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Chapter

Reducing the Effects of Drought 
and Degradation of Agricultural 
Soils, in the Context of Climate 
Change, through the Application 
of Regenerative Ecological 
Technologies
Eugen Popescu, Florin Nenciu and Valentin Nicolae Vladut

Abstract

The agricultural sector has a limited capacity for expansion, consequently, 
deficient technologies based on the widespread use of synthetic chemicals have 
been implemented in the last decades, having a major negative impact on natural 
ecosystems, biodiversity, and environmental services. Desertification, land 
degradation, and drought, combined with human activity and environmental 
changes, cause important soil losses and a reduction in natural defenses against 
droughts and floods. The combined impact of climate change, land mismanagement 
and unsustainable freshwater use has long been affecting agricultural productivity, 
the most common cause being unsustainable land management practices. This 
chapter aims to briefly assess the most effective strategies for reducing the impact 
of climate change on agricultural crops, as well as to prevent or reverse the process 
of desertification and systematic loss in food quality and quantity. Regenerative 
management practices such as minimum tillage technologies, cover crops and 
mulching, inoculation with microorganisms, nutrients cycling, the balance of the 
organic fertilizers or foliar application help farmers in managing healthy soils, 
capable of growing rich and ecological crops without the use of chemical hazardous 
substances.

Keywords: climate change, regenerative ecological technologies, desertification,  
land degradation and drought

1. Introduction

Regenerative agriculture is a farming and land management concept based on 
several principles and techniques that strengthen and restore ecosystem functions 
and health. Long-term usage of regenerative agriculture has shown many benefits in 
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terms of quality and profitability for farmers, as well as improving the environment 
and contributing to the maintenance of a healthy agricultural landscape. Given that 
it is not always very clear how each action contributes to better agricultural manage-
ment and drought mitigation, this chapter aims to recall the key elements that farmers 
must consider in regenerative agriculture in order to have the best results. It should 
be noted that there is more than one approach that may differ depending on local 
circumstances, however, the elements described in this chapter serve as a starting 
point for practitioners and academics who wish to learn more or deepen one of the 
related domains.

The existence of life is largely dependent on the richness and health of soils, which 
is why soil structure, together with water availability are the most valuable resources 
for humanity. The annual degradation of the agricultural lands puts even more 
pressure on farmers, forcing them to use more chemical inputs and these practices 
may eventually lead to extreme phenomena such as drought, floods, and eventually 
soil abandonment [1]. However, both farmers and policymakers continue to be 
neglecting the need for soil health preservation and they do not take firm restoration 
measures even when the situation becomes concerning.

Water, minerals, and organic matter combine to make the soil in a natural process. 
Soil minerals are produced in the process of natural erosion, while the organic matter 
is formed by the decomposition of plants and other organisms that have died. Many 
scientists consider soiling a finite resource that cannot be renewed during a human 
lifespan. We propose, in the present chapter, several techniques used and validated 
for faster restoration of soil properties, which may help recovery in very shorter time 
periods, depending on the degree of soil impairment.

Degraded soil is described as a change in the physical, chemical, and biological 
characteristics that results in a reduced capacity to support plant growth. The most 
common phenomena that usually occur are related to the fact that soil loses the 
capacity to deliver nutrients and water, while toxic compounds restrict plant growth, 
topsoil lacks of organic matter content, subsoil resources are insufficient to support 
plant roots, the compaction rate is substantially increased, drainage occurs with 
difficulty, and many of the needed microorganisms are absent.

In most common cases, the quality of the soil decreases as a result of the 
anthropogenic intervention, while some natural causes are aggravating the 
circumstances, often leading to erosion. Human activity is the most frequent cause of 
agricultural soil degradation and for accelerating natural soil erosion. Agriculture has 
deteriorated the Earth's soils during the last 100 years, with disastrous consequences, 
David R. Montgomery [2] estimates that humanity is losing 0.3% of our global food 
production each year due to soil erosion and degradation. Soil degradation and loss 
has been a problem since the beginning of agriculture and played a major role in 
the demise of past civilization including Mesopotamia, Antic Greece, and the Rome 
Empire. The element that contributes probably the most to the negative damage to 
the soil, more important even than deforestation is the plowing activity. Stanford 
University in a study from 2015 estimated the degradation rate of topsoil worldwide 
at a rate of 70%, with margins between 54% in Africa and 74% in North America [3]. 
At this time, there is no allotted restoration period, since we are eroding soil 20 times 
faster than we are regenerating it.

Degraded soils have a poor health state, reducing the ecosystem's ability to provide 
water and nutrients to plants, and affecting the soil nutrient web. Degraded soils have 
a weak structure attributable to a lack of soil biodiversity, which causes flooding, 
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erosion, and low production. Water cannot penetrate inferior soil structures, so the 
rains follow the flow of gravity, transporting major amounts of minerals and salts to 
the groundwater, rivers, or lakes. During a drought period, there will be no moisture, 
and groundwater will not be replenished easily. Plants will be stressed, and yields 
will decrease very fast. In the tropics especially on fertile land, soil deterioration is 
prevalent. Natural erosion caused by wind, sun, severe rainfall, and poor human 
management are the most common causes.

It is critical to understand that poor agricultural management before and during a 
drought has a synergetic effect on soil properties. Land degradation in arid, semiarid, 
and sub-humid areas may be generated by various external factors including climate 
change, and draught may lead to desertification. Desertification may be irreversible if 
not intervened in time, especially when the environment becomes too dry and the soil 
becomes further degraded through erosion and compaction.

One of the most important hazardous environmental events in recent history was 
the American Dust Bowl during the years 1930–1936, when large dust storms swept 
topsoil from significant land areas, making 75% of the original topsoil quality to be 
lost [4]. Commenting on the American Dust Bowl, US President Franklin D. Roosevelt 
said “The nation that destroys its soil, destroys itself”, a remark that is still relevant to 
modern crop management practices.

