
123

Smart Innovation, Systems and Technologies 397

Andrey Ronzhin
Mikalai Bakach
Alexander Kostyaev   Editors

Agriculture 
Digitalization and 
Organic Production
Proceedings of the Fourth International 
Conference on Agriculture Digitalization 
and Organic Production (ADOP 2024), 
Minsk, Belarus, June 05–08, 2024



Smart Innovation, Systems and Technologies 

Volume 397 

Series Editors 

Robert J. Howlett, KES International, Shoreham-by-Sea, UK 

Lakhmi C. Jain, KES International, Shoreham-by-Sea, UK



The Smart Innovation, Systems and Technologies book series encompasses the topics 
of knowledge, intelligence, innovation and sustainability. The aim of the series is to 
make available a platform for the publication of books on all aspects of single and 
multi-disciplinary research on these themes in order to make the latest results avail-
able in a readily-accessible form. Volumes on interdisciplinary research combining 
two or more of these areas is particularly sought. 

The series covers systems and paradigms that employ knowledge and intelligence 
in a broad sense. Its scope is systems having embedded knowledge and intelligence, 
which may be applied to the solution of world problems in industry, the environment 
and the community. It also focusses on the knowledge-transfer methodologies and 
innovation strategies employed to make this happen effectively. The combination 
of intelligent systems tools and a broad range of applications introduces a need 
for a synergy of disciplines from science, technology, business and the humanities. 
The series will include conference proceedings, edited collections, monographs, 
handbooks, reference books, and other relevant types of book in areas of science and 
technology where smart systems and technologies can offer innovative solutions. 

High quality content is an essential feature for all book proposals accepted for the 
series. It is expected that editors of all accepted volumes will ensure that contributions 
are subjected to an appropriate level of reviewing process and adhere to KES quality 
principles. 

Indexed by SCOPUS, EI Compendex, INSPEC, WTI Frankfurt eG, zbMATH, 
Japanese Science and Technology Agency (JST), SCImago, DBLP. 

All books published in the series are submitted for consideration in Web of Science.



Andrey Ronzhin · Mikalai Bakach · 
Alexander Kostyaev 
Editors 

Agriculture Digitalization 
and Organic Production 
Proceedings of the Fourth International 
Conference on Agriculture Digitalization 
and Organic Production (ADOP 2024), 
Minsk, Belarus, June 05–08, 2024



Editors 
Andrey Ronzhin 
St. Petersburg Federal Research Center 
of the Russian Academy of Sciences 
St. Petersburg, Russia 

Alexander Kostyaev 
St. Petersburg Federal Research Center 
of the Russian Academy of Sciences 
St. Petersburg, Russia 

Mikalai Bakach 
Scientific and Practical Center 
of the National Academy of Sciences 
of Belarus on Agricultural Mechanization 
Minsk, Belarus 

ISSN 2190-3018 ISSN 2190-3026 (electronic) 
Smart Innovation, Systems and Technologies 
ISBN 978-981-97-4409-1 ISBN 978-981-97-4410-7 (eBook) 
https://doi.org/10.1007/978-981-97-4410-7 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Singapore Pte Ltd. 2024 

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or 
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd. 
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, 
Singapore 

If disposing of this product, please recycle the paper.

https://doi.org/10.1007/978-981-97-4410-7


Organization 

Conference Chairs 

Dmitry Komlach, RUE SPC of the NAS of Belarus for Agricultural Mechanization, 
Belarus; Academician of the RAS Alexander Kostyaev, SPC RAS, Russia 

Program Committee Chairs 

Nikolay Bakach, RUE SPC of the NAS of Belarus for Agricultural Mechanization, 
Belarus 
Andrey Ronzhin, SPC RAS, Russia 

