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Abstract: In this study, the effects of some environmental factors on the weaning weights of Awassi lambs, raised within the
scope of the Awassi sheep breed sub-project of the Sheep Breeding National Project in the Hands of the People Project under
the coordination of the General Directorate of Agricultural Research and Policies affiliated to the Ministry of Agriculture and
Forestry, were investigated.

For this purpose, estimation was made by the regression decision tree (CRT) method, which is one of the machine learning
algorithms. In the study, the effects of age of dam, gender, birth type, and flock type (elite and base flock), which are thought
to influence weaning weight in Awassi lambs, were considered independent variables, while weaning weight was considered
as dependent variable. According to the regression tree estimations, the most effective environmental factor for the weaning
weight of Awassi lambs was found to be the birth type. While the effective factor for singleton lambs was gender, it was
determined that the important factor for male lambs was the type of flock. The age of dam was found to be effective on the
weaning weights of the lambs in the base flock. The results of this study revealed that the effects of various environmental
factors on the healthy, efficient use and reproduction of sheep and goats can be defined with decision trees. As a result, it was
concluded that regression decision trees are an important method and can be recommended as an alternative to traditional
regression approaches in sheep breeding studies with both visual and predictive explanatory structure.
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Ivesi Kuzularinin Siitten Kesim Agirhgimi Etkileyen Bazi Cevresel Faktorlerin Tahmininde
Smiflandirma ve Regresyon Agaci (CRT) Yonteminin Uygulanmasi

Oz: Bu calismada Tarim ve Orman Bakanhigma bagli Tarimsal Arastirmalar ve Politikalar Genel Miidiirliigii
koordinatdrliigiindeki Halk Elinde Kiigiikbas Hayvan Islah1 Ulkesel Projesi'nin, Osmaniye Tlinde yiiriitiilen ve Ivesi koyun 1rk1
alt projesi kapsaminda yetistirilen Ivesi kuzularmin siitten kesim agirliklar {izerine bazi cevresel faktorlerin etkisi
incelenmistir.

Bu amagla makine 6grenmesi algoritmalarindan biri olan regresyon karar agaglari yontemi ile tahminleme yapilmistir.
Aragtirmada, 6326 kuzunun siitten kesim agirligina etkisi oldugu diisiiniilen ana yasi, esey, dogum tipi ve yetistirme tipi (elit
ve taban siirli) etkileri bagimsiz degisken olarak ele alinirken, siitten kesim agirligi ise bagimli degisken olarak dikkate
alinmistir. Regresyon agac1 tahminlemelerine gore Ivesi kuzularda siitten kesim agirhig: iizerine en etkili cevresel faktoriin
dogum tipi oldugu saptanmustir. Tek dogumlu kuzular i¢in etkili faktér esey iken, erkek kuzular igin 6nemli faktoriin
yetistirme tipi oldugu belirlenmistir. Taban siiriideki kuzularin siitten kesim agirliklarina ise ana yagi etkili bulunmustur. Bu
¢alismanin sonuglari ile kiigiikbaglarin saglikli, verimli olarak kullanilmasi ve ¢ogalmasi {izerinde ¢esitli ¢evresel faktorlerin
etkilerinin karar agaglar ile tanimlanabilecegi gosterilmistir. Sonug olarak, regresyon karar agaglarmin hem gorsel hem de
tahminsel olarak agiklayici yapisi ile koyun yetistiriciligi caligmalarinda geleneksel regresyon yaklasimlarina alternatif olarak
onemli bir yontem oldugu ve tavsiye edilebilecegi kararina ulagilmugtir.