Storms, torrential rains, floods, and droughts are becoming more frequent and 
intense as a result of climate change. Every year, soil deterioration worsens, plants get 
stressed, and yields decrease. Soil management is, therefore, an essential element of 
sustainable agriculture.

Proper regenerative soil management will slow down or stop soil degradation and 
start to rebuild soil fertility. Management should be focused on obtaining healthy and 
superior plants that do not need intense chemical treatments since it is proven that 
a high immunity system protects crops from diseases and insect attacks. Increasing 
plant immunity will be pointed out in high yields, quality products, plants will get 
increased resistance to diseases and pest attacks. At the same time soil will become 
healthier, full of nutrients with an active and rich soil food web. Healthy soils with a 
balanced nutrients ratio, promote biological high activity and replenish groundwater, 
and will help the plants to withstand better the drought. To stop soil degradation, 
special attention must be paid to the phenomena that produce natural erosion, and 
rejuvenate the soil, while human activities have to change rapidly. Soil regeneration 
practices sequester an important part of the required amount of carbon in the soil, 
allowing mankind to maintain control over climate change. Soil carbon allows the land 
structure to function as a sponge, each gram of carbon-absorbing 8 grams of water. In 
addition to the positive effect on the mineralization process, carbon helps to build the 
soil structure, which aids in the supply of air, water, and nutrients to plants. Plants, in 
response, emit liquid carbon from their roots, increasing, even more, the synergies and 
water absorption. This phenomenon occurs more frequently when aggressive tilling 
works are avoided, and the synthetic fertilizer and synthetic biocides application are 
not used. The techniques, if they are applied indiscriminately have the opposite result, 
eliminating the carbon. Figure 1 depicts the most common approach to regenerative 
agriculture at three levels of management: acknowledge the objectives and benefits, 
comprehend the fundamental concepts, and put the best practices into action.

Regenerative agriculture requires a complete redesign of the farming system, as 
well as a shift in the procedures and metrics used in traditional agriculture, and a 
longer-term commitment of farmers.
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2. Main causes of soil degradation

FAO [5] defines soil degradation as a change in the soil health status, resulting 
in a diminished capacity of the ecosystem to provide goods and services for its 
beneficiaries. Degraded soils have a state of health that prevents them from 
generating the standard products and services in a given ecosystem. Soil degradation 
is caused by unfavorable interaction between physical, biological, and chemical soil 
characteristics, accelerating erosion, and leading to poor drainage, salinization, 
nutrient imbalance, decrease in soil organic matter, and suppressing biology. Physical 
soil deterioration includes changes in soil structure (crusting, compaction, etc.), 
imbalance in water content and air ratio, leading to extreme surface temperatures. 
Chemical soil deterioration includes nutrient leaching, fertility depletion, or even 
toxicity. Biological deterioration includes a decrease in the microorganism population 
and a drop in their activity, as well as, a severe reduction of organic matter content. 
Degraded soil is being studied at specialist institutions in nearly every country, and 
warnings are coming from all across the scientific world [6–8].

Major causes of soil degradation are divided into natural, as climate variations 
(soil degradation caused by wind, sun, drought, or heavy rains favoring the fertile 
soil to be washed away) and anthropogenic activities (overgrazing, deforestation, 
excessive use of chemicals fertilizers, pesticides, herbicides, bare soils, excess of 
tillage, overdraft of groundwater, etc.) [9].

Conventional agriculture is considered to be one of the biggest contributors to soil 
degradation [10]. After Second World War, the Chemical Industry provide agriculture 
with new and advanced chemical formulas used as fertilizers, herbicides, and 
pesticides. The first results showed great success for everyone; however, the long-term 
effects were not anticipated since they have affected over time the soil structure and 
soil food web. Over few decades, the soil became degraded, plants are now mostly 
unhealthy, animals and humans experience unexplained medical conditions, and 
yields are going down every year. Chemicals use and tillage technology are producing 
the most detrimental influence on soil deterioration; as a result, their usage must be 
closely monitored and, if possible, avoided.

Figure 1. 
A simplified approach to regenerative agriculture implementation.
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2.1 Bad practices that negatively influence the quality of agricultural soil

Farmers, working in conventional agriculture, that usually apply intensive 
chemical technologies, come across many harmful practices like those described 
below. The practices described in this section aim to draw attention to the most 
common activities that farmers do voluntarily or unknowingly, which may lead to soil 
degradation and floods.

2.1.1 Lack of efficient soil parameters evaluation

In Romania only a few farmers perform soil analysis annually, the majority of 
them use a standardized technology learned from books or advice from chemical 
companies. Soil parameters analyzed in a laboratory report do not contain enough 
information, the evaluation gives most often information regarding land chemis-
try, but ignores several important physical and biological properties. Sustainable 
agriculture changes the view of soil performance and soil quality [11]. Farmers 
need to invest more in complete soil assessment and perform some measurements 
by themselves, like soil acidity (pH) or soil conductivity (EC). The Haney report 
is another good analysis report that offers information about soil health, microbial 
respiration, water-extractable organic carbon, water-extractable nitrogen, etc. 
Haney soil test report offers farmers additional values to improve plant-available 
nutrients and estimate the soil health as related to carbon (C), nitrogen (N), and 
phosphorus (P) cycling [12].

2.1.2 Leaving the soil uncovered

Topsoil is being washed and lose its properties, microorganisms die, while its 
structure degrades. Uncovered soil favors natural soil erosion generated by rains, 
sun, or wind [13]. Soil loss of moisture and high soil temperature suppress bacteria 
and fungi living in the soil. In this environment, weeds germinate easily, and farmers 
cannot control them without using highly aggressive herbicides [14].