Program Committee Members 

Mikhail Arkhipov, Russia 
Vlado Delik, Serbia 
Abusupyan Dibirov, Russia 
Eduard Dyba, Belarus 
Vadzim Dzemidchuk, Belarus 
Ivan Ermolov, Russia 
Oksana Glibko, Russia 
Mehmet Guzey, Turkey 
Viktar Haldyban, Belarus 
Dmitry Hort, Russia 
Larisa Ilyina, Russia 
Evgeny Ivashko, Russia 
Evgeny Khrustalev, Russia

v



vi Organization

Vladimir Klybik, Belarus 
Alyona Kodolova, Russia 
Sergey Kosogor, Russia 
Valentina Kundius, Russia 
Georgy Laptev, Russia 
Nikolay Lepeshkin, Belarus 
Francisco Mas, Spain 
Roman Meshcheryakov, Russia 
Vadim Mikulski, Belarus 
Roman Nekrasov, Russia 
Adalat Pashayev, Azerbaijan 
Francesco Pieri, Italy 
Mirko Rakovic, Serbia 
Elena Semenova, Russia 
Svetlana Shchepetkina, Russia 
Mikhail Tatur, Belarus 
Alexander Tristanov, Russia 
Noah Velasquez, Mexico 
Elena Yildirim, Russia 
Anton Yurin, Belarus 

Organizing Committee Co-chair 

Anton Yurin, RUE SPC of the NAS of Belarus for Agricultural Mechanization, 
Belarus 

Organizing Committee Members 

Marina Astapova, SPC RAS, Russia 
Natalia Dormidontova, SPC RAS, Russia 
Dmitriy Levonevskiy, SPC RAS, Russia 
Alyona Lopotova, SPC RAS, Russia 
Alina Mikhailus, SPC RAS, Russia 
Anna Moreva, SPC RAS, Russia 
Anna Motienko, SPC RAS, Russia 
Irina Podnozova, SPC RAS, Russia 
Alexandr Smerchansky, SPC RAS, Russia 
Ekaterina Cherskikh, SPC RAS, Russia



Chapter 24 
Utilization and Recycling of Agricultural 
Waste with the Help of Biological Objects 

Yan Li , Viktar Lemiasheuski , and Svetlana Maksimova 

Contents 

24.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 290 
24.2 Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292 

24.2.1 Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292 
24.2.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293 

24.3 Results and Discussions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295 
24.3.1 Worm Survival and Acute Toxicity Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295 
24.3.2 Experiments with Base Material Additions at Different Stages of Fermentation 

Vermicomposting Process and Production of Vermicompost . . . . . . . . . . . . . . 296 
24.3.3 Vermicomposting Process and Production of Vermicompost . . . . . . . . . . . . . . 296 

24.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298 

Abstract Currently, the poultry industry is showing an intensive development trend, 
which has led to a high concentration of poultry manure. Due to imperfect disposal 
methods and the lack of processing technology, handling poultry manure is difficult. If 
measures are not taken to dispose of feces effectively and promptly, large amounts of 
feces can accumulate near poultry farms, causing potential harm to the environment 
and human health. To study the effects of earthworm rearing using different bird 
droppings as base material on the survival, growth, and development of earthworms,
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this paper uses bird droppings with different fermentation periods as experimental 
factors to conduct earthworm survival and chicken and duck droppings analysis. The 
study also examined goose manure during different periods of fermentation. An acute 
toxicity test was carried out, based on which the possibility of using cattle manure 
and crop waste as a breeding substrate was tested. Experimental results show that 
chicken manure (depending on the fermentation period) is suitable for earthworm 
colonization and can serve as a substrate when adding cow manure and other crop 
wastes. At the same time, 100% fermented goose and duck manure can also be used 
as a substrate for earthworm breeding. And through the vermicomposting process, 
an efficient and long-lasting organic fertilizer (bio humus) is obtained. 

24.1 Introduction 

The livestock and poultry manure are a general term for the feces and urine discharged 
from the livestock and poultry farming process [1]. With the economic development, 
people’s demand for livestock and poultry products soared, the farming industry 
in various countries is more and more presenting the development trend of scale, 
intensification, and specialization, and at the same time of development, the natural 
environment has been subjected to enormous pollution pressure [2]. The Food and 
Agriculture Organization of the United Nations listed intensive livestock and poultry 
farming as one of the world’s three major sources of environmental pollution [3]. In 
the traditional agricultural production process, livestock and poultry manure is the 
main source of natural fertilizers, with the intensive aquaculture brought about by the 
characteristics of “planting and raising plant separation”, resulting in the application 
of livestock and poultry manure in a timely manner, the treatment cost increases, and 
other problems are becoming more and more serious. 

