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Abstract: In this study, some environmental factors thought to be effective on 305-day milk yield in Simmental cows, were
examined according to the decision tree method with regression tree algorithm. For this purpose, the effect levels of calving
interval, somatic cell count, calving age, and parity variables on the 305-day milk yield of 148 Simmental cows were determined.
As a result of the decision tree application, the factors affecting 305-day milk yield were found as parity, calving age, somatic
cell count, and calving interval, in order of importance. In addition, it was determined that the 305-day milk yield of the cows
with the calving age above 5 was high, and the cows with the somatic cell count greater than 104.500 were found to be the
lowest. There is a need to use the decision tree approach in order to examine the effects of other environmental factors that are
thought to be effective on milk yield or other economic characteristics in dairy farming and to provide appropriate conditions
by correcting the relevant factors accordingly.
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Simmental Ineklerde 305 Giinliik Siit Verimini Etkileyen Baz1 Cevresel Faktorlerin
Belirlenmesine Yonelik Bir Karar Agac1 Modeli

Oz: Bu calismada Simmental (Sar1 Alaca) ineklerde 305 giinliik siit verimi iizerinde etkili oldugu diisiiniilen baz1
cevresel faktorler regresyon agaci algoritmast ile karar agaci yontemine gore incelenmistir. Bu amagla buzagilama
araligi, somatik hiicre sayisi, buzagilama yasi1 ve laktasyon sirasi degiskenlerinin 148 adet Simmental 1rk1 inegin
305 giinliik stit verimine etki diizeyleri belirlenmistir. Karar agact uygulamasi sonucunda 305 giinliik siit verimini
etkileyen faktorler 6nem sirasina gore laktasyon sirasi, buzagilama yasi, somatik hiicre sayis1 ve buzagilama araligi
olarak bulunmustur. Ayrica buzagilama yas1 5 yil yasin iizerinde olan ineklerin 305 giinliik siit veriminin yiiksek
oldugu, somatik hiicre sayisi 104,500’lin {izerinde olan ineklerin ise en diisilk oldugu belirlenmistir. Siit
hayvancilikta siit verimi veya diger ekonomik 6zellikler tizerine etkili oldugu diistiniilen bagka ¢evresel etmenlerin
etkilerini incelemek ve buna gore ilgili faktorlerin diizeltilerek uygun sartlarin saglanmasi igin karar agact
yaklagimiin kullanilmasina ihtiya¢ vardir.

Anahtar Kelimeler: Karar agaci, 305 Giinliik siit verimi, Simmental inek

1. Introduction

Milk contains protein, fat, carbohydrate, mineral
substances, vitamins, etc. It is an important nutrient and
animal food for humans due to its elements. In fact,
approximately 26.5% of the animal protein consumed in
the world and 268% of the energy is provided from milk.
These values are respectively 49.8% and 54.5% in
Turkey. The amount of milk produced from dairy cattle
has been reported as 80.97% in the world and 90.57% in
Turkey as of 2020 (Anonymous, 2020).

In order to increase animal production, optimizing
the product obtained per animal instead of increasing the
number of animals is a suitable approach in terms of a
more accurate evaluation of feed resources. In addition

to the use of qualified breeding animals, it is possible to
increase animal production by improving environmental
conditions by providing better care, feeding, and
preventing diseases. Environmental conditions include
external factors that affect the animal's productivity and
biological functions at different rates.