2.1.3 Excess of soil tillage

Tillage works as plowing and disking suppress the fungi network, appear losses 
the soil moisture, and may destroy soil structure [15]. Plowing is creating the hardpan 
at 15–30 cm deep. Hardpan is a compact layer of soil below the soil surface that 
inhibits roots movements through the soil [16]. Water is moving gravitationally on the 
hardpan, forming ponds, and soil gets salted [17].

2.1.4 Excess of synthetic fertilizers

Synthetic fertilizers suppress biology [18], contributing to soil compacting, loss 
of fertility, and humus total rate decrease. Plants are using only 15–30% of total 
inorganic fertilizers, while the rest is leaching in lakes, rivers, groundwater, etc. 
Accumulation of nitrogen in groundwater has different sources, being caught in 
irrigation lakes [19, 20]. As groundwater is the main source of drinking water, con-
tamination poses several human health problems. At present in the United States of 
America, there are used 20 times more chemicals than in the American Dust Bowl 
period, and soil degradation continues dramatically.
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2.1.5 Excess of one specific nutrient

Using in excess a specific nutrient especially N in a cation form, inhibits absorb-
ing others nutrients cations as calcium (Ca), potassium (K), sodium (Na). The 
nutrient balance is one of the most important factors in plant nutrition [21–23], 
when plants receive too much N, during a 24 h photosynthesis process, N under 
forms of nitrate (NO3) or ammonium (NH4), is not transformed into proteins and 
became attractive for insects [24]. Excesses of N develop elongation, delay matu-
rity, change biochemistry, cause plant stress and make plants vulnerable to drought 
[25].

2.1.6 Monoculture technology

Monoculture is not resilient to climate change, soil is losing carbon, while 
carbon dioxide (CO2) is increasing in the atmosphere. Monoculture is a source 
of scarcity because the diversity principle is strongly affected [26]. Monoculture 
combined with bare soil practices decreases the fertility of agricultural lands 
dramatically [27].

2.1.7 Overdraft of groundwater

Groundwater overdraft is related to a dry aquifer, loss of water in streams and 
lakes, soil compacting, and polluted groundwater [27, 28].

2.1.8 Neglecting the soil’s biology

If the biology of the soil is ignored in drought years, is a major problem, since the 
soil loses nutrients and water, putting plants under a high level of stress. The plant's 
nature enables to fill in the gap of water and nutrients. In recent decades, scientists 
from many laboratories have studied the interactions between microorganisms and 
plants, and they have concluded that the soil food web plays the most important role 
in plant nutrition [29].

2.1.9 Micronutrients are underused

In the last decades' scientific reports demonstrated that micronutrients are 
as important as major elements, the only difference is the needed quantity. 
Micronutrient deficiency is widespread in the world due to low organic matter, bicar-
bonate content in irrigation water, long time of drought, and imbalanced application 
of fertilizers. Micronutrients application contribute to plant health, soil health, and 
increase yield by up to 15–50% [30–32].

2.1.10 Too much importance given to quantity and not to quality

There is no special interest nowadays in the quality of the products obtained in 
conventional agriculture [33]. Healthy plants that are resistant to illnesses, insect 
attacks, and drought are used to produce high-quality products, while also improving 
yields. Highly nutritional plants have a substantial positive impact on soil health [34], 
animal, and human health.
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3. Principles of restoring soil and plants health

Regenerative Agriculture is organic agriculture, using only natural available 
resources. In organic agriculture, farmers are certified if they produce non-GMO 
plants without using synthetic chemicals, approaching soil conservation and 
preservation for biodiversity. Farmers are allowed to use only inputs from certified 
organic agriculture. In 2018, at Rodale Institute was introduced for the first time 
a new higher standard for the farmers working in a regenerative system called 
Regenerative Organic Certified (ROC) [35]. Regenerative Agriculture is the way to 
sustainable farming practice, regenerate soil fertility, grow healthy plants that create 
healthy soils, less sensible to draught. Using methods from Regenerative Agriculture 
technology, carbon is sequestered in the soil, soil structure and soil fertility improve, 
water retention, and crop yield increase, while drought and flood ameliorate [36]. 
Regenerative agriculture can be defined by a holistic system approach that starts 
with the soil characteristics and also includes the health of the plants, animals, 
farmers, and community. The main aims envisage to regenerate topsoil, restoring 
degraded soil biodiversity, enhancing ecosystem services, improving water cycling 
and improving the resilience of soil to extreme weather. Regenerative Agriculture 
focuses on improving soil health by following four main mandatory principles and 
one optional. All specialists in Regenerative Agriculture accept the four principles that 
include soil cover, living roots, biodiversity, and minimalizing soil disturbance. The 
last principle which is the integration of animals is partially accepted and can be even 
more important in a few specific situations.

Everything plants need is cycled by soil microorganisms before becoming avail-
able to plants' roots. Earth life is based on photosynthesis, a process that transforms 
photonic energy into chemical energy. It varies, depending on the availability of light, 
water, carbon dioxide, chlorophyll concentration, and plant nutrition. Photosynthesis 
is the most efficient cycle and sustainable process in nature [37, 38], and it is the 
engine we can rely in Regenerative Agriculture. Farmers know that water, nitrogen, 
and high-temperature influence the photosynthesis process. During drought, plants 
switch from photosynthesis to photo-respiration process, when are consuming their 
reserve of proteins [39]. To avoid this happening, proper management has to be used 
that optimize nutrition. When monitoring fields frequently, one should notice nature 
needs [40].

3.1 Limited soil disturbance

Only a limited mechanical, chemical, and physical disturbance of soil is permitted. 
Tillage destroys soil structure, resulting in bare or compacted soil that is destructive 
to soil microorganisms and creates a hostile environment for them. Soil stability 
is a quantitative indicator of soil health that is based on a mix of biotic and abiotic 
soil parameters. The impact of physic and chemical qualities on soil resistance and 
resilience is mediated by the microbial community [41]. Living organisms in soil 
improve the structure, create pore spaces that allow water and air to infiltrate the soil. 
Intensive tillage destroys macro and microorganism habitat, disrupt the fungi hyphae 
and soil aggregate.