Anahtar Kelimeler: Makine 6grenmesi, Regresyon Karar agaclari, Ivesi, Siitten kesim agirlig

1. Introduction Organization (FAQO) 2020 data, Turkey is among the

Sheep is an animal species that has spread almost
all over the world because it plays an important role in
the utilization of low-yielding pastures, obtaining high-
value-added products, creating income sources,
ensuring development in rural areas, reducing poverty,
creating employment, and providing household
consumption. According to Food and Agriculture

countries with the highest number of sheep in the
world (FAO, 2022). According to the 2022 data from
the Turkish Statistical Institute (TUIK), the total
number of sheep and goats in Turkey is 58,447,555
heads, 46,122,627 of which are sheep and 78.91% of
the sheep's assets are domestic breeds (TUIK, 2022).
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The Awassi breed is one of the most common
domestic sheep breeds in Turkey, especially in
Sanlwrfa, Gaziantep, Hatay, Kahramanmarag, Adana
and Osmaniye provinces (Kaymakgi, 2013). The
homeland and spread area of the Awassi sheep are in
the Mesopotamian region, and it is a sheep breed fully
adapted to the semi-arid or arid countries of Southwest
Asia such as Turkey, Syria, Irag, Jordan, and Israel
(Epstein, 1982; Kaymake1, 2013). For this reason, it
can walk long distances in hot and dry climatic
conditions. It is grown in a nomadic system. Compared
to other dairy sheep Awassi's ability to adapt to
different environments is higher and their flock instinct
iS superior.

On the other hand, meat production constitutes the
largest share of the income obtained from sheep
breeding. For meat production, fertility should be
increased, and lambs born should be resistant to
environmental factors and have superior performance
characteristics. Birth and weaning weight of lambs
affect performance characteristics. In lambs, birth
weight is an important determining factor in terms of
weight gain in later periods and live weight in the
weaning period. Weaning weight is also a factor that
affects the further development of lambs sold or
fattened after weaning (Boran & Torun, 2018).

The “Public Animal Breeding National Project” in
Turkey was initiated by the General Directorate of
Agricultural Research and Policies (TAGEM) in 2005
to increase the meat, milk, and reproductive efficiency
of local breeds (Ertugrul et al., 2014). Animal pedigree
records have been started to be kept through breeder
associations to meet the need for qualified breeders
since 2006 (Cengiz et al.,, 2015). Thus, the flock
consisting of animals with parental registration is
called “elite” and the herds that are not registered as
"base flock". Birth and weaning weight (90th day)
yield records are taken as selection criteria in both
herds and the best females from base herds are
transferred to elite flock. For this reason, genetic
parameter estimations are important in terms of
economic characteristics in sheep flock.

Today, the genetic parameter estimation methods of
meat and milk characteristics in sheep and goats have
changed with the developing technology, and such
estimations can now be made at a more advanced level
with the help of molecular markers. In addition, the
importance of making future predictions according to
an appropriate model in the evaluation of complex and
large numbers of records containing many variables in
many disciplines is increasing. Especially today, very

186

rapid innovations and advances in software suitable for
computer technologies have made significant
contributions to the solution of such problems.

For example, decision trees are a data mining
approach that is visually easy to understand and
interpret and used to solve classification and prediction
problems. Classification and Regression Trees (CART,
CRT), one of the decision tree algorithms, is a non-
parametric statistical method that was first developed
by Breiman et al. (1984), using both categorical and
continuous variables to solve classification and
regression problems. If the dependent variable is
categorical, it is called a method classification tree
(CT), and if it is continuous, it is called Regression
Trees-RT (Chang & Wang, 2006). The use of decision
trees for estimation in sheep farming is becoming more
and more common. Balta & Topal (2018), the effects
of year, flock type, age of dam, gender, birth type, and
lamb color on birth weight of Hemsin lambs were
examined by regression tree analysis method.
According to the regression tree diagram, the most
important variables affecting the birth weight of
Hemgin lambs were found as year, birth type, gender,
flock type, and age of dam, respectively. Olfaz et al.
(2019) determined the effect of gender,

Birth and flock type on birth and weaning weight in
Karayaka sheep breed with CART and found that birth
type was effective on weaning weight. Akbulut et al.
(2022) examined production effects of year of yield
and age of dam on birth type in a herd of Awassi using
ANOVA, Logistic Regression, and Classification Tree
methods and found these effects to be significant.