The milk yield of an animal is a physiological
condition shaped by genotype and environmental
effects. Milk yield in cows increases immediately after
birth and reaches its highest level in the 45-60" days of
lactation. It stays at this level for a while and gradually
decreases. The daily or annual amount of milk obtained
from cows and the ratio of milk components vary
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depending on many factors such as genotype, lactation
period, temperature, and a number of milking.
Simmental cattle are among the breeds with high
milk yield in the world. Simmental cattle, breeding for
combined efficiency with meat and milk characteristics,
are one of the culture breed materials such as breeding
bulls, pregnant heifers, and semen (Kog, 2016). There
are various scientific studies on the research of milk
yield in Simmental cattle (Kogak et al., 2008) compared
the yield characteristics of Holstein, Brown, and
Simmental cattle in terms of different variables. Another
study in which Brown and Simmental cattle were
handled comparatively in terms of milk yield was
carried out by (Aksoy, 1995). Moreover, Akbulut
(1998) comparatively evaluated the results obtained
from studies on the yield characteristics of Simmental
cattle in Turkey. In terms of genetic and phenotypic
trends, 305-day milk yield in Simmentals was discussed
by (Ulutas et al., 2010). Furthermore Sekerden (1999)
investigated the effects of calving season and lactation
order on milk yield and components in Simmental cattle.
The suitability of one of the time series methods
(ARMA) for modeling and estimating test-day milk
production data in Simmental cattle was investigated
(Macciotta et al., 2002). Also, the milk production
characteristics of selected animals of Polish Black and
White cows with up to 50% Holstein-Friesian genes
imported from the Czech Republic and reared under the
same environmental conditions as Simmental cows born
in Poland were comparatively evaluated (Sablik et al.,
2019). Various scientific studies dealing with the milk
yield characteristics of Simmental cattle in the light of
environmental and genetic factors are available in the
literature (Cilek and Tekin, 2006; Cilek et al., 2008;
Ulutas and Sezer, 2009). Today, apart from classical
statistical approaches such as regression that examines
the yield factor relationship; different models are
developed for the analysis of large and complex data
sets. Decision trees algorithm is one of these new
approaches within the scope of data mining. The use of
decision trees is becoming increasingly common in
examining various factors affecting milk yield.
Yordanova et al., (2015) examined the conformational
properties effective on 305-day milk yield in Holstein
cows and found that the most effective conformational
properties on milk yield were udder width, locomotion,
stature, and chest width. Gen¢ and Mendes (2021)
determined the factors affecting the 305-day milk yield
of dairy cattle by using Regression Tree (CRT) analysis.
They studied eight different cattle breeds grown in
Tiirkiye. Cak et al., (2013) used the decision tree method
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to examine the lactation milk yield of Brown cattle,
depending on productivity and environmental factors.
Lopez-Suarez (2018) used decision trees to extract
patterns for dairy culling management. Sitkowska et al.,
(2017) aimed to investigate of detection of high levels
of somatic cells in milk on farms equipped with an
automatic milking system by the decision-tree
technique. Slob et al., (2021) examined and interpreted
the articles discussing machine learning applications,
including the decision-tree method, in terms of dairy
farm management. Kli$ et al., (2021) aimed to determine
the possibility of using automatic milking system data
for periparturient cows to predict their lactation milk
yield. Piwczynski et al., (2020) aimed to utilize the
decision trees technique to determine the factors
responsible for high monthly milk yield in Polish
Holstein-Friesian cows from 27 herds equipped with
milking robots. O'Leary and Lynch (2022) presented a
review of machine learning approaches applied to dairy-
specific data and meteorological signals to predict milk
volumes in Ireland at a national level. One of the
investigated methods is the Decision-Tree method.
Aerts et al.,, (2022a) aimed to determine the best
combination of factors and their levels suggested by the
decision tree for high daily milk yield per automatic
milking systems in dairy cattle herds. In their study,
milk yield, number of cows, free robot time, milking
speed, and cow treatment time were the significant
determinants of total milk yield for all cows per milking
robot and were most frequently used to construct the
decision tree.

In this study, it was aimed to determine the effect
levels of parity, calving age, somatic cell count, and
calving interval variables affecting 305-day milk yield
in Simmental cows by using the regression tree
algorithm. At the same time, based on the results of the
analysis, it is aimed to present some suggestions for the
breeders on the correction of environmental factors.

2. Material and Methods

2.1. Material

The animal material of the study was provided from
a dairy farm registered in Bursa province. 305-day milk
yields of a total of 148 Simmental cows, raised from
2020-to 2021 and aged between 2-5 years were used in
the analysis.

