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PREFACE 

Agriculture has been the backbone of human civilization for centuries, 

sustaining societies and economies across the globe. However, as the world's 

population grows and environmental challenges intensify, the agricultural sector is 

facing unprecedented pressures. The need for innovative solutions to meet global food 

demands while ensuring environmental sustainability has never been more urgent. 

This is where the revolution of AgriTech, the fusion of agriculture and technology, 

plays a transformative role. 

AgriTech Revolution: Advancing Sustainable Farming delves into the 

innovations that are reshaping the landscape of modern agriculture. This book 

presents a comprehensive overview of cutting-edge technologies and approaches 

designed to enhance productivity, improve resource efficiency, and promote 

sustainability in farming practices. From precision agriculture and smart farming 

techniques to biotechnological advancements and AI-driven analytics, the contents 

explore how technology is addressing some of the most critical challenges in the 

agriculture sector. 

In recent years, AgriTech has not only increased agricultural yields but has also 

reduced the environmental footprint of farming operations. Whether it's through the 

development of drought-resistant crops, the application of data analytics to optimize 

resource use, or the deployment of IoT (Internet of Things) devices to monitor and 

manage farms remotely, the integration of technology is fundamentally changing how 

we grow, manage, and distribute food. 

This book brings together the latest research, case studies, and expert insights 

into the evolving AgriTech ecosystem. It highlights the potential of these innovations to 

revolutionize agriculture and create a more sustainable and resilient global food 

system. Our aim is to inspire researchers, farmers, policymakers, and industry 

professionals to embrace technological advancements as a means to achieve 

agricultural sustainability. 

As we move forward, the intersection of agriculture and technology will 

continue to evolve, offering new opportunities for sustainable farming. We hope this 

book serves as a valuable resource in understanding and advancing this critical field, 

contributing to a future where agricultural progress is in harmony with environmental 

stewardship. 

- Editor s 
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Abstract:   

At the beginning of the 21st century, agriculture experienced a major technological 

transformation with the introduction of green directives. The European Green Directive 

has a series of requirements in food production aimed at reducing the emission of gases 

that affect the increase in climate change, as well as standards that define a product with a 

high biological value. Slogans such as Zero Residues, Zero Waste and Zero Kilometers 

represent a manifesto of a new food concept. This motivated the scientific and professional 

public to find new directions in food production by introducing ecologically acceptable 

inputs to replace various intensive measures. Abiotic factors, such as different climatic 

conditions, to which magnetic, electric and electromagnetic fields belong, interact with 

living organisms. The effect of different magnetic field strengths, frequencies and exposure 

times on plant cultures have a positive effect. The chapter provides information on pulsed 

electromagnetic fields of low frequencies in agricultural production and the participation of 

environmentally friendly measures with PEMP. Additionally, the presentation of the 

conducted study specifies the application of the treatment to soybean seeds, which 

confirms the effectiveness of PEMP. Also, the results show that the stimulation of seeds 

with PEMP and the cultivation of stimulated seed plants in very different climatic 

conditions, which are conditioned by global warming, can have a significant positive effect 

on the productivity of plants, especially in the case of unwanted effects such as drought. On 

the other hand, these methods are economically profitable, ecologically acceptable and 

important for the preservation of the environment while producing health-safe food. By 

introducing these measures into mandatory agrotechnical measures, simple, cheap, safe 

production of agricultural crops can be enabled, which can also be used in sustainable and 

organic systems. 

Keywords:  Pulsating electromagnetic field, eco-friendly measure, soybean, yield 
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Introduction : 

All living things emit an electromagnetic field and waves in the frequency range 

from 0 to 25 Hz. Our planet, that is. nature, has its own Schumann frequency of 7.8 Hz and 

every cell in a healthy and mentally stable organism uses it as a reference system. The 

absence of this natural frequency can lead to serious problems of the immune system, thus 

creating an extremely unfavorable and geopathogenic environment for life. In addition to 

the natural component of the environment such as the Earth's geomagnetic field, to which 

the entire living world is exposed, technological innovations in the application of magnetic 

fields of different frequencies and its effect on organisms have an increasing influence 

(Sarraf et al., 2020). Among the first researches on the impact of stimulation of different 

levels of magnetic, electric, electromagnetic, laser and other waves/fields were carried out 

ÆÏÒ ÍÅÄÉÃÁÌ ÐÕÒÐÏÓÅÓ ɉ"ÁÊÁÇÉç et al., 2021). Today's civilization makes extensive use of 

electromagnetic waves and fields in a whole range of technologies that were unimaginable 

just a century ago. Electromagnetic fields used in agriculture can be roughly divided into 

natural and artificial. Natural radiations are all types of radiation that are useful (or 

harmful), and which come from sources that cannot be influenced by humans, such as the 

Sun. Artificial - technical radiations are produced by humans and this group includes 

radiations for which various devices are used. 

Physical treatments are among the oldest known treatments for improving semen 

health. Due to the success of chemical seed treatment products, physical methods have 

been forgotten. Traditional physical methods are different combinations of hot water, 

steam, ultrasound, hot air, etc. (Micheloni et al., 2002). 

The progress of chemical technology caused a scientific and production revolution 

in agriculture, and on the other hand, a series of negative consequences, which are 

reflected in the decline of plant resistance, the reduction of seed yield and soil fertility 

capacity. 

Today, the production of one unit of agricultural products requires ten times more 

energy than at the beginning of the last century, so many agricultural experts are looking 

for opportunities to increase efficiency and efficient use of plant energy. 

All living processes are highly dependent on the exchange of energy between cells 

and the environment. In the case of using chemical measures, the necessary substances are 

directly introduced into the cell. In the case of physical treatment, the energy introduced 

into the cells creates conditions for molecular transformations, independent of their origin, 
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(El-Gizawy et al., 2016), which leads to the fact that these methods are useful for plants. 

This is the basic concept of "quantum agriculture" that has been intensively discussed in 

recent years (Aladjadjiyan, 2007), and implies the introduction of biophysical methods. By 

affecting biochemical processes, for example in seeds, these methods do not sample 

changes in physiological pathways that are under the control of genetic regulations. 

Therefore, using these methods at appropriate frequencies will not lead to genetic changes 

(Hoseini et al., 2003; Ghodbane et al., 2013). 

