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The utilization of livestock and poultry manure resources has become a crucial aspect of agricultural development 
due to the growth of the social economy and increased environmental protection awareness. However, at 
present, the resource of utilization effect of livestock manure is insufficient, resulting in a large amount of 
livestock manure resources wasted. In order to analyze the evaluation effect of the management model on the 
resource utilization of livestock and poultry manure, this study took livestock and poultry manure resources as an 
independent variable and used the management model and random forest algorithm as the dependent variables. 
IBM SPSS software was employed to conduct various analysis methods to evaluate the connection between 
variables to assess the outcomes of the management model in utilizing livestock manure resources. The Pearson 
coefficient results showed that the correlation coefficients between the independent variable livestock manure 
and the utilization management model and the random forest algorithm were -0.067 and 0.275, respectively. In 
addition, the reliability analysis results showed that the reliability values of standard variance, actual variance, 
and error variance were 0.751, 0.058, and 0.693, respectively. The results suggested that the use of a management 
model based on the random forest algorithm positively impacted the evaluation of livestock and poultry manure 
resource utilization. This model could be utilized to improve the effectiveness of using these resources. 
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Introduction 
 
Resource utilization of animal manure is an 
important task in agricultural production, and its 
importance is mainly reflected in the following 
aspects including (1) animal manure has the 
potential to function as an organic fertilizer 
resource, delivering the necessary nutrients 
essential for crop growth, and augmenting crop 
yield and quality [1, 2]; (2) livestock and poultry 
manure contains a large number of organic 
substances and microorganisms, which can 
improve soil structure, improve soil fertility, and 

promote crop growth [3]; (3)the usage of 
livestock and poultry waste as a resource can 
mitigate environmental pollution, minimize the 
impacts of agricultural production on the 
environment, and safeguard the ecological 
environment [4]; (4) the use of livestock and 
poultry manure as a resource can enhance 
agricultural productivity, decrease production 
expenses, and encourage sustainable agricultural 
growth. Research has found that livestock 
manure is a valuable resource that, if handled 
properly, can be a good alternative to artificial 
fertilizers. To avoid environmental pollution, it is 
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essential to treat animal waste properly to 
reduce odors, nutrient loss, and emissions [5]. In 
addition, numerous studies have found that poor 
manure management can have a negative impact 
on Asia's rapidly growing livestock industry. 
Lasser et al. found that waterways were often 
contaminated with improperly disposed fecal 
matter. High concentrations of nutrients in rivers 
and lakes could cause ecological imbalances as it 
promoted abnormal growth of algae and aquatic 
plants [6]. In addition, Hernandez's team found 
that different pathogens were prevalent in 
livestock manure and could be direct discharged 
into streams and infiltration into groundwater 
posing considerable health risks to humans and 
animals [7]. A comprehensive assessment of 
existing manure management strategies is 
needed to develop new strategies that local 
livestock producers can adopt.  
 
To enhance management and utilization of 
livestock manure, a simulation model has been 
suggested to measure dynamic changes in 
pasture ecosystem, animal productivity, and 
ecosystem dynamics, although its technical 
complexity demands high proficiency [8]. A 
unique feature of the model is its ability to reflect 
seasonal and interannual temporal fluctuations 
in feed quality and quantity, as well as the 
possible effects of these changes on energy and 
nutrient intake of livestock [9]. Other studies also 
found that resource utilization management 
model could be used to manage and utilize 
livestock and poultry manure [10]. Resource 
utilization management model is a mathematical 
model used to describe and predict the process 
of resource utilization, which typically involves 
the input, output, transformation, and 
consumption of resources. This approach can aid 
managers in developing optimized resource 
utilization plans, enhancing resource utilization 
efficiency, and safeguarding the environment by 
predicting resource utilization efficiency and 
environmental impact [11]. The resource 
utilization management model is widely applied 
in agricultural production, environmental 
protection, energy utilization, and other fields. It 
also can help managers to optimize resource 