2.2. Method

A decision tree is a technique that allows the factors
and their levels that affect the dependent variable to be
determined graphically. According to the algorithm, the
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decision tree analysis determines whether the variable
value is large or small according to a predetermined
constant, and the tree is formed by a two-way split
(Steensels et al., 2016). If all records at any node in the
tree have the same classification, that part of the tree
stops growing (Witten & Frank, 2005). There is a
completely different way of partitioning the Decision-
Trees. Successive binary partitions can achieve the
partition based on the different predictors for both
classification and regression. In the decision trees
method, a partitioning algorithm is used that continues
to divide the data set into smaller and smaller subsets
until the stopping criteria are met (lrizarry, 2005).
Decision trees start with root nodes. This beginning
node was the most heterogeneous sub-group. Other
homogenous sub-groups with subsets that are not split
are called terminal nodes, and still, other sub-groups
were child nodes (Camdeviren et al., 2005).
Accordingly, this technique uses different growing
methods or algorithms to split the datasets, such as
CHAID (Chi-square automatic interaction detection),
exhaustive CHAID, CRT (Classification and
Regression Trees, also called CART), and QUEST
(Quick, Unbiased and Efficient Statistical Tree). The
CHAID algorithm often splits the data into more than
two categories and should be preferred when the
outcome is categorical. On the other hand, QUEST and
CRT tend to split the data into two categories. The CRT
is useful regardless of whether the outcome is
categorical or numerical.

The divisions in regression tree algorithms vary
depending on the variable type. Depending on the split
of the estimators, (2/=1 — 1) splits are possible if the
variable (X) is in a categorical structure. If the variable
has continuous values (K different values), K — 1
separations can occur. A decision tree starts growing
from root node X. The proceeding steps of the method
are summarized in three steps for each node. In the first
step, the best split of each estimator in the model is
found. To decide the best split point for estimators
ordered from a wide range to a narrow range, if x <wv, v
is called, the observation goes to the split to occur on the
left. Otherwise, it goes to the right, thus performing the
checking. There is one best split point, which splits to
optimize the split criteria. For nominal estimators,
possible categorical subsets are evaluated to find the
best split. Here it is called A with x € A; the observation
first goes to the node to be born on the left; on the
contrary, it advances to the node on the right. In the next
step, the best split of the node is calculated. In the last
step, when the stopping rules are observed to be

insufficient, the node is divided using the best split
calculated in the second step.

The purity criterion is important in a node. If the
impurity criteria are defined for the node, the division
criterion corresponding to the decrease in purity is
defined with the mathematical expression in Equation 1.
Here, “t” is the node that maximizes the division
criterion, and the best division in this node is expressed

by “s” (A;(s, t)).
Al(s, ) = p(D)Ai(s, 1) @)

If the variable is continuous, the division criterion is
expressed as in Equation 2 using the least squares
deviation. Mathematical representations of impurity are
given in Equation 3-7 (Karadag, 2014).

Ai(s, ) = i(t) — pi(tL) — pri(tr) )
. _ Zneh(t) Whfn(yn-5(1)?2
l(t) - ZnEh(t)ann (3)
_ Ny(t)
L — Nw(t) (4)
—_ Nw(tR)
R — Nw(t) (5)
NW(t) = Zneh(t) Wn fn (6)
¥(© = Znenw Wn fn/Nw (D) ()

In this study, the CRT growing method was used for
the dependence of 305-day milk yield with respect to
calving interval, somatic cell count, calving age, and
parity independent factors. The maximum tree depth
was 5, the minimum cases in Parent Node were 10, and
the minimum cases in Child Node were 6. The CRT
analysis was done using IBM SPSS Statistics Version
25.

3. Results and Discussion

The designed regression tree with the root (node 0),
branch (nodes:2, 3, and 5), and leaf (nodes: 1, 4, 6, 7,
and 8) nodes, in this investigation, was given in Figure
1.

