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Abstract

The purpose of this study was to evaluate the significance of the effect of some reproductive
traits (Days open, calving interval, and dry period) on the productivity of some dairy farms by
applying some statistical measures. From the period extended from the summer of 2017 to the
winter of 2020, a field survey was conducted on random samples of dairy-producing sectors in
several locations in Egypt, Including Menofia, Al-Qalyubia, Beheira, and Giza governorates.
There were three sectors: agricultural, private, and government. This study included dairy
breeds: crossbred (Balady X Friesian), exotic Holstein-Friesian, Brown Swiss and native Balady.
A longitudinal and cross-sectional field survey yielded the results. During data collection, the
researcher maintained close touch with dairy owners and management. The dairy farms were
visited at least twice, once in the summer and again in the winter. The researcher collected the
data by two methods: Based on accurate records obtained from dairy farms in the research
locations, and the researcher developed a structured questionnaire procedure based on the study's
goals and administered it to dairy owners and managers during the interview. The acquired data
was analyzed using correlation and regression techniques. The results indicated that the longest
days open value was observed in Holstein Friesian cattle as it reached 200.96 days, followed by
Brown Swiss as it reached 190.44 days and the higher dry period length was observed in Balady
breed cattle as it reached (131.07 days), followed by crossbred cattle (Balady X Friesian) as it
reached (115.70 days). Our results concerned with the calving interval period length showed that
the longest calving interval period level was observed for Holstein Friesian (474.11 days),
followed by Brown Swiss cattle as it reached 460.30 days. The regression equations results
indicated that the changes in the calving interval by about 10% increased milk production by
5.50%. An augmentation of approximately 10% in the duration of days open led to a
corresponding rise in milk yield of 2.1%. Additionally, extending the length of the dry period by
around 10% resulted in an increased milk production of 3.1%. Our results concluded that the
calving interval, days open and dry period are the main reproductive efficiency parameters that
affecting positively milk production yield and efficiency and the statistical measures that include
regression analysis, correlation analysis with the help of t-test, analysis of variance test is the
main statistical a parameter that can be used for determining the factors affecting milk yields and
production efficiency.
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Introduction scientific problems [1]. Biostatistics is the
study of Dbiological processes using
statistical theory and methodology.
Biostatisticians encounter challenges not
only in the realms of health and medicine,
but also in agriculture, biology, genetics,

Biostatistics is  the discipline  of
statistics dealing with the planning and
analysis of biomedical research data. It is
a set of ideas and methods for producing
and applying quantitative evidence to
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biochemistry, biophysics, demography,
and epidemiology, among other
disciplines. Any probabilistic or statistical
advancement within these domains may
be categorized as biostatistics [2].

Inferential  statistical —approaches are
divided into two categories: parametric
and nonparametric. ~All  methods for
comparing means are considered
parametric, while methods for comparing
non-means, such as medians, mean ranks,
and  proportions, are classified as
nonparametric.  Parametric  tests assume
that the variable is continuous and
distributed somewhat evenly.
Nonparametric ~ techniques are  utilized
when the data is continuous but non-
normally distributed, or when it is not
continuous. Fortunately, the most
common  parametric  techniques  have
nonparametric alternatives, which can be
beneficial when the assumptions of a
parametric test are not met, allowing for
the use of nonparametric alternatives as a
fallback [3]. The application of biological

statistics and  biostatistics  contributes
significantly to thriving and advancing
research  issues,  experimental  design,
measurement  refining, data  processing,
and the interpretation of output results.
Biostatistics is constantly evolving to
improve data analysis with  properly
designed methods to accommodate the
research  question, resulting in  more

powerful results [4].

In various fields, such as biology,
farming,  economics, trade, = medicine,
industry, planning, education, etc., the
role of statistics has grown and evolved
from a single-state science to an important
one. The big progress and the increased

dependence on computer science and
technology have revealed this role. As
individuals appreciate contemporary
society's  successes, safety and health
concerns in industries, farms,
communities, and so on are a major
worry. As a result, safety and health
research have become increasingly

crucial. To properly assess the safety and

health data generated, an increasing
number of statistical analysis methods are
being employed in a variety of study
domains, and numerous statistical models
have been established to characterise
research aims and findings. In 1999, the
American  Statistical ~ Association (ASA)
(n.d.) said that statistical analysis is a
crucial instrument in examining
practically all elements of society and that
current research breakthroughs in areas of

safety, health, and medicine have
significantly benefited from this technique
[5]. Milk Production Efficiency:

Productive variables such as the genetic
potential of dairy cows, feed quality, and

management  practices  directly  impact
milk production per cow. High-quality
genetics and  optimal nutrition  can
enhance milk yield, increasing dairy
farmers'  profitability [6]. Reproductive
Performance: Reproductive variables,
including fertility rates, calving intervals,
and conception rates, influence the

frequency and timing of calving. Efficient
reproductive  performance  ensures a
steady supply of replacement heifers and
maintains  the milking herd size,
contributing to consistent milk production

levels [7]. Shorter calving intervals lead
to more frequent lactations and increased
lifetime  milk  production  per  cow.
Efficient reproductive management
practices aim to  minimize  calving

intervals while ensuring cow health and
fertility [8]. Multilevel models allow us to
assess contextual effects by including a
higher-level predictor that represents the
effect of the context or group to which
individuals belong. We can use this
analysis to  separately estimate the
relationship  between milk vyield and
reproductive performance at cow and herd
levels. The relationship at the herd level
(the herd contextual effect) may differ in
magnitude and even direction from the
relationship at the cow level [9]. This
study attempted to evaluate the effect of
some reproductive traits (days open,
calving interval, and dry period) on the
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productivity of some dairy farms by
applying some statistical measures.

Materials and Methods

Source of data

This investigation was conducted via a
comprehensive field survey across diverse
regions of Egypt, including Menofia, Al-
Qalyubia, Beheira, and Giza
governorates. The study spanned from the
summer of 2017 to the winter of 2020 and
involved random sampling within the
dairy production sector. The targeted
sectors  encompassed  farmers,  private
enterprises, and government entities. The
study specifically examined distinct dairy
breeds: Balady (local breed), Brown
Swiss, Holstein-Friesian  (exotic  breed),
and Cross-bred (Balady X Friesian).
Methods of data collection

Data for this study was gathered
through a cross-sectional and longitudinal
field  survey, with  the  researcher
maintaining close communication  with
dairy holders and managers throughout
the data collection process. Each dairy
farm was visited on a minimum of two
occasions, once during the summer and
once during the winter. As outlined by
Omar [10], data collection utilized two
methods: a. Retrieval from precise records
maintained in the dairy farms within the
designated study areas. b. Implementation

of a structured questionnaire  method
devised by the researcher, aligning with
the study's objectives. These

questionnaires were administered to dairy
holders and managers during interviews.

Types of collected data

The acquired data, in its raw form,
comprised milk production records and
associated reproductive records,
according to Ajili et al. [11]. This dataset
underwent  categorization into  distinct
parameters to assess the economic,
productive, and reproductive efficiencies

of dairy cattle. The data was organized as
follows:

Productive and Management data

e Herd size: Number of animals in

the herd.

e Types of reared breeds: Breeds of
cattle raised (Balady, Cross, Holstein-
Friesian)

o Parity "lactation number":

Lactation order (1st, 2nd, 3rd, 4th, 5th,
6th, 7th, etc.)

e Production sectors: Farming
sectors (Farmer, Private, and
Government)

e Calving season:
(summer and winter)

Period of calving

e Daily milk vyieldkg: Milk vyield
per day per kilogram
e Annual milk vyield/ton: Total milk

yield per year per ton

e Lactation
lactation per day

period/day: Duration of

e Types of feedstuffs consumed:
Varieties of feedstuffs ingested (berseem,
silage, concentrates, bran, derris, dry
matter intake, and annual feed
consumption)

Reproductive data

e Calving interval

o Days open

e Dry period

o Date of calving

o Date of insemination
e  Dry-off date.

o Types of insemination (artificial or
natural) [11].