Synthetic fertilizers, herbicides, pesticides, and fungicides suppress life in the soil, 
having a negative impact on soil fertility. Inputs application disrupts the symbiotic 
relationships between fungi, bacteria, and plants roots. Overgrazing is a form of 
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biological disturbance that reduces roots mass, increases soil temperature and runoff. 
All forms of soil disturbances affect microorganisms and diminish the soil food web.

3.2 Soil protection (defensive armor)

The principle is oriented toward keeping soil covered at all times, especially by 
setting up cover crops or intercropping. This is a critical step toward rebuilding soil 
health because bare soil is not a normal state, nature always works to cover the soil 
surface. When providing a natural vegetal shield, the soil is protected from wind and 
water erosion, while providing foods and a habitat for macro- and microorganisms 
[42]. It will also prevent moisture evaporation, reduces temperature, intercepts 
raindrops, and reduces germination of weed seeds. Soil cover offers a habitat for soil 
food web members that spend some of their time above ground. Keeping the soil 
cover on allows microorganisms to break down leftovers while recycling nutrients 
back into the soil.

3.3 Diversity

Nature aims for the diversity of both plant and animal species. Farmers should 
do the same, since monocultures are present only where humans have established 
them. The preservation, conservation, and restoring biodiversity should be a priority 
nowadays. Biodiversity is a major determinant in ecosystem stability, productivity, 
and nutrients dynamics. High diversity can be twice as productive as monoculture 
[43]. Different plant species use carbohydrates to feed certain microorganisms in 
return for water and nutrients via their roots. Biodiversity of plants is required to 
support the biodiversity of microbes. Each microorganism plays a specific role in 
maintaining soil health, and diversity enhances ecosystem functioning [44]. The 
key to improving soil health consists in a soil food web that is populated with several 
types of plants and animals. A fully functioning soil food web provides nutrients, 
water, energy, and allows the soil to express its full potential. The diversity has to be 
increased using crop rotation and cover crops.

3.4 Living root maintenance

Living roots have to be maintained in soil as long as possible because they are 
feeding soil biology by providing basic food source carbohydrates [45]. This biology 
feeds plants with water and nutrients, having the capacity to store nutrients and water 
that will be provided during drought. Farmers within conventional agriculture used 
to think there are 120 days to rest soil until the growing season. It is now considered 
wrong since living plants continue growing into early winter and break biological 
dormancy earlier in the spring. Their roots are feeding soil organisms and keep the 
biological population at a high rate. Healthy soil is dependent upon how well the food 
web is fed. Providing food to soil microbes helps them cycle nutrients that plants 
needed to grow.

3.5 Integrated animals

Nature does not function well without animal organisms. Integrated livestock into 
an operation provides many benefits. The major benefit is that grazing stimulates 
the plants to pump more carbon into the soil. This drives nutrient cycling by feeding 
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biology, also has a major positive impact on climate change by cycling more carbon 
out of the atmosphere and putting it into the ground. Pasture cropping is another 
way of practicing regenerative agriculture for growing food and restoring degraded 
soil. Farmers should provide a home and habitat not only for farm animals but also 
for pollinators, predator insects, earthworms, and all the microbiology that drive 
ecosystem function.

3.6 Monitoring

Monitoring the field every day is also a key factor in keeping plants healthy. 
Checking the soil compaction, earthworm activity, soil structure, erosion risks, poor 
crop growth, etc., and keeping a recording of everyday activity helps the agricultural 
management system. Minimum information recorded are data, weather, fertility and 
irrigation program, yield, insects attack, diseases, etc.

There are different technologies according to these principles that are already 
used by some farmers. The most commonly used are the NO-TILL or STRIP-TILL, 
but they are rather used for profit maximized than for reducing drought effect and 
regenerating soil health. NO-TILL is studied in many countries, over a long period 
of years, concluded that is a big step forward [46]. However, these technologies are 
included in regenerative agriculture methods of growing plants during drought. A 
special part that is additional to these methods in regenerative agriculture, concerns 
breaking the hardpan and biological inoculation.

4.  Methods to control draught by using the principles of regenerative 
agriculture

Drought stress is reduced when plants are healthy and thrive in healthy soil. 
For plants to overcome the draught on degraded soils, a new management strategy 
is required. Water, balanced nutrients, and biology are the three most important 
requirements for plants. Plants that are well-managed produce soil that is rich in 
humus. Growing healthy plants to overcome the drought and the elements that impact 
the process are provided in the appropriate sequence.

4.1 Weeds management

The field control has to begin in the autumn before the new agricultural year 
begins. Weeds like quack grass and foxtail can be found in dry clay soil, indicating 
calcium deficits and compact soil. Mow the grasses and compost the cuttings into 
the soil to help with calcium deficits. Broadleaf weeds, like ragweed, indicate copper 
deficiencies problem, and a phosphate/potassium imbalance. The rate between 
phosphate and potassium should be 2/1 for row crops and 4/1 for grass crops. 
Succulent weeds increase soil water capacity, replenish carbonate ions while covering 
the ground to protect against soil erosion. Weeds role is to deposit nutrients and 
metabolites in the soil or rearrange the nutrients existing in the soil. There is plenty 
of information in the literature about weeds role and weeds usage as a soil indicator 
[47–49]. This information is important to design a fertilization plan, in order to 
balance the nutrients. Herbicides must be avoided as much as possible since weeds get 
resistant to synthetic inputs, plants get unhealthy while the microbial population will 
decrease. Brix index in plants leaf must be measured before foliar application and 2 h 
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after. After a few foliar applications, the crop will thrive and weeds will be attacked 
by insects and diseases, and not the established culture. As the nutrients are balanced, 
pH changes and weeds are under control.