Due to the great diversity of living organisms and physical phenomena, the 

interactions of electromagnetic energy with biological organisms are very complex. The 

interaction involves atomic changes, breaking of chemical or genetic bonds, disruption and 

possible generation of thermal energy (Shckorbatov 2014; Vian et al., 2016). 

The advantage of using electromagnetic treatments compared to conventional 

processes is that it does not leave any toxic effect (Macovei et al., 2014). 

Considering that the MF values used in the literature are of a wide range, according 

to the value of Maffei (2022) MF inductions can be divided into low MF and high MF, where 

the dividing line is the value of the Earth's MF induction (ranging from less than 30 µT to 

almost 70 µT). According to Maffei (2022), treatments with magnetic or electromagnetic 

fields, which include the range of frequencies from 0 to 300 Hz, are classified in the group 

of extremely low-frequency magnetic fields, and Tombuloglu et al., (2023) concluded that 

these treatments are non-destructive to the seed or plant.  

The use of a low-frequency electromagnetic field in plant production is in the initial 

phase of application in our country. A low-frequency field is usually considered to have 

continuous sinusoidal waves, while a pulsed electromagnetic field (PEMP) is considered to 

have intermittent sinusoids (Figure 1). A pulsed electromagnetic field (PEMP) is a special 

case of a low-frequency field. 

 
 

Figure 1 : Continuous and interrupted sinusoid of electromagnetic field waves  
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Considering that plant crops are simple models for various researches, the effects of 

seed and plant stimulation have made impressive progress in technical-technological 

innovations in agriculture (Lewandowska et al., 2019). Magnetic field treatment of seeds 

has become very popular in the agricultural sector. Therefore, researchers' efforts are 

focused on finding an efficient environmentally friendly production technology based on 

physical seed treatment (Vashisth and Nagarajan, 2010), because pre-sowing treatments 

improve germination, quantitative and qualitative yield values (Aladjadjiyan, 2007). 

The mechanism of action of any stimulation option has not yet been defined. The 

reason for this is that many researches are carried out on specific investigated parameters. 

Research is carried out both at the cellular level and on whole organisms, where the 

mechanism of action of the treatment affects various biochemical processes of cells in 

plants (Nair et. al., 2018; Radhakrishnan, 2019). The impact of the effects of 

magnetic/electromagnetic biostimulation of seeds are different: uptake and translocation 

of nanoparticles (micro and macroelements) in plants (Tombuloglu et al., 2023), increase 

ÉÎ ɾ-aminobutyric acid content (Luo et al., 2023), enhanced cell division (Radhakrishnan, 

2019), faster movement of charged particles through the cell membrane (Nyakane et al., 

2019), increased activity of enzymes such as b-amylases, acid phosphatases, polyphenol 

oxidases and catalases (Radhakrishnan and Kumari Ranjitha, 2012), to an increase in 

membrane electropotential (Vasilevski, 2003), positive changes in the photosynthesis 

process and pigment content (Abdel Latef et al., 2020). 

The largest number of studies refers to the stimulation of seeds that gave positive or 

negative effects on the intensity and percentage of germination, morphological 

characteristics of plants, chlorophyll content, yield and seed quality, such as protein and oil 

content (Tanvir et al., 2012, Menegatti et al., 2019; Tirono and Hananto, 2023). In addition, 

many authors report that the use of treatments mitigates various impacts on plants that 

may occur due to drought (Hassain et al., 2020), salt (Kataria et al., 2017) and heavy metals 

(Chen et al., 2017). According to the research mentioned above, it is a fact that seed 

treatments lead to changes, but in the future it is necessary to carry out research on which 

comprehensive changes occurring at the cellular level will be monitored at the molecular 

level, and then further developments will be followed, in order to provide a comprehensive 

definition of mechanism of action. It is important to point out that the results of seed 

treatment are comprehensively dependent on plant species, laboratory and climatic 
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growing conditions, growing technology, as well as exposure time, intensity and nature of 

the field, and the various interactions that arise between them.  

For more precise and effective research with electromagnetic treatments, it is 

advised to collect and store data on the present static magnetic fields of the Earth, (Maffei, 

2014), as well as the results of experimental research on different treatments and plants 

ÇÒÏ×Î ÉÎ ÔÈÅ ÆÉÅÌÄȟ ×ÈÉÃÈ ÁÒÅ ÄÉÒÅÃÔÌÙ ÒÅÌÁÔÅÄ ÔÏ ÃÌÉÍÁÔÅ ÃÏÎÄÉÔÉÏÎÓ ɉMÕËÉç et al., 2017; 

"ÁÊÁÇÉç et al., 2022), on which anthropogenic factors have no influence, and greenhouse 

ÐÒÏÄÕÃÔÉÏÎȟ ×ÈÉÃÈ ÁÒÅ ÍÁØÉÍÁÌÌÙ ÃÏÎÔÒÏÌÌÅÄ ×ÉÔÈ ÁÌÌ ÉÎÐÕÔÓ ɉ#ÖÉÊÁÎÏÖÉç et al., 2021) 

Promoting environmental protection through the production of health-safe food 

influences the motivation of various agricultural experts for the creation and 

ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÎÅ× ÐÒÏÄÕÃÔÉÏÎ ÔÅÃÈÎÏÌÏÇÉÅÓ ɉ#ÖÉÊÁÎÏÖÉç et al., 2022). In this regard, 

various studies report a positive impact of pulsed electromagnetic field (PEMP) on seed 

germination, morphological and productive characteristics, and stimulation with PEMP can 

be introduced as one of the environmentally acceptable techniques, as they meet the 

requirements of organic agriculture. Additionally, global climate changes should be 

constantly monitored and forecasted, given the frequent extreme conditions that have a 

ÎÅÇÁÔÉÖÅ ÉÍÐÁÃÔ ÏÎ ÈÉÇÈ ÙÉÅÌÄÓ ÁÎÄ ÓÔÁÂÌÅ ÐÒÏÄÕÃÔÉÏÎ ɉ"ÁÊÁÇÉç et al., 2022). 

In general, most attention has been focused on seed germination of important crops, 

such as wheat, maize, barley, rice and legumes (including especially soybean) (Kataria et 

al., 2017; Hussain et al., 2020; Tirono and Hananto, 2023; Putti et al., 2023).  