Economic (Financial) data
e Costs of dairy production

e Fixed costs: This encompasses the
depreciation of assets such as buildings,

animals, equipment, and parlors.
Depreciation rates were determined by
dividing the wvalue of buildings by 25

years, equipment by 5 years, and parlours
by 15 years. Animal depreciation was
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calculated fixed-line  method
[10, 12].

e Variable costs: consist of expenses
in Egyptian Pounds (LE) for drugs,
vaccines, disinfectants, veterinary
supervision, and feed costs, encompassing
berseem (Fadden/dairy animal), berseem

hay (ton/dairy animal), silage (ton/dairy

using the

animal), concentrates (ton/dairy animal),
and other feed costs. Additionally, it
includes labor costs, electricity expenses,

and miscellaneous costs [13]. Returns
from dairy production include earnings in
Egyptian Pounds (LE) derived from milk
sales, the value or sales of calves added to
the herd, animal sales, and manure sales.

e The return from milk sales is
calculated by multiplying the total annual
milk production by its respective price, as
per the prevailing prices during the study
period [13].

Statistical analysis (different statistical
methods according to the type of data)

The data underwent collection,
organization, summarization, and
subsequent statistical analysis utilizing the
SPSS/PC+ software, version 25 (SPSS,
2018). The researcher inputted the
collected data into the SPSS/PC+
program.  Productive and  reproductive
parameters  impacting  dairy  products,
along with associated costs and returns,
were  computed, and  subjected to
statistical analysis for each animal based
on fixed factors such as breed, calving
interval, dry period, and days open. The
correlation matrix was computed through

multiple correlation analysis and
categorized into different levels: high
positive  correlation (r = 0.33-1.00),
medium positive correlation (r = 0.17-
0.33), low positive correlation (r = 0.00-

0.16), high negative correlation (r = -
0.33—-1.00), medium negative correlation
(r = -0.17--0.33), and low negative

correlation (r = 0.00—-0.16). In terms of
regression analysis, A stepwise regression
approach was employed to identify the
most  suitable regression model that
explains the relationship between milk
production (a dependent variable) and the

variables  influencing  milk

(independent variables).

production

Results and Discussions

Kim and Jeong [14] reported that
reproductive  performance holds significant
importance in the contemporary global dairy
industry, serving as a crucial factor in
evaluating the overall profitability of a dairy
farm. In dairy herds, inadequate reproductive
performance stands out as a prevalent reason
for culling [15]. This issue impacts the daily
milk production per cow, and the cow's
longevity within the herd, and consequently,
it indirectly influences costs associated with
herd replacement, breeding, and expenditures
on veterinary treatment and medications by
Yusuf [16]. Temesgen et al [7] noted that to
comprehensively  understand  the  factors
influencing milk vyields, particularly the days
open, dry period, and calving interval,
statistical analysis methods such as regression
and correlation analysis, aided by the F-test
and t-test, prove to be effective tools.

Days open among different dairy breeds.

The calving-to-conception interval,
commonly referred to as days open,
serves as a crucial parameter in evaluating
reproductive  performance and  making
economically informed decisions in dairy
herds [13]. The economic advantage lies
in the reduction of days open, leading to
increased milk vyield relative to labor and
feed costs [17]. This reduction also
contributes to an augmentation in the
number of calves [18] and the overall
productive days of the dairy cow.
Moreover, minimizing days open has the
potential to lower breeding costs and
culling rates, making it a financially
advantageous practice for dairy operations
[19].

Table (1) illustrates that the days open
revealed variations among different cattle
breeds. Holstein Friesian cattle exhibited
the longest open level at 200.96 days,
followed by Brown Swiss at 190.44 days.
Crossbred cattle (Balady X Friesian) had
an intermediate level with a value of
104.07  days, while Balady cattle
demonstrated the shortest days open level
at 78.54 days. These outcomes align with
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the findings of Sanad et al. [20], who
reported a significant difference (P <
0.01) in days open among dairy breeds. In
their study, the days open values ranged
from 90.88 days/cow to 107.14 days/cow
for crossbreds in the winter season and
Frisian breeds in the summer season. The
highest ~ values  were  observed  for
crossbred and Frisian breeds, ranging
from 91.04 days/cow to 107.06 days/cow.
Consistent  with  our  results, it is

emphasized that days open should not
exceed 113 days to achieve an optimal
calving interval of 13 months, as reported
by Sanad et al. [20]. Additionally, Cilek
and Bakir [21] noted that cows calving in
the summer exhibited a greater number of
days open compared to those calving in

the winter months (January to March),
where the fewest days open were
observed.

Table 1. The average number of days open among different dairy breeds.