4.2 Hardpan management

Hardpan management is the compact layer of soil just below the ground surface. 
Excess plowing leads to soil moisture loss by evaporation [50]. Avoiding working with 
moldboard plows, farmers must use instead a strip subsoil breaker in the first year 
to break the hardpan and apply a NO-TILL technology in the next years. Hardpan 
reduces the soil depth for plants roots and enhances soil waterlog. Plant roots grow in 
the surface layer reducing access to water and nutrients.

Well, aggregate soils are rarely found, usually, soils are crusted, compacted in 
layers or plow pans [51]. The agricultural year start in autumn and farmers first issue 
should be checking the hardpan with a penetrometer. After that, has to be measured 
the distance from soil surface to hardpan and hardpan thickness. If hardpan thickness 
is more than 5cm, then must be used a subsoil strip breaker. Soil improvement usually 
includes subsoil adding biological fertilization to break the hardpan and inoculate 
with microorganisms (bacteria, fungi) at the same time. Breaking the hardpan will 
allow water and nutrients to infiltrate deep in the ground, while microorganisms 
will keep the moisture and nutrients for a long period. Underground water and 
nutrients are stored naturally and through capillarity, the plants have access to water 
and nutrients during the drought period. In order to maintain the microbiology 
alive, they should be multiplied by feeding them and keeping constant moisture 
and temperature in the soil. In time, they will improve the soil structure, porosity, 
and the humus percentage will increase. In the photosynthesis process plants secret 
carbohydrates (sugar) and protein through the roots, which are food for bacteria and 
fungi. Bacteria and fungi are eaten by bigger microorganisms like nematodes and 
protozoa. Plants are thriving in such an environment even in drought conditions. 
With a restored soil food web, plants can control the water and nutrients cycling in 
the rhizosphere neighborhood. A restored food web reduces irrigation and tillage 
requirements, provides protection against pests and diseases and inhibits weeds. 
Pesticides and herbicides are not required, since applying these methods yields and 
farms profitability will be increasing.

Living life provides soil structure that resists wind and rain erosion. The first step 
will be in accordance with principles to use no plowing or disking, by implementing 
a no-till system. Figure 2 compares three types of agricultural soil processing: in the 
first plan the work was performed with soil loosening equipment, in the second plan 
it is proposed the minimal processing technology by breaking the hardpan, and in the 
third plan a plowed land is highlighted.

The proposed technology within INMA institute is performed with an equip-
ment that can be carried by an agricultural tractor, that cut the soil linearly without 
overturning the furrow, break the hardpan, and inoculate the ground with beneficial 
microorganisms. An active microorganism life restores the soil food web, which keep 
the pore open. This could be the first phase in rebuilding a healthy soil and ecosystem.

4.2.1 Amendment and treatments

Amendment and treatments have a significant effect on soil's physical and chemi-
cal properties and increase microbial activity. Amendments improve soil water 
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retention and soil structure as permeability, drainage, air holding capacity, etc. Soil 
acidity is potentially serious land degradation, acid soil is crusted and compacted, 
requires calcium, phosphorus, and minerals. The recommendation is to apply on 
soil a minimum 200 kg of lime and 200 kg of soft rock phosphates per hectare 
every autumn and spring during the first 2–3 years. These small quantities are rec-
ommended only in soils with degraded food web, or if microorganisms are being 
incorporated into the soil. Microorganisms are highly important because they break 
down the amendments and make them available to plants. High quantities of minerals 
suppress microorganisms. The amendments are spread best in autumn, before plant-
ing the cover crops and in spring before planting the main crop. Any other nutrient 
must be added as a result of the soil analysis. Organic amendments like compost or 
vermicompost have a benefic effect, increasing macro and micronutrient, organic 
matter, physical, and chemical soil properties like pH and EC. Humic acid found 
inside vermicompost, improves phytoremediation of soils contaminated with heavy 
metals [52]. Vermicompost soil amendments combined with foliar fertilizer, based on 
vermicompost, reduces the period to regenerate the soil fertility. Vermicompost can 
be produced in every farm, is cheap and have a tremendous effect on plants that grow 
during draught.

4.2.2 Mineral nutrients addition

Plants need minimum 17 mineral nutrients divided into macro- and 
micronutrients to grow and complete plants' life cycle. Each of the nutrients perform 
specific functions within the plant and the amount of each needed by the plant 
depends on what role the plant has each element [53, 54]. Microelements are needed 
in a small amount, but they are as important as macro-elements. Micronutrient 
deficiencies induce stress in plants, cause yield losses, resulting in poor health for 
animals and humans [29]. Supplying plants with micronutrients, through soil 
application or foliar spray, increases yields, produces higher quality, but also increases 
macronutrient use efficiencies. Micronutrients application is cheaper and needs 
less labor and transport because there are small quantities to manipulate. There are 
nine macronutrients nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), sulfur (S), carbon (C), oxygen (O), and hydrogen (H) from 
which conventional agriculture is using six, but focus only on three N, P, K. Farmers 

Figure 2. 
Comparison between three types of agricultural soil processing: soil loosening equipment (first plan); minimal 
processing technology-hardpan breaking (second plan); plowing (third plan).
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in conventional agriculture, concentrating on NPK, can deliver excellent yields 
in irrigated conditions or rainy years, but less quality is usually obtained. Finite 
products, full of nutrients, for healthy animals and humans, are obtained when plants 
absorb balanced nutrients. To design a fertilizer plan, one need proper knowledge of 
the interaction between nutrients [55]. The key to controlling the mineral nutrients 
is restoring the soil food web. First-year must fertilize with biofertilizers and 70% of 
the recommended macronutrients N and P to obtain better yields and better-quality 
crops, low nitrate and nitrite levels in crops [56]. In two-three years, with a soil food 
web restored, microorganisms will takecare of plant nutrition, bacteria will fix the 
nitrogen in the soil, while other specific bacteria will solubilize the needed minerals. 
Biofertilizer is keeping beneficial microorganisms in the soil healthy and allow plants 
to overcome the drought [57].