A research study  

1. Generation of Magnetic Field  

A low-frequency pulsating electromagnetic field is generated by a suitable 

microprocessor generator that emits pulses through a tape applicator, the values of 

magnetic induction in these devices are variable and range from 0.5 to 20 mT. The 

electromagnetic field is applied through a tape applicator (on which the seed is located) 

with a diameter of 5 cm. The generator is still in the testing phase. The pulse generator 

consists of a power supply that transforms the input network from 220VAC to DC, which 

further feeds the inductive circuit at the output that treats the desired mass. The power 

supply is provided with the help of a driver that is controlled by a microcontroller to 

generate waveforms, frequency and exposure time. To select the frequency and time 

duration of the exposure, the device has two controls. The first command serves to set the 

electromagnetic field of low frequency (from 1 Hz to 50 Hz, and at most 100 Hz) with a 
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potentiometer for the possibility of setting +/- 1 Hz, and the second one to select the time 

duration in minutes (1 - 60 min). It is considered that within these limits the vector of 

magnetic induction prevails over the vector of the associated electric field, more than 90%. 

2. Soybean Seeds of the Cultivar.  

Soybean seeds that were used for research belong to the Valjevka soybean variety, 

selected by the Institute of Field and Vegetable Crops, Serbia (not genetically modified, 0 

ripening groups, length of the vegetation period up to 120 days, genetic potential for a yield 

of 4500 kg/ha, tree of medium height overgrown with gray hairs, purple flower color). The 

grain is of moderate size with a yellow seed and a yellow hilum. It is recommended for 

products for human consumption. 

3. Giving Treatment  

In laboratory conditions, 500 grains were prepared for each subplot, which were 

packed in biodegradable bags. On the day of sowing, stimulation treatment with a pulsating 

electromagnetic field was performed. Stimulation was performed on dry soybeans, in 

variants with PEMF low frequencies of 16, 24, 30 and 72 Hz in different durations of 0 

(control), 30, 60 and 90 minutes. The magnetic field in all variants had an intensity of 10 

mT. In addition, the magnetic field of the terrain where soybeans were grown was 

measured, which was 47 mT. 

4. Experimental Research and Planting.  

Multi -year research on sustainable soybean production, an open cultivation system, 

was conducted at the Institute of Field and Vegetable Crop, Serbia. The experiment was set 

up according to a randomized design as a split plot system in 4 replications. The total area 

of the exhibition was 1219 m2 (53 m x 23 m). A Wintersteiger wide-row pneumatic seeder 

was used for sowing soybeans. The inter-row spacing was 50 cm, and the row spacing was 

4 cm, which achieved a plant density of 500,000 per hectare. Additionally, four rows were 

sown, which represented a protective isolation belt. 

5. The Sampling  

The strategy and technology of growing crops was carried out according to classical 

measures and methods for sustainable soybean production. The harvest was carried out 

with a combine harvester for experimental plots with a small working capacity 

(Wintersteiger elite), at the technological maturity of the grain, with the help of which the 

sample and sample moisture were measured, and then the yield was calculated per ha and 
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14% moisture. The analysis of the results includes meteorological data in the years of the 

study. 

6. Weather Conditions.  

!Ô ÔÈÅ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÓÔÁÔÉÏÎ ͼ2ÉÍÓËÉ £ÁÎéÅÖÉͼȟ ÎÅÁÒ .ÏÖÉ 3ÁÄȟ ÄÁÔÁ ÏÎ ÔÈÅ ÓÕÍ ÏÆ 

precipitation and temperature were monitored and collected (Table 1).  

Table 1: 3ÕÍ ÏÆ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ɉÍÍɊ ÁÎÄ ÁÖÅÒÁÇÅ ÔÅÍÐÅÒÁÔÕÒÅ ɉ Ɋ ÆÏÒ ÔÈÅ ÖÅÇÅÔÁÔÉÖÅ 

period of the research 2014 -2017 and average values for the multi -year period 

1964 -2017  

Sum of precipitation (mm) 

Year 2014 2015 2016 2017 1964-2017 

April  51.2 15.0 74.5 57.0 47.6 

May 202.1 192.0 85.0 82.9 67.7 

June 38.2 28.0 143.18 65.7 87.2 

July 141.1 2.0 68.4 12.0 66.4 

August 78.7 99.0 45.8 17.4 58.2 

September 84.3 53.0 33.7 81.5 48.2 

Sum 595.6 389.0 450.5 316.5 375.3 

!ÖÅÒÁÇÅ ÍÅÁÎ ÔÅÍÐÅÒÁÔÕÒÅ ɉᴈɊ 

 2014 2015 2016 2017 1964-2017 

April  13.2 11.8 14.2 11.4 11.7 

May 16.3 17.8 16.9 17.6 17.0 

June 20.5 20.5 21.7 23.2 20.1 

July 21.9 24.5 22.8 24.3 21.8 

August 20.9 24.4 21.1 24.8 21.3 

September 17.2 19.9 18.5 16.9 16.9 

Average 18.3 19.8 19.2 19.7 18.1 

The amount of precipitation by research year was different compared to the multi-

year average (375.3 mm). In 2014 (595.6 mm), 2015 (389 mm) and 2016 (450.5 mm) they 

were higher compared to the multi-year average, while in 2017 it was lower (316.5 mm). 

Soybeans require larger amounts of water than many field crops, especially in the 

reproductive stages of development, such as grain filling. Looking at the monthly rainfall 

totals for July-August, the year 2014 stands out as very suitable for the development of 

soybeans, while in 2015 and 2017 the monthly rainfall totals are extremely low. The 
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average air temperature of the multi-year period was 18.0 °C, which is lower compared to 

all the examined years (2014 - 18.3 °C, 2015 - 19.8 °C, 2016 - 19.2 °C, 2017 - 19.7 °C). 

7. Statistical Analysis.  

To examine the effect, a three-factor statistical analysis of variance (year, frequency 

and exposure) was used in the DSAASTAT program (Perugia, Italy). The significance of the 

differences was tested with the LSD test (p<0.01 and p<0.05), as well as the linear 

association of the investigated parameters. The results are presented in tabular form. 

Results and Discussion 

Evident climate changes that occur from year to year (from excessive amounts of 

precipitation that lead to floods to extremely high temperatures that cause drought) create 

unpredictable and unstable soybean production. Especially in production systems without 

an additional water regime, such as in these studies.  

