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ABSTRACT 
 

Cows' Lactation Milk Yield (LMY) is a crucial factor in animal breeding operations. Investigating the 
influence of potential environmental factors on lactation milk yield is of paramount importance and 
in order to identify the various factors influencing lactation milk yield, dairy cattle records were 
analysed using the regression tree approach. Age, Parity (P), Lactation Length (LL), and Calving 
Season (CS) were taken into account as explanatory variables while 305-day Milk Yield (MY) as a 
dependent variable. Decision tree study revealed that Lactation Length, followed by Parity, Age, 
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and Calving Season, had the greatest impact on the 305-d milk output of cross-bred cows. The 
regression trees use the tree to represent the recursive part. Each terminal node or leaf of the tree 
represents a cell of the section and has just added a simple pattern applied to it in this cell. It was 
evident from nodes (branches) in regression tree, that cows with parities of 1 and 4 (node 11) 
produced less milk than cows with parities of 2, 3, 5, 6, 7 and 8 (node 10). More milk was produced 
by cows older than 4.3 years and whose calving seasons were spring and summer (node 40). With 
the use of the regression tree method, we were able to extract sub-homogenous groups based on 
the explanatory variables from records of cross-bred cattle and determine the combinations of 
environmental conditions that produced the maximum 305-d milk yield. 
 

 
Keywords: Lactation length; parity; milk yield; decision tree; regression tree. 
 

ABBREVIATIONS  
 
Age, Lactation Length (LL), Parity (P), and Milk 
yield (MY) 
 

1. INTRODUCTION 
 
India being the highest producer of milk with 
production around 209.9 million ton (MT) and 
more than recommended level of per-capita 
availability of 427 grams per day in 2020-21 has 
great potentiality to tap the emerging global milk 
marketing opportunities (Annual report GoI, 
2021-22). Lactation milk yield is a crucial 
indicator for economics of a dairy farm. Genetic 
and environmental factors, such as the year, 
season, and age of calving and days in milking 
can be divided into groups that influence milk 
output. Therefore, it's crucial to comprehend the 
elements that can be used to alter the cow's 
habitat and enhance normal milk yield in order to 
successfully boost trait or performance [1,2]. For 
animal breeding operations to be successful, 
understanding and estimating the effects of 
different environmental conditions on economic 
characteristics is necessary [3]. Understanding 
the interactions and connections between traits 
that determine yield is also essential to dairy 
cattle breeding methodology and these traits are 
closely related to explanatory variables like age, 
breed, and physical characteristics [4]. 
Therefore, it can be said that it is crucial for dairy 
farms to accurately determine the impact of 
various influencing factors on milk yield. The 
correlation coefficient is the most significant 
statistical indicator of the links between variables, 
although correlation coefficient alone does not 
indicate if there is a cause and effect relationship 
between the variables. It is impossible for 
correlation coefficients to fully describe the 
relationships between milk yield and its affecting 
components. In this regard, it is necessary to 
present the direct and indirect exposure methods 
in detail which is possible through decision tree 

[5].  Numerous statistical techniques, such as 
simple and multiple linear regression analysis, 
factor analysis scores, multiple regression 
analysis, path analysis, and principal component 
analysis scores for regression tree analysis, can 
be used in animal research to identify causal 
links [6]. The researchers have utilised a variety 
of mathematical models to predict milk yield and 
genetic advancement in subsequent lactations. 
However, the accuracy of such mathematical 
models is dependent on a variety of biological 
aspects, therefore they are useless if these 
effects are not taken into account or used 
properly [7].  
 
To overcome the above said problems, we have 
used regression tree analysis, a non-parametric 
analysis technique, that divides the population 
into associations between independent variables 
that are significant for homogenous subsets of 
the same species, and identifies curves with 
linear and interaction in order to explain the 
variability in a dependent variable [8]. Regression 
trees are superior to alternative techniques in a 
number of ways as no intricate computations are 
required, in addition to being quick, estimate 
makes it simple to identify the critical variables 
and also with dirty data (i.e. missing values, lots 
of variables, nonlinear relationships, outliers, and 
numerous local effects), CART models can be 
created. 
 