There are serious reasons for this problem. It is estimated that a chicken produces 
80–100 g of manure per day, which is about 3–4% of its body weight [4], and an 
average-sized chicken farm (400,000 laying hens and 10 million broilers) produces 
up to 35,000 and 83,000 tons of manure per year and generates more than 400,000 
m3 of wastewater with a high concentration of hazardous substances. The average 
litter size (considering the annual shrinkage of up to 65–70%) is 62 kg per adult 
bird and 42 kg per young bird, respectively. There are more than 67 poultry farms in 
Belarus. According to statistics, the stock of poultry on all types of farms in Belarus is 
31.2 million birds. More than 1.56 million tons of chicken manure are produced, and 
there are existing technologies for semi-liquid and liquid manure treatment, but they 
mainly suffer from high costs, high energy consumption, and the need for special 
equipment. Thus, the problem of pollution from a wide range of sources of livestock 
manure and the development of new technologies for chicken manure treatment have 
become major constraints to the sustainable development of the Belarusian farming 
industry. 

Like other livestock manures, poultry is a nutrient-rich organic waste. The 
content and nature of its chemical composition depend on the type of poultry,
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rearing methods, feeding practices, and accumulation conditions that determine their 
reusability. The author’s investigation found that laying hen manure has a moisture 
content of 68–78%, specific gravity between 6.8– and .4, and density of 1.04–1.15 g/ 
cm ~ 3. Poultry manure has different physical, mechanical, and chemical properties 
depending on the method of poultry rearing (bedding or non-bedding), species of 
birds (hen, broiler, duck, goose, turkey), and rearing cycle [5]. And, solid manure is 
composed of 80% organic matter (4.1% — crude fat, 14.3% — crude fiber, 46.9% — 
non-nitrogenous extracts, 9.3% — amino acids, and 7.3% — mixtures), and the rest 
is: 4.6% — total nitrogen, 2% — total phosphorus, 1.7% — potassium oxide, 8.6%— 
calcium, 0.03% — copper, 0.03% — iron, 0.02% — zinc, 0.7% — magnesium, and 
0.3% — magnum [6]. Meanwhile, according to Whitehead D. C, the average nitrogen 
content (total N) in poultry manure was 1.5%, the average ammonium nitrogen (total 
N) in poultry manure was 7%, and N protein (total N) was 40%. Nitrogenous organic 
matter is decomposed by urobacteria to produce ammonia. Phosphorus in poultry 
manure is not fixed in the soil in the form of iron, aluminum, or calcium phosphate, 
so it is more readily absorbed by plants than phosphorus in mineral fertilizers. The 
assimilable forms contain up to 50% nitrogen, almost 20% phosphorus, and almost 
70% calcium [7]. 

However, overuse of such natural fertilizers can lead to ecological pollution such 
as deterioration of air quality, increase in greenhouse gas emissions, accumulation of 
harmful heavy metals, eutrophication of water bodies, soil acidification, and loss of 
soil nutrients (nitrogen and phosphorus). Leaching, erosion, and runoff result from 
lack of consideration of nutrient requirements of crops [8]. Moreover, the unpleasant 
odor that untreated chicken manure can produce can be of concern to flies, pests, and 
rodents and poses a clear threat to human health in addition to pathogen colonization 
and antibiotic resistance [9]. These factors have prompted the need to investigate 
alternatives for the treatment and use of chicken manure to use it sustainably and 
economically. 