Observing the obtained data on soybean yield, the statistical analysis shows a high 

degree of dependence between all investigated factors and their interactions, except for the 

interaction of year and time of exposure, which was at the level of p>0.05 (Table 2). The 

total yield of soybeans according to all examined factors is 3544 kg/ha. The highest yield 

was determined in 2014 (4921 kg/ha), which was also the most favorable in terms of 

weather, because there was enough precipitation, with a regular distribution by month, as 

well as high temperatures that were suitable for normal development of soybeans. The 

lowest yield was determined in the arid year 2015, only 1968 kg/ha, which is 39.99% less 

than in 2014. The strength of the 24 Hz frequency had the greatest effect on the increase in 

yield by 6.68% (3663 kg/ha) compared to to the variant without seed stimulation (3434 

kg/ha). The best influence of the PEMP effect was in the variant with 16 Hz and a duration 

of 30 minutes (3869 kg/ha) on average for all years of research, which was higher by 

12.68% compared to the control. 

Different studies of seed treatments suggest an increase in yield, depending on the 

intensity of the frequency and time of exposure (Sarraf et al., 2021). Vashisth and Joshi 

(2017) exposed corn seeds to static magnetic fields of strength 50, 100, 150, 200 and 250 

for 1, 2, 3 and 4 h for all field strengths, and the best results (percentage germination, 

germination rate, seedling length) was given by the combination of 200 mT with a single 

exposure. Also, plants were grown from those seeds, whose morphological and productive 

parameters were statistically significantly high. Treatment with a magnetic field of 0.1-0.4 

mT had a positive effect on soybean growth and productivity (Tirono, 2022a). Tirono 
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(2022b) explains that with a decrease in the magnetic field and an increase in the 

frequency strength, better effects are obtained, such as in the case of seed treatment with 

0.1-0.4 mT and 100 Hz, where there was an increase in germination, emergence, faster 

growth of tomatoes and creating resistance to Fusarium oxysporum f. spp. Lycopersici.  

Table 2: The effect of pulsed electromagnetic field on soybean yield (kg/ha)  

Year (A) 
Frequency 

(Hz) (B) 

Time (min)  (C) Average 

AB 

Average 

A 0 30 60 90 

2014 

16 4985 5302 4719 5069 5019 

4921 

24 4985 5003 5145 5135 5067 

30 4985 4328 5061 4912 4821 

72 4985 4912 5051 4154 4775 

Average AC 4985 4886 4994 4818  

2015 

16 1962 2175 1898 2073 2027 

1968 

24 1962 2048 2166 2112 2072 

30 1962 1701 2171 2001 1959 

72 1962 2019 2032 1251 1816 

Average AC 1962 1986 2067 1859  

2016 

16 4287 4736 4175 4707  

4305 

24 4287 4341 4682 4444 4438 

30 4287 4069 4352 4093 4200 

72 4286 4139 4292 3699 4104 

Average AC 4287 4321 4375 4236  

2017 

16 2228 2595 2120 2403 2336 

2241 

24 2228 2292 2509 2463 2373 

30 2228 2046 2359 2057 2173 

72 2228 2118 2172 1813 2083 

Average AC 2228 2263 2290 2184  

2018 

16 3632 4265 3657 3953 3877 

4001 

24 3632 4125 4494 4367 4155 

30 3632 3996 4349 4253 4057 

72 3632 3846 3976 4210 3916 

Average AC 3632 4058 4119 4196  
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2019 

16 3510 4142 3746 3821 3805 

3829 

24 3510 4057 4041 3897 3876 

30 3510 3997 4026 3942 3869 

72 3510 3936 3828 3798 3768 

Average AC 3510 4033 3910 3865  

Average 

BC 

16 3434 3869 3386 3671 

Average 

B 

3590 

24 3434 3644 3839 3736 3663 

30 3434 3356 3719 3543 3513 

72 3434 3495 3558 3154 3410 

Average C 3434 3591 3626 3526  

Average 2014-2019 3544 

 A** B** C** AB** AC* BC** ABC** 

F test 3045 109.69 20.35 1.86 3.01 62.59 4.69 

LSD 0.05 63.88 38.38 44.44 94.00 108.85 88.88 217.71 

LSD 0.01 80.02 51.11 58.59 125.19 143.52 117.19 287.05 

 

 

Figure 2 : The influence of pulsed electromagnetic waves on soybean yield on average 

for all years of research  

Determining the intensity of the relationship between the examined values is shown 

by linear regression analysis (Figure 1). On average for all years of research, when 

examining the dependence of yield values, the highest linear correlation was recorded at a 
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the duration of seed exposure. On the contrary, a high correlation coefficient (r= 0.71**) 

was determined at the highest frequency of 72Hz, but the yield values decreased with the 

duration of the exposure time. 

Conclusions: 

The future of agricultural production lies in the interaction of already existing 

practice and knowledge, new technologies and methods and specific products, with the 

main goal - creating high and stable yields while protecting the environment and producing 

health-safe food. In this regard, there should be sustainable production in synergy with 

electroculture in agriculture, precision agriculture and other systems in order to define 

technologies. The mentioned biophysical methods need to be further improved, both the 

application technology and the devices used, so that the mentioned measures are effective, 

easily accessible, which implies their economy with long-term action. Also, the application 

of these treatments requires more research to determine the applicability of these non-

chemical methods, as the future lies in sustainable production systems. 

Based on the results obtained from the research study, it can be concluded that the 

application of seed stimulation with PEMP can alleviate the effect of plant stress during the 

growing season, especially in conditions of unpredictable agrometeorological factors 

(increased mean daily temperatures, rainfall deficit). The most effective grain yield results 

achieved are at a frequency of 16 Hz and an exposure duration of 30 min. Also, it should be 

noted that higher frequencies also have a positive impact, but with increasing frequencies, 

there was a decrease in the yield effect. 
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Abstract : 

The article titled "Biochar: A Green Innovation for Sustainable Development" 

focuses on biochar, a carbon-rich material produced through the pyrolysis of organic 

biomass. Biochar has a unique structure with a high surface area, allowing it to retain 

water, nutrients, and pollutants. This makes it useful in various environmental and 

agricultural applications, such as improving soil health, filtering water, and sequestering 

carbon. The pyrolysis process, which occurs in an oxygen-limited environment, can be 

customized based on temperature and duration to yield biochar with specific 

characteristics suited for different uses. The production of biochar can involve a wide range 

of biomass feedstocks, including agricultural residues, wood chips, and manure. The 

process supports sustainable waste management by converting organic waste into valuable 

carbon-rich material. Biochar has a long history, including its use by ancient civilizations to 

improve soil fertility, and it is increasingly recognized for its potential in modern 

sustainable practices. Despite its benefits, biochar production faces economic and 

technological barriers, particularly the high cost of pyrolysis plants. The article emphasizes 

the need for government incentives and technological innovation to make biochar 

production more commercially viable. In conclusion, biochar offers significant potential for 

contributing to sustainability goals, including carbon sequestration, soil enhancement, and 

environmental remediation, but overcoming economic challenges is crucial for its large-

scale adoption. 