Breed No of records Mean + Std. Error
Balady 217 78.54% + 6.44
Crossbred (Balady X Holstein Friesian) 666 104.07° + 3.68
Holstein Friesian 554 200.96% + 4.03
Brown Swiss 1551 190.44° + 2.41

*This means within the same column different letters are significantly different at (P < 0.01)

Dry period among different dairy breeds

The transition period, a crucial time for
the well-being, productivity, and
profitability of dairy cows, is commonly
defined as the period spanning from three
weeks before to three weeks after calving.
During this critical time, the health,
productivity, and profitability of dairy
cows are greatly impacted. During the
three  weeks preceding calving, the
nutrient requirements of the fetus reach
their peak, while dry matter intake (DMI)
experiences a slight decline of 10% to
30%. Following this, in the first two to
three months of early lactation, the energy

demands for milk production escalate
rapidly, surpassing energy intake levels
[22, 23].

Table (2) illustrates that the length of

the dry period demonstrates that the

longest duration was observed in Balady
breed cattle, clocking in at an impressive
131.07 days. This was followed by
crossbred cattle (Balady X Friesian) with
a duration of 11570 days. Holstein
Friesian cattle had a dry period length of
100 days, while Brown Swiss cattle
exhibited the shortest duration of 62.18
days.

These results may attributed to that the
most of the records of balady breeds were
obtained from farmers who did not
synchronize the parturition or adjust the
dry period compared to the private farms
that bred the Holstein cows and their
crossbreds with an adjusted and reduced
dry period [20]. In this context, Omar [10]
reported that, the private farms bred cattle
of lower dry period than those bred by the
farmers or those in rural areas.

Table 2. Averages of dry days among different dairy breeds.

Breed No of records Mean + Std. Error
Balady 217 131.072+2.47
Crossbred 666 115.70°+1.41
(Balady X Holstein Friesian)

Holstein Friesian 555 100.00° +1.54
Brown Swiss 1551 62.18%+0.92

*This means within the same column different letters are significantly different at (P < 0.01).
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Calving interval among different dairy
breeds

It is widely acknowledged that
achieving a calving interval of

approximately one year is a pivotal factor

that determines both the fertility and
profitability of dairy herds. To attain this
optimal calving interval, a postpartum

cow must swiftly resume ovarian activity,
exhibit clear signs of heat, successfully
mate, and conceive within a maximum of
85 days following calving, all while
consistently producing substantial
quantities of milk. These results attributed
to the increasing calving interval
associated with increasing the costs of
production especially the variable costs
and losses in return through reduction of
obtained calves, as well as a reduction of
the milk yield on the long run period [24].
These results agreed with those of Omar
[10] who reported that increasing the
calving interval than one year associated

with economic losses through reduction
of milk return and losses in newborn
calves.

Table (3) revealed that the duration of
the calving interval period unequivocally
demonstrates that the longest calving
interval period was observed in Holstein
Friesian cattle, reaching an impressive
474.11 days. Following closely behind are
the Brown Swiss cattle, with a notable
calving interval period of 460.30 days.
Additionally, the crossbred cattle (Balady
X Friesian) also exhibited a relatively
extended calving interval period,
averaging 388.97 days. Conversely, the
Balady cattle recorded the lowest calving
interval period at 364.39 days. These
results may be attributed to that farmers
tend to bred balady cows directly after
parturition within two months, without
giving a resting period to the cows after
parturition  that causes reduction of
calving interval period [20].

Table 3. Average of the calving interval among the different dairy breed

Breed N Mean +Std. Error
Balady 217 364.399+6.39
Crossbred (Balady X Holstein Friesian) 666 388.97¢+3.64
Holstein Friesian 555 474.11%+3.99
Brown Swiss 1551 460.31° +2.39

*This means within the same column different letters are significantly different at (P < 0.01).

Correlation analysis

Correlation matrix of milk production
resources

The correlation matrix was made to
measure the level of correlation to avoid
autocorrelation or multi-correlation. Table
(4) illustrates, correlations between

variables affecting milk production (1-
Calving interval 2-days open 3- dry
period  4- total cost 5- feed cost 6- total

return 7- profit of milk (305day), The
following results can be categorized as in

the following, High positive correlation
(r= 0.33-1.00) observed between calving
interval with days dry (0.81), Calving
interval with days open (0.92), Milk yield
(0.94) with total return, Total fixed cost
(0.35) with days open, Profit (0.41) with a

total return

Medium positive correlation (r =0.17
to0 0.33)