Although decision tree method have been widely 
used in the ecommerce and marketing services 
but it has rarely been studied in animal sciences 
till date. In order to effectively identify the 
correlations between the elements that have an 
impact on economic traits in animal breeding 
programmes, the partially new regression tree 
method can be used. As a result, the current 
study has been designed to identify and 
categorise, using the regression tree approach, 
the variables influencing lactation milk yield in 
cross-bred dairy cattle. 
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2. MATERIALS AND METHODS 
 
2.1 Animal Resource and Management 
  
The data for the present investigation were 
collected from the history cum pedigree sheets of 
Holstein cross-bred cows maintained at 
Livestock Farm Complex (LFC), College of 
Veterinary Sciences & Animal Husbandry, 
Selesih, Aizawl (Mizoram). The data were 
collected over a period of 09 years, from 2010 to 
2019. The cows were maintained under hygienic 
condition, with proper supply of feed and adlib 
clean drinking water and managerial regime 
under intensive system of management. The 
animals were kept in well-ventilated sheds with 
brick flooring. They were routinely examined for 
general health conditions. In addition to this, 
feeding of concentrates, cultivated fodder and 
dry fodder was regular practice. 

 
2.2 Data Records 
  
The data (100 records of lactating animals) were 
recorded from cross-bred cows of Livestock 
Farm Complex (LFC), College of Veterinary 
Sciences & Animal Husbandry, Selesih, Aizawl 
(Mizoram) from period 2010-2019.  The four 
seasons were spring (March, April and May), 
summer (June, July and August), autumn 
(September, October and November) and winter 
(December, January and February).  

 
2.3 Parameters of Interest 
 
Calving season, parity, lactation length & age 
were considered explanatory variables and 305-d 
milk yield was considered dependent variable. 

 
2.4 Regression Tree Method 
  
To represent recursive partition prediction trees 
were used where a cell of the partition attached 
to a simple model which applies in that cell only 
is represented by each of the terminal nodes or 
leaves of the tree. The data was divided into 
segments by the Regression Tree that was as 
homogeneous as possible with regard to the 
dependent variable [9]. 

 
A regression tree can be seen as a kind of 
additive model of the form: 

 

m (𝑥)  =  ∑𝑘𝑖

𝑛

𝑖=1

× 𝐼(𝑥 ∈ 𝐷𝑖) 

Where ki are constants; I (.) is an indicator 
function returning ‘1’ if its argument is true and ‘0’ 
otherwise; Di are disjoint partitions of the training 
data D such that – 
 

∪𝑖=1
𝑛 𝐷𝑖 =  𝐷   𝑎𝑛𝑑   ∩𝑖=1

𝑛 𝐷𝑖 =  𝜙 

                              
(Hastie and Tibshirani [10]. A homogeneous, or 
"pure," terminal node is one in which all cases 
have the same value for the dependent variable. 
Regression trees (RT) is a technique that uses a 
tree to predict the value of a continuous target 
variable. Each branch leading from the tree's 
base to its leaves represents a region, and each 
node inside the tree represents a logical test of a 
predictor variable. 
 

2.5 Statistical Analysis 
 
The data were analysed by Software R-4.0.3 by 
using rpart and rpart.plot package to compute the 
results. 
 

3. RESULTS AND DISCUSSION 
 
In our study, records of 100 lactating animals 
were recorded from period 2010-2019 with 
average age of 5.14 years (minimum 3 years, 
maximum 10 years) and average parity of 3.11 
(shown in Table 1). The average lactation length 
of the population was 315.60 days and the 
average total milk yield of the population was 
1898.273 litres. 
 
First of all, we did the correlation analysis for 
various traits in our study. The result showed 
highly significant positive relationship between 
lactation length & milk yield and age & parity. 
However, age and parity had negative correlation 
with milk yield although they were not significant. 
Calving season was also found to be positively 
correlated with age and parity of animal while no 
significant association was found with milk yield. 
 
The parameters that were anticipated to have an 
impact on cross-bred cows' 305-d milk yield were 
demonstrated using regression tree diagram (as 
shown in Fig. 1). The overall descriptive data of 
the 305-day milk yield were displayed at node 1 
(the top of the regression tree diagram). The 
lactation length (LL) variable separated the 
principal node into two nodes, indicating that 
lactation length is the factor that has the greatest 
impact on the 305 days milk yield. 
 
According to the lactation length variable yet 
again, Node 2 was further divided into 2 child 
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nodes (Node 4 & Node 5). The parity variable 
further divided Node 5 into Nodes 10 and 11. 
The regression tree diagram shows that the 
secondary variable affecting cross-bred dairy 
cows' 305-d milk yield is parity. The age variable 
caused Node 10 to be further divided into 2 child 
nodes (Node 20 & Node 21), indicating that it is 
the next significant variable determining 305-d 
milk yield. Based on the calving season variable, 
Node 20 was further divided into 2 child nodes 
(Node 40 and Node 41). Nodes could no longer 
be divided into smaller groups. As a result, these 
nodes are referred to as terminal nodes. Finally, 
we obtained six terminal nodes with adequate 
homogeneity (Nodes 3, 4, 11, 21, 40, and 41). 
 