Keywords:  Biochar, Pyrolysis, Carbon Sequestration, Sustainable Agriculture, Waste 

Management, Soil Remediation. 

What is Biochar? 

Biochar is a solid, carbon-rich material produced by heating organic biomass in an 

oxygen-limited environment, a process known as pyrolysis. The raw materials for biochar 

mailto:dhruvfaldu2000@gmail.com
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production typically include plant waste such as wood chips, agricultural residues, and 

even manure. During pyrolysis, the organic matter breaks down at high temperatures, 

releasing volatile gases and leaving behind a stable, porous carbon structure known as 

ÂÉÏÃÈÁÒȢ "ÉÏÃÈÁÒȭÓ ÕÎÉÑÕÅ ÃÏÍÐÏÓÉÔÉÏÎ ÁÎÄ ÓÔÒÕÃÔÕÒÅ ÄÉÆÆÅÒÅÎÔÉÁÔÅ ÉÔ ÆÒÏÍ ÏÔÈÅÒ ÆÏÒÍÓ ÏÆ 

charcoal. It is created specifically for environmental and agricultural purposes, not as fuel. 

Its highly porous nature gives it a large surface area, which can absorb and retain various 

substances like nutrients and water. This characteristic makes biochar useful for 

applications such as water filtration and pollutant removal, though its production method 

can vary depending on the intended use. 

The pyrolysis process used to create biochar can vary in temperature and duration, 

resulting in different qualities of the final product. Lower temperatures yield biochar with 

more volatile organic compounds, while higher temperatures result in a more stable, 

carbon-rich material. These differences in production methods affect the physical and 

chemical properties of biochar, making it customizable for specific applications. Biochar 

has been produced and used by humans for thousands of years. Ancient civilizations, 

particularly in the Amazon basin, created dark, fertile soils known as "terra preta" by 

adding charred organic material to the earth. This practice suggests that biochar has been 

utilized for millennia, although modern scientific understanding of its properties and 

production methods has only recently advanced. 

Biochar continues to gain attention in scientific and industrial circles, not only for its 

environmental applications but also as a product with varied production techniques and 

customizable characteristics. 

Production of Biochar  

In theory, any type of biomass can be used to produce biochar, but practical 

considerations like production costs and regulatory restrictions limit the available 

feedstocks. Key properties of feedstock for biochar production include moisture content, 

ash content, calorific value, and the proportions of lignin, cellulose, and volatile 

components. Various feedstocks such as kitchen waste, agricultural residues, forest by-

products, and even algae have been utilized. Using waste biomass for biochar not only aids 

in waste management by reducing landfill use and preventing groundwater contamination 

but also supports multiple Sustainable Development Goals (SDGs), including clean water, 

sanitation, climate action, and life on land. Importantly, biomass with high lignin and low 

cellulose content is preferred for higher biochar yields, especially when pyrolyzed at high 



Bhumi Publishing, India 

18 
 

temperatures. Moisture content should be kept below 30% for efficient pyrolysis, with sun-

drying being a cost-effective method to reduce moisture without adding energy demands. 

This approach aligns with responsible consumption and production goals, conserving 

energy for vulnerable communities and addressing broader energy security challenges. 

Biochar production involves the thermal decomposition of organic material under 

oxygen-limited conditions, a process known as pyrolysis. This method transforms various 

biomass feedstocksɂsuch as agricultural residues, wood, and manureɂinto a stable, 

carbon-ÒÉÃÈ ÐÒÏÄÕÃÔȢ (ÅÒÅȭÓ Á ÄÅÔÁÉÌÅÄ ÂÒÅÁËÄÏ×Î ÏÆ ÔÈÅ ÂÉÏÃÈÁÒ ÐÒÏÄÕÃÔÉÏÎ ÐÒÏÃÅÓÓȟ ÁÌÏÎÇ 

with key references for further reading. 

a). Feedstock Selection 

The first step in biochar production is selecting the appropriate biomass feedstock. 

Almost any organic material can be used, including crop residues, wood chips, leaves, 

animal manure, and even municipal waste. The type of feedstock significantly influences 

the quality and characteristics of the resulting biochar. For instance, wood-based 

feedstocks generally produce biochar with higher carbon content, while manure results in 

nutrient -rich biochar (Joseph, S., 2012).  

 

Figure  1: Biomass to Biochar Processes 

b).  Pyrolysis Process  

Pyrolysis is the thermal decomposition of organic materials in the absence of 

oxygen. The temperature and residence time during pyrolysis significantly impact the 

properties of biochar: 
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¶ Low-temperature pyrolysis  (300ɀ500°C): This results in a biochar with 

higher levels of volatile organic compounds and a greater potential to retain 

nutrients and water. 

¶ High-temperature pyrolysis  (500ɀ700°C): Produces a more stable, carbon-

rich biochar with higher porosity and surface area, making it better suited for 

long-term carbon sequestration. 

The process typically involves heating the feedstock in a pyrolysis reactor, either in 

a slow or fast pyrolysis process. Slow pyrolysis, which takes hours to complete, is the most 

common method for biochar production. In contrast, fast pyrolysis can be completed in 

seconds, yielding a mix of biochar, bio-oil, and syngas (Mohan et al., 2006). 

c). Process Variables 

Several key variables can be controlled during the pyrolysis process, including: 

¶ Temperature : Higher temperatures produce more stable biochar, with 

lower levels of volatile compounds and higher carbon content. 

¶ Residence Time: Longer times result in more complete conversion of 

feedstock into biochar. 

