daily nutrient intake. Biradar and Kumar (2013)
investigated the application of this nutrition
strategy in rural farms. The authors evaluated
the contribution of different sources of grains
and preserved forage to dry matter availability.
Concentrate was found to contribute less
when the amount of pasture in the diet was
higher.

In farms that depend exclusively
on perennial forages, the supply of forage
might not be consistent throughout the year
because of climatic variations (Hills et al.,
2015). In such cases, the use of preserved
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forage is an important alternative in periods
of drought in tropical areas (Daniel, Bernardes,
Jobim, Schmidt, & Nussio 2019; Prospero-
Bernal et al., 2017). If the roughage is of good
quality, it will be able to meet the maintenance
requirements of dairy cows, and thus nutrients
provided by grains will mostly be used for the
synthesis of milk (National Resarch Council
[NRC], 2001).

The present study showed that
farmers who fed lactating cows with grains do
so according to the physiological state of the
animal. This statement can be observed by the
interaction of V3 (criteria used to define the
amount of grain fed to lactating cows) with the
other variables that defined F1 (Diet quality,
technology, and breed composition) (Table
3). DeVries et al. (2011) reported that Holstein
dairy cows at different stages of lactation
(days 53, 81, and 109) showed significant
differencesindry matterintake, feed efficiency,
and milk production. This practice suggests
greater knowledge of animal nutrition, despite
the non-correlation with schooling level, as
observed by the variables that formed F3
(Feed quality and schooling) (Table 3).

Different dairy breeds have different
nutritional requirements and differ in their
ability to convert dietary components into
milk (NRC, 2001). Consequently, it is easier to
formulate diets for purebred cows. The best
responses to grain intake are observed in
cow breeds specialized for milk production (Li
et al., 2016; Yabe et al., 2015). We observed
that farms in which lactating cows were fed
the highest amounts of grains used breeds
specialized for milk production and guaranteed
year-round supply of quality roughage. This
relationship was also reported by Yabe et al.
(2015). The authors concluded that farms
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that do not grain feed generally have non-
specialized cow breeds.

The variables that composed F2,
“Labor and size,” and F3, “Feed quality and
schooling,” had no relationship with the
amount of grains supplied to lactating cows
nor with diet quality, breeding strategy, or
herd breed composition (Table 3). The lack of
association between F1 and F2 variables is in
agreement with the results of Santos, Santana,
Raiol and Lourenco (2014) and Zoma-Traoré
et al. (2020), who observed that nutritional
management variables were not associated
with production scale.

Extraction of F3 indicated that there
was no relationship between the amount
and the type of grain, whether feed grain or
commercial concentrate, used in cattle diets.
We expected that farmers who bought grains
would use higher amounts of grains. Farmers
can benefit from buying grains at lower
prices during the harvest season. However,
this practice was not observed. Farmers
purchased grain on a monthly basis, thereby
not making use of the storage capacity of
their farms, probably because they did not
have enough money to buy large volumes of
grain in low-price seasons (Bonazzi & lotti,
2014). In addition, the results indicated that
farmers with higher levels of schooling chose
a better alternative by purchasing commercial
concentrate. In this manner, they ensured that
the nutritional requirements of the dairy cows
were met, lowering the risks of nutritional
deficiencies. Indeed, literature has shown
the influence of formal education regarding
the adoption of dairy technologies (Kebebe,
Oosting, Baltenweck, & Duncan et al., 2017,
Khanal, Gillespie, & Macdonald, 2010).
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Cluster analysis

Hierarchical cluster analysis identified
four groups, G1, G2, G3, and G4, composed
respectively of 45.5% (n = 10), 22.7% (n = 5),

Table 4
Mean Factor Scores of Dairy Farm Groups

13.6% (n = 3), and 18.2% (n = 4) of the dairy
farms. G1 had the highest mean score on F1
(0.715), G4 on F2 (1.642), and G2 on F3 (1.116)
(Table 4).

Factor Group 1 Group 2 Group 3 Group 4
F12 0.715a -0.786 b -1.582b 0.380 ab
[F2° -0.517 Db -0.389b 0.184 ab 1.642a
F3¢ -0.138b 1.116 a -1.583b 0.138 ab

Means within a row followed by different letters differ at the 5% significance level according to the Kruskal-Wallis test.

aFactor 1, diet quality, technology, and breed composition.

bFactor 2, labor and size.
¢Factor 3, feed quality and schooling.

G1 and G4 had similar performance
parameters (Table 4). G1 and G4 had the
highest mean daily productivity (399.52 L
day™' and 2043.50 L day™’, respectively) and
labor efficiency (148.63 L worker™' day™' and
418.16 L worker™ day™, respectively). The
mean number of cows per worker (25.52) was
highest in G4 and did not differ among G1, G2,
and G3.