utilization plans and improve resource utilization 
efficiency [12]. Yang used the resource utilization 
management model to evaluate the efficiency of 
water resource utilization in China. The 
evaluation results led to a proposal of strategies 
aimed at enhancing utilization efficiency of water 
resources, thereby improving the overall water 
resource utilization efficiency [13]. In addition, in 
order to improve the efficiency of waste 
management and utilization, the scientists 
proposed the use of resource utilization 
management model to manage waste, so as to 
improve the sustainable use of waste [14]. At 
present, the resource utilization management 
model has been applied to the management of 
livestock and poultry manure. However, 
traditional management methods struggle to 
address the complexity and diversity of such 
manure [15]. The random forest algorithm is an 
ensemble learning method, which improves the 
accuracy and stability of prediction by 
constructing and integrating multiple decision 
trees [16]. This approach has numerous benefits 
including a strong generalization ability and the 
capacity to effectively avoid overfitting issues, 
which make it a popular choice for medical 
diagnosis, financial risk assessment, 
environmental monitoring, and other 
applications [17]. In the management model of 
livestock manure resource utilization, random 
forest can be used to predict the effect of 
different management methods, so as to help 
managers choose the best management plan.  
 
Livestock manure has genuine fertilizer value, 
which leads many farmers, horticulturists, and 
gardeners to utilize it for crop fertilization. 
Treated manure is stored in open ponds or 
cesspools, while untreated manure is discharged 
into fields as manure. Animal manure provides a 
significant source of agricultural nutrients 
including nitrogen, which contributes to the 
emission of N2O into the soil. As livestock 
numbers increase to meet human demand for 
animal products, managing manure to reduce 
N2O emissions become critical. However, 
challenges still exist in the management of 
resource utilization of livestock and poultry 
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manure including low resource utilization 
efficiency and serious environmental pollution. 
This study aims to improve resource utilization 
efficiency, reduce environmental pollution, and 
promote sustainable agricultural development 
through the management model of livestock 
manure resource utilization based on the random 
forest algorithm. The results of this study would 
provide a scientific based new evaluation method 
for the resource utilization management model 
of livestock and poultry manure to improve the 
efficiency and effect of the resource utilization of 
livestock and poultry manure and to provide 
reference for model evaluation in other fields. 
The random forest algorithm-based model 
evaluation method should have high practicality 
and application value and could assess not only 
livestock manure resource utilization 
management models, but also models in other 
fields. 
 
 

Materials and Methods 
 
Data collection 
This study was based on original data analysis 
results provided by different participants within 
the region of Inner Mongolia, China. The study 
included 150 participants from small family 
farms, 45 from medium farms, 30 from large 
farms, and 15 from livestock-related businesses 
and research institutions. The geographical 
distribution of participants covered different 
climatic conditions and agricultural production 
environments to ensure the breadth and 
applicability of the study. Through the data 
collection, the participants' education level, 
livestock breeding experience, and other factors 
were also included to ensure the diversity and 
accuracy of the data. The information provided 
by the participants in this study mainly included 
five different types including (1) the composition 
of feces including the content of organic 
substances, nitrogen, phosphorus, potassium, 
and other nutrient elements as well as the types 
and contents of harmful substances such as 
hydrogen sulfide and ammonia; (2) the manure 
treatment method, which included the manure 

treatment technology and process such as 
aerobic fermentation, anaerobic fermentation, 
drying treatment, etc.; (3) the resource utilization 
methods, which mainly included the conversion 
of manure into organic fertilizer, inorganic 
fertilizer, biological gas, and other different 
resource utilization methods as well as the 
quality, output, economic benefits, and other 
information after conversion into these 
resources; (4) the experience and knowledge of 
the participants on the recycling of livestock and 
poultry waste as well as the difficulties and 
challenges in implementing the recycling 
process; (5) the impact of waste treatment and 
resource utilization on the environment such as 
the impact on air, water, soil, and other 
environmental factors. Through the collection 
and analysis of these information, we could 
better understand the resource utilization effect 
of livestock and poultry manure and provided 
references for improving the resource utilization 
efficiency of manure and protecting the 
environment. 
 
Data processing 
All data were processed by using SPSS software 
(IBM, Armonk, New York, USA) for descriptive 
statistics, correlation coefficient, regression 
analysis, one-way ANOVA, graph analysis, T-test, 
reliability analysis, and control charts related to 
the variables. Livestock manure resources were 
set as independent variables, while random 
forest algorithm and management model were 
dependent variables. The specific correlation 
between the three variables was examined. 
 