This study aims to show the importance of the
decision trees method, one of the data mining methods,
and to determine the environmental factors affecting
the weaning weights of Awassi lambs with the CRT
the method.

2. Material and Methods

2.1. Material

The animal material of the study was provided by
T.C. Awassi breed lambs, which are included in the
project named “Breeding of Awassi Sheep by Public
Hands”, which is a sub-project of the “Animal
Breeding at Hands of the People Project” project
supported by the General Directorate of Agricultural
Research and Policies (TAGEM) of the Ministry of
Agriculture and Forestry and carried out in Osmaniye
province. Weaning weights of a total of 6326 Awassi
lambs born 2019-2021 from 4108 dams aged between
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24-60 months were used in the analysis in elite and
base flocks.

2.2. Methods

In this study, the regression decision tree algorithm
was used to estimate the effect of environmental
factors, since weaning weights are of the continuous
variable type. The root node is at the top of the
decision tree. While creating the decision tree, the root
node includes all the observations of the relevant
independent variable in the data. The root node is
divided into two sub-branches, and testing and
branching continue sequentially at each node. In the
tree, a node that is split into child nodes is called the
parent node of the child nodes, while the child nodes
are the children of a parent node. Each subsequent split
occurs at a child node and if the operation does not
occur at the end of a branch, a child node (decision
node, intermediary node, split node) occurs at this
point. If the classification is possible in a node, this
indicates that there is a leaf node, or in other words, an
end node (leaf node, terminal node) at the end of that
branch. This end node is one of the classes to be
determined on the data set. Accordingly, the definitions
of nodes belonging to a decision tree can be
summarized in Figure 1 below.

Root node

Child/Split node

Leaf node

Figure 1. llustration of a decision tree (Camana et al.,
2019)
Sekil 1. Bir karar agac: 6rnegi (Camana et al., 2019)

In decision trees, some statistical approaches are
used to place the data at the nodes of the tree. The
regression tree uses least squares that minimize the
residual sum of squares between the observation and
the mean in each node (Breiman et al., 1984; De'ath &
Fabricius, 2000).

In this study, CRT algorithm was preferred and
calculations were made in this algorithm, since it was
desired to reveal the more explanatory structure of this
method compared to the traditional regression
approach by using the decision tree model in the
classification and regression problem.

In this study, the regression tree model was pruned
using max depth parameter = 4 and all minimum cases
were defined as 10 in the parent node and 5 in the child
nodes. The CRT analysis was done using IBM SPSS
Statistics Version 25 (IBM, 2020).

3. Results and Discussion

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

In this study, the average weaning weight of Awassi
lambs was found to be 24.471 + 2.342 (Node 0).
Similar findings were reported by Hizli et al. (2022)
with the comparison of different models for estimation
of direct and maternal genetic parameters on body
weights in Awassi sheep. However, it was found to be
lower than the values reported by Giil & Ekici (2020),
Ozbeyaz et al. (2018), and Tunaz (2021), and higher
than the results reported by Boran & Torun, (2018).

In this study, some environmental factors caused by
this variation in weaning weight in Awassi were ranked
according to their estimation importance with the
regression tree analysis method. With the regression
tree analysis method, the most effective environmental
factor on the weaning age was estimated as the birth
type. Therefore, the root node first branched out as a
single (87.8%) and twin (12.2%) births according to
birth type. The gender factor was found to be effective
on the weaning weight of singleton Awassi lambs. The
average weaning weight of singleton Awassi lambs
was split into two child nodes according to gender,
female (Node 3) and male (Node 4). The average
weaning weights of female and male lambs were found
almost the same as 24.30 + 2.29 kg and 24.55 + 2.33
kg, respectively.