Vermicomposting has gained global attention in the last few decades due to its 
technical simplicity and effectiveness [10]. Various wastes such as animal manure 
[11], agricultural wastes [12], industrial wastes [13], and municipal wastes [14] can 
be used as feedstock for vermicomposting. Vermicomposting is a bio-oxidative, ther-
mophilic, natural decomposition process in which earthworms and microorganisms 
synergistically mineralize the organic waste substrate and convert it into nutrient-rich 
organic fertilizer [15]. In this process, two useful products are obtained, i.e., vermi-
compost, and bio humus . Vermicompost can be used as a soil conditioner and earth-
worms can be used in pharmaceuticals and fishpond feed. Vermicompost has several 
advantages over chemical fertilizers and is useful for crops. Vermicompost contains 
nutrients (in plant usable form), humic acids, and growth hormones, and hence, it 
is widely used as organic fertilizer in organic farming [16]. Studies conducted by 
different authors have shown that the use of vermicompost can increase seed germina-
tion, nutrient growth, and yield of crops without compromising soil health. Intensive 
agriculture has seriously affected the soil health and fertility. Application of vermi-
compost helps to improve the physical, chemical, and biological properties of the 
soil, thereby maintaining soil health and fertility [10, 13]. Various reports indicate
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that vermicomposting can also be used in other areas such as wastewater treatment, 
soil remediation, and energy production [17, 18]. 

Eisenia foetida is a type of earthworm that belongs to the class of fecal earth-
worms. This type of earthworm has a very wide range of feeding habits, a high 
reproductive rate, is more active, and is highly adaptable, which makes it “stand out” 
in the treatment of livestock manure and has attracted a lot of attention. Its intestinal 
cellulose has a strong enzyme activity, and decomposition ability is outstanding. 
Similarly, the feeding capacity of this type of earthworm is considerable, and the 
weight of the manure it consumes can be equal to its own weight. Thus, 100 million 
earthworms in 1 min can handle 40~50 t of organic waste and in the process produce 
20 t of vermicompost organic fertilizer [19]. According to the author’s investiga-
tion, earthworms feed on agricultural wastes, plant wastes, sewage treatment plant 
residues, fruit wastes, and so on. Therefore, the use of earthworms to treat manure 
can not only solve the current problem and can play a positive role in the green 
development of agriculture, but also produce organic fertilizer and animal manure in 
the process of decomposition. Vermicomposting technology is an important part of 
a country’s circular economy, which generates energy from waste and promotes the 
greening of the environment and the economy. 

Research purpose. We took into account the characteristics of poultry farms, such 
as large emission of livestock and poultry manure, low treatment rate, serious pollu-
tion, low comprehensive utilization, etc., combined with the advantages and oper-
ability of vermicomposting technology. Therefore, this study explores the method of 
vermicomposting technology to treat poultry manure, in order to solve the problem 
of environmental pollution and waste of resources caused by the lack of proper treat-
ment of poultry manure, and to provide a reasonable and feasible technological route 
for the resourceful utilization of poultry manure. 

24.2 Materials and Methods 

24.2.1 Materials 

To study the possibility of using guano in vermitechnology, composted manure 
from chickens, geese, turkeys, and ducks was collected from poultry farms (Minsk, 
Borisov, and Brest oblasts) and placed on site. Experiments on biological humus 
production were carried out. Earthworms (Eisenia foetida, Sav) were provided by 
the vermitechnology laboratory of the Scientific and Practical Center for Biolog-
ical Resources of the National Academy of Sciences of Belarus. In addition, the 
substrate suitability process was carried out in homemade vermiculture containers 
(20 × 30 × 10 cm). Physico-chemical analyses were carried out at the Scientific and 
Practical Center for Bioresources of the National Academy of Sciences of Belarus, 
and vermiculture experiments were carried out at the above-mentioned poultry farm. 
Samples of chicken, goose, and duck manure from different composting periods were
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subjected to visual analysis, and physicochemical analyses of all samples were also 
carried out; data on the physicochemical composition are presented in Table 24.1.

24.2.2 Methods 

Physico-chemical Methods of Analysis 

Physico-chemical analysis methods are performed according to the following 
methods:

• Determination of color and odor — visually and organoleptically.
• Determination of the qualitative composition of bio humus is carried out by 

methods of laboratory analysis, used in the quality control of organic fertilizers, 
according to “Methodological guidelines for the analysis of organic fertilizers”, 
M: Kolos, 1984, in accordance with GOST 27980-88.

• Mass fraction of moisture according to GOST 26713-85.
• Mass fraction of organic matter according to GOST 27980-88.
• Acidity (hydrogen ion activity index of salt suspension) according to GOST 

27979-88.
• Bulk density according to GOST 24701-81.
• Mass fraction of nutrient elements is determined by:
• Total nitrogen according to GOST 26715-85.
• Total phosphorus according to GOST 26717-85.
• Total potassium according to GOST 26718-85. 