Utilization management model 
The resource utilization management model is a 
mathematical model used to describe and 
predict the process of resource utilization, which 
specifically accounts for the input, output, 
transformation, and consumption of resources. 
By considering the environmental impact and 
efficiency of resource utilization, managers can 
optimize plans and improve resource utilization 
while also protecting the environment. The 
resource utilization management model can be 
divided into production model, allocation model, 
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use model, and resource management model. 
Each model has its specific application scenario 
and parameter settings. Through the 
establishment and application of resource 
utilization management model, the process of 
resource utilization can be better understood 
and managed, leading to sustainable resource 
utilization and promoting the sustainable 
development of society and the economy. The 
process of establishing the utilization 
management model in this study was included 
several steps below. First, the goal and scope of 
the model were defined. The data related to 
resource utilization was then collected and 
analyzed. Based on data analysis, problems and 
improvement opportunities in resource 
utilization were identified. Then the specific 
strategies and action plans for the identified 
problems and opportunities were formulated by 
ensuring that the strategy was aligned with the 
organization's strategic objectives and values. 
The strategies and action plans developed were 
then put into practice. After implementing 
improvement measures, the changes in resource 
utilization were continuously monitored and 
evaluated, which provided feedback and 
adjustments to the model based on the results of 
monitoring and evaluation. It might involve fine-
tuning the policy, introducing new 
improvements, and so on. It was also ensured 
that the model would continue to adapt to the 
changing and evolving needs of the organization. 
An established utilization management model 
would help organizations to better manage and 
optimize resource usage, improve efficiency, and 
reduce costs. 
 
Random forest algorithm 
A random forest algorithm is an ensemble 
learning algorithm that uses multiple decision 
trees to predict outcomes. Each decision tree is 
built based on different training data sets and 
feature subsets, so there is some independence 
between them. The random forest algorithm can 
get the final prediction result by averaging or 
voting the results of multiple decision trees, thus 
improving the accuracy and stability of 
prediction. The scikit-learn (https://scikit-

learn.org/stable/index.html), a popular machine 
learning library available in Python and 
containing a wealth of machine learning features, 
was employed to implement random forest 
algorithm in this study. Because the development 
and maintenance of the scikit-learn package is a 
global activity, its code can be used in many cities 
and countries around the world. The general 
steps of the development process of random 
forest algorithm were as follows. First, the 
relevant data of manure resources and 
management and utilization mode including the 
type, quantity, quality, and other information of 
manure resources provided by participants were 
collected. All collected data were pre-processed 
to ensure the quality and usability. Then the 
features related to the manure resource and 
management and utilization model from the pre-
treated data were selected to reduce the 
complexity of the model and improve the 
forecasting ability of the model. Thet random 
forest algorithm was then used to train the 
selected features and establish the relationship 
model between the manure resources and the 
management and utilization model. Finally, the 
established model was evaluated and used to 
predict the new manure resources and 
management and utilization model, thus 
optimizing the utilization efficiency and 
management effect of manure resources. 
 

 
Results and discussion 

 
Descriptive statistical analysis 
The descriptive statistical analysis describes the 
overall results of the study, including the number 
of observations, the minimum, the maximum, 
the mean of each variable, and the standard 
deviation. In this study, the livestock manure 
resource acted as an independent variable with a 
minimum value of 1.000 and maximum value of 
5.000, and mean and standard deviation of 1.82 
and 0.97, respectively. The utilization 
management model was a dependent variable 
with a minimum and maximum value of 1.00 and 
4.00, while the mean and standard deviation 
were 1.9900 and 0.79766,  respectively.  Another 
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Table 1. Pearson correlation coefficient among variables. 
 

 Livestock manure resource Utilization management model Random forest algorithm 

Livestock manure  
resource 

1 -0.067 0.275** 

- 0.507 0.006 

100 100 100 

Utilization management 
model 

-0.067 1 0.014 

0.507 - 0.893 

100 100 100 

Random forest  
algorithm 

0.275** 0.014 1 

0.006 0.893 - 

100 100 100 
Note: **: Correlation was significant at the P < 0.01 (2-tailed). 

 
 
dependent variable was the random forest 
algorithm, which had a minimum value of 1.00, a 
maximum value of 4.00, a mean value of 1.8700, 
and a standard deviation of 0.81. The minimum 
value and maximum value are two important 
indicators used to describe the distribution range 
of data in descriptive statistical analysis. The 
minimum value stands for the smallest value in 
the data set, signifying the lower limit of data 
distribution, while the maximum value is the 
largest value in the data set, representing the 
upper limit of the data distribution [18]. 
Minimum and maximum values can help to 
understand the distribution range of the data and 
thus better understand the characteristics and 
properties of the data [19]. In addition, a 
statistical comparison was conducted between 
the mean values of the animal manure resource 
group, the utilization management model group, 
and the random forest algorithm group. The 
mean value of the animal manure resource group 
was found to be significantly different from that 
of the utilization management model group, with 
a P value less than 0.05 indicating statistical 
significance. The P value between the animal 
manure resource group and the random forest 
algorithm group was also less than 0.05, 
indicating a statistically significant. There was a 
significant difference between the management 
model group and the random forest algorithm 
group (P < 0.05).  
 