There are many studies examining the effects of
different  environmental  factors on  growth
characteristics in various sheep breeds. Behrem (2021),
in Akkraman sheep; Supakorn & Pralomkarn (2012),
on the other hand, found the effect of birth type and
gender on the weaning weights of Thai native, Anglo-
Nubian, Boer, and Saanen goats as significant, and
they determined that the weights of singleton and male
lambs were higher. Moreover, Sanchez-Davila et al.
(2015) the found lambing year had a significant effect
on the weaning weight of Saint Croix hair sheep.

In the decision tree, weaning weights of male lambs
were divided into two nodes (Node 5 and Node 6)
according to flock type, elite and base flock. In this
study, the average weaning weights of lambs for elite
and base flock herds were approximately similar (Node
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5:24.69 + 2.37; Node 6: 24.29 + 2.25). The cases in
Node 6 (base flock) were then split according to age of
the dam. It has been observed that the age of the dam is
effective on the lambs in the base flock. Accordingly,
the weaning weight of the lambs of dams older than 50
months and younger than 60 months of age (25.12 +
2.32 kg) was 1 kg heavier than the average weight of
lambs of dams 50 months of age and younger age
(24.16 + 2.21 kg). Babar et al., (2004) find out that
higher average birth weight for Lohi lambs born by
older dams. Balta & Topal (2018) also reported
average birth weights for dams older than 3.5 years
were found to be higher.
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Figure 2. Regression Tree Diagram for Weaning
Weights

Sekil 2. Siitten Kesim Agirliklar: icin Regresyon Karar
Agaci Diyagrami
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The results of the importance of independent
variables based on classification and regression trees
(CRT) are presented in Table 1 and Figure 1,2,3.

Table 1. Importance of independent variables
Tablo 1. Bagimsiz Degiskenlerin Onemleri

Variable Importance Normalized Risk Value

Importance Estimate  Std.
Error

Flock 0.026 100.0% 5.424 0.097

Type

Age of 0.019 70.8%

Dam

Birth 0.014 52.2%

Type

Gender 0.014 51.7%

Normalized Importance

FlockType

AgeofDam

BirthType

Independent Variable

Gender

0,00% 001% 002% 0,03%

Figure 3. Normalized importance levels of the factors
Sekil 3. Faktorlerin yiizde onem seviyeleri

As seen in Table 1 and Figure 1, the most effective
variables for the weaning weight of Awassi lambs are
flock type, age of the dam, birth type, and gender
factors, respectively. It was determined that the least
effective variable on weaning weight was gender,
followed by the birth type. It was determined that the
most effective factor was the type of rearing, and the
second important factor was the age of the dam.

4. Conclusion

With the regression tree analysis method, the
environmental factors affecting the weaning weight
were estimated as birth type, gender, flock type, and
age of dam according to their level of significant effect,
respectively.

Environmental factors are as effective as genetic
factors for quality meat and milk production in small
ruminant farms. Meat production constitutes a large
part of the income obtained from sheep breeding. For
productivity survivability in sheep farms, high fertility,
high viability, healthy and heavy lambs are needed in
herds.

In sheep breeding studies, it is known that
singleton, males, and lambs of older dams generally
develop better than the others and their daily gain are
higher. However, which of these factors is more
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effective varies from breed to breed, care-feeding, and
herd management. Awassi is breeds with higher milk
yields than other domestic sheep breeds. Therefore, it
can be thought that twin lambs of Awassi get enough
colostrum Moreover, it is known that the birth weight
of the lambs of the dams that gave birth more than
once, increases according to the parity. For this reason,
there is a positive relationship between parity and age
of the dam.

On the other hand, accurate selection of sheep
breeders is the most important condition increase the
profit in the farms. Considering the results of this
study; dams older than 50 months and younger than 60
months should be selected as breeders and transferred
to elite flock. In conclusion, this study shows that
regression decision trees are an important method for
regression estimation in sheep breeding studies and are
recommended.
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