As shown in the Figure 1, the average 305-day milk
yield of Simmental Cows was found to be
8748,39+1211, 71 (Node 0). 305-day milk yield value
was found to be higher than the values reported by
(Erdem et al., 2015; Macciotta et al., 2002; Sekerden,
1999). In this study, the decision tree constructed for
305-day milk yields of Simmentals first were divided
into two nodes according to parity 1 (Node 1:
8226,14+£1067,47) and parity 2, 3 (Node 2:
8922,48+1211,14). Then parity 2, 3 splits into two nodes
based on calving age, calving age is equal to or less than
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5 years old (Node 3:8851,46+1192,25), and bigger than
5 years old (Node 4: 10165,33+863,05). Node 3 was
grouped according to somatic cell count is equal to or
less than 104,500 (Node 5: 8953,59+1181,91) and

bigger than 104,500 (Node 6: 7978,73+925,23). Finally,
Node 5 was divided for calving interval is equal to or
less than 402,5 day (Node 7: 8707,93+1147,55) and
bigger than 402,5 day (Node 8: 9315,61+1152,26).
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Figure 1. Regression Tree Diagram for 305 Day Milk Yiel
Sekil 1. 305 giinliik siit verimi i¢in Karar Agact Diyagrami

As a result of the decision tree analysis, the 305-day
milk yield average of the cows with parity 2, 3 years old
and calving age higher than 5 years old was found to be
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the highest (10165,33+863,05). Unlike our study, in the
analyses performed by (Geng & Mendes, 2021) with the
decision-tree technique, calving age was found to have
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lower importance in the 305-day milk yield estimation.
In another study on the decision-tree technique and milk
yield in cattle, the significant effects of the calving age
variable were observed, similar to our study (Aerts etal.,
2022b). In their study, Bakir et al., (2010) were
determined the effects of the dry period, parity, farm,
calving season, and age on 305-days milk yield using
the Regression Tree (CRT) method. Similar to our
study, dry period, parity and calving season were
determined to affect 305-day milk yield at first-, second-
and third-degree factors, respectively. Similarly,
according to the decision tree results, it was determined
that the calving age of the cows should be greater than 5
for high milk yield (Mostert et al., 2001).

On the other hand, 305-day milk yield was found to
be low in cows with lactation parity of 2- 3 years,
calving age older than 5 years, and somatic cell count
greater than 104,5 (7978,73+925,23). Moreover, in this
research, some environmental factors that effect on 305-
day milk yields were ranked according to their
importance levels with the regression tree analysis
method. The results of the importance of independent
variables based on classification and regression trees
(CRT) are presented in Table 1 and Figure 2.

Table 1. Independent Variable Importance
Cizelge 1. Bagimsiz Degiskenlerin Onemleri

Variable Importance Normalized Importance
Calving Age 154460.26  100.0%

Calving Interval 147401.60  95.4%

Somatic Cell Count 133257.97 86.3%

Parity 90917.37 58.9%

Normalized Importance

0 b5 50 15 100 125

Calving_Age

Calvig_Interval

Somatic_Cell_Count

Independent Variable

Parity

0% 50.000% 100.000% 150.000% 200.000%

Importance

Growing Method: CRT
Dependent Variable: Milk_Yisld_305

Figure 2. Normalized importance levels of the factors
Sekil 2. Faktorlerin yiizde 6nem seviyeleri

As seen in Table 1 and Figure 2 variables on 305-day
milk yield of Simmentals were found as calving age,
calving interval, somatic cell count, and parity in order
of effect, respectively. Therefore, it was determined that
the most effective factor on the 305-day milk yield was

estimated as the calving age and the second important
factor was the calving interval. Moreover, the least
effective variable on 305-day milk yield was the parity.

As a matter of fact, it is known that the milk yield of
cows increases until the lactation 4™ or 5" in equal
conditions. M’hamdi et al. (2012) reported that the
effects of parity on dry period and lactation duration
were statistically significant. The lactation duration was
shortest in lactation 5" and longest in lactation 4™. The
dry period was longest in 5" lactation and shortest in 3™
lactation. Since milk yields up to the 3™ parity were
analyzed in this study, the effect of parity was not
sufficiently explained and found to be low.