¶ Heating Rate: Slow heating rates result in more uniform biochar, whereas 

fast heating rates can produce a mix of biochar and other byproducts like 

bio-oil and syngas (Jindo et al., 2012). 

d). Post-Processing 

After pyrolysis, the biochar is typically cooled and collected. The size and 

consistency of the biochar may need adjustment depending on its intended application. In 

some cases, biochar is activated (often by steam or chemical treatment) to enhance its 

porosity and adsorption capacity, especially for environmental remediation purposes 

(Novak et al., 2012). 

Biochar production is a highly flexible process that can be tailored to suit various 

feedstocks and applications. The pyrolysis conditions, including temperature, residence 

time, and feedstock type, all play critical roles in determining the final characteristics of the 

biochar. Advances in biochar research continue to refine production methods, making 

biochar a valuable tool for addressing environmental challenges. 

Pyrolysis, the most common method for biochar production, involves heating 

biomass between 300ɀ900 °C in an oxygen-free environment, breaking it down into char, 

oil, and gases. Depending on the heating rate, pyrolysis can be slow, intermediate, or fast, 
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with slow pyrolysis being the most efficient for biochar production, yielding about 35% 

biochar. The process is influenced by factors like residence time, temperature, pressure, 

and heating method. Pyrolysis not only optimizes biochar yield but also supports 

sustainable development goals by promoting responsible consumption and production. 

3. Properties of Biochar  

Here are the key properties of biochar, each described briefly with supporting 

reviews: 

a). Carbon Content  

Biochar is highly carbon-rich, with carbon typically comprising 50ɀ90% of its 

composition. This stable carbon structure results from pyrolysis, which transforms organic 

materials into a form that can sequester carbon in soils for centuries. This property makes 

biochar a powerful tool for long-term carbon storage and climate mitigation (Lehmann et 

al., 2007). 

b). Porosity  

Biochar's porous structure increases its surface area, making it excellent for 

retaining water and nutrients. This porosity helps improve soil aeration and supports 

microbial activity. Its high surface area also allows biochar to absorb pollutants, making it 

useful for soil and water remediation (Downie et al., 2012). 

 

Figure  2: Microscopy Image of Biochar  

c). Cation Exchange Capacity (CEC) 

Biochar enhances the soil's cation exchange capacity (CEC), which allows it to hold 

and release positively charged nutrients like potassium, magnesium, and calcium. This 
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property improves nutrient availability in soils and reduces the leaching of essential 

nutrients, leading to more efficient fertilizer use (Glaser et al., 2002). 

 

d). Water Retention  

Biochar's high water retention capacity makes it valuable in drought-prone areas, as 

it helps soils retain moisture for longer periods. Its porous structure allows it to store 

water, improving soil hydration and supporting plant growth under water-scarce 

conditions (Kinney et al., 2012). 

e). pH Modulation  

Biochar can help neutralize acidic soils due to its generally alkaline nature. By 

raising soil pH, biochar improves nutrient availability, creating better growing conditions 

for crops. The extent of pH adjustment depends on the feedstock and pyrolysis 

temperature (Yuan et al., 2011). 

f). Nutrient Retention  

Biochar reduces nutrient leaching from soils, particularly nitrogen and phosphorus. 

Its porous structure and high CEC allow it to trap nutrients, making them more available to 

plants and reducing environmental contamination from agricultural runoff (Major et al., 

2010). 

g). Stability  

Due to its carbon-rich and chemically stable nature, biochar resists decomposition 

in the soil for hundreds to thousands of years. This stability makes biochar a reliable means 

for long-term carbon sequestration and improving soil structure over extended periods 

(Kuzyakov et al., 2009). 

h). Enhancement of Microbial Activity  

Biochar creates favorable conditions for soil microorganisms by providing shelter 

and a stable environment. Its porous structure supports microbial colonization, leading to 

enhanced nutrient cycling and improved soil health (Thies and Rillig, 2012). 

i).  Adsorption of Contaminants  

Biochar can absorb various contaminants, including heavy metals, organic 

pollutants, and pesticides. Its ability to bind toxins makes it a valuable tool for 

environmental remediation, particularly in contaminated soils and water systems (Mohan 

et al., 2006). 

j).  Thermal Properties  
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Biochar is produced through pyrolysis, where the biomass is heated to high 

temperatures in the absence of oxygen. This gives biochar its thermal stability and 

resistance to decomposition, which is essential for its long-term role in soil applications 

and carbon sequestration (Sohi et al., 2010). 

4. Potential Applications of Biochar   

The various properties of biochar including higher carbon content, larger surface 

area, well-developed porosity and surplus surface functional groups make it a huge 

prospect for a variety of applications. Some of the applications, apart from heavy metal 

removal, could be listed out as follows: Biochar has a wide range of potential applications 

due to its unique properties. Here are some of the key applications along with descriptions 

(Ravindiran et al., 2024) (Gurwick et al., 2013): 

a).  Soil Amendment  

Biochar is commonly used to improve soil quality. When added to soil, it enhances 

water retention, improves nutrient availability, and increases microbial activity. Its porous 

structure helps retain moisture and nutrients, making them more available to plants, which 

can lead to increased crop yields and healthier plant growth. 

b). Carbon Sequestration  

Biochar has the ability to sequester carbon, meaning it can capture and store carbon 

in the soil for long periods, reducing the amount of carbon dioxide in the atmosphere. This 

contributes to climate change mitigation by lowering greenhouse gas concentrations. 

 

Figure  3: Versatile Applications of Biochar Across Various Sectors  

c).  Water Filtration  
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Due to its high adsorption capacity, biochar can be used as a filter material to 

remove contaminants from water, including heavy metals, pesticides, and other organic 

pollutants. This makes it useful for treating wastewater, purifying drinking water, and 

protecting aquatic ecosystems from pollution. 

d). Waste Management 

Biochar can be produced from various types of organic waste, such as agricultural 

residues, forestry by-products, and municipal waste. By converting waste into biochar, it 

helps reduce landfill use, decrease methane emissions, and manage waste more 

sustainably. The process also generates by-products like bio-oil and syngas, which can be 

used as renewable energy sources. 

e). Animal Husbandry  

Biochar is sometimes added to animal feed or used as bedding in livestock farming. 