Cows with an average age of 4.3 years, parity of 
2 to 8 except 4, and lactation length of 255 to 
405 days produced highest milk yield. A 
significant (p<0.01) and favourable (positive) 
correlation between lactation length and milk 
yield was discovered (Table 2). 
 
In contrast to our study, the effect of parity on 
milk yield was found to be statistically significant 
by Ozçelik and Arpacik (2000), Şeker et al. 

(2009). Correlations between lactation length and 
milk yield have been reported as non-significant 
and negative by Mundan et al. (2009) which            
is contradictory to our findings however             
[11,12] reported correlation between them as 
positive. 
 
Calving season had a substantial impact on 305-
days milk yield and milk yield was lower in 
autumn and winter seasons which were in 
contrast with other researchers [13,14,15,16]. 
Also, according to Barash et al. [17] Jersey cows 
that calved in months other than December, 
January and February of the year had low milk 
production and they concluded this might be a 
result of high humidity and environmental 
temperature in summer season which is in line 
with our study. In line with our study, Bakir et al. 
[18] also reported that the age had a significant 
impact on milk yield. Bayril and Yilmaz  [19] 
reported significant impact on the 305 day milk 
yield in Holstein cows by the calving year, parity, 
age and body weight. Likewise, Gorgulu [20] 
noted that the most significant influences on the 
components of milk yield were age and the 
number of lactations. 

 
 Table 1. Description of population under study 

 

 N Minimum Maximum Mean Variance 

Age 100 3 10 5.14 ± 0.199 3.965 
P 100 1 8 3.11 ± 0.198 3.938 
LL 100 90 480 315.60 ± 6.403 4099.636 
MY 100 179.0 4004.5 1898.273 ± 69.043 476696.033 

 
Table 2. Correlation among Parameters [Age, Lactation Length (LL), Parity (P), Calving Season 

(CS) and Milk yield (MY)] 
 

Correlation Among Parameters  
Age LL P CS MY 

Age Pearson Correlation 1 0.097 0.980** 0.309** -0.106 
Sig. (2-tailed) 

 
0.339 0.000 0.002 0.295 

N 100 100 100 100 100 

LL Pearson Correlation 0.097 1 0.100 0.002 0.687** 
Sig. (2-tailed) 0.339 

 
0.321 0.986 0.000 

N 100 100 100 100 100 

P Pearson Correlation 0.980** 0.100 1 0.280** -0.100 
Sig. (2-tailed) 0.000 0.321 

 
0.005 0.320 

N 100 100 100 100 100 

CS Pearson Correlation 0.309** 0.002 0.280** 1 0.010 
Sig. (2-tailed) 0.002 0.986 0.005  0.919 
N 100 100 100 100 100 

MY Pearson Correlation -0.106 0.687** -0.100 0.10 1 
Sig. (2-tailed) 0.295 0.000 0.320 0.919 

 

N 100 100 100 100 100 
**. Correlation is significant at the 0.01 level (2-tailed) 
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Fig. 1. Regression tree diagram 
 
Our research demonstrated that lactation length 
is the main determinant of 305-day milk yield in 
cross-bred dairy cows, with summer and spring 
calving cow producing higher yields than winter 
and autumn calving cows. Mirtagioglu et al. [21] 
also used the regression tree method to identify 
the factors that affected the 305-days milk yield 
and indicated that for 305-day milk yield; age 
was the most important effective factor, followed 
by lactation length and calving season. 
According to Chaudhary et al. [22] the change in 
milk yield gets smaller over time. The milk yield 
change rate decreases by 0.0012 units for every 
year of age increase which is similar to our 
finding as we also got negative relationship 
between milk yield and age. 
 

4. CONCLUSIONS 
 
The average age, parity, lactation length and milk 
yield of population were 5.14 years, 3.11, 315.60 
days and 1898.27 litres respectively. Significant 
positive relationship between lactation length & 
milk yield; age & parity as well as calving season 
& age and parity of animal both were found. Age 
and parity had negative correlation with milk yield 
although they were not significant. The most 
important determinant for 305-day milk yield, 
according to regression tree analysis, is lactation 
length, which is followed by parity, age and 
calving season. Milk yield of cows older than 4.3 

years only, was affected by the calving season. 
Cows exclusively with milk production and 
lactations length lasting from 255 to 405 days 
were influenced by parity. In contrast to earlier 
studies, the regression tree method offers the 
chance to gather unique information and this 
paper offers an insight to the applicability of 
decision tree in animal sciences. 
 

DISCLAIMER 
 
This paper is an extended version of a preprint 
document of the same author. 
The preprint document is available in this link: 
https://www.researchsquare.com/article/rs-
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published as a journal article, provided it is not 
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