Total return (0.22) with days open,
Milk vyield (0.22) with days open, Milk

305 days vyield (0.19) with calving
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interval, Milk yield (0.22) with days open,
total return (0.17) with total cost, Total
return (0.19) with calving interval. A low
positive correlation (r = 0.00 to 0.16)
observed between, Total cost (0.05) with
calving interval, Profit (0.06) with calving
interval, Total variable cost (0.05) with
days open, Total cost (0.06) with days
open, Feed cost (0.05) with days open,
While, the low negative correlation (r =
0.00 to -0.16) observed between total cost
(-0.08) with dry period, Feed cost (-0.08)

with dry period, and Medium negative
correlation (r = 0.17-to 0.33-) observed
between Total return (-0.31) with dry
period, Milk (-0.25) with dry period). The
negative correlation between feed costs
with days open, days dry and calving
interval may be attributed to that the
increased days open, days dry and calving
interval are commonly associated with
increasing the feed consumption by the
cows and the losses in milk production
and calves born [24].

Table 4. The correlation coefficient between studied productive with economic variables.

1 2 3 4 5 6 7
1 1.00
2 0.92%*** 1.00
3 0.81***  0.64*** 1.00
4 -0.78***  -0.59***  -0.62*** 1.00
5 0.19***  0.22***  -043*** -0.31*** 1.00
6 0.06***  0.07***  -0.14*** -0.10***  0.41*** 1.00
7 0.19***  0.22***  -0.40*** -0.25*** 0.94***  0.39***  1.00

*Significant at (P<0.05) **significant at (P<0.01)

***significant at (P<0.001)

*1: Calving interval, 2: days open, 3: dry period, 4: total cost, 5: feed cost, 6: total return, 7:

profit of milk (305day)

Regression analysis
Production functions of dairy cow

Comparison between outputs of linear
production functions was done to determine

the best function which describes the
relationship between milk production and
production resources (calving interval, days
open, dry period,). So, the best logarithmic
function was as follows:

Function | Log TMY =0.88+ 0.55 Logci + 0.21 Log do + 0.31 Log dp
t (1.56) ** (0.06) ** (0.28) ** (1.36)

F (645.58) ***

R-2 0.61

**significant at (P<0.01) ***significant at (P<0.001)
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The  findings revealed that the
logarithmic ~ production  function  held
immense significance (P<0.01), with a

remarkable 55% of the variations in milk
production being attributed to alterations
in production resources. As indicated in

the table, the average elasticity of the
calving interval stood at approximately
+0.55, signifying that  about  10%

modification in the calving interval led to
a substantial 5.50% surge in  milk
production. These results may attributed
to that the adjusting of CI in the level of
one year, DO in the level of 100 to 120
days and dry period in the level of 2

months improve the milk yield due to
optimizing of body condition and renew
of the udder tissue of adult cows [10].

Table (5) revealed the
elasticity of days open reached
+0.21, demonstrating that a minor
adjustment in days open resulted
commendable 2.1% elevation in
production. Moreover, the average
elasticity of the dry period hovered
around +0.31, clarifying that a mere 10%
shift in the dry period translated into a
noteworthy 3.1% augmentation in milk
production.

average
about
10%
in a
milk

Table 5. The different elasticity for the independent variables affecting milk production.

Elasticity

+0.55
+0.21
+0.31

Variables

Calving interval

Days open

Dry period
These outcomes concur with the
findings of Sanad et al. [20]. which
highlighted  that  the key  factors
influencing the reproductive and

productive efficiency of milk production
farms encompass the calving interval,
days open, and dry period. Additionally,
Tadesse et al. [25] affirmed that the
calving interval, dry period, and days
open serve as the principal indicators of
milk production efficiency. The outcomes

of our study have  unequivocally
demonstrated that the calving interval,
days open, and dry period are
indisputably  the  pivotal factors that
remarkably enhance milk production vyield
and efficiency. The statistical indices,
comprising regression analysis and

correlation analysis, facilitated by the t-
test, along with the analysis of variance
test, undoubtedly constitute the
paramount statistical parameters that can
be effectively employed to ascertain the
determinants that influence milk vyields
and production efficiency.

This study concluded that, the using of

statistical metrics and measures may be
helpful to improve dairy farm
productivity through assessing and

improving  the  reproductive  efficiency
measures, including calving interval, days
open and days dry.
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