The correlation coefficients between variables, 
including dependent and independent variables 

were described in Table 1, which included the 
Pearson correlation value, the significant levels, 
and the number of observations. It was 
noteworthy that the livestock manure, 
considered an independent variable, exhibited a 
negative relation with the utilization 
management model with a rate of -0.067 
revealing an insignificant correlation between 
the two. However, a positive and significant 
relation between the random forest algorithm 
model and livestock manure with the rate level of 
0.275 and significant level of 0.006 were 
observed, which showed 100% significant level 
with each other. The result demonstrated that 
the utilization management model was another 
independent variable, which showed the positive 
relationship with the random forest algorithm 
rate of 0.014. 
 
ANOVA analysis of single factor  
The variance analysis of the management model 
and the random forest algorithm was carried out 
in the inter-group and intra-group, respectively. 
The results showed that the sum of squares 
between the groups of the utilization 
management model was 2.534, while the sum of 
squares within the groups was 60.456 with the 
mean squares of 0.633 and 0.636, respectively. 
The F value of utilization management model was 
0.995, which indicated a positive correlation 
between inter- and intra-group of utilization 
management model with a significance level of 
0.414. The random forest algorithm 
demonstrated  as  a  dependent  variable  with  a  
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Table 2. The total variance interpretation values for each component using principal component analysis (PCA). 
 

Component 
Initial eigenvalues Extraction sums of squared loadings 

Total Variance % Cumulative % Total Variance % Cumulative % 

1 1.281 42.685 42.685 1.281 42.685 42.685 
2 1.006 33.541 76.225 1.006 33.541 76.225 
3 0.713 23.775 100.000    

Note: The components 1, 2, and 3 were livestock manure group, utilization management model group, and random forest algorithm group, 
respectively. 

 
 
sum of squares reaching 9.401 and 55.909 in 
inter- and intra-group, respectively, an F value of 
3.994, and a significance level of 0.005, indicating 
a significant difference. In addition, the model 
summary results showed that the R value of the 
model was 0.277, the R variance was 0.077, the 
adjusted R variance was 0.058, and the standard 
error of the estimated value was 0.78839. All 
results suggested that model summary was 
related to dependent and independent variables. 
A variance analysis was performed for regression, 
residual, and total value with the sum of squares 
values of 5.018, 60.292, and 65.310, respectively. 
The results also demonstrated the mean square 
value of regression as 2.509, the residual value of 
0.622, F value of 4.037, the significance value of 
0.021, and the significance level as 2%. 
 
Regression analysis between variables 
Regression analysis was performed on the 
independent and dependent variables. The beta 
value of livestock manure resources was 0.230, 
the standard error was 0.081, and the T-test 
result of P < 0.01, indicating a very significant 
difference. On the other hand, the beta value for 
the utilization management model was 0.033 
with a standard error of 0.100 and a 
standardization coefficient of 0.032. The T-test 
value was 0.329 with the significance level of 7%. 
The total variance interpretation values for each 
component was shown in Table 2. The results 
showed the variance percentage and cumulative 
percentage for the initial eigenvalues and the 
extracted sum of squares values. The results 
demonstrated that the livestock manure group 
had a total principal component analysis (PCA) 
value of 1.281, while the management mode 
group and random forest algorithm group had 

