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Foreword

Dear Mr. Minister, 
Dear participants of the international conference, 
Dear colleagues and friends,

Please allow me to greet you all on behalf of the Food and Agriculture Organization 
of the United Nations (FAO) and on my own behalf and convey to you the best 
greetings of the FAO Director General.

FAO�s mandate is to combat hunger and malnutrition, which continue to a�ect 
nearly 800 million people, or about 12�percent of the world�s population. Our 
organization, in partnership with member States, national and international research 
institutes, is making great e�orts to solve this problem. FAO also assists member 
countries in poverty alleviation and in the conservation and e�cient use of natural 
resources.

We all know that the �green revolution� has contributed to a signi�cant increase in 
food production in the world through the introduction of intensive varieties of crops 
and the signi�cant use of means of production and energy. However, to meet the 
current and future needs of a growing population for food and nutrition, agriculture 
must be based on �sustainable intensi�cation�. �is approach includes a number of 
measures to conserve natural resources and means of production, such as water, soil 
and biodiversity. �e technical guidance on sustainable crop production intensi�cation 
developed by FAO is based on the �Save and Grow� paradigm, which aims to increase 
production with less cost and conserve resources and the environment.

�e key principles of the �Save and Grow� concept are sustainable management 
aimed at restoring and maintaining the natural fertility of soils, preserving natural 
resources and integrated plant protection, reducing the use of pesticides that are 
harmful to the environment and human health.

�is approach also covers Conservation Agriculture, which is one of the main 
activities of FAO in the region.

�erefore, I welcome this International Scienti�c and Practical Conference on the 
Further Implementation and Dissemination of conservation agriculture in Central 
Asia and congratulate the participants for their excellent contribution and exchange 
of the latest scienti�c information.
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�e international conference was jointly organized by the FAO and the Government 
of the Republic of Uzbekistan, in particular, by the Ministries of Agriculture and Water 
Resources and the Tashkent Institute of Irrigation and Agricultural Mechanization 
Engineers. I take this opportunity to express my sincere gratitude to the Government 
of the Republic of Uzbekistan and all our partners and colleagues for their 
contribution to the organization and holding of the conference at a high level.

FAO successfully collaborates with the Government of the Republic of Uzbekistan 
in the implementation of projects and programs for the sustainable development 
of agriculture and rural areas. Last year we jointly held a large international 
conference on the development of organic agriculture in Tashkent and Samarkand. 
�e proceedings of the conference were published by FAO and today are also 
presented to the participants of this conference. Recently, in Samarkand, we 
launched a program of cooperation between FAO and the government of Turkey 
on the development of forestry in the region. A number of projects on agricultural 
diversi�cation, sustainable use of land and forest resources, and others are also being 
successfully implemented.

Representatives of approximately 20 countries came to the conference today to 
discuss lessons learned in the process of adopting and promoting Conservation 
Agriculture. Interactive discussions at the Conference will allow participants to 
analyze the status and prospects of Conservation Agriculture in their countries. 
�e conference will also aim to develop a strategy to accelerate the spread of 
Conservation Agriculture in the region, taking into account environmental, 
economic, social, political and institutional factors. �is will help make 
Conservation Agriculture more e�cient and sustainable not only in Central Asia, 
but will also create in�uence in other regions.

I would like to thank the Organizers of the Conference, once again warmly welcome 
you all and wish you a very productive meeting, hoping that this conference will be 
the opening for a series of conferences in Central Asia.

Viorel Gutu 
FAO Sub-regional Coordinator for Central Asia 
FAO Representative in Uzbekistan
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Foreword

Dear guests of the International Conference! 
Ladies and Gentlemen!

On behalf of the Ministry of Agriculture of the Republic of Uzbekistan, let me express 
my gratitude to the participants and organizers of today�s international conference 
�Strategies for the Promotion of Conservation Agriculture in Central Asia�.

Taking this opportunity, I would like to express special gratitude to the Food 
and Agriculture Organization of the United Nations (FAO) for organizing this 
International Conference.

Also, we are honored to see the participation of specialists and experts from 
more than 20 countries of the world, including delegations from Australia, Brazil, 
European countries, Middle East, Central and East Asia at this conference.

Our meeting today is extremely urgent, which will address the development of 
Conservation Agriculture in Central Asia. During the conference, our foreign 
experts will also be able to get acquainted with the experience and achievements of 
Uzbek colleagues in the �eld of Conservation Agriculture.

By the way, I would like to draw your attention to the fact that today�s conference is 
being held in one of the leading Higher educational institutions and the scienti�c-
research centers of the Republic, which is the Tashkent Institute of irrigation and 
agricultural mechanization engineers.

Among the main activities of the Institute are training and research activities, 
a special place is occupied by questions of improvement of mechanization and 
modernization of agriculture, the problem of energy e�ciency and use of renewable 
energy sources in agriculture and water management, introduction of resource 
saving technologies, developing a framework of improving the e�cient use of land 
resources of the Republic of Uzbekistan and the organizational and economic bases 
of use of land and water resources in irrigated agriculture.

Dear participants!

I want to emphasize that agricultural sustainability and food security are at the 
center of attention on the 2030 Sustainable Development Goals agenda.
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We, as representatives of agriculture, are particularly aware of our role in ensuring 
food security and eradicating hunger worldwide in the context of global climate 
change, land degradation and deserti�cation.

Taking this opportunity, let me brie�y acquaint you with the state of agricultural 
production and priority directions of Uzbekistan in the �eld of food security.

Currently, Uzbekistan is implementing an Action Strategy for the �ve main 
directions of the country�s development in 2017�2021. �is Strategy covers all 
issues related to the creation of conditions for the comprehensive and accelerated 
development of the state and society.

One of the priority areas of the Strategy for the modernization of the country and 
the liberalization of all spheres of life is the modernization and development of 
agriculture in the republic.

Agriculture of Uzbekistan is one of the largest sectors of the national economy of 
the country and the well-being of the people and the sustainability of economic 
development depend on its condition.

�e share of our industry in gross domestic product is not much more than 
17�percent. More than half of the residents of the republic live in rural areas.

�is explains the special attention of the leadership and the government to 
improving the agricultural sector of the economy of Uzbekistan.

With a view to sustainable development of our industry, ensuring Food security, 
year-round supply of fresh forti�ed products to the population of the republic and 
increasing the export potential of agriculture, a number of measures are being taken 
to diversify crops.

Due to the reduction of more than 220 thousand hectares of cultivated area from 
cotton and grain crops, intensive-technology orchards, vegetable growing, melon, 
oilseed, soybean, walnut and other crops will be developed.

�e leadership and government of the country also focus on improving activities 
(farms, dekhkan farms and homeowners), developing rural infrastructure, 
improving rural areas, setting up agricultural processing plants, special attention is 
paid to creating high value-added products.
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One of the important promising areas is the introduction of modern resource-saving 
and water-saving agricultural technologies in the context of climate change, land 
degradation and deserti�cation.

It should be emphasized here that annually more than 100 million USD 
in equivalent are allocated from the budget of the republic, funds for the 
implementation of measures to improve the land reclamation state. For these 
purposes, numerous funds from International Financial Institutions, International 
Organizations, and funds from developed countries for the implementation of 
investment projects are used.

For example, at the end of 2015, a presidential Decree was issued, which 
defined a long-term strategy for crop diversification and intensification of 
agricultural production (PD �2460 of December 29, 2015 �On measures for 
further reform and development of agriculture for the period 2016�2020�). 
According to the Decree, in the period 2016�2020, more than 170�000 hectares 
of cotton and 50�000�hectares of wheat will be modernized for the production 
of potatoes, vegetables, fruits in intensive gardens, fodder crops, oilseeds and 
other crops.

Today Uzbekistan, successfully developing agriculture, has achieved not only self-
su�ciency in food of the population of the country, signi�cantly exceeding medical 
standards of consumption at times, but also was able to expand the export of many 
agricultural products, including vegetables, fruits and wheat. And in this direction 
there is still an undisclosed potential for further development. 

We are actively developing biological methods of plant protection, reducing the use 
of pesticides, the introduction of international quality standards such as �Global 
gap�, �Halol�, organic agriculture and other standards.

Dear colleagues!

Undoubtedly, the use of Conservation Agriculture technologies contributes to the 
sustainable management of land resources in a changing climate, land degradation 
and deserti�cation.

Conservation Agriculture is one of the most promising areas of land use developed 
in our time. Conservation Agriculture is more an approach than technology, because 
it consists of a variable and changing set of technologies aimed at minimizing 



xiv

disturbance of soil cover, soil moisture, and loss of nutrients, and preserving 
the�many environmental functions that natural soil has to provide in the natural 
ecosystem.

Conservation Agriculture has many proven bene�ts and covers millions of hectares 
of land in South and North America, as well as parts of Asia. �e introduction of 
Conservation Agriculture is re�ected in its rapid development by farmers in all parts 
of the world. According to the FAO, if in 1999 Conservation Agriculture was used 
on 45 million hectares of the world in the world, then by 2018 this �gure reached 
almost 180 million hectares.

Given the importance and relevance of the practice of Conservation 
Agriculture for the countries of the Central Asian region, the Government of 
the Republic of Uzbekistan together with the FAO initiated the organization 
of the International Conference �Strategies for the Promotion of Conservation 
Agriculture in Central Asia�.

�is conference is scheduled to consider:

�	 �e state of Conservation Agriculture in the countries of the Central Asian 
region;

�	 Analysis and determination of opportunities and limitations for the introduction 
of Conservation Agriculture, including the diversi�cation of agricultural systems 
and the improvement of agricultural techniques in Central Asia;

�	 As well as opportunities and strategies for the widespread dissemination of 
Conservation Agriculture at the regional level.

During the three-day conference, specialists and scientists will exchange:

�	 Work experience to improve soil protection measures;
�	 �e introduction of new agricultural technologies to improve the structure of 

soils;
�	 �e introduction of resource-saving technologies and suggestions for their 

improvement, as well as the opportunity to study best practices on these issues, 
exchange experiences on these issues, and on the last third day a trip will be 
organized to a demonstration site located in the Tashkent region.

We hope that this International Conference will accelerate the implementation of 
Conservation Agriculture in Central Asia and other regions of the world.
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I wish all participants of the Conference fruitful and creative work, good health, and 
success in your noble cause!

�ank you for your attention!

H.E. Mr. Bakhodir Yusupov 
Minister for Agriculture 
Republic of Uzbekistan
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Keynote presentation

Conservation Agriculture: a win-win option for 
food security, land management and livelihoods

Ha�z Muminjanov1

Abstract

Conservation Agriculture (CA) is acknowledged to maintain and improve soil health 
and ecosystem services, and thus is a key element to ensure agricultural production 
and food security under climate change and increasing world population. FAO 
developed and described the concept of CA that comprises the practical application of 
the following three interlinked principles: 1) minimum soil disturbance, 2)�permanent 
soil cover, and 3) crop species diversi�cation, in conjunction with other complementary 
good agricultural practices of integrated crop and production management. �e 
CA concept described by FAO is well recognized by the farmers, researchers, 
and agriculture and extension specialists worldwide. In the research papers and 
presentations, the reference made to the FAO�s website on CA (http://www.fao.org/
conservation-agriculture/en/ ) as the global information system. Based on the available 
statistics, currently CA is practiced in 78 countries on over 180 million hectares, 
corresponding to about 12.5�percent of the total global cropland.

Key words: Conservation Agriculture (CA), no-till, 
diversi�cation, mulch, ecosystem.

Introduction

Currently, as never before, we are facing with the food security challenges 
due to the urbanization and rapid increase of population. In addition to that, 
the pressure of climate change and degradation of biodiversity and natural 
resources is increasing. It is impossible to achieve food security by the traditional 
approaches and old farming practices. �erefore, we need to think it over, 
because conventional farming has already caused an enormous damage to 
the environment, which has led to climate change, soil degradation and loss 
of biodiversity. A clear example of anthropogenic impact to the nature is the 
tragedy of the Aral Sea. �e President of Uzbekistan H.E.�Mr. Shavkat Mirziyoyev, 
speaking at the UN General Assembly, pointed out this problem and noted that 
the sea area from 60�900 km2 in 1960 shrank to 8�600�km2. As a result, salt storms 
became more frequent and a huge diversity of genetic resources of plants and 
animals is lost.
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Despite developing modern technologies as vertical gardening, soilless and 
protected cultivation, we still need soils to produce food. However, today … of the 
total arable land is degraded. Annually, million hectares and tons of fertile soil are 
lost due to improper cultivation and soil misuse. Many research documents have 

proved that tillage-based agriculture facilitates degradation of soil through water 
and wind erosion. Besides, this type of management causes the loss of soil organic 
matter, degradation of soil structure, destruction of life and biological processes in 
the soil. Tillage facilitates CO2 emission and through it, agriculture contributes to 
climate change and global warming.

With the purpose of responding to these challenges, FAO is promoting the concept 
on sustainable intensi�cation of cropping systems that is very well described in the 
publication �Save and Grow�. �e key principle of the concept is to produce more 
with less and save ecosystem.

Conservation Agriculture as a paradigm of real sustainable agriculture

�e core of the Save and Grow concept is Conservation Agriculture (CA) that has 
three interlinked principles:

1.	 Minimum soil disturbance. In practical terms, farmers grow crops with no-
tillage.

2.	 Permanent soil cover by crop residue or cover crops. At least 30percent of soil 
must be covered with mulch a�er seeding.

3.	 Diversi�cation of cropping system. Crop rotations.

�eoretically, and practically, in the CA system, mechanical tillage is replaced by a 
biological �tillage� carried out by earthworm and other soil fauna. CA rehabilitates 
soils, through an improved structure, porosity, increased organic matter and 
health. However, CA cannot solve all problems alone.

Sustainable intensi�cation of crop production should be based on the three 
principles of CA, but in addition to that, other good agricultural practices, like 
integrated water management, integrated pest management, use of superior crop 
varieties and high quality seeds, development of organic production, etc. should 
be applied for development of sustainable food production.

Review of the CA history takes us to early 1930s, when huge cities in mid-West 
of the USA were covered by dust bowls. �is was the result of cultivating the 
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Figure 1. �ree principles of Conservation Agriculture

Permanent soil organic cover (at least 30%) with crop residues and/or cover crops

Species diversi�cation through varied crop sequences and associations involving
at least three di�erent crops species

Minimum mechanical soil disturbance (i.e. No-tillage) through direct seed and/or fertilizer placement

virgin land and forced the development and testing no-till technologies for soil 
protection. �e �rst no-till drills were invented by 1940�s and the concept was 
formulated. At the end of 1960�s the �rst no-till farmers were registered in US 
and adoption of no-till started in Brazil and other countries. In some countries, 
like China, farmers were applying the elements of no-till. However, the research 
based experiments and adoption started during 1990s. Rapid adoption of CA is 
registered for the last 10�years.