4.2.3 Organic fertilizer

Organic fertilizer is added to the soil to improve soil structure, feed both the plants 
and microorganisms. Microorganisms break down the organic materials and release 
nutrients slowly to the plants. Organic fertilizers increase soil's ability to hold water 
and nutrients. Solid organic fertilizer made from bat guano, fish meal, or manure can 
be spread on the soil before planting the main crop. Liquid fertilizer can be sprayed 
on soil or leaves. Chelated liquid fertilizer should be used for a slow-release technique. 
A cheap method is to spread the fertilizers in furrows, in this way, it will produce the 
same effect, but the quantity needed is much less (approximately 20–30% of the total 
quantity needed).

4.2.4 Seed inoculation

Seed inoculation is a cheap and beneficial tool to grow healthy plants, consider-
ing that each plant has a group of bacteria or fungi that work in association with the 
plant roots. The colonization of plants roots by associated bacteria and fungi result 
in better performance than plants colonized by the wild population of microorgan-
isms [58]. Inoculations have to be performed for both the main crop and cover crop. 
Inside the cover crop, there have to be various legume seeds that can be inoculated 
with nitrogen-fixing bacteria. No need to fertilize the soil with nitrogen if seeds are 
inoculated with these types of bacteria [59, 60]. Biological control agents protect 
seedlings from disease as fusarium, pythium, etc. [61]. Arbuscular mycorrhizal fungi 
play an important role in plant growth. Corn inoculated with arbuscular mycorrhizal 
have a higher phosphorus absorption, increases vegetative biomass and grain yield, 
especially in low or medium available phosphorus [62].

4.2.5 Soil food web

Soil food web is a new model of soil fertility based on biology. This new model 
works better, presenting a lower cost, preventing diseases, do not pollute and use 
minimal chemical inputs [63]. Microorganisms are the link between water, nutrients 
and plants. Plants are in control of a viable soil food web, and exudates, in the form of 
carbohydrates and proteins, attracting specific bacteria and fungi. Bacteria and fungi 
consuming root exudates are at the bottom of the soil food web. Bigger microbes, 
nematodes, and protozoa are consuming bacteria and fungi, and are excreted as 
nutrients right in the rhizosphere. Protozoa and nematodes are eaten by arthropods. 
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Arthropods may eat other arthropods or they might be eaten by snakes, birds, moles, 
etc. Worms, insect larvae, and moles are moving through the soil, in search of food, 
creating pathways and letting water and air enter. Members of the soil food web bind 
soil particles together, create tunnels for air and water to help create soil structure. 
Soil food web has a natural design and presents seven major benefits such as diseases 
suppression, nutrients retention, increase mineral nutrient availability to plants, 
improve soil structure, decomposition of toxic chemicals, production plant growth, 
and improve crop quality. Microorganisms and other soil food web members release 
root growing hormones. These growth hormones help the plant to cross the draught 
or a flood and increase yield.

4.2.6 Cover crops

The presence of plant cover crops in the agricultural system aids in the production 
of large amounts of biomass. This boosts the soil's organic content, improving 
fertilization. The physical, chemical and biological qualities of the soil are improved 
by maintaining permanent cover crops, and in time, contributing to the restoration 
of its health. It is recommended to use biodiversity, which include at least one species 
of leguminous plants. Inoculation has to be achieved with nitrogen-fixing bacteria, 
especially for leguminous plants. Then the amendments can be spread and may plant 
various cover crop seeds. Incorporation of amendments can be done with a disk 
harrow, while the cover crops may consist of oats, rye, buckwheat, radish, mustard, 
vetch, clover, etc. Plants' biodiversity will attract various bacteria and fungi, each 
plant species attracting its own specific microorganisms. In this way, the soil food 
web will be restored sooner and better. Cover crops have to be chopped or mowed 
in spring before full bloom, and a minimum of two weeks before planting the main 
crop. The cover crop will maintain the soil moisture, while soil temperature will not 
vary too much during drought or between day and night. After mowing, cover crops 
are used as mulch. Raindrop energy will be dissipated by living crops and mulch, 
and in this way, erosion will be under control. Cover crops are being decomposed by 
fungi and bacteria. Another advantage is that in winter cover crops are one of the best 
options to defend against topsoil loss due to erosion. If it is managed correctly, the 
decomposition of cover crops by bacteria and fungi provides nutrients to the main 
crop (cash crop), while biodiversity of cover crop suppresses weeds, prevents NO3 
leaching and produces above-ground biomass N [64, 65]. Plant diversity helps to 
reduce pathogens, pests, and weed invasion, reducing the need for insecticides and 
pesticides.

A diversified crop rotation enhances soil structure by varying the length of 
planting zones, allowing for better water penetration. Different crops with varying 
nutrient requirements, as well as waste products, will help to create a more balanced 
and resilient soil ecosystem. The duration of these rotations is usually between 4 and 
6 years.

4.2.7 Maincrop (cash crop) management

When sowing, it is recommended to inoculate the main crop seeds with different 
solutions based on microorganisms and nutrients. The seeding should start in spring, 
two weeks after mowing the cover crops and apply foliar fertilizer during the critical 
point of influence. Each crop has different important phases that may be influenced 
by inoculation with microorganisms: when planting (to enhance germination), 
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strengthening plant structure, growing the fruit and finishing fructification. Foliar 
fertilizer must contain at least calcium, manganese, boron, zinc, amino acids. Balance 
calcium with potassium starting filing fruit point of influence and replace calcium 
with potassium at the finishing fruit. Get the maximum feedback from the plant 
when adding biology in the fertilizer solution. A healthy plant will cross the drought. 
Harvest the corn seeds, but let the corn stalk on the soil to be decomposed by fungi 
and bacteria.