Experimental Design of Vermicultivation and Vermicomposting 

Worm survival and acute toxicity studies were conducted on chicken, goose, and 
duck manure at different fermentation periods. 

The essence of the experiment: We placed five worms in each box in a prepared 
container containing droppings of different fermentation periods. We also experi-
mented with the bases at different stages of fermentation, adding cow manure to 
some of the containers. The experiment lasted 60 days. Worms in containers were 
counted daily. 

After testing the substrate and survival of more than 90% of the worm population, 
the vermicomposting process began. This process for chicken manure lasted more 
than six months. At the same time, physicochemical analyses were carried out every 
month to determine the quality of the final product and the population density was 
determined to determine the required number of biological objects for processing.
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24.3 Results and Discussions 

24.3.1 Worm Survival and Acute Toxicity Tests

• Option 1: Chicken Litter 1 Year (100%) 

As a result of the experiments, it was revealed that dung earthworms released into 
1-year-old chicken droppings died on the 2nd day of the experiment. The mortality 
rate was 100%. When adding 39% soil and 23% cattle manure to chicken manure 
for 1 year, it turned out that earthworms died on the 2nd day of the experiment. 
The worm mortality rate was 100%. When adding another 20% of cattle manure 
to the substrate, it turned out that worm mortality reached 60% on the third day. 
Continuation of the experiment showed that after 5 days, juveniles (juvenile stages) 
of earthworms were found in the container and no further mortality of earthworms 
was observed. Further observation of the life activity of earthworms in this container 
showed that the mortality rate was 0%, the number of adult worms in the container 
and juveniles increased by 100%, and the appearance of cocoons was noted. Thus, 
adding 60% cattle manure to chicken manure for 1 year, as well as 40% soil, promotes 
the growth and development of dung worms.

• Option 2: Chicken Manure 2 Years (100%) 

As a result of the experiment, it was revealed that dung worms released into chicken 
droppings for 2 years turned out to be lethargic on the second day of the research and 
died on the 5th day of the experiment. Reintroduction of earthworms into chicken 
droppings for 2 years showed that by the end of the experiment, the worms were 
alive, but no growth or development of the population was observed. It should be 
noted that the addition of 20% cattle manure stimulated the worms to further their 
growth and development.

• Option 3: Goose Droppings (100%) 

As a result of the experiment, it was revealed that dung worms released into goose 
droppings (100%) survived throughout the entire experiment. The mortality rate was 
0%. Moreover, a month after the experiment, the number of worms increased by 50% 
and the presence of cocoons was revealed. Further observation of earthworms in the 
container showed that they did not die, but there was an increase in the number of 
cocoons. Thus, goose droppings can be a substrate for the growth and development 
of earthworms.

• Option 4: Duck Droppings 100% 

As a result of the experiment, it was revealed that dung worms released into duck 
droppings (100%) survived throughout the entire experiment. The mortality rate was 
0%. Moreover, a month after the experiment, the number of worms increased by 
20% and the presence of cocoons was revealed. Further observation of earthworms 
in the container showed that they did not die, but the number of cocoons increased
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and juveniles appeared. Thus, duck droppings can be a substrate for the growth and 
development of earthworms. 

24.3.2 Experiments with Base Material Additions at Different 
Stages of Fermentation Vermicomposting Process 
and Production of Vermicompost 

In addition, we conducted an experiment with litter of different fermentation periods. 
Straw and peat were added to the chicken manure. We have found that the composition 
of substrates significantly affects the population size of earthworms. Thus, if peat 
was used instead of straw, the population size of earthworms decreased significantly. 
The largest number of laid cocoons was recorded in substrates based on chicken 
manure for 2 years with the following ratios of ingredients: 50% manure — 50% 
straw and 75% manure — 25% straw. The latter option is preferable not only in 
terms of processing volume, but also a significant increase in the weight of worms, 
which in the future can be used as a protein feed additive in the diets of animals and 
birds. The negative effect of fresh droppings on earthworms can be eliminated if the 
substrate is presented with droppings along with straw, peat, and sawdust in a 3:1 
ratio. 