Adoption of Conservation Agriculture worldwide

While tillage-based cultivation has the history of centuries, CA has only about 
50�years. Today CA is practiced on more than 180 Mha that makes about 
12.5�percent of total arable land. �is achieved thanks to the interest, enthusiasm 
and e�cient collaboration of researchers, farmers and extension specialists. �e 
excellent work allowed developing the improved modern CA equipment suitable for 
wheat, maize and rice-based cropping systems.

Conservation Agriculture is adopted in 78 countries for different cropping 
systems, climate and soil, large and small size farming systems. For instance, in 
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North America, Argentina, Russia and Kazakhstan, large farms are dominating in 
practicing CA. In Africa and South Asia � more small scale and small holders. In 
India CA is dominantly under irrigated conditions, in the Middle East and Central 
Asia � in drylands. Among the regions, South and North America, Australia and 
New Zealand have the largest area under CA. In average, CA is practiced on 28 to 
63�percent of arable land. Area under CA is also growing in Russia and Asia. Today 
about 50�percent of total CA area is based in the developed regions and 50�percent 
in the developing countries. Area under CA is annually increasing by 10.5 Mha 
(Kassam et al., 2018).

�e leading countries on CA in the South America are Brazil and Argentina. 
CA�adoption is also increasing in other countries like Venezuela, Uruguay. However, 
in Brazil monocropping of soybean is a�ecting good CA during recent years. Area 
under CA is still growing in USA and Canada. �e USA are the leading country in the 
world. In Europe CA is boosting in all countries. Currently we have the CA statistics 
for about 25 countries. Area under CA is also increasing in Africa. Only during the last 
7�8 years the area under CA increased more than 2�times (Kassam et al., 2018).

In Asia, the champions are China and Kazakhstan, because the governments are 
strongly supporting the adoption of CA by farmers and communities. �e suitable 
policies, strategies and the roadmaps are developed to protect soils and increase 
production through adoption of CA. Further wider promotion of CA requires more 
support from the Governments. CA adoption is also rapidly increasing in India, Iran 
and Turkey. Government of Iran is allocating a considerable budget for the wider 
adoption of CA.

What are the driving forces for adoption of CA?

In most cases and countries, it is erosion, drought, cost of production, soil 
degradation, ecosystem services and bene�ts from adopting CA, climate change 
adaptation and mitigation, promotion of sustainable intensi�cation, etc.

FAO has been working with farmers, agricultural and extension specialists, 
researchers and policy makers in Asia, South America, Europe and Africa helping 
to adopt CA and develop policies and strategies. In 2012, FAO, together with 
CIMMYT, ICARDA and national partners, conducted a study on the status of CA in 
Central Asia. �e outputs of the study allowed to formulate the regional strategy that 
served as a basis for formulation of the national policies and road maps for further 
adoption and promotion of CA.
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�e experiences demonstrated that farmers like CA �rst for economic bene�ts, e.g. 
saving more than 50�percent fuel. Even if other practices, like minimum or reduced 
tillage, might be appealing to farmers, we must highlight that min-till is not a valid 
practice for CA, as all soil surface is ploughed. �erefore, a proper communication 
to help farmers protect soils through adoption of CA is needed. Moreover, there 
should be suitable equipment, policies and strategies supporting the farmers who 
practice and promote CA.

So far, most of no-till drills available are heavy and focused for large-scale 
production. Most of the farmers also do not have su�cient funding to procure the 
�eld equipment. In this situation, Governments can provide subsidies and incentives 
for adoption of CA, as it was done in Kazakhstan. It is important also to adjust 
available drills for no-till planting. Developing jab and hoe planter is an excellent 

approach. Farmers in deferent parts of the world are using these tools in the small-
scale crop production under CA systems.

�ere are di�erent opinions about CA, especially with regard to weeds, pests and 
disease control. �e practical experiences of many farmers assure that following 
the three key principles of CA allows an optimized application of chemicals, i.e. 
fertilizers and herbicides.

Wider adoption of CA requires raising awareness and cooperation. Capacity 
development through developing manuals, guidelines and curricula for university 
and extension training. Important to strengthen the research centers and to establish 
the CA Associations. For instance, Conservation Tillage Research Center (CTRC) 
and European Conservation Agriculture Federation (ECAF) are playing key role on 
adopting CA. Similar association is established in Turkey.

CA farmers and researchers established an alliance in Central Asia and a website is 
opened to share the information. Farmers also share photos and videos on adoption 
of CA and its advantages through the social networks. Conservation Agriculture can 
provide signi�cant ecosystem services. Covering the soil surface with mulch allows 
reducing the water table and salinity of soil. Large-scale adoption of CA in Brazil 
reduced erosion and allowed to purify water resources in Parana River.

Conclusions

Our major conclusion is that CA is the key for sustainable development of agriculture. 
It has a number of economic, ecologic and social bene�ts. It reduces soil erosion, 
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increases water use e�ciency, improves soil structure and soil organic matter, reduces 
CO2 emission and supports to mitigate and adapt to climate change, etc.

Today CA is adopted in all regions for di�erent types of soils and farms. Proper crop 
rotation is essential to avoid a higher pressure of pests, diseases and soil compaction.

Agricultural machinery innovations are the driving force towards achieving more 
sustainable and e�cient promotion of CA.

Policy and institutional support is needed for faster adoption of CA to ensure best 
performance.

Join the initiatives and e�orts for promotion of CA to protect soil, water, 
environment and our planet.

Reference

Kassam A, Friedrich T, Derpsch R (2018). Global spread of Conservation 
Agriculture. International Journal of Environmental Studies. https://doi.org/10.1080
/00207233.2018.149492.
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Conservation Agriculture: a worldwide revolution

Amir Kassam2

Abstract

Conservation Agriculture (CA) comprises the practical application of three interlinked 
principles, namely: no or minimum mechanical soil disturbance, biomass mulch soil 
cover, and crop species diversi�cation, in conjunction with other complementary good 
agricultural practices of integrated crop and production management. CA represents 
a new paradigm of sustainable agriculture, and it is now spreading in all continents, 
constituting a revolutionary change in the way agricultural land is managed. In 
2015/16, CA was practised globally on about 180�Mha of cropland, corresponding 
to about 12.5�percent of the total global cropland. In 2008/09, the spread of CA was 
reported to be about 106 Mha. �is change constitutes an increase of some 69�percent 
globally since 2008/09. In 2015/16, CA adoption was reported by 78 countries, an 
increase in adoption by 42 more countries since 2008/09 respectively. �e average 
annual rate of global expansion of CA cropland area since 2008/2009 has been some 
10.5 Mha. �e largest extents of adoption are in South and North America, followed by 
Australia and New Zealand, Asia, Russia and Ukraine, Europe, and Africa.

Key words: degradation, paradigm, sustainable, transformation, Central Asia

Introduction

Tillage-based agricultural production systems everywhere have contributed to 
decrease in input factor productivity, and in excessive use of seeds, agrochemicals, 
water and energy, in increase in cost of production, and in poor resilience. �ey 
have led to largescale abandonment of agricultural land, some 400 Mha globally over 
recent decades, and created dysfunctional ecosystems, degraded ecosystem (and 
societal) services, including poor water quality and quantity, nutrient and carbon 
cycles, suboptimal water, nutrient and carbon provisioning and regulatory water 
services, and loss of soil and landscape biodiversity. �ese negative impacts on food, 
agricultural and environmental costs are being passed on to the public and to future 
generations. �us, conventional tillage farming has become un�t for the future in 
achieving sustainable production and ecosystem services.

In response, agriculture has been transforming worldwide to an alternate paradigm 
of Conservation Agriculture (CA) that can: (i) mobilize greater crop and land 
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potentials sustainably to meet future food, agriculture and environmental demands; 
(ii) maintain highest levels of productivity, e�ciency and resilience (�more from 
less�); and (iii) rehabilitate or regenerate degraded and abandoned agricultural land 
and ecosystem services. CA has shown in all continents to be able to address the 
weaknesses of the conventional tillage agriculture. �is is because CA is an agro-
ecosystem approach to regenerative agriculture and to sustainably managing the 
natural resource base and ecosystem functions, to mobilizing maximum crop and 
land productivity potentials, to developing natural resilience to biotic and a�biotic 
stresses, and to optimizing the use of agrochemicals. Consequently, CA pays 
special attention to: (i) soil as a living biological and multi-functional system; (ii) 
root systems and their relationship with soil life; (iii) biodiversity in the soil and 
above the ground; and (iii) landscape ecosystem functions and services at the farm, 
landscape, community and territorial level.

Global spread of CA

Conservation Agriculture is now practiced in all continents and in most land-based 
agro-ecologies, both rainfed and irrigated, non-organic and organic systems. CA 
systems include annual cropland systems, perennial crop systems including orchard 
and plantation systems, pasture systems, mixed annual and perennial systems, agro-
forestry systems, and rice-based systems.

In 2013/14, CA annual cropland systems covered some 157 Mha, or 11�percent of 
the total global annual cropland, with the spread being split equally between the 
industrialized regions and the developing regions (Kassam et al., 2015). In 2008/09, 
the CA annual cropland area was 107 Mha (Kassam et al., 2009). Between 2008/09 
and 2013/14, the global CA annual cropland area expanded at an annual rate of 
some 10.5�Mha.

Continental distribution of CA land in 2013/14 was: South America, 66.4 Mha 
(60�percent of total cropland in the CA countries); North America, 54.0 Mha 
(24�percent); Australia & NZ, 17.9 Mha (35.9�percent), Russia & Ukraine, 5.2 Mha 
(3.2�percent), Asia, 10.3 Mha (3�percent), Europe, 2 Mha (2.8�percent), and Africa 
1.2 Mha (0.9�percent) (Kassam et al., 2015).

�e CA annual cropland information base was recently updated for 2015/16 
(Kassam et al., 2018) based on several sources: o�cial statistics; no-till farmer 
organizations; Ministry of Agriculture, NGOs, and well-informed individuals from 
national and international research and development organizations.
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�e update shows that the global total CA cropland area in 2015/16 is 180.44�Mha, 
corresponding to some 12.5�percent of the total global cropland, with the spread 
being more or less equally split between the industrialized regions (52.7�percent) 
and the developing regions (47.3�percent). �e continental distribution of the CA 
cropland area is shown in Table�1.

�e change in the CA cropland area in the di�erent continents since 2008/09 has 
been: 41.0�percent in South America, (from 49.6 Mha to 69.9 Mha); 57.9�percent 
in North America (from 40.0 Mha to 63.1 Mha); 86�percent in Australia & NZ 
(from 12.2 Mha to 22.7 Mha); 429.7�percent in Asia (from 2.6 Mha to 13.9 Mha); 
5000�percent in Russia and Ukraine (from 0.1 Mha to 5.2 Mha); 211.0�percent in 
Africa (from 0.5 Mha to 1.5 Mha) and 127.4�percent in Europe (from 1.6 Mha to 
3.56 Mha).

Overall, the increase in the global CA cropland area since 2008/09 has continued 
at an annual rate of about 10.5 Mha, from 107 Mha in 2008/09 to 180.4 Mha in 
2015/16 (Figure 2). �e global CA cropland area increased by some 69.4�percent 
since 2008/09, and since 2013/14, the increase has been some 15.2�percent, from 
157�Mha, based on the information for 2015/16.

Table 1. Area of annual cropland under CA by continent � 2015/16

Continent Cropland under CA 
(Mha)

Percent of global 
CA area

Percent of arable cropland
of reporting countries

South America 69.90
(49.6)

38.7
(40.9)

63.2

North America 63.18
(40.0)

35.0
(58.0)

28.1

Australia & NZ 22.67
(12.2)

12.6
(86.1)

45.5 

Asia 13.93
(2.6)

7.7
(407.7) 4.1

Russia & Ukraine 5.70
(0.1)

3.2
(5000) 3.6

Africa 1.51
(0.5)

0.8
(447) 1.1

Europe 3.56
(1.6)

2.0
(56.3) 5.0

Global total 180.44 
(106.51 in 2008/09)

100  
(69.42 percent change

since 2008/09)

12.5*
*�percent global cropland

7.4 percent in 2008/09

Source: 2008/09 FAO AquaStat; 2015/16 Kassam et al. (2018)
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Uptake of CA in Asia Increased from 2.6 Mha in 2008/09 to 13.9 Mha (7.7�percent 
of the global CA area, and 4.1�percent of the cropland area in Asia) in 2015/16, an 
increase of 430�percent. Most of the increase in the CA area since 2008/09 has been 
in China, Kazakhstan, India and Pakistan. In south Asia, CA-based rice-wheat 
systems in the Indo-Gangetic Plains are being adopted. In 2008/09, CA area in 
Asia was reported for China and Kazakhstan only, but in 2015/16, there were 18 
countries in Asia reporting CA area, namely: China, Kazakhstan, India, Pakistan, 
Iran, Kyrgyzstan, Turkey, Syria, DPR Korea, Iraq, Lebanon, Uzbekistan, Azerbaijan, 
Tajikistan, Bangladesh, Laos, Cambodia and Vietnam.

In Central Asia region, tillage agriculture has led to widespread land degradation, 
including erosion and salinity, and loss in productivity and agricultural land area. 
Countries in Central Asia quite rightly are taking steps to promote the adoption 
of CA to address these threats. However, to establish a sustainable process of 
transformation from tillage agriculture to CA anywhere in the world requires the 
engagement and support of the whole industry, including the farmers themselves, 
and the public, private and civil sectors. Mobilizing policy and institutional support 
from government and from research, education and service providers can be a 
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Figure 2. History of global adoption of Conservation Agriculture annual cropland systems since 1974
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slow process, but when farmers themselves and their organizations are leading the 
transformation, there is much higher probability of success.

In Africa, most of the increase since 2008/09 has been in South Africa, Zambia, 
Malawi, Mozambique, Morocco and Tunisia. However, farmers in at least 22 African 
countries are promoting CA (Kenya, Uganda, Tanzania, Rwanda, Sudan, Ethiopia, 
Swaziland, Lesotho, Malawi, Madagascar, Mozambique, South Africa, Namibia, 
Zambia, Zimbabwe, Ghana, Burkina Faso, Senegal, Cameroon, Morocco, Tunisia, 
Algeria). CA has also been incorporated into the regional agricultural policies by 
NEPAD, and it is recognized as a core element of climate-smart agriculture.