In feed, it can improve digestion, reduce methane emissions from ruminants, and enhance 

overall animal health. As bedding, it helps absorb moisture and odors, creating a cleaner 

environment in barns and stables. 

f). Construction Materials  

Biochar can be incorporated into construction materials, such as concrete and 

bricks, to improve their insulating properties and reduce the carbon footprint of building 

materials. It enhances durability and thermal performance while also sequestering carbon 

within the structure.  

g). Energy Production  

During the pyrolysis process of producing biochar, bio-oil and syngas are generated 

as by-products. These can be used as renewable energy sources, providing an alternative to 

fossil fuels. This not only contributes to energy security but also helps in reducing 

greenhouse gas emissions. 

h). Remediation of Contaminated Sites  

Biochar is effective in remediating contaminated soils by adsorbing heavy metals 

and organic pollutants, thereby reducing their bioavailability and toxicity. This application 

is particularly valuable in restoring polluted industrial sites, agricultural lands, and water 

bodies. 

i).  Composting  
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Adding biochar to composting processes can accelerate decomposition, reduce 

odours, and improve the nutrient content of the compost. Biochar helps retain nutrients 

within the compost, making the final product more effective as a soil amendment. 

 

j).  Horticulture  

In horticulture, biochar is used as a soil conditioner in potting mixes and garden 

soils. It helps improve soil structure, aeration, and moisture retention, which is beneficial 

for growing a wide variety of plants, especially in urban gardening and landscaping. 

 Each of these applications leverages biochar's ability to enhance environmental 

sustainability, making it a versatile tool in addressing various global challenges.  

5. Future Perspectives on Biochar  

Biochar stands out as a transformative solution to numerous environmental 

challenges, particularly within the realm of renewable resources. To fully unlock its 

commercial potential, comprehensive techno-economic analyses and life cycle assessments 

ÁÒÅ ÅÓÓÅÎÔÉÁÌȢ 4ÈÅÓÅ ÓÔÕÄÉÅÓ ×ÉÌÌ ÐÒÏÖÉÄÅ Á ÃÌÅÁÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÂÉÏÃÈÁÒȭÓ ÅÎÖÉÒÏÎÍÅÎÔÁÌ 

impact and sustainability across various industries. 

Further research should focus on optimizing biochar activation techniques tailored 

for specific applications, as well as investigating its interaction with soil microbial 

populations. The processes by which biochar efficiently removes toxic contaminants 

remain unclear, particularly in the context of electrochemical conversion and its 

prospective use in supercapacitors. To ensure safety and efficacy, rigorous regulations 

must be enforced, with detailed protocols outlining raw material selection and production 

methods (Ingle et al., 2024). 

Innovative technologies hold the key to advancing scientific understanding of 

ÂÉÏÃÈÁÒȭÓ ÒÅÁÃÔÉÏÎÓ ×ÉÔÈ ÄÉÆÆÅÒÅÎÔ ÍÁÔÅÒÉÁÌÓ ÁÎÄ ÉÎ ÁÄÖÁÎÃÉÎÇ ÔÅÃÈÎÏÌÏÇÉÅÓ ÌÉËÅ ÂÉÏÃÈÁÒ 

activation convert waste biomass into bioenergy and chemical products is key, focusing on 

environmental impact and energy efficiency. Waste-to-energy technologies are central in 

biomass research within the circular economy framework (Faldu et al., 2024). Biochar 

ultimately improving its performance across sectors such as energy, agriculture, and water 

treatment. A deep dive into the effects of different production methods on biochar 

characteristics is crucial, given the variability of biochar types across applications. 

Additionally, biochar exhibits immense potential for synergy with other sustainable 

technologies. When integrated with renewable energy systemsɂsuch as biomass or solar 
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powerɂbiochar production can become a cornerstone of a circular bio-economy. Waste 

from renewable energy processes can serve as feedstock for biochar, fostering a closed-

loop system that minimizes environmental harm. This synergy underscores the importance 

of circular bio-economy practices, which are pivotal for achieving sustainable solutions 

across various sectors (Amonette et al., 2021). 

6. An Economic Barrier to Biochar  

One of the key barriers to large-scale biochar production is the significant financial 

constraint faced by commercial enterprises and land managers. As Li et al., (2023) point 

out, the overall cost structure of biochar production is influenced by both capital and 

operating expenditures, with feedstock quality and availability playing a critical role in 

determining the total production costs across different regions. Capital costs encompass 

infrastructure investment, equipment acquisition, and vehicles required for transporting 

feedstock, all of which are essential but costly components of the biochar production 

process (Li et al., 2023). 

Operating expenses, on the other hand, cover ongoing costs such as maintenance, 

repairs, manpower, and various taxes associated with the production activities. These costs 

combine to make biochar production a high-investment venture. Globally, current biochar 

production techniques remain costly, and this has deterred broader commercial adoption. 

The high cost of pyrolysis plants, in particular, poses a significant hurdle, as these facilities 

represent the core technology for biochar production but require substantial capital 

investment. 

Moreover, government incentives aimed at supporting biochar production for 

carbon neutrality goals are currently insufficient to offset these high costs. Despite 

ÂÉÏÃÈÁÒȭÓ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÂÅÎÅÆÉÔÓȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÃÁÒÂÏÎ ÓÅÑÕÅÓÔÒÁÔÉÏÎ ÁÎÄ ÓÏÉÌ ÈÅÁÌÔÈ 

improvement, the lack of financial support limits the scalability of biochar production 

technologies. Therefore, the development and adoption of new, cost-effective technologies 

are critical for reducing production costs and making biochar a more commercially viable 

solution for industries and land managers (Bergman et al., 2022). 

7. Challenges 

Despite the many advantages of biochar, several global challenges remain regarding 

its production and application: 

a). Feedstock Selection and Availability  
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The quality and quantity of biochar are highly dependent on the type of 

feedstock used. Contaminated feedstock can negatively impact biochar quality, 

reducing its effectiveness in soil remediation and water treatment. Additionally, 

feedstock shape and size can increase energy costs during production. A steady and 

sustainable feedstock supply is critical, which can be supported by promoting 

energy-focused crops, responsible land management, and utilizing agricultural and 

forestry residues. 

b). Inconsistent Biochar Production  

Biochar production varies due to multiple factors such as feedstock type, 

pyrolysis temperature, particle size, and operating conditions. For example, higher 

pyrolysis temperatures reduce volatile matter content, affecting biochar's chemical 

properties like pH and surface area. This inconsistency can lead to challenges when 

applying biochar for environmental purposes, potentially creating secondary 

pollutants. 

c). Technological Barriers  

Scaling biochar production is expensive, and cost-effective methods are needed. 