The calving interval is a very important trait and
environmental factor in dairy cattle breeding in terms of
revealing the productivity of the herd and evaluating the
management applied in the herd (Sahin & Ulutas, 2011).
In this study, the Simmental calving interval was
divided as equal to or less than 402,5 days and bigger
than 402.5 days. The cut-off value of the calving interval
of division, 402,5 days, was found to be higher than
379,26 days reported by Kara et al., (2021) and
approximately similar to 404.6 days reported by
Giiltekin (2019).

Cziszter et al., (2016), in their study evaluating the
production and reproductive performance of Simmental
cows with different temperaments, determined that the
calving interval, which is among the characteristics they
examined, was at least 405.3, similar to our study. A
higher calving interval (446.6) was found in the animal
group defined as nervous in the aforementioned study
compared to the value obtained in our study. In the study
by Bujko et al., (2018), the relationship between milk
yield characteristics and calving interval in breeding
herds of Slovak Simmental dairy cows was evaluated.
Researchers reported the calving interval of cows in the
second and third lactation to be 406.3 days, which is
consistent with our study. Ulutag and Sezer (2009)
studied Simmental cattle to evaluate phenotypic and
genetic parameters for 305- day milk yield, lactation
length, dry period, calving interval and service periods
in their study. It was observed that the calving intervals
reported in the research results were below the average
values determined in our study.

In addition, it has been reported that there is a
negative correlation between somatic cell count and
milk yield (Aytekin and Boztepe, 2011; Bartlett et al.,
1990). There are many factors that directly and
indirectly affect the number of somatic cells in milk in
dairy cattle. In addition to direct factors such as cow's
age, lactation period and feeding, factors such as

147



AKILLI et al. / JAFAG (2022) 39 (3), 143-150

milking place and shape indirectly cause changes in the
number of somatic cells.

It is seen that the results of Franzoi et al (2020)
examining the effects of somatic cell number on milk
yield and related traits in Simmental and different cattle
breeds are compatible with our study. Another study on
the number of somatic cells in Simmental cattle was
carried out by Kalinska et al., (2019). The results show
that somatic cell number is an essential variable in milk
yield and quality, similar to our study. In our study, it
was determined that animals with high somatic cell
counts had lower milk yield than other cattle in the herd,
which is in line with the literature. These results
obtained in our study are consistent with the research
conducted by Barlowska et al (2009). The researchers
aimed to determine the relationship between the number
of somatic cells in milk and daily yield, chemical
content, and technological usefulness of milk in
different dairy cattle breeds. An increase in somatic cell
count has been associated with a decrease in daily milk
yield in high-yielding dairy cows.

In this study, it was determined that the highest milk
yield average belonged to 6 cows during 2 and 3 parity
and calving interval older than 5 years. It is thought that
these results will be insufficient and misleading since
they represent only 4% of the total cows evaluated. For
this reason, it can be said that 305-day milk yield will be
high (9315.61+1152.26) in conditions where the parity
is 2 and above, the calving age is less than 5 years, the
number of somatic cell counts are less than 104.000 and
the calving interval is more than 402.5 days.

In the literature, there are successful applications of
the decision tree method to analyze animal data, similar
to the application carried out in our study (Bakir et al.,
2010; Eyduran et al., 2013; Gocheva-llieva et al., 2022;
Rodrigez et al., 2019; Topal et al., 2010).

4. Conclusion

Decision-tree method is a beneficial technique in
terms of estimating the effects on the dependent variable
in the analysis processes of large data sets containing
multidimensional and complex variables. One of the
essential advantages of the decision-tree technique is
that it is unnecessary to choose which variable to add to
the model and which not. This way, the research
variables can be approached with a more flexible
perspective. Even if the variables in the model are
similar, all available data can be added, and the
algorithm selects them according to their importance.

The environmental factors affecting the 305-day
milk yield of Simmental cows were estimated as calving
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age, calving interval, somatic cell count and parity,
respectively. However, there are other environmental
factors that affect the number of calves to be taken from
the animals during their lifetime and the total amount of
milk. On the other hand, there are few studies using
decision trees approach for yield traits in Simmental
cows. Therefore, there is a need for more studies on the
use of this method in determining the effect of different
environmental factors.
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