In Europe, Spain, Italy, France, Finland, Romania, Poland, Switzerland and the 
UK have shown signi�cant increases in their CA area in recent years. In 2008/09, 
CA was reported in 11 countries in Europe but in 2013/14, this increased to 15 
countries, and in 2015/16 to 29 countries.

Since 2008/09, the number of countries where CA adoption and uptake is 
occurring has increased from 36 to at least 55 in 2013/14 and to 78 in 2015/16. 

Also, the area of CA systems based on perennial crops such as in orchards and 
plantations or mixture of annual and perennial crops such as trees in association 
with annual crops, or agroforestry systems, or crop-livestock-tree systems, or 
pasture systems are not included in the total CA area reported in this paper.

Such CA systems with perennial crops are on the increase in all inhabited 
continents. CA orchards and vines concern crops such as olive, grape, fruit and 
nut trees. CA plantation systems concern crops such as oil palm, cocoa, rubber, 
tea, co�ee, coconut but also sugar cane. �us, the CA cropland areas reported in 
this paper are conservative estimates of global CA land use.

�ere are now a multiple set of drivers supporting the adoption and spread of CA 
globally. In the early years, particularly in North and South America, and in Russia 
and China, the main driver for change was soil erosion and degradation (the dust 
bawls in America and elsewhere), and this has continued to be so today given the 
extensive soil erosion and degradation caused by conventional tillage agriculture. 

Even in the earlier years, drought would exacerbate the situation because degraded 
and eroded agricultural soils would be more vulnerable to dry periods during the 
rainy season. �is too has continued to be so today, given that there is an increase in 
the occurrence of extreme events (i.e.�droughts) due to climate change.
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Since the 1970s, there has been continuing increase in the cost of energy from fossil 
fuels, and cost of machinery and labor, as well as the cost of production inputs 
such as mineral fertilizer and biocides (herbicides and all forms of pesticides). 
Consequently, farmers have been trying to reduce their production costs, and CA 
has allowed farmers to not only reduce production costs but also minimize erosion, 
degradation and e�ects of droughts.

Since 2000, more attention has been paid to combating the loss of ecosystem 
services and resilience to biotic and abiotic stresses arising from the practice of 
conventional tillage agriculture. Damage to ecosystem services include: pollution of 
water due to runo� and erosion, leaching of plant nutrients into the water systems, 
disruption of all parts of the water, nutrient and carbon cycles, increased emission 
of CO2 from the soil into the atmosphere, loss of biological nitrogen �xation, and 
loss of biodiversity and the constituent food webs and food chains below and above 
the ground, leading to loss wild life and of natural biological control of pests and 
of pollination services. �rough the adoption of CA systems, farmers are bale to 
reverse these negative externalities and enhance the productivity and resilience of 
their production systems.

Above drivers of CA adoption and spread are now also serving the global need to 
mitigate and adapt to climate change, as well as to intensify production sustainably. 
Equally important is the fact the CA production systems have shown to be relevant 
and important in pro-poor agriculture development strategies for small-scale 
farmers particularly in Asia and Africa, but also in Latin America and Europe.

Despite the existence of several constraints to adoption, farmers in di�erent parts 
of the world are continuing to �nd local solutions to support the spread of CA as 
well as to innovate with new practices and management methods to maximize 
the bene�ts. Major constraints to the adoption of CA practices continue to be: 
knowledge about the existence of CA and on how to do it (know how), mind-
set (tradition, prejudice), inadequate policies, for example, commodity based 
subsidies (EU, US) and direct farm payments (EU), unavailability of appropriate 
equipment and machines (many countries of the world), and of suitable 
management strategies to facilitate weed and vegetation management, including 
mechanical, biological and chemical options as herbicides (especially for larger 
farms in low income countries). Other area-speci�c constraints in semi-arid 
areas during the transformation to CA system relate to initial low supply of crop 
and vegetation biomass for soil mulch cover development; to initial short-term 
competition for crop residue as livestock feed; and to initial adoption of new 
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manual weed management practices when the soil mulch cover and integrated 
weed management practice is being established.

Yet farmers who do become seriously interested in adopting CA develop local 
solutions to all these barriers. Many such cases have been reported for smallholder 
and large-scale farms in all continents (see list of publications at: www.fao.org/
ag/ca). Further, more international and national organizations have increased 
their support for CA as they have increased their awareness of its e�ectiveness in 
sustainable production intensi�cation. �ese organizations include: FAO, IFAD, 
World Bank, EU, AU-NEPAD, CIRAD, ACT, some CGIAR Centers (CIMMYT, 
ICARDA, ICRISAT, ICRAF), NGOs, some governments in the North and the South, 
national and multi-national corporations, the growth of no-till/CA organizations 
worldwide, farmer to farmer support, even across continents, and bilateral and 
multi-lateral donors, �us, the continuing spread of CA globally is creating a need 
for e�ective national and regional policy and institutional support.

So far most of the CA development has been in rainfed annual cropping systems 
and some in irrigated crops in combination with rainfed crops such as the rice-
wheat cropping system in the Indo-Gangetic Plains. �e same CA principles 
apply for strengthening the ecological and economic sustainability of irrigated 
systems, including those in arid and semi-arid areas, with the additional bene�t of 
improving water use e�ciency and avoiding or minimizing salinization problems. 
�is is happening in the tropics and sub-tropics with irrigated rice based systems 
in Brazil, Argentina, Pakistan, India, Bangladesh, and with other cropping systems 
such as irrigated cotton-based systems in Uzbekistan, and in irrigated systems in 
Spain and Italy.

As indicated earlier, CA principles and practices are also applicable for orchards, 
plantations and vine crops with the direct sowing of associated �eld crops, cover 
crops and pastures beneath or between rows, giving permanent ground cover 
and biomass production, controlling soil erosion, improving soil health and 
biodiversity, water in�ltration and retention, and soil aeration. In the dry areas 
of Africa, there is an increase of agroforestry systems integrating nitrogen �xing 
trees such as Faidherbia albida with CA systems. Orchard crops and vines are 
being converted into CA systems in Europe. Plantation tree crops such as oil palm, 
rubber, cocoa, citrus and coconut are also being successfully managed under CA 
systems in several countries such as Malaysia. In India, the area under CA rice-
wheat and rice-maize cropping systems has signi�cantly increased during the last 
ten years or so.
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Conclusion

�e global spread of CA is nothing short of a revolution which has been ongoing 
worldwide especially since 1990. While North and South America and Australia 
have led the agricultural transformation, Asia, Europe and Africa have become part 
of the global change process towards sustainable agricultural land use. CA represents 
a di�erent paradigm of agriculture, and CA systems are becoming increasingly 
recognized as being climate-smart, and �t naturally as a core production component 
of climate smart agriculture, o�ering simultaneously the ability to achieve 
sustainable production intensi�cation, improve climate change mitigation and 
adaptability, harness ecosystem services, strengthen food and agricultural security, 
and contribute to rural livelihoods and national economic growth.
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Conservation Agriculture evolution in Brazil 1972�2018

Rafael Fuentes Llanillo3

Abstract

�e history of the Brazilian No-Tillage Revolution is very well described in literature. 
�ree articles, Bolliger et al. (2006), Casªo Jr et al. (2012) and Fuentes-Llanillo (2013), 
among others, permit comprehensive Anglophone description of the development of 
No-Tillage System and Conservation Agriculture in Brazil and how land degradation 
and a huge erosion process in the 1960/1970/1980s was stopped with the great 
adoption and scale-up of No-Tillage System in subtropical Southern Brazil and 
spread to the tropical Brazil in the early 1980s till now. Today Brazil with more than 
32�million hectares of CA (Kassam et al., 2018; IBGE, 2018), challenges changed and 
a�continuous improvement is needed to keep sustainable intensi�cation.

Key words: No-Tillage, Minimum Soil Disturbance, 
Permanent Soil Cover, Crop Rotation.

Introduction and historic review

Conservation Agriculture started in farm scale in Brazil and Latin America with the 
initiative of the pioneer farmer Herbert Bartz in Rolândia, ParanÆ State, Brazil, in 
summer 1972, when he has sown the �rst 200�ha. He was inspired by the existence 
of direct seeders in UK and the visit he made to USA to meet the farmer Harry 
Young and the extension agent Shirley Phillips that were doing No-Tillage System 
(NTS) in Christian, Kentucky, since 1962. Two cycles of new followers in 1974 and 
1976 at Maua da Serra and Ponta Grossa, ParanÆ State, increased the surface under 
NTS and reached the �rst 1�000�ha. In 1976 also started the pioneer NTS modern 
research at IAPAR � Instituto Agronômico do ParanÆ, a public agricultural research 
institution. In 1972�1979 period there was only pioneer farmers and pioneer 
research (Figure�3). In 1980 NTS surface reached 10�000�ha.

�e period between 1979�1991 was a time that is called �NTS Age of Studies� 
when farmers, public and private research and equipment and agrochemical 
industries studied all possibilities in developing NTS. In 1981 the IAPAR � 
Instituto Agronômico do ParanÆ launched the �rst book over the theme. Research 
was enhanced by several institutions like state and private research institutions, 
public and private universities and few unities of the national research institution. 
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Chemical Industries developed and tested glyphosate and other desiccation 
herbicides for NTS viabilisation. Brazilian industries of equipment strongly 
developed appropriate seeders, sprayers and knife-rollers. �is synergy enabled NTS 
to reach 1 million�ha in 1991(Denardin et al., 2008).

When cheap glyphosate and suitable seeders were available in the beginning of 
1990s, together with the technological advances achieved in the previous decade, 
the objective conditions for massive expansion were present. �e stopping erosion 
capacity of the system added to an unequivocal economic advantage of withdrawal 
of land preparation launched a strong process of farmer-to-farmer communication. 
At this point the creation of Brazilian No-Till Farmers Federation FEBRAPDP in 
1992 articulated the action of the former Soil Friends� Clubs created to support 
NTS expansion since 1979. Hundreds of training events were carried out mainly 
the�National NTS Meetings. During the 1990s some States of Brazil maintained 
public policies to spread NTS and Soil Conservation measures at the watershed�level. 
�ere was credit support to buy and adapt NT seeding machines, reduction of 
costs of insurance and loans for NTS adopters and subsidies for adoption of soil 
conservation practices. �is connection of factors increased NTS surface from 1 
million�ha in 1992 to approximately 25 million�ha of NTS and Mixed Minimum 
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Tillage Systems in 2006 (Denardin et al., 2008; Fuentes Llanillo et al., 2013). �is 
phenomenon is known as Brazilian No-Tillage Revolution.

According Fuentes Llanillo et al. (2013) in 2006 by the �rst time No-Tillage System 
area was o�cially surveyed in total number of farms in Brazil in the Agricultural 
Census of IBGE. Authors concluded there was 17.9 million�ha of NTS, 3.8�million�ha 
of Minimum Tillage and 3.1 of Mixed Conservation Tillage and still 11.8�million�ha 
of Conventional Tillage in total area of 36.6�million�ha of annual crops. 
Approximately 48.8�percent of annual crops are in CA, 19�percent intermediate 
systems of Conservation Tillage and 32.2�percent is still in Conventional Tillage.
Recent data of Agricultural Census 2017 of IBGE (IBGE, 2018) shows that between 2006 
and 2017, there was a growth of 84.0�percent in the area of NTS (CA) in Brazil from 17.9 
to 32.9 million hectares while total area of annual crops increased 51.0�percent from 36.6 
to 55.2�million ha. Presently 60�percent of annual crops in Brazil are in CA (NTS). �ere 
is a potential progress of CA in sugar cane, rice and cassava with an expressive surface of 
almost 13 million�ha of total area with low adoption of CA.

Present situation and perspectives

�e huge adoption of the system was not done with the desirable quality. �e GMO 
technologies created and adopted a�er 2000 in Brazil also created an environment 
of permissiveness in the use of glyphosate and in the absence of refugees for pests 
and diseases that promoted natural resistances that are burning these technologies. 
World market of commodities is provoking monoculture of soybean crop putting in 
risk the accomplishment of CA second and third principles. Brazil has, with more 
than 32 million hectares of CA (Kassam et al., 2018; IBGE, 2018), old and new 
challenges to overcome as:

1.	 Because of dominance of soybean crop in summer, there is a lack of crop 
rotation and low permanent soil cover;

2.	 Increase in water and soil losses because of removal of terraces and soil 
compaction led to excessive reliance in no-till and increase of equipment scale;

3.	 Bad management of GMOs, resistant weeds and �burning� of transgenic events;
4.	 Strong infestation with nematodes and high chemical utilization for control pest 

and diseases due to low biodiversity;
5.	 Needing of improvement of No-Till System to Sugar Cane, Cassava and Irrigated 

Rice among others crops;
6.	 Crisis in Public System of Agricultural Research and Seed Production of Cover 

Crops and Green Manures.
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�ere are few barriers in the technological side and problem solution is dependent 
greatly on a mix of public policies, economic incentives for crop diversity and 
changes in farmers� attitudes. It·s necessary to make more research on biological 
aspects to replace herbicides and chemical control of pests and diseases. Brazil and 
South Cone neighbors as Argentina, Paraguay, Uruguay and Bolivia are responsible 
for almost 20�percent of world food market and can make much more to face 
challenges of world demand of food in close future.
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Adoption, advancement and impact of 
Conservation Agriculture in Kazakhstan

Muratbek Karabayev4

Abstract

Ploughing up of the virgin lands in the mid of 1950s in northern Kazakhstan has led to 
the dramatic losses of soil health and fertility combined with extensive soil erosion. In the 
beginning of 2000 CIMMYT, National Agricultural Research System (NARS), the Ministry 
of Agriculture (MoA), FAO, World Bank in cooperation with farmers initiated large-scale 
activities based on Conservation Agriculture (CA) in Kazakhstan. Due to these e�orts, the 
area under Conservation Agriculture-based practices has been increasing from virtually 
none to an estimated area of 2.7�Mha in 2017 with continued increase in area. �e 
utilization of CA-based technologies has become an o�cial state policy in agriculture in 
Kazakhstan. Since 2008, the government of Kazakhstan has been subsidizing farmers who 
are adopting CA-based technologies. With this Kazakhstan is now included among the top 
ten countries with the largest areas under No-tillage in the world.

Key words: no-till, climate change, food security, soil, wheat.