24.3.3 Vermicomposting Process and Production 
of Vermicompost 

As a result of vermicomposting process, a highly effective organic fertilizer of 
prolonged action —“bio humus”—was obtained. 

The fertilizer—“bio humus”, is obtained by biotechnological processing of 
organic wastes of livestock and poultry farming, as well as any organic wastes 
by vermicomposting (technological line “Belarusian ploughman” dung earthworm 
species Eisenia foetida (Sav). “Bio humus” is intended for use in agricultural produc-
tion, horticulture, horticulture, horticulture, floriculture, for growing seedlings of 
vegetable and ornamental crops, on homestead plots as an organic fertilizer and as a 
component for the preparation of soil mixtures, organ mineral fertilizers, and soils. 

Organic fertilizer BIOGUMUS can be applied to the soil:

• By area method, i.e., by spreading over the soil surface.
• Locally, i.e., in a hole under each plant.
• In the form of a solution. 

When preparing soil mixtures, it is recommended:
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• For vegetable and flower seedlings: 1 part of “bio humus” mixed with 3–5 parts 
of sod earth or peat; for flowers in pots: 1 part of “bio humus” mixed with 4–5 
parts of soil.

• When planting tomatoes, peppers, eggplant, put 100–200 g of “bio humus” under 
each plant.

• When sowing green crops (parsley, lettuce, dill, spinach, etc.) in the beds, it is 
necessary to spread “bio humus” evenly over the surface of the bed on the pre-
moistened soil, mix it with the soil, water it, and then sow the seeds. Apply 
0.5–1.0 kg of “bio humus” per 1 square meter of bed.

• When planting potatoes, it is advisable to apply 100–200 g of “bio humus” under 
each tuber.

• When planting strawberries, it is recommended to put 150–200 g of “bio humus” 
in each well.

• When planting winter garlic, add 0.5 kg of “bio humus” per 1 square meter of 
bed, mix the soil to a depth of 10 cm.

• When planting shrubs (gooseberries, currants, etc.), 1.5 kg of “bio humus” should 
be added to the planting hole, thoroughly mixed with soil, watered, and planted.

• When planting fruit trees, 2 kg of “bio humus” should be added to the planting 
pit for each seedling (apples, pears, cherries, plums, etc.) and mixed with soil.

• To feed vegetable and berry plants during the growing season once a month, 
sprinkle “bio humus” around the stems of plants or in the inter-row at the rate of 
0.5 kg of “bio humus” per 1 square meter, and mix with soil and water.

• To feed shrubs and fruit trees, “bio humus” is spread under the crown at the rate 
of 0.5 kg/m2.

• When fertilizing flowers and ornamental plants in the open ground, “bio humus” 
should be applied monthly at the rate of 150–200 g for each plant or 0.5 kg/m2 of 
flowerbed, lawn.

• When fertilizing indoor flowers, “bio humus” should be applied under the plant 
once every 2 months 2–3 tablespoons. 

24.4 Conclusions 

During the research, it was found that chicken manure (depending on the fermen-
tation period) is suitable for the colonization of earthworms and can be used as a 
substrate when adding cow manure and other agricultural wastes. At the same time, 
100% fermented feces of geese and ducks can be used as a substrate for the life of 
earthworms. Moreover, through the vermicomposting process, a high-quality organic 
fertilizer (biological humus) can be obtained, which can make good use of biotech-
nology to process organic waste from livestock and poultry breeding. It is suitable 
for agricultural production, horticulture, floriculture, vegetable, and ornamental crop 
seedlings, where it is used as an effective organic additive for preparing soil mixtures 
and soils.
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Immediately, we can see that earthworms can efficiently process agricultural waste 
and obtain beneficial nutrients by efficiently breaking down the materials in their 
feces. Moreover, the cost of earthworm farming is relatively low, the required tech-
nology is relatively simple, and the final benefits and feed benefits are better. Thus, 
earthworms can be used to improve the environment of livestock and poultry farms, 
reduce feeding costs, increase economic income, eliminate environmental pollution, 
and realize resource utilization of livestock and poultry manure, which is a necessity 
for sustainable development. 
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