G1and G4 comprised farms with better
diets, breeding strategies, and herd breeds,
that is, a higher F1 score (Table 4). Farmers
that were part of these groups used grains
in cattle diets, adapted the diet according
to the physiological state of the cow, used
reproductive technologies, and had herds with
improved genetic characteristics. To increase
the use of grains and milk productivity, farmers
must improve the nutritional quality of diets,
which can be achieved by pasture fertilization
and improved production of maize silage
(Daniel et al., 2019; Macdonald et al., 2017).

3442

G2 and G3 comprised farms that used
lower amounts of grains in dairy cattle diets.
No differences were observed between these
two groups (Table 4). To increase grain use and
productivity, farmers should use breeds that
are more specialized for milk production and
should adopt reproductive technologies, such
as fixed-time artificial insemination (Fleming,
Abdalla, Maltecca, & Baes 2018). We suggest
adequate forage management and the use of
preserved forages during drought periods as
additional strategies to meet animal nutrition
requirements (Daniel et al., 2019; Macdonald
et al., 2017; Prospero-Bernal et al., 2017).
Based on these results, we can conclude that
the amount of grains used to feed cows is a
decision influenced by many variables and
dairy farm characteristics, such as roughage
quality, breeding technology, and herd breed
composition. Lima, Damasceno, Borges,
Santos and Béankuti (2020), in studying the
sociopsychological factors that may influence
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the adoption of grain feeding, stated that
farmers act as autonomous actors who can be
encouraged by information or incentives but
are not influenced by what their peers think.

Multiple linear regression of extracted factors

Regression analysis revealed that
F1 explained 43% of the variance in cow

productivity and F2 explained 52% of the
variance in the number of cows per worker.
None of the extracted factors explained the
variances observed in stocking density and
productivity per area (Table 6).

Table 5
Performance of Dairy Farm Groups

Variable Group 2 Group 3 Group 4
Cow productivity (L cow™' day™) 14.58 9.65 5.15 16.88
Daily production (L day™) 399.52 ab 226.79b 162.01b 2043.50a
Productivity per area (L ha™' day™) 45.01 46.00 22.00 46.70

Stocking density (cows ha™) 3.02 4.61 3.10 2.73
Labor efficiency (L worker™" day™") 148.63 ab 103.06 b 81.00b 418.16 a
Number of cows per worker (cows worker™) 10.68 b 11.87b 19.33b 25.52a

Means within a row followed by different letters differ at the 5% significance level according to the Kruskal-Wallis test.

Table 6
Regression Coefficients (B,, B,. and B,) of Extracted Factors for Each Performance Parameter

. Constant ¢] ¢] B, R?
variable (SE?) (SE) (SE (SE (%)
. 12.60* 3.63*
_1 —‘| - -
Cow productivity (L cow™ day™) 0.92) (0.95) 43
. . 626.71* 253.00* 687.00*
_‘I -
Daily production (L day™) (66.65) (68.22) (68.22) 93
Productivity per area (L ha™" day™) - - - - -
Stocking density (cows ha™) - - - - -
- 178.10* 50.65* 104.07*
-1 -1 _
Labor efficiency (L worker™" day™") (16.01) (16.46) (16.46) 72
14.83* 6.56*
_1 - -
Number of cows per worker (cows worker™) (1.37) (1.41) 52

aStandard error.
*Significant at the 5% significance level according to Student's t-test.
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F1 and F2 explained 93% and 72% of
the variance in daily productivity and labor
efficiency, respectively. Their regression
coefficients, B1 and 32, were positive for all
variables that showed significance (Table 6).

Multivariate models capable of
evaluating a large number of variables can
be used to characterize and predict complex
processes (Camdevyren et al., 2005), such
as dairy farms. Multiple linear regression was
carried out using factor scores asindependent
variables to elucidate the relationship between
a large number of farm management variables
and performance parameters. We observed
that F1 was associated with daily productivity,
cow productivity, and labor efficiency.
Therefore, gains in productivity and efficiency
can be obtained by improving breeding
strategies, genetic characteristics of the herd,
and the diet fed to lactating cows.

Other studies achieved similar results.
Koerich et al. (2019), using similar methods to
analyze dairy systems in Parana State, found a
positive relationship between variables related
to forage production area and concentrate
supply and dairy system productivity. They
also found a positive relationship between
sociodemographic characteristics of dairy
farmers and productivity parameters. Dias and
Fischer (2021), observed a positive correlation
between grain feeding and milk productivity
per cow and area. Furthermore, the authors
observed a negative correlation between the
use of low-quality forage and productivity per
cow and area.

Overall, we can state that several
variables and systemic factors may interfere in
the amountand frequency of grains fed to dairy
cattle, including roughage quality, breeding
technology, and herd breed composition.
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Conclusion

The findings showed that, in the
analyzed sample, the use of high-grain
feeding was associated with roughage
quality, breeding technology, and herd breed
composition. Furthermore, farmers who fed
cows high-quality roughage throughout the
year and invested in genetic improvement and
selective breeding strategies were more likely
to include high levels of grains in cattle diets,
thereby increasing milk productivity. Grain
type, herd size, farm area, farm operator's level
of schooling, and labor force characteristics
showed no association with grain feeding in
this study.
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