Introduction

Industrial activities have o�en regrettably caused serious consequences for 
the environment, which now threatens normal life on Earth. Degradation, 
deserti�cation, pollution, salinity, wind and water erosion and loss of soil fertility 
constitute a long but still incomplete list of the problems facing the humanity 
today. Sustainable use of natural resources, rehabilitation of land fertility, while 
improving quality and increasing annual crop production should become integral 
parts of national policy and a basis of sustainable economic development of every 
country and region of the world. Kazakhstan is characterized by a rich diversity of 
climatic conditions and soil types. �e existing plant production systems in terms of 
grain crops include the following:

�	 Rainfed agriculture dominated by spring grain crops (northern and central parts 
of the country);

�	 Rainfed agriculture dominated by winter grain crops (southern and south-
eastern parts of the region);

�	 Irrigated agriculture (mostly in the southern parts of the region).
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�e most part of the area where the major grain crops are produced, the main of 
them being wheat, is located in the zones with unfavorable climatic conditions. �e 
climate of Kazakhstan is sharply continental, and a large part of the territory is a�ected 
by wind and water erosion. �e concern about drought and salinity is growing. Soil 
fertility has decreased dramatically throughout the region. Humus content in the 
topsoil reduced signi�cantly, and weed infestation of cereal �elds has increased. Water 
de�ciency and insu�cient soil moisture levels remain among the major problems of 
the national agriculture. It becomes increasingly clear that in the existing conditions 
the improvements in plant production should be achieved through implementation 
of the agricultural production system based on conservation and sustainable use of 
water, soil, energy and other natural resources and the whole environment. Today, 
such system is the key to survival of farmers producing agricultural crops, and, in 
particular, wheat, which is the major export food commodity of Kazakhstan.

�e world experience shows that the traditional farming systems, even if highly 
productive, lead to soil degradation and reduced input use e�ciency. Negative 
components of the traditional farming systems are intensive tillage, returning 
little organic matter to the land and monoculture. Conservation Agriculture (CA) 
means overcoming these negative components of conventional farming systems 
including three basic principles: minimal soil disturbance, permanent soil cover 
with crop residues and crop rotation. With this way and approach we look at 
and talk about CA. Essentially, CA is the further development and improvement 
of the conventional systems, includes all of the other principles of sound crop 
management, but excludes their negative components. But we must recognize 
that even with the apparent simplicity of such formulation, CA is a complex 
technology, it implies changes in a number of technological components of the 
existing traditional systems of agriculture. It is necessary to change two basic 
paradigms: the paradigm of soil tillage and the paradigm of linear knowledge �ow.

Many agricultural research and extension systems are based on a linear model of 
knowledge �ow, with new knowledge being developed in research organizations, 
passed on to agricultural extension agents who in turn pass on the new knowledge 
and information to farmers. While this model may be applied to simple technology, 
it does not always e�ectively work with complex technologies, especially when 
research institutes do not have the capacity to develop functional packages of 
multiple technological components for all farmer situations. Innovative systems on 
the basis of complex technologies are needed in adaptation, system development 
process and promotion. Innovative systems (platforms) are based on networks of 
multiple agents, including farmers-innovators and decision-makers, all utilizing 
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Conclusion

Kazakhstan, possessing rich land resources, high research capacity and well-
developed economic infrastructure, has wide opportunities for increasing 
agricultural production and becoming the world�s leading exporter of high-
quality grain and other types of agricultural production. At present, Kazakhstan is 
considered to be one of the world�s most important region for global food security. 
As per o�cial analytical data, by 2025 the level of cereal production should reach 
3 billion tons in order to feed the 8 billion of population. In order to achieve that 
goal, annual increase in production of wheat, the most important food crop, should 
amount to 2�percent (against the existing annual increase of 1.3�percent).

This increase should be achieved against the growing influence of negative 
factors in the background, such as decrease of water supply, drought, 
temperature increase, land degradation, emergence of new highly dangerous 
diseases, increasing use of crops and biomass for fuel and livestock production. 
Without doubt, successful overcoming of these negative factors and sustainable 
growth of agricultural production in Kazakhstan and the whole world will 
primarily depend on new technologies and development of research and science. 
In the modern world, technologies and innovations are crucial for the country�s 
competitiveness and food security.
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Conservation Agriculture in the European Union 
(in the case of the visegrad countries)

Khabibullo Pirmatov5, Alim Pulatov6, Elena Horska

Abstract

�e goal of the paper is to analyze the arable area under Conservation Agriculture 
(CA) in the European Union, namely the Visegrad (V4) countries (Czech Republic, 
Hungary, Poland and Slovakia) as well as provide recommendations for its further 
development in the region. Despite of the advantages of CA such as cost reduction, 
carbon sequestration, soil and water conservation, the overall adoption levels of the 
following agricultural practices remain low in the European Union. �e V4 is the 
selected four countries of the Central European region, where the implementation of 
CA is di�erent in each country based on the farm types and the size of holdings. �e 
paper presents the distribution of CA in the V4 countries, including the data of Food 
and Agriculture Organization of the United Nations (FAO) and �e Statistical O�ce of 
European Union (Eurostat).

Key words: agricultural practices, conventional tillage, 
development, sustainable, zero tillage.

Introduction

�e economic importance of agriculture within the European Union (EU) economy 
has been in almost continuous decline over the last 50 years, but it is still considered as 
a crucial sector (Eurostat, 2015). More than 77�percent of the EU�s territory is classi�ed 
as rural (47�percent is farmland and 30�percent forest) and half its population are living 
in rural areas (Schwartz et al., 2016). Moreover, the total costs of land degradation in 
EU-25, which assess for erosion, organic matter decline, salinization, landslides and 
contamination, are up to 38 billion euro annually (Montanarella, 2007). Conservation 
Agriculture (CA) is able to reduce land degradation and increased food security in a 
more sustainable way. �e EU�s common agricultural policy (CAP) pay also attention 
to the sustainable development of rural areas and put forward this issue as one of main 
objectives to achieve.

Based on the de�nition of Food and Agriculture Organization of the United Nations 
(FAO), CA is a farming system that promotes maintenance of a permanent soil 
cover, minimum soil disturbance, and diversi�cation of plant species. Moreover, it 
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is mentioned that it enhances biodiversity and natural biological processes above 
and below the ground surface, which contribute to increased water and nutrient use 
e�ciency and to improved and sustained crop production (FAO, 2018).

CA in European countries is di�erent from one another. Most of the farmers 
connect CA with di�erent levels of reduced tillage, which is leading to a general 
confusion in Europe. Only few farmers within Europe has adopted this technology 
as it is explained by FAO (Friedrich, et al. 2014). Practice of CA gives positive 
impulse to develop sustainable land management at the same time increases yields. 
For this reason, it is very important to explain this technology to the farmers with 
details and practical cases. CA is a combination of several agricultural practices. 
�ere is need to note that zero tillage, conservation (minimum or reduced) tillage, 
direct planting and organic farming are not Conservation Agriculture, but these 
practices (Table 2) can be the components of CA, which support to implement its 
core principles.

Table 3 shows the comparison of the e�ect from both conventional agriculture and 
Conservation Agriculture. Conservation Agriculture has more advantages with 
the�exception of weeds issue. Weed and pest problems are obstacle especially at 
the beginning of the CA adoption, with time the following issues can be solved or 
use herbicide and pesticide applications. Moreover, the crop rotation as the one of 

Table 2. Selected agricultural practices.

� Agricultural practices De�nitions

1. Conventional tillage
�is tillage practice involves inversion of the soil, normally with a 
mouldboard or a disc plough as the primary tillage operation, followed by 
secondary tillage with a disc harrow.

2. Zero tillage (ZT) Zero tillage does not involve tillage operations on the soil. 

3. Conservation(minimum or 
reduced) tillage

�ese tillage operations leave at least 30�percent of the soil surface covered 
by plant residues in order to increase water in�ltration as well as cut down 
on soil erosion and runo�. 

4. Direct planting Using NT drill equipment to plant seeds directly into crop residues le� on 
the soil surface without preparing a seedbed beforehand.

5. Organic farming
Organic agriculture does not permit the use of synthetic chemicals to 
produce plant and animal products, relying instead on the management of 
soil organic matter (SOM) and biological processes.

Source: Author�s development based on the de�nitions of worldwide 
Conservation Agriculture Knowledge Resources and Eurostat, 2018
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the main principles of CA is preventing crops from spreading di�erent plant pests, 
which commonly appear in monoculture.

CA technology is a climate resilient technology and management system that 
has demonstrated potential to secure sustained productivity and livelihoods 
improvements for millions of climate-dependent farmers. �is technology is win-
win situation, as it encourages sustainable agricultural development including itself 
environmental, economic and social values.

Materials and methods

Despite of the advantages of CA such as cost reduction, carbon sequestration, soil 
and water conservation, the overall adoption levels of the following agricultural 
practices remain low in the EU. Figure 4 shows the share of the tilled arable 
area by tillage practices within EU-27 as well as Iceland (IS), Norway (NO), 
Switzerland (CH), Montenegro (ME) and Croatia (HR) in 2010. Bulgaria (BG) 
and Cyprus (CY) use more Conservation Agriculture practices than conventional, 
while Malta (MT) and Montenegro (ME) practice only conventional tillage. In 
2010, Bulgarian arable land was essentially dedicated to the production of cereals 
from 1.8 million�ha and industrial crops from 1.1 million�ha (Eurostat, 2010).

Most of farmers use CA for growing grain crops. However, CA can successfully 
implement to a wide range of crops. �e average use of Conservation Agriculture 
for EU-27 is 26�percent. �e top 5 EU countries by practicing CA are located in 
di�erent agro-ecological zones. It proves that CA is implementable for a variety of 
agro-ecological zones and farming systems.

Table 3. Comparison between Conventional and Conservation Agricultures

� Issues Conventional agriculture Conservation Agriculture

1. Soil organic matter (SOM) Lower More

2. Soil biological health Lower More

3. Soil temperature More variable Moderated

4. Soil compaction Increased Reduced

5. In�ltration Lower More

6. Erosion Maximum Less

7. Weeds Lower More

8. Cost More Lower

Source: Author�s development
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Conservation Agriculture in V4 countries

�e Visegrad Group (also known as the �Visegrad Four� or simply �V4�) re�ects 
the e�orts of the countries of the Central European region to work together in 
a number of �elds of common interest within the all-European integration. �e 
Czech Republic, Hungary, Poland and Slovakia have always been part of a single 
civilization sharing cultural and intellectual values and common roots in diverse 
religious traditions, which they wish to preserve and further strengthen (Visegrad 
Group, 2018). Unsustainable use of land resources and improper agricultural 
management lead to the land degradation. �e main land degradation issues in 
Slovakia connected with water erosion and soil compaction. Almost half of the 
agricultural land and 90�percent of forestland su�ered with water erosion. Soil 
compaction accounts for approximately 30�percent of the agricultural�land. Soil 
sealing, loss of humus and contamination is also in the top of agenda in Slovakia 
(Table 4). �e other V4 countries also meet with such as issues. In addition, land 
degradation processes are exacerbated by human activities. In order to slow down 
these negative processes, there is need to use CA, as this technology is able to reduce 
land degradation.

Figure 4. Tilled arable area by tillage practices within EU-27 as well as Iceland (IS), Norway (NO), 
Switzerland (CH), Montenegro (ME) and Croatia (HR) in 2010
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�ere has been conducted the study report on conservation tillage versus 
conventional tillage for long-term e�ects on yields in western Hungary 
(MadarÆsz,�B. et al., 2016) during 10 years (2003�2013). �e study shows that 
during the �rst three years (2003�2007) the yield was decreasing by 8.7�percent 
due to technological changes, the next seven years (2007�2013) was increasing by 
12.7�percent. �erefore, coming to this phase, the soil fertility has been improved. 
While implementing CA technology, there are need to pay careful attention on 
residue, pest and weed managements and follow the main principles of CA.

Analyzing the tilled area by the tillage practices in V4 countries, �e Czech 
Republic (33�percent), Slovakia (19�percent), Hungary (10�percent) and Poland 
(5�percent) are in descending order by practicing conservation tillage. �e average 
use of conservation and zero tillage is 19�percent in V4 countries. Zero tillage is 
insigni�cant percentage in Hungary, �e Czech Republic and Slovakia.

Conservation tillage and zero tillage have the same proportion (5�percent) in Poland. 
Among V4 countries, the Czech Republic and Slovakia have higher percentage 
of Conservation Agriculture practices (Figure 5). �e member of European 
Conservation Agriculture Federation, Slovak No-Till Club, makes its contribution 
in the promotion of CA in the region. �e implementation of CA in V4 countries is 
di�erent in each country based on the farm types and the size of holdings.

In V4 countries, CA is mostly preferred to implement in the farm type specialized 
on producing cereals, oilseed and protein crops ranging from 32�percent to 
58�percent.

Table 4. �reats due to soil degradation in Slovakia

Type of degradation Extent �reat

Soil sealing Up to 5-7�ha per day Medium threat

Water erosion Almost 50�percent (agricultural land) 
90�percent of forest land Very strong threat

Wind erosion 5-6�percent of the agricultural land area Weak threat

Loss of humus Around 60�percent (agricultural land area) Medium threat

Soil compaction Around 30�percent (agricultural land area) Strong threat

Contamination 30 thousand�ha above the limit Medium threat

Acidi�cation 10-15�percent of the agricultural land area Weak threat

Salinization Minimum occurrence Weak threat

Source: Bandlerova, A. et al., EU Land Policy �The Pathway Towards Sustainable Europe� 2016
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Figure 6. Arable land on which conservation and zero-tillage is practiced by farm types in V4 countries
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Field crops-grazing livestock combining in the Czech Republic and Slovakia 
under Conservation Agriculture is more 25�percent, while in Hungary and 
Poland is more than 10�percent. The lowest share (1�2�percent) of arable land 
under Conservation Agriculture is related to the farm type specialized in 
horticulture and permanent crops (Figure 7), as in general horticulture crops 
are intensively cultivated. The share of specialized grazing livestock (around 
6�percent) and various crops and livestock combined (around 10�percent) under 
CA is close proportions in all V4 countries.