4.2.8 Foliar application

Foliar application is the most efficient and cheap way to grow healthy plants. 
Growing healthy plants increase the immune plants' system, get resistance to diseases 
and insects attack, plants can cross the drought. In order to grow healthy plants, 
increase the photosynthesis process from 2- to 3 times by using the right foliar fertilizer 
solution. Aerated compost tea is a foliar biofertilizer with a benefic impact on plant 
growth [66]. Inside the aerated compost tea add other nutrients needed by plants.

A complete foliar fertilizer contains clean water, mineral nutrients, microor-
ganisms, plant bio-stimulants, bacteria bio-stimulants, fungi bio-stimulants, and 
inoculants. It has a synergetic effect on plant growth. Plant reaction is tremendous, 
especially in degraded soils.

Water is the most important ingredient in foliar fertilizer solution. Using poor-
quality water can determine a loss of 50% from the effect of the foliar solution. 
Do not use water from ponds, lakes, or others sources without water analysis tests. 
Good water for foliar application has less than 70 ppm, pH between 5.2 and 6.5, 
electrical conductivity EC between 1.6 and 2.8 ds/mm and temperature between 58 
and 78 degrees Fahrenheit. For best results use rainwater or reverse osmosis water. 
Municipality water is usually unsuitable for foliar recipes because of the chlorine or 
chloramine, with high pH and potentially hardness.

Foliar solution when humidity is high has to be applied in larger particles  
(not fine spray), so the liquids remain on the leaf surface a long time without drying 
out. Sprayers with large droplets make a huge difference. The farmer should measure 
the effect of the foliar solution before application and 2 h after. If Brix reading is 2 
points higher, the foliar solution is good and could apply on the entire field. A dia-
gram of the Brix index reading should be done for every crop. Around 8 o’clock in the 
morning, after collecting healthy old mature leaf samples from 10 to 20 plants, they 
are squeezed on a refractometer.

In the Brix diagram example, the values are starting from 5, increasing to 9 at the 
first foliar application, but dropping after a few days to 6. After repeating the foliar 
application, the Brix index increases to 11, but drop in a few more days to 7. Every 
time when a good foliar application is applied, the Brix readings are higher and has 
been found that when Brix values are over 12, the plants present a health status that 
helps them overcome more easily the drought.

4.2.9 Sap analysis

A refractometer gives general information about plant health, but for more 
information including nutrients balance, a sap analysis is necessary. Plant sap analysis 
provides 21 nutrients parameters values that enable farmers to optimize the crops' 
fertilization plan. The information is valuable because the uptake of plant nutrients 
are revealed in a few hours, the increasing performance can be tracked graphically, 
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similar to the example shown in Figure 3. To a better understanding, one can compare 
a sap plant analysis with human blood analysis. A plant sap analyze tells the current 
uptake of nutrients, excesses or deficiencies of nutrients long term before can be seen 
on a plant leaf, plant reserves of nutrients, nutrient imbalance in soil, what nutri-
ent plant can use at that moment for its own growth, or even fruit quality [67]. Sap 
analysis laboratory in less than one week will provide the analysis sheet with a fertil-
izer plan recommended. A balanced mineral uptake increases plants' health that gets 
resistant to diseases and insects attack and crosses the drought.

4.2.10 Water management

Water is the most important nutrient for plants. A source of water is critical for 
drought years, but as long as the regenerative methods presented are met, plants can 
cross the draught without an irrigation water source. Knowledge of irrigation water 
quality is critical in understanding long-term soil management. The most influential 
water parameter is the salinity measured by electrical conductivity EC [68]. High 
sodium related to calcium and magnesium contends, in irrigation water, causes 
surface crusting, pore plugging, swelling, and dispersion of soil clay. The acidity 
or basicity of irrigation water is expressed as pH. Normal irrigation pH is between 
6.5 and 8.5. Specific ions like boron, sulfate, chloride, and nitrate, may affect plants 
grown. An irrigation water analysis is required.

4.2.11 Crop rotation

Keep a crop rotation, with cover crop intermediate, for minimum 3 years after 
starting your regeneration soil program. After concluding that the soil food web 
is active and the soil is healthy crop rotation is not as important anymore, since 
biology will take care of plant nutrition and will suppress diseases, insects attack will 
decrease.

4.2.12 Aerated compost tea

Aerated compost tea, produced by a compost tea brewer, allow microorgan-
isms to be extracted from compost and multiplied. The result consists in beneficial 

Figure 3. 
Example of the variation of the Brix index for tomato juice, for a period of 30 days.
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aerobic microorganism production that provides plants with nutrients and helps 
build the soil food web [69]. The tea is used for spraying both the leaf and soil. 
Vermicompost is also used to avoid pathogens. Red worm castings are free of 
pathogens. There are farmers, involved in regenerative agriculture, buying differ-
ent products that contained few families of fungi and bacteria, but inside aerated 
compost tea there are thousands of families. A compost tea brewer can be purchased 
or can easily be built. All a farmer needs is a tank, an air pump, a hose, and an air 
splitter distributor. To brew the compost needs clean water, vermicompost, mineral 
nutrients and bio-stimulants for plants, bacteria and fungi. Brew all these ingre-
dients for 24–36 h, then measure the pH and EC. If pH is higher than 6.5 must add 
100–300 ml of vinegar and measure again. When measuring EC a few hours before 
stopping the air pump, If the values are too low must add more vermicompost. The 
tea has to be used within 4 h after the air pump stops, to improve the synergetic 
effect on plants and soil [70].

4.2.13 Managing livestock

Good and efficient management of animal grazing can rebuild soil health. This is a 
way for a healthy ecosystem, farm profitability, human health, food system resilience. 
Studies that use a complementary approach to animal husbandry with organic 
farming use found that adopting some grazing strategies could regenerate the soil and 
make them more profitable. Holistic management of livestock management includes 
grazing, land, and financial planning and ecological monitoring.