total PCA values of 1.006 and 0.713, respectively. 
The variance percentages for the different 
groups of livestock manure, utilization 
management model, and random forest 
algorithm were 42.685, 33.541, and 23.775, 
respectively, while the cumulative percentage 
values were 42.685, 76.225, and 100.00, 
respectively, indicating the initial characteristic 
value of each component. The results also 
showed that the variance percentage of the 
extracted square values were 42.685 and 33.541, 
and the cumulative percentage values were 
42.685 and 76.225 for livestock manure and 
utilization management model groups, 
respectively. The component matrix values of the 
animal manure resource group, the utilization 
management model group, and the random 
forest algorithm group were further analyzed. 
The value of the component matrix represented 
the contribution of the component to each 
variable. The results showed that the values of 
matrix component 1 were 0.804, -0.154, and 
0.781 for livestock manure, utilization 
management model, and random forest 
algorithm groups, respectively, indicating that 
the contribution degree of each component to 
the total variance was 80.4%, -15.4%, and 78.1%, 
respectively. The component matrix values 2 
were -0.043, 0.974, and 0.236 for each group, 
respectively, indicating that the contribution 
degree of each component to the total variance 
was -4.3%, 97.4%, and 23.6%, respectively. The 
chi-square test is a statistical technique 
commonly applied to verify the independence 
between two or more categorical variables [20]. 
The larger the chi-square value, the less 
independence between the two variables, 
indicating a correlation between variables. On 
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the other hand, the smaller the chi-square value, 
the greater the independence between the two 
variables, indicating no correlation between 
them [21]. The chi-square values of livestock 
manure, utilization management model, and 
random forest algorithm groups were 76.5, 
35.12, and 36.4, respectively. Therefore, the 
overall significance value was 0, indicating the 
significant level of correlation between the 
groups. 
 
 
Table 3. Reliability test. 
 

standard variance 0.751 

True variance 0.058 
Error variance 0.693 
Common Inter-Item Correlation 0.078 

Scale reliability 0.202 

Scale reliability (Unbiased) 0.218 

 
 
Reliability and analysis of single sample  
Reliability tests were carried out in the study. 
Table 3 showed the statistical analysis of 
reliability for different test results. The standard 
variance value was 0.751, while the actual 
variance value was 0.058 and the error variance 
reliability value was 0.693. The results suggested 
that the scale reliability was 0.202 and unbiased 
scale reliability was 0.218, thereby establishing 
the overall findings as reliable for analysis. Table 
4 demonstrated a one-sample test analysis of 
each variable including the dependent and 
independent variables. The results demonstrated 
the t value, df, significance, mean differences, 
and 95% confidence intervals. The livestock and 
poultry manure resources group was 
independent variable with t value of 18.603, 
significance level of 0.000, and mean difference 
value of 1.820. The management model was used 
as the dependent variable with the t value of 
24.948, the significance level of 0.000, and the 
mean difference of 1.990. Another dependent 
variable, the random forest algorithm, 
demonstrated the t value, significance level, and 
mean difference of 24.948, 0.000, and 1.990, 
respectively. The results indicated that there 
were significant differences between the animal 

manure resources group, the utilization 
management model group, and the random 
forest algorithm group. 
 
 

Conclusion 
 

This study examined the method for evaluating 
the management model of livestock manure 
resource utilization based on the random forest 
algorithm. The relationship between the 
management model of animal manure resource 
utilization and the random forest algorithm and 
the evaluation effect of the model were 
analyzed. The correlation coefficients between 
the independent variable, livestock manure, and 
the utilization management mode and the 
random forest algorithm were -0.067 and 0.275, 
respectively, indicating that the utilization 
management mode and the random forest 
algorithm had different effects on the resource 
utilization of livestock manure. Meanwhile, the 
reliability analysis showed that the reliability 
values of standard variance, actual variance, and 
error variance were 0.751, 0.058, and 0.693, 
respectively, indicating that the prediction 
results of the model had high stability and 
reliability. In summary, the resource 
management model for livestock manure 
utilization, built with the random forest 
algorithm, had significant practicality and value 
for application. This study provided a scientific 
basis for the resource utilization and 
management of livestock and poultry manures. 
Through analysis of the relationship between the 
management model of livestock manure 
resource utilization and the random forest 
algorithm, the factors affecting the resource 
utilization of livestock manure could be better 
understood, and scientific decision basis could be 
provided for managers. In the future, the model 
will be further studied and optimized to improve 
the prediction accuracy and stability of the model 
and provide strong support for maximizing the 
utilization of resources and environmental 
protection. At the same time, we will also explore 
the application of other machine learning 
methods in the resource utilization management 
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Table 4. One-sample test. 
 

 Test value = 0 

T df 
Significance  

(2-tailed) 
Mean 

difference 
95% Confidence interval of the difference 

Lower Upper 

Livestock manure 
resource 

18.603 99 0.000 1.82000 1.6259 2.0141 

Utilization management 
model 

24.948 99 0.000 1.99000 1.8317 2.1483 

Random forest  
algorithm 

23.023 99 0.000 1.87000 1.7088 2.0312 

 
 
of livestock and poultry manures, in order to find 
a more effective and accurate model evaluation 
method. 
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