Arable land under conservation and zero-tillage with the size of holding from 150�ha 
or over is 96�percent in the Czech Republic and Slovakia. However, CA can use for 
both large and small-scale farms. To facilitate farmers� work for direct seeding or 
planting, there is equipment specialized for CA. It can be run manually, animal or 
tractor powered. �e same size of holding in Hungary accounts for 75�percent. In 
Poland, less than 29.9�ha (43�percent) and from 150�ha or over (42�percent) as well 
as from 30 to 79.9�ha (8�percent) and from 80 to 149.9�ha (7�percent) have close 
percentages (Figure 7).
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Figure 7. Arable land on which conservation and zero-tillage is practiced by 
size of holding (ha arable area) in V4 countries
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Results

Despite of the advantages of CA such as cost reduction, carbon sequestration, soil and 
water conservation, the overall adoption levels of the following agricultural practices 
remain low in the European Union. �e average use of Conservation Agriculture 
practices for EU-27 is 26�percent, in case of V4 countries, it accounts for 19�percent. 
Bulgaria (BG) and Cyprus (CY) use more Conservation Agriculture practices than 
conventional, while Malta (MT) and Montenegro (ME) practice only conventional 
tillage. �e top 5 EU countries by practicing CA are located in di�erent agro-
ecological zones. It proves that CA is implementable for a variety of agro-ecological 
zones and farming systems. In V4 countries, CA is mostly preferred to implement 
in large-scale farms (from 150�ha or over), as well as the farm type specialized on 
producing cereals, oilseed and protein crops ranging from 32�percent to 58�percent.

Discussion

Analyzing CA in the EU, there are several common misconceptions among farmers 
about these agricultural practices. Firstly, most of the farmers connect CA with 
di�erent levels of reduced tillage, which is leading to a general confusion. Secondly, 
CA is appropriate for basic grain crops such as wheat and maize, by contrast, CA 
can successfully implement to a wide range of crops. �irdly, CA can only work for 
large-scale farms, but in fact, CA can be practicing in both small and large-scale 
farms. In order to promote CA practices, support and policy by government as well 
as specialized trainings by extension service agencies, the mass media and non-
governmental organizations (NGOs) are required nowadays. �ese institutions play 
an important role for disseminating CA practices, as there is prospective future for 
developing CA in the EU including V4 countries.
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Conservation Agriculture in perennial crops

Antonio Holgado-Cabrera7, Julio Roman-Vazquez8, Paula Trivino-Tarradas, 
Maria Pilar Jimenez-Donaire, Emilio Jesus Gonzalez-Sanchez9

Abstract

Conservation Agriculture (CA) is a suitable alternative to conventional methods of 
farming. It is o�en perceived as exclusively synonymous with direct seeding for annual 
crops, however this is a common misconception. While no-tillage does in fact form 
the basis of this approach, many fail to acknowledge CA�s applicability to perennial 
crops through the use of groundcovers. �e use of permanent groundcovers is always 
e�ective in perennial crop soil protection, most importantly in cases where orchards are 
situated on long slopes, or are very steep and thus more vulnerable to erosion and the 
formation of gullies. In this way, CA takes on a much more holistic and comprehensive 
approach to sustainable agriculture. �e use of groundcovers in perennial or woody 
crops results in several agronomic and environmental bene�ts. Control of soil erosion, 
improvements in soil structure and fertility, increased soil water storage, better water 
quality and increases in carbon sequestration are a few of the many advantages 
associated with the implementation of CA through the use groundcovers in perennial 
crops. �ere are several types of groundcovers. �e choice of the best adapted 
groundcover to a farm, can also be tailored to di�erent characteristics depending on the 
previous soil management, the skills of the farmer, and the availability and access to 
inputs such as machinery, plant protection products and fertilizers. A combination of 
the previous, among other, allows for the most e�cient and e�ective groundcover. Most 
of the groundcovers are grasses that grow in-between the tree lines, but also pruning 
residues have provided promising results to be considered a valid option in many cases.

In light of climate change and exponential population growth, the demand for a sustainable 
agricultural approach that protects the environment while maintaining or increasing yields 
of perennial crops is high, further justifying the need for a global adoption of CA.

Keywords: Agronomic bene�ts, environmental bene�ts, 
groundcovers, grasses, residues.

Introduction

�e implementation of groundcovers in perennial crops provides a great 
agronomic advance in the protection of the soil of the farms. �e use of vegetable 
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covers also has notable environmental bene�ts: soil structure is improved, organic 
matter is increased, atmospheric carbon is �xed, fertility is improved and soil 
water content is increased. �e use of groundcovers also leads to the improvement 
of water quality of water and to the increase of biodiversity in the farm. Any 
change gives raise to some concerns and the implementation of groundcovers in 
perennial crops is no exception. It requires the farmer to make some important 
decisions, being the type of cover that better suits to his farm and investment 
possibilities the one that will most a�ect them in the future. �is document aims 
to inform about the bene�ts of the implementation of groundcovers as well as 
about di�erent types of groundcovers that farmers can use in their farms. Bene�ts 
of the use of groundcovers in perennial crops

Soil conservation

�e impact of raindrops in the soil leads to the break of soil aggregates into small 
elements or particles that are easily carried away by the current (Figure 8). �is 
process is more accentuated in long and steep slopes, where the dragging capacity of 
water is increased because water volume and speed are higher.

�e implementation of groundcovers perpendicular to the slope, splits the length 
of the slope in shorter stretches. As a consequence, water �ow is slowed down and 
water in�ltration is enhanced, instead of running o�.

In this regard, the results of experiments carried out by the �Spanish Association 
for Conservation Agriculture Living Soils (AEACSV, in Spanish)� in olive orchards 
in Spain during the season 2003�2004 are very revealing and clarifying. In Figure 9 
it is shown the soil erosion in 3 di�erent farms, comparing plots with groundcover 
(GC) and without groundcover (NO GC). Rainfall during the experiment period 
in the 3 farms was 616 mm, 598 mm and 596 mm respectively. �e e�ect of the 
groundcovers is evident, with erosion reductions of 92.5�percent, 84.3�percent and 
94.6�percent in farms A, B and C respectively (Rodríguez-Lizana et al., 2004).

Increase of soil organic matter content

Organic matter (OM) has a great in�uence on soil physical, chemical and biological 
properties, necessary for the development of its functions (Bauer and Black, 1994; 
Magfo� and Weil, 2004). �e loss of OM from a soil, in addition to a negative e�ect 
on the balance between the di�erent carbon pools, also a�ects the quality of the soil 
and its fertility can be seriously compromised.
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Organic matter is fundamental for the physical fertility of a soil because it improves 
the formation and stability of aggregates (Gajri et al., 2002). For this reason, this 
parameter can be considered as an indicator of soil health status.
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Figure 9. Comparison of soil erosion in plots with and without groundcovers in 3 di�erent farms
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�e evolution in Soil�s Organic Matter (SOM) content is determined by the balance 
between the inputs and losses. In perennial crops, the inputs can be the residues of 
the groundcover, the pruning remains, and/or the application of organic fertilizers 
(compost, manure, animal slurry, etc.). SOM losses are caused by decomposition 
by microorganisms or by leaching of soluble organic compounds. Tillage practices 
increase CO2 emissions, decreasing the amount of organic matter (OM) in the soil 
(Schlsinger and Andrews, 2000; Lal, 2004; `lvaro-Fuentes et al., 2007; Cabrera, 
2007; Lopez-Garrido et al., 2019). As a general rule, most of the agricultural soils in 
semiarid areas loss half of their OM content a�er 15�20 years under intensive tillage 
(Kinsella, 1995; Heenan et al., 2004).

In CA in perennial crops, groundcover residues and/or pruning biomass are 
slowly degraded, resulting in an increase in soil OM content. Its increase in the 
�rst centimeters of the soil surface increases the nutrient reserves (GonzÆlez, 1997; 
Rhoton, 2000), which can be released gradually and at a di�erent rate than in tilled 
soils (Fox and Bandel, 1987).

Avoiding surface water contamination

Phosphorus, nitrates and plant protection products in agricultural areas are the 
main elements that can generate di�use agricultural pollution (Davenport, 1994). It 
happens when they are improperly applied or when erosion and runo� processes are 
not controlled through adequate soil management systems.

As a general rule, the loss of nitrates correlates directly with the water runo� due 
to the high solubility of nitrate (Francia et al., 2006). �is means that the reduction 
of water runo� achieved through the implementation of groundcovers will directly 
imply a reduction in the nitrates contamination of water bodies close to orchards.

A research conducted by the AEACSV in 8 �elds comparing olive plots under 
conventional soil management with others with groundcovers showed the importance 
of the use of groundcovers in the reduction of dispersion of nitrates and phosphorus. 
As shown in Figure 10, the average reductions achieved due to the implementation of 
groundcovers were 54.5�percent for nitrates and 41.3�percent for phosphorus.

Increase of carbon sequestration

�e impact of the soil management system in permanent crops can have an important 
e�ect in climate change mitigation. Non disturbed soils act as a carbon sinks 
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because the lack of tillage operations avoid the release of C into the atmosphere and 
because the C �xed in groundcovers is incorporated to the soil due to the action 
of microorganisms. In a meta-analysis carried out by Vicente-Vicente (2016) it is 
determined that, through the implementation of groundcovers, in the Mediterranean 
region there can be sequestered 1.1 tons of C per hectare and year in olive groves, 
0.78�tons of C per hectare and year in vineyards and 2.0 tons of C per hectare and 
year in almond groves. Taking into account these �gures and other considerations, 
GonzÆlez-SÆnchez et al. (2017) estimated that by shi�ing all suitable permanent 
cropland area from conventional soil management to groundcovers, there could be 
sequestrated more than 14 Mt of Carbon per year. In other words, around 6�percent 
of the CO2 reductions committed by the EU for 2030 in the Paris Agreement can be 
achieved every year through the change of soil management system in perennial crops.

General remarks about groundcovers

Bearing in mind that the main function of the groundcover is to protect the soil 
from erosion, di�erent type of groundcovers can be identi�ed. Some conditions that 
covers must comply are:

�	 Low height development: �is will not di�cult the transit through the farm and 
will minimize risk of �re.

�	 Fast growing: It will makes the soil to be covered quickly a�er germination of the 
groundcover.

Table�5. Comparison of losses of nitrates and phosphorus in plots under conventional 
soil management and plots with groundcovers percentage of reduction of losses

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Average 
reduction

N
itr

at
es

 lo
ss

es

Groundcovers 
(Kg NO-3/ha) 1,57 1,36 1,29 2,34 3,14 0,91 20,26 19,83 �

Convent. 
management 
(Kg NO-3/ha)

3,12 5,64 3,48 2,88 7,57 1,21 72,69 75,81

Reduction (%) 49,0% 75,9% 62,8% 18,8% 58,5% 25,0% 72,1% 73,8% 54,5%

Ph
os

ph
or

us
 lo

ss
es

Groundcovers 
(Kg P/ha) 0,09 0,08 0,06 0,06 1,44 0,04 0,06 0,04 �

Conventional 
management 
(Kg P/ha)

0,14 0,13 0,09 0,12 2,17 0,03 0,08 0,1

Reduction (%) 34,0% 37,7% 38,5% 51,4% 33,6% 51,7% 26,7% 56,6% 41,3%

Source: Adapted from Rodríguez-Lizana et al., 2004)
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�	 Shallow roots: If so, the groundcover will not explore the pro�le and extract 
water that will remain available for the crop.

�	 Avoid pest host species.

In order to optimize the consumption of water and to maintain the �nal productivity 
of the crop, an adequate management of the groundcovers is crucial, especially in 
dry climates, like Uzbek one, in which the annual precipitations pattern is markedly 
seasonal, with a dry period in summer. �erefore, the soil water balance must be taken 
into account in the decision making process for the management of the cover, being 
critical for this the method and the moment of mowing. Consumption of water by the 
groundcover has to be minimized, especially at the moments of maximum need for 
the crop. �e control of the groundcover is also very important to avoid competition 
for nutrients between the crop and the groundcover. It is therefore necessary to 
exercise control over the growth of the cover to prevent these negative e�ects.

�e control of the groundcover can be achieved by one or a combination of the 
following methods:

�	 Mechanical mowing: To achieve an e�ective control of the cover by means of a 
mechanical mowing operation, it is necessary that the species used have, on the 
one hand, a low regrowth power, to minimize transpiration a�er mowing and, 
on the other hand, a great capacity to produce biomass so that, a�er mowing, the 
remains e�ectively cover the soil and reduce evaporation, thus preserving the 
water content in the soil. �e capacity of regrowth of the species decreases as their 
phenological cycle is more advanced, therefore species with a short phenological 
cycle are the best adapted to this type of management. For example, in cruciferous 
species, white mustard (Sinapis Alba) showed the shortest phenological cycle and a 
low regrowth capacity a�er both early and late mowing, while the Eruca vesicaria 
and the cultivated species of radish (Raphanus sativus) and Ethiopian mustard 
(Brassica carinata) reached signi�cant rates of regrowth (AlcÆntara et al., 2004; 
AlcÆntara, 2005). Excessive regrowth reduces the water and nutrient content and 
a�ects the production of olive trees.

�	 Grazing: Letting livestock graze is an option for steep areas, where the slope 
makes it di�cult the access for machinery. Monitoring of soil moisture when 
animals enter the plot is very important, since they can cause compaction.

�	 Chemical mowing: �is is an e�ective tool. For the control of the groundcover it 
is recommended to use non-residual and low environmental impact herbicides at 
a low volume. It is very important to check the equipment with which the product 
is applied to ensure e�cient and safe work.
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Classi�cation and management of groundcovers

Attending to the type of plants comprising the groundcover they can classi�ed as 
follows:

Spontaneous vegetation groundcovers

�ey are formed by the �eld �ora (weeds) in the farm. �e farmer may leave this 
�ora free for natural growth or may select some species. In the second scenario, 
the most suitable species are those producing more biomass with a low level of 
competition with the crop. �e selection of gramineous plants can be a good choice.

In the case of gramineous selected spontaneous groundcovers, it is needed to use 
grass-selective herbicides (e.g. �uroxipir), and to repeat the applications when 
broad-leaved weeds are detected. If late cycle weeds appear, they must also be 
controlled (AEACSV, 2001). When the rainy season starts, the �eld plants from 
the seed bank are growth. �is groundcover will protect the soil from future 
precipitations. It is recommended to apply a topdressing of nitrogen to the cover. 
When rainy season �nish, to avoid the competition with the crop, the groundcover 
must be controlled following one of the options mentioned before, depending on the 
type of weed, the crop, the availability of cattle, the investment possibilities, etc.

When the method used to control the groundcover is the chemical one, leaving 
untreated a strip (around half a meter) of the groundcover is recommended. �e 
purpose of this strip is for the cover to complete its cycle and to produce seeds that 
will be the seedbank for the groundcover of the next season. In practice, it can be 
done by clogging a nozzle in the sprayer. �e most suitable herbicides to control 
the groundcover must be checked in the herbicides catalogue, bearing in mind the 
species to be controlled. Glyphosate-based formulations are the most widespread. 
Monitoring of the status of the sprayer is highly advisable. Nozzles should be 
replaced when the product is not properly distributed.