4.2.14 Agroforestry

Agroforestry can provide suitable tools for landscape restauration because it 
can enhance physical, chemical, and biological soil characteristics. Agroforestry is 
restoring and increasing land productivity because the presence of the trees can fix 
nitrogen, stabilize the soil, reduce soil erosion, increase fertility, and regulate water 
available in degraded lands.

Trees increase fertility by retrieving nutrients from deeper soils and adding them 
to the soil surface through the leaf litter. Because of their deep root system, trees 
prevent nutrients from leaching, combat soil salinization, and acidification. The use 
of trees with fixing-nitrogen bacteria is increasing crop productivity. Experiments in 
Zambia, for example, showed that maize yields increased by 88–190% when grown 
in an agroforestry system under a canopy of Faidherbia Albida Trees (FAO report 
Agroforestry for landscape restauration).

Trees can reduce and prevent soil erosion planted in windbreaks trees protect soil 
from erosion and increase yield.

Agroforestry buffer strips increase water runoff, and soil evaporation and 
increase water infiltration and water retention capacity, helping plants to cross the 
drought.

4.2.15 Instrumentation

Minimum instrumentation required to grow healthy plants and cross the draught 
more easily is the penetrometer, refractometer, pH-meter, EC-meter. A penetrometer 
is the first instrument to be used in an agricultural season to measure soil compaction. 
The penetrometer is a device used to measure the resistance of soil to a vertical force. 
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The penetrometer can determine the depth of the hardpan and help producers to 
determine if a subsoil is in need.

Refractometer measure Brix index values for liquids. Brix values indicate the  
total soluble solids. The refractometer is widely used in measuring the quality of  
the grapefruits and the time to harvest. The refractometer can be used to evaluate the 
overall assessment of plant health. Healthy plants with a minimum 12 Brix readings 
are resistant to diseases and insect attacks.

Soil pH-meter is used to measure the acidity or alkalinity of soil. The values give 
information about the balance of the nutrients found in the soil. However, can be also 
used as a pH meter for liquids, and determine pH when adding 5 parts distilled water 
on 1 part of the soil.

EC (electrical conductivity) meter is used especially to estimate salinity levels. 
A high level of salinity reduces the plant's ability to take up water. For assessment is 
being used 5 parts distilled water and 1 part soil to determine the values of salinity 
in mSiemens/cm. In clay soils, values are between 0.2 and 1.0 mS/cm, but different 
plants tolerate different values.

4.2.16 Drought

During drought, when air temperature became too warm, plants switch from 
photosynthesis to photo-respiration and begin consuming their inside proteins. 
Healthy plants with a waxy sheen, on the leaf surface, have a cooler leaf temperature 
than plants with a lack nutritional integrity. Foliar applications with teas made from 
compost, with the addition of 3 L of molasses per hectare, during and after the 
drought, is a very good practice.

5. Conclusion

Regenerative agriculture is focused on farming techniques with the primary goal 
of regenerating the land, particularly increasing the organic composition in order 
to improve fertility. This strategy conserves and restores soil organic matter, thus, 
influencing the development and prosperity of micro- and macro-organisms with 
beneficial results against soil erosion and drought.

Farmers may be forced to adopt unsustainable practices due to economic 
pressures, as they rarely have enough ability to deal with the conditions imposed by 
larger corporations, that control prices and credit. As a result, agricultural policies 
must be implemented at the national level to assist farmers and ensure they are not 
compelled to deplete the resource that provides them with a means of subsistence.

Regenerative agriculture is based on a holistic approach that places the land at the 
core of the process to produce efficiently and sustainably a synergy between the soil, 
the animal world, and the plant world. This enables the development of food chains 
between all three ecosystems, while the restoration of soil health is ensured by the 
balance and diversity of species found within the environment.

Climate change is no longer a myth, but a fact and the consequences are becoming 
increasingly severe every day, influencing the drought phenomena. Every year, 
topsoil is leaching, soil gets compacted, crusted, loses the ability to supply nutrients 
and water to plants. Degraded soils, in drought conditions, are not able to support 
plants with the required water and nutrients, while yields decrease dramatically. In 
order to reduce the drought effect, farmers have to integrate their use of regenerative 
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agriculture principles and methods, focusing on growing healthy plants and getting 
rewarded with good yields and increased farm profitability.

Water retention in agricultural lands is associated with soil organic carbon and 
is influenced by soil health. Soil organic carbon increases the percentage of water 
retention because carbon acts like a sponge that absorbs moisture. Regenerative 
management practices such as minimum tillage, cover crops, inoculation with 
microorganisms, mulching practices, nutrients cycling, maintenance of an optimal 
balance of organic fertilizers, foliar application, and other methods help to increase 
soil organic carbon. This strategy restores degraded soils, enhances biomass 
production, purifies groundwater, reduces the rate of CO2 emissions into the 
atmosphere and increases the percentage of water being retained in the soil.

An active soil food web is the link between water, nutrients, and plants. Healthy 
soils have an active soil food web that presents many benefits such as diseases 
suppression, nutrient retention, improve soil structure, making mineral nutrients 
available to plants, decomposition of toxic materials, improve crop quality. Soil food 
web works in synergy with plants and helps crops to overcome more easily drought or 
floods.

The primary goal of this technology is to grow healthy plants on a worldwide scale. 
Healthy plants achieve synergies with the soil and improve its health, recover carbon 
in the soil, increase water retention, and improve soil structure and nutritional status. 
Drought years will be more profitable for farmers using regenerative agriculture 
technology, since organically grown cereal prices will be higher, resulting in greater 
average yields. In a short period of time, farmers using regenerative agriculture 
technology will spend less money, yields will grow, profitability will increase, soils 
will regenerate, and drought years will become less risky.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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