Major barriers include the availability and quality of feedstock, high production costs, and 

the lack of infrastructure, technology, and standardized certifications. Future innovations 

in biochar production technologies are crucial for overcoming these barriers. 

To support large-scale biochar production, government incentives and subsidies are 

essential. Consistent quality must be ensured through certification and quality standards, 

which can build consumer confidence and expand the biochar market. Educating 

stakeholders about biochar's benefits in agriculture, environmental remediation, and other 

fields will help drive demand. Governments can further stimulate market growth through 

policies like grants, incentives, and procurement programs. Finally, sustainable production 

ÒÅÑÕÉÒÅÓ ÃÁÒÅÆÕÌ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÂÉÏÃÈÁÒȭÓ ÌÉÆÅ ÃÙÃÌÅ ÉÍÐÁÃÔÓȟ ÉÎÃÌÕÄÉÎÇ ÇÒÅÅÎÈÏÕÓÅ ÇÁÓ 

emissions and water usage, ensuring that benefits are fairly distributed across 

communities and stakeholders (Ravindiran et al., 2024). 

Conclusions: 

Biochar, a carbon-rich material produced through pyrolysis, holds tremendous 

potential for promoting sustainable development across various sectors. By utilizing 

organic biomass like wood chips, agricultural residues, and manure, biochar production 

aids waste management while contributing to climate action through carbon sequestration. 
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Its unique porous structure allows it to retain water, nutrients, and contaminants, making 

it valuable in agricultural applications, soil remediation, and water purification. 

The versatility of biochar arises from its customizable properties, determined by 

factors such as pyrolysis temperature and feedstock selection. Low-temperature pyrolysis 

results in biochar with higher nutrient retention, while high-temperature processes yield a 

more stable, carbon-rich material ideal for long-term applications like carbon storage. 

These characteristics make biochar a powerful tool in addressing environmental 

challenges, from enhancing soil fertility to mitigating climate change. Despite its promise, 

biochar faces economic and technological barriers to large-scale adoption. The high costs of 

pyrolysis plants and feedstock procurement hinder its broader commercial application. 

Government incentives and technological innovations are crucial in overcoming these 

obstacles. Furthermore, ensuring consistent production quality and building stakeholder 

Á×ÁÒÅÎÅÓÓ ÁÒÅ ÅÓÓÅÎÔÉÁÌ ÆÏÒ ÅØÐÁÎÄÉÎÇ ÂÉÏÃÈÁÒȭÓ ÒÏÌÅ ÉÎ ÇÌÏÂÁÌ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÅÆÆÏÒÔÓȢ 

In conclusion, biochar stands at the intersection of environmental conservation, 

resource efficiency, and renewable energy. Its integration with other sustainable 

technologies, such as biomass and solar power, can create circular economies that 

minimize environmental harm. By addressing the current challenges, biochar could play a 

transformative role in achieving a greener, more sustainable future. 
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Abstract : 

Agronomic interventions are vital for managing insect pests and diseases in major 

field crops, offering sustainable and eco-friendly alternatives to chemical control methods. 

These interventions focus on enhancing the natural defences of crops and creating 

conditions that are less conducive to pest and disease outbreaks. Practices such as crop 

rotation, intercropping, and the selection of pest- and disease-resistant varieties disrupt 

pest cycles and reduce disease incidence. Maintaining soil health through balanced 

fertilization, appropriate irrigation, and organic amendments helps strengthen crop 

resilience against biotic stresses. Timely sowing and harvesting also reduce the crops' 

exposure to pests and diseases at vulnerable stages. Additionally, practices like cover 

cropping and mulching help suppress weeds, improve soil structure, and promote the 

presence of beneficial organisms that act as natural enemies to pests. Agronomic methods 

are central to integrated pest management (IPM) strategies, aiming to minimize reliance on 

chemical pesticides and reduce the risks of pesticide resistance, environmental pollution, 

and harm to non-target organisms. These practices not only support sustainable crop 

production but also contribute to long-term agricultural resilience by promoting 

biodiversity, improving soil health, and ensuring higher crop yields. With increasing 

challenges posed by climate change and pest evolution, agronomic interventions are 

essential in developing effective, sustainable solutions for pest and disease management in 

agriculture. 

Keywords:  Agronomic intervention, Disease management, Field crops, Pest management 

Introduction : 
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Agronomic or cultural approaches plays a major role in integrated pest and disease 

management. It is a preventive measure on pest, disease and also weed status to decrease 

pest populations and disease inoculum before intervening with direct plant protection 

measures. Agronomic interventions are followed at two scales. First, at the field scale, the 

challenge is to build a coherent cropping system by coordinating a set of decisions such as 

the choice of appropriate resistant/tolerant cultivars, sowing time, planting density, 

irrigation management and crop sequences over time. At the farmers scale, Second, at the 

farm scale, the challenge is to spatially allocate cropping systems to field plots and to 

introduce natural biodiversity to design a farmscape favorable to pest natural enemies. 

What is Pest? 

 A pest is any living organism, which is invasive or troublesome to plants, animals, 

humans, human concerns and livestock. 
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Invertebrate pests  Weeds 
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Table 1: Per cent crop losses due to insect pest in India (Dhaliwal et al., 2019)  

Crop Yield loss (%)  

Rice 25 

Wheat 5 

Groundnut 15 

Oil seeds 20 

Pulses 15 

Cotton 30 

Maize 18 

Sugarcane 20 

Sorghum 8 

Diseases 

It refers to various abnormalities, disorders, or illnesses that affect the health, 

growth and productivity of plants, caused by various pathogens such as fungi, bacteria, 

viruses, nematodes. 

  

  
 

Table 2: Per cent crop losses due to diseases in India  (Oerke et al., 2015)  

Crop Yield loss (%)  

Rice 10.8 

Cotton 10.2 

Maize 7.2 

Wheat 10.2 

Damping off  Powdery mildew  
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Soybean 8.9 

Potato 14.5 

 

Figure  1: Share of losses caused by different pests  (Source: NCIPM, 2017)      

 

Figure  2: Change in pest population density over a time  
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