Spontaneous vegetation 
groundcovers

Spontaneous weeds
Selected weeds

Sown groundcovers
Gramineous
Leguminous
Cruciferous

Inert groundcovers Pruning residues

{

{

{
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When grazing or mechanical mowing is employed keeping the strip is di�cult, so 
the presence of groundcover must be monitored in the next years and, if necessary, 
seeding any specie.

Spontaneous vegetation groundcover is convenient for soils with harsh conditions 
of sowing because of the topographic features. Also for soils historically ploughed, 
which usually count on a lot of species that will provide a dense protective 
groundcover. �is kind of groundcover implies savings is costs such as seeds, sowing 
and selective herbicide treatment. One of its disadvantages is the great diversity of 
the species (presenting di�erent growth patterns or sensitivity to herbicides).

It should be noticed that the groundcover must be controlled so that it does not 
interfere with the crop production. In mountain areas it is suggested the grazing 
when the soil moisture is not high and thus soil compaction is avoided. In the case 
of plots with a moderate slope chemical or mechanical control can be performed.

�e main issues to control this type of groundcover are:

�	 Chemical mowing: It is needed a higher herbicide dose than used in gramineous 
groundcovers, thus higher costs.

�	 Mechanical mowing: Vegetation may evolve towards perennial species with high 
regrowth power and creeping; all of them being di�cult to control with brush 
cutters.

�	 Grazing: Risk of compaction if livestock enter the plot under high soil moisture 
conditions.

1. Sown groundcovers

1.1. Gramineous sown groundcover

�e management of this type of groundcover is very similar to the one of the 
gramineous selected spontaneous groundcovers. �is groundcover crop is 
composed by one or several species that can be sowed with a conventional seeder or 
by scattering the seed with a centrifugal broadcaster, which is cheaper. In this case, 
if possible because of the plot slope, it is recommended to use a harrow to bury the 
seed. �ere is no need of certi�ed seeds so they are not expensive.

This type of groundcover is recommended in plots with high erosion rates or 
previously managed under no-till without groundcover (using pre-emergence 
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herbicides). In these cases the seed bank is insufficient and, usually the 
species of the seed bank are those difficult to control. The population of these 
species will be diminished due to the competition with the gramineous of the 
groundcover.

As an orientation, the dose of seeds can be 100 kg/ha of groundcover for crop 
species such as oats, barley or rye. For �wild� species such as rye grass or brome 
grass the dose can be 15 kg/ha of groundcover.

1.2. Leguminous sown groundcover

�ey are of great environmental interest because they �x nitrogen and thus they 
�fertilize� the crop. �e problem of this type of groundcover is that, due to their low 
C/N ratio, their degradation is fast and they do not cover the soil long enough to 
remain during the rain periods to protect soil from erosion.

Usually the weed control is more di�cult and expensive than in gramineous 
groundcovers. However, mechanical mowing is e�cient, in particular for species 
with low regrowth power (e.g. vetch) and in late mowing (being the plant in the 
blooming phase).

1.3. Cruciferous sown groundcover

It is a suitable choice to be used in rotation with gramineous groundcovers 
because a�er a few years using the same specie as groundcover, it deteriorates and, 
consequently, diminishes soil protection, increases compaction and appears �ora 
alteration towards species that are di�cult to control.

Furthermore, there is a series of additional advantages of cruciferous species such as:

�	 �ey are known by farmers and they are frequently found under natural 
conditions.

�	 �ey use to grow quickly and they produce a big quantity of biomass, essential 
features for a proper erosion control.

�	 Many cruciferous species count on a taproot system that favors water in�ltration 
thus increasing soil water storage and makes of them suitable species for the 
deep soil decompaction (Wolfe, 2000).

�	 They present great potential as controllers of soil diseases (Smolinska 
& Horbowicz, 1999), weeds (Boydston & Hang, 1995; Al-Khatib et al., 
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1997) and nematodes (Mojtahedi et al., 1993), thanks to their content of 
glucosinolates-sulfur compounds of the secondary metabolism of this plants 
with a great herbicide, insecticide, nematicide and fungicide power.

Deciding the right moment to cut the cover crop to avoid competition for water 
with the crop is complicated, especially when the method selected to do it is the 
mechanical one. As there are a lot of factors to have into account, it is di�cult to 
establish common patterns useful for every place and climatic condition. Early 
mechanical mowing leads to important losses of water from soil pro�le due to 
excessive regrowth, too fast decomposition of groundcover remains and appearance 
of weeds. In contrast, late mechanical mowing leads to less regrowth and to an 
increase of the amount and persistence of groundcover remains. �ese factors make 
the soil moisture to be kept because soil is properly covered, and the appearance of 
weeds hindered. Nevertheless, in low-rainfall seasons, the delay in the mechanical 
mowing is not recommended. Global understanding of all the factors will provide 
to the technician or farmer the appropriate criteria to determine the moment for 
the mowing in every particular case.

2. Inert cover crops

�ey are made of non-living components (pruning residues or stones).

2.1. Chopped pruning remains

Pruning remains are scattered on the soil surface and while slowly decomposing, 
they o�er prolonged and su�cient protection to the soil. Over time layer will be 
formed increasing the water in�ltration on the soil. It is convenient the control of 
weeds by herbicides, as it is more di�cult the control through mechanical mowing 
or grazing. It should be emphasized that the pruning remains increase organic 
matter in upper soil layers, increase the soil water content and improve the soil 
structure in its �rst centimeters.

Discussion

Groundcovers bring both agronomic and environmental bene�ts in CA. �ere is 
no ideal groundcover suitable for all situations and, not all types of groundcovers 
are suitable for each speci�c goal. �e system success will depend on the choice 
of species and several factors shall be taken into account. First of all is needed 
to determine the main objectives for implementing a groundcover, and to know 
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the particular characteristics of the perennial crop where groundcover will be 
established. �e chosen species must be adjusted to the crop cycle and it should 
not di�cult the carrying out of the crop operations. Additionally, we have to take 
into account farmers preferences for those species to which cycle and management 
they are familiar with (Saavedra, 2003). Bearing in mind the aforementioned 
reservations, the gramineous groundcover is recommended in most conditions, 
because of its high biomass, its high persistence on soil, its easy control with low 
doses of low-toxicity products and the expertise of the farmers on them. According 
to recent studies, it would be interesting to include cruciferous species on rotation.
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E�ects of di�erent soil tillage systems on yield of 
winter wheat and summer crop under irrigated condition 

of Central Anatolia, Turkey

Erdinc Savasli10

Abstract

�e objective of this study was to determine the e�ect of bed planting, zero tillage and 
conventional planting systems on yield under irrigated and rotation system in (semi-
arid) Turkey irrigation conditions. �e study was carried out between 2005�2007 on 
Transitional Zone Agricultural Research Institute. �e experimental layout was split 
plots in the randomized complete block design with 4 replications, where main plots 
were crop species, subplots were planting systems. A�er wheat production, sun�ower, 
corn, and dry-bean were planted by pneumatic planters under zero tillage, zero tillage 
on permanent beds and conventional tillage without any problem. �ere was no 
signi�cant yield di�erence between all tillage systems. It observed that wheat yield was 
higher in plots where the previous crop was dry-bean.

It concluded that pneumatic planter can be used to plant sun�ower, dry bean and 
corn on zero tillage and zero tillage on permanent beds. However, a�er summer crops, 
wheat planting was di�cult due to straw and planter.

Key words: Wheat, Permanent beds, Zero tillage, Rotation

Introduction

Conservation Agriculture (CA) is a conservation practice that can save on 
irrigation, labor and fuel costs. Studies show a producer can save at least 30�percent 
of water consumption per hectare by changing from conventional tillage to CA 
(Asadi,�M.�E.,�2017). As in Mexico and many parts of the world, these crops can 
be sown by zero tillage and bed planting, saving many inputs such as irrigation 
water, fertilizer, and energy. Also, since the second crops can be added very easily 
without tilling the existing bed planting a�er the harvest of the winter crops, the 
most important constraint, time, will be solved. For this purpose, summer crops 
(beans, sun�ower, and corn) will be sown with protective soil cultivation techniques 
a�er winter wheat and the most suitable planting method will be determined. CA 
improves soil aggregation, in�ltration is generally higher and runo� reduced, thus 
soil moisture is conserved and more water is available for crops in CA compared 
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to conventional systems (Sayre and Govaerts 2012). Bed planting does not usually 
result in immediate, large yield increases for irrigated production conditions but 
provides improved production/input use e�ciencies and reduced production costs 
(Sayre et�al., 2005).Burning wheat stubble has gained popularity among farmers 
due to some expected bene�ts and this has become a common concern of the 
whole society. Although it is prohibited by the government through a law (in 
Turkey), farmers continue this practice since they do not have many alternative 
choices presently. Despite some facilities it o�ers, stubble burning is known to 
be harmful to soils and environment and development of new systems is needed 
to end this practice. �e �eld experiment in China investigated the e�ects of 
full straw incorporation on soil fertility and crop yield in a rice-wheat rotation. 
As results, the straw incorporation signi�cantly increased the wheat yield by an 
average of 58�percent compared with straw removal (Zhao et�al., 2019).It is stated 
that in recent years, some of the advantages of the seed sowing method, which 
has been introduced in some countries, have made water use more e�ective and 
have reduced some inputs in version and weed control. Beds planting systems are 
formed at a height of 8�10 cm and 70 cm (back to center) and irrigation is carried 
out between the bed planting. �e planting is done on the bed in the form of 2�rows 
with the seeder. It is considered to be an alternative practice because the soil is being 
sown in the past and the aim is to prevent burning stubble. In an 11-year study 
conducted in the USA, stubble mulching has been reported that in the 15�30 cm 
layer of soil, the organic matter has increased signi�cantly and that the soil structure 
has improved (Tanchandrphongs and Dawidson, 1970). �e experiment in iran, 
reduced tillage was higher wheat yield and maize (Zea mays L.) biomass. �e data 
presented in this study in Iran demonstrated signi�cant e�ects of tillage on soil 
properties, crop yield, and water productivity (Khorami et�al., 2018).

One of the most commonly used conservation tillage systems for stubble mulching 
is tillage, in which the stubble are homogeneously distributed to the soil surface 
and then the soil is spread with a suitable tillage so that a large stubble part of the 
soil remains on the soil surface. �is type of soil treatment is usually applied in arid 
and semi-arid areas. Wheat stubble, corn cobs, straw and similar plant residues are 
the most used for this purpose (Er�ahin, 2001). Hobbs et al. (2008) conclude that 
agriculture in the next decade will have to sustainably produce more food from less 
land through the more e�cient use of natural resources and with minimal impact 
on the environment in order to meet growing population demands.

Objective of this study was to determine the in�uence of di�erent tillage systems on 
crop yield within the common crop rotation Of Central Anatolia, Turkey.
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Material and methods

Material: In this study, Doge (silage) corn variety, Tarsan1018 sun�ower variety, 
Akman dwarf) dry bean variety and Y�ld�z98 winter bread wheat variety were used 
as the material.

Method: 2-year crop rotation system was applied in the research, two sets of 
products (wheat and summer crop) were put on trial to obtain the yield from each 
product every year. In the �rst set, only one kind winter bred wheat (Y�ld�z98) � 
experiment was established, while in the second set summer crop (corn, sun�ower, 
and dry bean) experiment were established from rotation products (Figure 10).

First year: 2005�2006 SET 1 Wheat (Previous fallow) 
2006 SET 2 Summer Crop (Previous fallow) 
Second year: 2006�2007 SET 2 Wheat (Previous Summer Crop) 
2007 SET 1 Summer Crop (Previous wheat)

Figure 10. �e experiment plans the description of di�erent tillage practices in the crop rotation 
(Wheat and Summer crop)

2005-2006

SET 1 (Wheat)

Replication 4 Replication 3

A2 A3 A1 A3 A1 A2

B B B B B B B B B B B B B B B B B B

3 1 2 1 2 3 2 3 1 3 1 2 1 2 3 2 3 1

Replication 1 Replication 2

A1 A2 A3 A2 A3 A1

B B B B B B B B B B B B B B B B B B

1 2 3 2 3 1 3 1 2 1 2 3 2 3 1 3 1 2

2006

SET 2 (Dry Bean, Sun�ower, Corn)

Replication 4 Replication 3

A2 A3 A1 A3 A1 A2

B B B B B B B B B B B B B B B B B B

3 1 2 1 2 3 2 3 1 3 1 2 1 2 3 2 3 1

Replication 1 Replication 2

A1 A2 A3 A2 A3 A1

B B B B B B B B B B B B B B B B B B

1 2 3 2 3 1 3 1 2 1 2 3 2 3 1 3 1 2

A-Main Plot (Crop Rotation) SET1 A-Main Plot (Crop Rotation) SET2 B-Sub Plot (Planting Method) SET1

A1. Wheat A1. Dry Bean B1. Conventional system

A2. Wheat A2. Sun�ower B2. Permanent Zero tillage

A3. Wheat A3. Corn B3. Permanent beds planting
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Experiments in the Split-Plot trial design in random blocks, 6 m×12 m in 72 m2 plot 
with 4 replications. �e main plot; plant species (wheat and summer crop), sub-plot; 
Zero tillage (direct), sowing, beds planting and conventional sowing methods. Bread 
wheat was sown at October by planter at a depth of 4�5 cm and 20 cm row-to-row 
spacing with 24 row per plot. Bread wheat was harvested at July. Summer crop was 
sown at April by the zero-till planter at a depth of 4�5 cm and 70 cm row-to-row 
spacing with 8 rows per plot. Summer crop was harvest at August and September.

B1)	 In conventional tillage, a�er the harvest of preceding crop, plots were 
plowed with a disc harrow twice and cultivator twice followed by planning 
in preparation for sowing the next crop. Wheat conventional tillage; Wheat 
residues were plowed under soil. Conventional tillage (disk incorporation of 
wheat straw residues following harvest and prior to planting). summer crop 
conventional tillage (disk incorporation of corn sun�ower and dry bean straw 
residues following harvest and prior to planting). Conventional tillage without 
straw retention (CT) was taken as the control.

B2)	 Permanent beds planting; continual reuse of existing beds, which were 
reformed as needed. wheat residues were kept on the soil surface. Wheat and 
summer crops were planted on 0.70 m raised beds with wheat in two rows 
seeded 20 cm apart and dry bean, sun�ower, maize in one row.

B3)	 Permanent zero tillage; Wheat and summer crop residues were removed by 
baling on the soil surface. Summer crop residues were removed by harrow 
rake on the soil surface. Conservation tillage is any tillage system that wheat, 
corn, sun�ower and dry bean stubble at least 20�30�percent of the soil surface 
covered with crop residue a�er planting.

In conventional wheat sowing, a standard seed of 450�seeds/m2 was used, with 
350�seeds/m2 sowing in bed planting and 500 seeds per square meter sowing in zero 
tillage. Total herbicide (Glyphosate amine salt) was used in weed control before 
sowing (2 weeks).

Experimental soils have clayey texture with low organic matter (1�2�percent) levels. 
Soils had either medium (5�15�percent) or high (15�25�percent) lime contents, slight 
alkaline reaction and were non-saline. Experiments were carried out in the same �eld 
in di�erent years.

Data analysis Data were analyzed with JMP statistical so�ware (JMP, SAS Institute, 
Cary, NC). General linear model (GLM) of the so�ware was used for variance 
analysis. Student�s t-test was used to compare the means.
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Results

While there was no statistically signi�cant di�erence between wheat yields and 
direct and conventional sowing plots on the fallow �rst year, wheat yield was lower 
in sowing method (Figure 11). One of the most important reasons for this situation 
is that it cannot close the soil surface early and consequently the e�ciency of 
radiation usage is low and it is seen as adversely a�ecting wheat development and 
yield. R.A. Fischer et al. (2005) some of the wheat varieties were able to cover up to 
44 cm of row spacing and solar radiation (light capture) they cannot make up for it 
and for this reason they tend to lose about 10�percent e�ciency. A�er 1980, some 
advanced lines were able to compensate themselves for solar radiation capture and 
surface closure even in 55 cm row spaces.

�e wheat grain yields obtained between 2006 and 2007 are summarized in 
Figure�11. Statistically, there was no statistically signi�cant di�erence between wheat 
grain yields between zero tillage, bed planting, and conventional seeding methods. 
�e sowing method explained the probable reasons mentioned above and the 
lower yield of wheat grain compared to the direct sowing and conventional sowing 
method, due to the low radiation utilization e�ciency.

In the year 2005�2006 (Set 1) the wheat grain yield a�er fallow was 7.81 tons/ha in 
zero tillage, 7.55 tons/ha in conventional and 6.81 tons/ha in beds planting, wheat 
yield a�er the fallow was 7.42 tons/ha in zero tillage, 7.30 tons/ha in conventional 
and 6.64 tons/ha in beds planting, wheat yield a�er fallow was obtained at 7.50�tons/
ha in zero tillage, 7.49 tons/ha in conventional method and 6.90 tons/ha in bed 
planting, No statistically signi�cant di�erence was found between the methods of 
planting (Figure 11 and Table 7).

In the year 2007 (Set 2) the wheat grain yield a�er sun�ower was 2.85 tons/ha in 
zero tillage, 3.34 tons/ha in conventional and 2.10 tons/ha in beds planting, 
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wheat yield a�er the dry bean was 2.78 tons/ha in zero tillage, 3.18 tons/ha in 
conventional and 2.67 tons/ha in beds planting, wheat yield a�er corn was obtained 
at 2.11 tons/ha in zero tillage, 2.93 tons/ha in conventional method and 1.83 tons/ ha 
in bed planting. No statistically signi�cant di�erence was found between the 
methods of planting (Figure 11 and Table 7).

�ere is no statistical di�erence in yield between conventional and zero tillage in 
the research. It is important to show that direct sowing of wheat is possible with 
pneumatic sowing in summer products (sun�ower, bean, and corn) a�er wheat. 
Also, it was observed that the corn and sun�ower had a more positive the e�ect on 
the yield of the wheat a�er it.

In the year 2006 (Set 2) the sun�ower grain yield decreased was 2.45 tons/ha in 
zero tillage, 2.30 tons/ha in conventional and 2.34 tons/ha in beds planting, the dry 
bean yield decreased was 2.29 tons/ha in zero tillage, 2.01 tons/ha in conventional 
and 2.08�tons/ha in beds planting, corn forage biomass yield were also obtained at 
8.59�tons/ha in zero tillage, 8.15 tons/ha in conventional method and 8.70 tons/ha in 

Table 7. E�ects of di�erent soil tillage systems on the yield of wheat, corn, dry bean, and sun�ower

Wheat
(tons/ha)

Wheat yield (tons/ha) 2006 (SET 1)

Previous 
Crop

Zero 
tillage Conventional Bed 

planting MEAN CV (%) LSD
 0.05

Wheat yield 
(tons/ha)

Fallow 7.81 7.55 6.81 7.39 7.5 N.S

Fallow 7.42 7.30 6.64 7.12 6.7 N.S

Fallow 7.50 7.49 6.90 7.30 5.0 N.S

Wheat yield (tons/ha) 2007 (SET 2)

Sun�ower 2.85 3.34 2.10 2.76 18.5 N.S

Dry bean 2.78 3.18 2.67 2.87 18.1 N.S

Corn 2.11 2.93 1.83 2.29 23.9 N.S

Summer crop
(tons/ha)

Summer crop 2006 (SET 2)

Previous 
Crop

Zero 
tillage Conventional Bed 

planting MEAN CV 
(�percent)

LSD
0.05

Sun�ower Fallow 2.45 2.30 2.34 2.36 7.6 N.S

Dry bean Fallow 2.29 2.01 2.08 2.13 10.3 N.S

Corn Fallow 8.59 8.15 8.70 8.48 15.4 N.S

Crop (tons/ha) Summer crop 2007 (SET 1)

Sun�ower Wheat 2.72 2.87 2.84 2.81 13.7 N.S

Dry bean Wheat 1.19 1.22 1.59 1.33 19.3 N.S

Corn Wheat 9.33 9.48 10.07 9.63 7.0 N.S

*signi�cant at P<0.05 and **signi�cant at P<0.01
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Figure 11. E�ects of di�erent soil tillage systems on the yield of winter wheat

Figure 12. E�ects of di�erent soil tillage systems on the yield of corn, 
dry bean, and sun�ower
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bed planting. No statistically signi�cant di�erence was found between the methods 
of planting (Figure 10 and Table 7).

In the case of 2007 (Set 1), the yield of sun�ower seeds was 2.72 tons/ha in zero 
tillage, 2.87 tons/ha in conventional and 2.84 tons/ha in bed planting, the dry bean 
yield was 1.19 tons/ha in zero tillage, 1.22 tons/ha in conventional and 21.59�tons/ ha 
in beds planting, corn forage biomass yield were measured at 9.33 tons/ha in zero 
tillage, 9.48 tons/ha in conventional method and 10.07 tons/ha in bed planting, 
(Figure 10 Table 7.) and no statistically signi�cant di�erence was found between 
sowing methods.

According to these results; it is important that the planting of summer crops such as 
corn, beans, sun�ower can be done without any soil tillage on the wheat.

A�er the harvest of wheat, the problem of weeds is increasing in the remaining 
�eld before the tillage in April. For this reason, 15�20 days a�er total herbicide 
application, zero tillage and bed planting is possible with pneumatic seeder (if the 
soil is too dry a�er irrigation and the soil pans are brought).

Discussion

�e bed planting and furrow irrigation system practiced recently in increasing scale 
in some parts of the World, has been studied in Central Anatolia under irrigated 
wheat conditions since 2001. In this system, the beds are formed 70 cm bed spacing 
for 2-row sowing on top of beds. �e most useful outcome expected from this study 
is information related to a more economic wheat farming through zero tillage and 
Bed Planting systems. �ese farming systems are more economical and environment-
friendly. Another advantage of these two systems is the fact that they facilitate the early 
planting of spring-sown rotation crops following wheat. According to the results of 
two years, pneumatic seeder and sun�ower, corn and bean plants can be zero tillage 
and bed planting sowing while the soil is moisture over the wheat stubble. At the same 
time, the �ndings indicate that total herbicide can be applied before sowing. It was 
observed that wheat yields, in which the bean is a better alternative than the sun�ower 
and corn, is higher in conventional, zero tillage and bed planting methods.

It has been determined that there is a lot of problems in wheat cultivation after 
sunflower, bean and especially corn harvest, and more detailed researches are 
needed in this regard. After sunflower and corn harvesting, the soil was drier 
and cut, making it difficult to soil tillage the soil and wheat yields due to delayed 
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corn harvest at the same time. For this reason, it is necessary to sowing the 
alternative plants after the harvesting and within the month of October. Because 
in Central Anatolia, if a late heading wheat variety is sowing in November, a 
yield loss of 30�40�percent is expected. For this reason, it is recommended for 
sowing early wheat varieties in late sowing and to increase the amount of seed 
by 20�30�kg/ha more.

�ere is a need to work on planting feet within the system of crop rotation. 
Mechanization problems have to be solved. �ere is a need to work on harms and 
struggle with weeds. Bromination problems in zero tillage plots have been observed 
in previous studies. Economics studies are needed. It is necessary to increase the 
amount of seed according to the norms recommended in zero tillage and bed 
planting sowing method. Silage corn can be preferred due to the late harvest of grain 
corn in Central Anatolian conditions. In zero tillage and bed planting treatments, 
weed infestation and �eld rodent damage have been observed in addition to 
mechanization problems. Stubble density at planting was highest in corn and 
sun�ower.
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Conservation technologies in modern agriculture

Buriev Salimjon11

Abstract

In the last decade, many countries of the world have switched to arable farming � to 
minimum surface cultivation at a depth of 5�7 cm and to cultivate crops without 
plowing, known as No-Till. However, these methods, without taking into account the 
soil-climatic and other conditions of certain territories, do not always give positive 
results. In 2016�2017, we conducted �eld experiments on the cultivation of a hybrid 
of corn Korasuv-350 AMB for grain a�er winter wheat against the background of 
zero technology in meadow soils of the Central Chirchik district of Tashkent region. 
It was established that despite a slight decrease in the yield of corn against the 
background of zero tillage, in general, the volume of production obtained per unit 
area is 25�30�percent higher compared to traditional methods.

Key words: zero tillage, corn, meadow soils, irrigation, productivity.

Introduction

Minimum tillage is a scienti�cally based tillage that provides a reduction in 
energy costs by reducing the number and depth of the treated �eld surface, as 
well as combining several operations and techniques in one working process. Soil 
processing technology is used when growing primarily row crops-corn, soybean, 
cotton, as well as wheat, sorghum and other crops. �e �rst steps in this direction 
are taken by some developing countries.

In the past decade, arable land, cultivated using minimal and zero technology, the 
so-called No-Till, which �rst began to be used in Brazil in 1971, has been increasing 
from year to year abroad. Currently, in South America, Canada and the USA, up to 
90�percent of the sown area of grain crops is cultivated using minimal technology, 
including zero till-up to 50�60�percent.

�e system of zero tillage technology, also known as No-Till, is a modern farming 
system in which the soil is not cultivated and its surface is covered with specially 
ground plant residues � mulch. Since the topsoil does not loosen, such a farming 
system prevents water and wind erosion of the soil, and also saves water much 
better.
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Materials and methods

Judging by the results of international experience, it is advisable to use zero tillage 
in arid zones, as well as on �elds located on slopes, in humid climates, and also in 
areas where the traditional method of farming with disturbance of the surface layer is 
impossible or prohibited. For the successful application of zero technology, it is necessary 
to di�erentiate it depending on the soil and climatic conditions of the region, the 
availability of appropriate farm facilities and the material and technical base.

�e results of published works indicate that crop yields under this system are o�en 
lower than when using existing methods of traditional farming. But with such 
tillage, signi�cantly less labor and fuel are required. Zero soil cultivation technology 
is a new and complex farming system that requires special equipment and 
technology compliance and is by no means reduced to a simple rejection of plowing. 
A comparative analysis of the results of applying traditional technology and No-Till 
technology shows the best results in favor of the latter.

For Uzbekistan, agriculture is an essential part of the state�s economy and makes 
a signi�cant contribution to ensuring the food security of the population of 
the republic. �e stable development of agriculture, the increase in agricultural 
production and the growth of the well-being of the population mainly depend 
on the condition and fertility of the soil. However, over the past decades, the land 
allotted for the cultivation of plants is increasingly subject to degradation. �is in 
turn leads to a loss of fertility of agricultural land, and subsequently to a decrease in 
yield and production e�ciency in general.

Land degradation is a direct result of irrational farming based on traditional tillage, 
as a result of which the fertile layer is subjected to intense mechanical stress. As a 
result of this process, the structure of the soil is seriously disrupted, and tangible 
harm is caused to the living organisms that inhabit the soil ecosystem. Arid 
conditions, complex terrain, di�erences in vertical zonality and the increasing 
impact of climate change over time will only exacerbate the situation. In this 
regard, it is necessary to take active measures to preserve the integrity of the soil 
cover, the accumulation of moisture and create optimal conditions for the life of 
soil organisms. �ese measures should include reducing the mechanical impact 
on the soil through direct sowing and zero tillage, protecting the surface of the 
soil, increasing the moisture and organic matter reserves by preserving the mulch 
cover, and also improving agricultural techniques for cultivating and introducing 
crop diversi�cation. All of the above measures are the basis of the principles of 
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Conservation Agriculture (CA) � a�modern approach to managing agro-ecosystems 
in order to increase productivity and ensure their sustainability. �e CA can become 
the basis for the future development of ecologically and economically sound crop 
cultivation, as well as help in solving problems of ensuring food security, optimizing 
livelihoods in rural areas and reducing energy costs, etc.

Results

Understanding the importance of this problem, in 2016�2017 we conducted �eld 
experiments on growing corn for grain a�er winter wheat against the background of 
zero technology on meadow soils of the Urta-Chirchik district of Tashkent region. 
A�er harvesting winter wheat on the ridges in the �rst ten days of July, direct corn 
sowing was carried out to a depth of 6�7 cm with a sowing rate of 23�25 kg/ha of 
the Korazuv-350 AMB hybrid corn. Corn is known to be very sensitive to nutrient 
de�ciencies in the soil. Cultivated corn should receive an uninterrupted supply 
of nitrogen at all stages of growth up to the phase of grain formation. Nitrogen 
de�ciency in corn plants in the early stages of growth signi�cantly reduces grain 
yield. Young corn plants also require increased amounts of phosphorus. �erefore, 
nitrogen fertilizer is introduced during sowing of seeds along with phosphorus. In 
the experiment, the application rate of nitrogen and phosphorus, respectively, was 
180�200 and 100 kg/ha. �e �rst dressing � 30 days a�er sowing, and the second 
dressing � at in�orescence emerge. At the stage of development of 3�5 leaves, the 
�eld was treated with a herbicide to control weeds at a �ow rate of 250�300 l/ha. It 
was found that herbicides reduce the weight of weeds by an average of 80�82�percent, 
which allows to do without operations such as post-emergence harrowing or a single 
interrow cultivation, as well as without weeding the weeds manually.

A�er harvesting winter wheat, pre-sowing irrigation was carried out with a water 
�ow rate in the range of 400�500 m3/ha, depending on the type and structure 
of the�soil. It is established that for the rational use of irrigation water when 
cultivating corn against the background of zero tillage technology, as well as to 
maintain soil moisture during the growing season at a level of 70�75�percent of 
the �eld�s moisture capacity, it is advisable to saturate the soil with moisture to a 
depth of 0.5�0.7 m. When cultivating corn to maintain soil moisture at a level of 
70�75�percent of the �eld moisture capacity, it is recommended to irrigate 3�4 times 
with a total water �ow of 3�000�3�200 m3/ha. Studies have shown that cultivation 
using zero technology using CA techniques is guaranteed to reduce the total water 
consumption by 20�25�percent compared to traditional cultivation techniques. Corn 
for grain was harvested in the phase of full ripeness.
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Conclusion

With zero tillage technology, yield was noticeably lower than with traditional tillage. 
Nevertheless, when corn is cultivated for grain against the background of zero tillage 
a�er winter wheat, farm incomes are signi�cantly higher due to an increase in total 
production per unit area during the year.
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A soil-protective, resource-saving method of 
sowing corn on eroded soils and its e�ect on 

the physical properties of the soil

Bakhtiyor Abdullaev12

Abstract

�e article presents data that this bed-furrow method of sowing corn with a single 
application of nitrogen fertilizers reduces the number of cultivations, has soil protection 
value, helps maintain soil fertility, reduces soil erosion, and increases yield. For the �rst 
time, for the conditions of irrigation-eroded soils of the Samarkand region, a method 
and norms for the application of nitrogen fertilizers were developed for bed-furrow 
sowing of corn.

Key words: physical properties of the soil, soil density, bed-furrow method 
of sowing, soil washout, irrigation soil erosion, nitri�cation inhibitors.

Introduction

Conservation Agriculture has become very popular and very practical for farmers, 
and especially is widely distributed in the work of the FAO (A. Nurbekov, 2018). 
Soil compaction occurs under the in�uence of natural factors � rain, irrigation, 
especially in the absence of vegetation, gravity, as well as the mechanical impact of 
the undercarriage of tractors, combines, tillage machines, means for introducing 
organic and mineral fertilizers into the soil. As the capacity and mass of agricultural 
machinery increased, the negative aspects of soil tillage began to appear to a greater 
extent, the contradictions between its agrotechnical necessity and the negative 
impact on fertility increased, manifested, �rst of all, in the strengthening of the 
erosive state of the soil and its over-compaction to a greater depth. According to 
M.N.�Zaslavsky (1979), minimal tillage on eroded soils is necessary to preserve the 
humus content and potential fertility.

Materials and methods of work

In our experiments, di�erent methods of sowing corn on eroded soils were 
compared. It is known that the speci�cs of irrigated agriculture is the need for 
continuous cultivation of the topsoil a�er each irrigation. In maize farming, the soil 
is treated 3�5 times during the growing season. Processing includes the cultivation 
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and cutting of irrigation furrows, simultaneously with the introduction of mineral 
fertilizers in the form of fertilizing. If we add to this plowing, grinding, harrowing 
and machine cleaning, then the number of passes of the unit along the same track 
increases signi�cantly. Scientists note that a�er the tractor simultaneously passes 
through a moistened �eld, the topsoil is compacted to 1.52�1.60 g/cm, against 
1.34 in the initial state. With the comb-furrow method of sowing corn and a single 
application of nitrogen fertilizers, the number of cultivations is reduced, which 
has soil protection value, helps to maintain soil fertility, reduces soil erosion, and 
increases yield.

�e result of research

�e data obtained as a result of studies with the dashed wide-row and new bed-
furrow method of sowing corn indicate that when conducting inter-row cultivations 
a�er the �rst and second irrigation in versions with dashed sowing, the soil is 
compacted, by periods of 0.1�0.2 g/cm3.

With the bed-furrow sowing method, it is not possible to conduct inter-row 
treatments, since the plants are located on the ridge, on the sides and at the bottom 
of the furrow. In connection with the transition to single-dose, sowing annual dose 
of nitrogen fertilizers at two depths and due to combining them with slow-growing 
fertilizer (IN), there is no need for feeding.

In the area where the main mass of roots is located, starting from a depth of 20�30�cm, 
there is a noticeable increase in soil bulk mass to 0.07 g/cm3 a�er the �rst and to 
0.15�g/cm3 a�er the second watering with the dotted sowing method. At the end of the 
growing season, the di�erence is somewhat smoothed out and amounts to 0.07 g/cm3.

�e e�ect of aggregate passage on soil density increases at a depth of 50 cm of the 
layer, where it increases markedly over the years.

It is known that increasing the density of the addition of the arable horizon of the 
soil to 1.5 g/cm3 causes not only a deterioration in its physical properties, but also 
inhibits the activity of microorganisms and sharply reduces the crop yield.

Many scientists have studied the problems of preventing soil erosion, these 
works are devoted to the speci�cs of the demonstration of irrigation erosion, the 
development of ways to increase fertility, optimize processing, identify the best 
furrow length and a stream of water at di�erent slopes.
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In our studies, sowing methods have a signi�cant e�ect on the size of soil erosion 
during irrigation along furrows. �e volume of solid soil runo� with waste water 
during the bed-furrow sowing method decreased, compared with the dotted one.

�e increase in the di�erence in soil washout volume from the �rst to the third 
watering, in our opinion, is associated with the development of the root system of 
plants located on the bottom of the furrow during bed-furrow sowing.

Findings

Based on the above materials, it can be said that the practical value of this work lies 
in the fact that in conditions of soils subject to erosion, recommendations have been 
developed on the doses and timing of the application of nitrogen fertilizers in the 
bed-furrow method of sowing of corn.

�e bed-furrow method of sowing corn is an e�ective means of protecting the soil 
from erosion, which allows to reduce runo�, loss of nutrients, compared with the 
dotted by 4�5 times, and also due to the rational use of the nutrition area, creates an 
opportunity to increase the density of plants, provides yield increase.
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Yield of grain crops at minimal treatment of soil

G.O. Uzakov13, U. Tilavov, A. Abduazimov, N. Khalilov14

Abstract

On the irrigated lands of Uzbekistan, the main precursor for crops is cotton. To 
avoid late sowing of winter wheat during irrigation, crops are used on row spacing 
of cotton. Improving physical and chemical properties is an important aspect for 
the production of agricultural products both using the traditional method and 
using the soil protection technology (SPT) method. Productivity of grain crops 
largely depends on the norm, timing and methods of sowing grain crops. Sowing 
with the help of a new type of Brazilian seeder model Fankhauser-2115 makes it 
possible to uniformly seeding seeds on the aisle of cotton. Due to this, a normal 
productive stalk per unit area is achieved than when planting seeds using a 
conventional SZU-3.6 grain seeder. In the early stages of sowing in various ways, 
the yield of winter wheat varieties was higher than in the middle and late sowing 
periods. In addition, fuel and lubricants and other costs are reduced, the level of 
profitability of grain production is increased. With late sowing, the growth and 
development of plants is delayed, and productivity is decreased.

Key words: Resource-saving technologies, methods, norms, sowing dates, 
a�er cereal crops, cotton aisle, productivity, seeders.

Introduction

Grain yields are increasing due to the creation and introduction of new varieties and 
the application of intensive grain production technology around the world. In recent 
years, resource-saving technologies have been used in many countries. �e main 
purpose of resource-saving technologies is to increase the production of grain per 
unit area with minimal costs of fuel and lubricants, e�ectively use water resources 
and mineral fertilizers [1].

Soil is a limited natural resource on which human agricultural activities are carried 
out. Recently, there are processes of degradation and dehumidi�cation under the 
in�uence of anthropogenic deserti�cation, compaction, pollution and erosion. In 
the last 100 years alone, erosion has washed away about 50 percent of the topsoil, 
largely due to unsustainable agriculture associated with traditional soil management 
systems. [2]
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�e direct seeding method, which involves leaving the stubble of the previous crop 
on the soil surface, helps to control soil erosion and preserve our land resources 
inde�nitely, as plant mulch protects the soil surface from strong winds and rains and 
prevents the loss of soil elements [3].

Improvement of physical and chemical properties is an important aspect for 
agricultural production using both the traditional method and the soil protection 
technology (SPT) method, but improvement of biological qualities is especially 
important for SPT, since the biological environment of the soil is formed mainly by 
the type and level of plowing. Soil treated with zero technology is generally wetter 
and less aerobic (oxygen exchange rate is lower) than its counterparts, especially in 
regions with humid climates [4].

Nitrogen released from the decomposition of plants and animal residues is an 
important factor for plant nutrition in SPT, worms, fungi and bacteria are involved 
in the decomposition process. �e physical properties of the soil are an important 
factor in maintaining the productivity of the land. Deterioration of these qualities 
has signi�cant consequences for the growth, yield and quality of crops regardless of 
the level of soil nutrients required for plants [5].

With a system of minimal cultivation and direct seeding, soil �ora and fauna 
can create and maintain a porous soil structure. �e �ora and fauna of the soil 
decomposes the remains of plants and promotes fertility, nutrient metabolism, 
improves soil structure, water penetration, moisture retention, and soil aeration [6].

Cotton is the main precursor for grain crops in irrigated lands of Uzbekistan. In the 
southern regions, sowing is carried out a�er grain crops mainly in September, and 
sowing a�er or on cotton rows begins in early October.

Getting a high yield of winter wheat largely depends on the timing of sowing. In the 
Republic, the harvest of raw cotton is mostly completed on November 10�20; winter 
wheat sowing a�er November 10�20 usually gives low yields. To avoid late sowing 
of winter wheat during irrigation, crops are used on cotton aisle. �e technology for 
preparing cotton aisles for sowing cereals di�ers from the traditional preparation 
of soil for sowing. When preparing cotton rows between crops for sowing with 
the SZU-3.6 seeder, the soil is cultivated only by a cultivator in two tracks, there 
is no plowing, chiseling, praying, and planning. When sowing wheat with the 
Fankhauser-2115 seeder, there is no tillage. Sowing is carried out in a direct way 
i.e. without tillage. At the same time, all expenses on soil treatment are excluded. 
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Sowing wheat with the Fankhauser-2115 seeder belongs to zero tillage. �erefore, 
when growing winter wheat with zero tillage, energy and resources are saved, and 
the cost of grain is also reduced than when sowing wheat a�er wheat.

Methodology

�e experiments were carried out in 2015�2017 in the southern region of the republic 
on irrigation zones, light gray-earth soils of the Kashkadarya region. We studied the 
timing, methods and norms of sowing new varieties of winter wheat Yaksart, Gozgon 
and Bunyodkor with the help of a seeder of various grades (grain seeder SZU-3,6 and 
the Brazilian seeder Fankhauser-2115) on 17 cm cotton aisles. Before sowing by seeder 
SZU-3.6 soil was cultivated by a cultivator in two tracks. When sowing the Brazilian 
seeder Fankhauser-2115 sowing was carried out without tillage.

Soil, water and plant analyzes, as well as the technological quality of grain and �our, 
were determined in the laboratory of the Kashkadarya branch of the scienti�c-
research institute of grain and leguminous crops using the methodology for the 
technological assessment of grain crops (1976).

Productivity by options was determined in 3 places from each plot of 1 m2, as well 
as by direct combining. �e resulting crop was transferred to 100�percent purity 
and 14�percent humidity. Mathematical processing was carried out according to the 
method of Dospekhov (1985).

Research results and discussion

Crop yield depends on the biological characteristics of the variety, weather 
conditions, daylight hours, water and nutrient regimes, predecessors, as well as 
on the applied agricultural measures. Various environmental factors and applied 
agricultural technology directly a�ect the productivity and quality of grain of winter 
wheat. When applying the optimal cultivation technology, taking into account the 
biological characteristics of the varieties, you can get the maximum yield with high 
grain quality. Applied agricultural technology must meet the requirements of each 
stage of plant organogenesis. �e main methods of cultivation technology that a�ect 
the yield and quality of grain include timing, norms and methods of sowing.

Productivity is the total addition of plant productivity from a certain unit of area. 
If the number of plants per unit area is less, then the productivity per plant will 
be greater, but the overall yield will be low. With an increase in stalk per unit area, 
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productivity per plant decreases, but productivity per unit area increases. With 
optimal stalk productivity, the yield is highest, and when increased from optimal 
stalk, productivity decreases on the contrary.

Some scholars point out that there is a direct relationship between yield, timing and 
method of sowing.

Along with the biological feature of the variety, the yield depends and changes on 
a number of other factors (soil and climatic conditions, light regime, methods and 
timing of sowing, on the predecessor, the depth of seed placement, nutrient and 
water regime).

�e results of our research show that the yield of winter wheat depends not only 
on the methods and norms of sowing, but also directly depends on the timing of 
sowing. From the tabular material it is seen that in the early stages of sowing in 
various ways, the yield of winter wheat varieties was higher than in the middle and 
late sowing periods.

In terms of productivity, the highest results were observed for the options on 
cotton row-spacing sown with the Fankhauser-2115 seeders with a sowing rate of 
6.0�million germinating seeds and with an early sowing period (67.0 c/ha).

�e average yield of the studied varieties was, respectively, according to the sowing 
norms with the Fankhauser-2115 seeder a�er grain crops with an early sowing 
period ranged from 59.5 to 63.3 kg/ha, with the SZU-3.6 seeder from 55.3 to 
59.0�kg/ha, and in the row-spacings of cotton with the Fankhauser-2115 seeder from 
63.3 to 67.0 kg/ha, with the SZU-3.6 seeder from 58.9 to 62.4 kg/ha.

With a medium sowing period with di�erent methods and sowing rates, depending 
on the biological characteristics of the varieties, the highest yields were observed 
for the options on cotton aisle sown with the Fankhauser-2115 seeder with a sowing 
rate of 6.0 million germinating seeds (58.8 c/ha).

Analysis of the study shows that with a delay in sowing dates, the yield for all 
options decreased. With a late sowing period, the average yield of the studied 
varieties was respectively according to the sowing norms with the Fankhauser-2115 
seeder a�er crops of 35.6�38.5 kg/ha, with the SZU-3.6 seeder slightly higher than 
43.7�47.8 kg/ha, and on the aisle of cotton, the Fankhauser-2115 seeder was 47.6�
51.8 kg/ha, the SZU-3.6 seeder was 39.4�40.7 kg/ha. At the same time, the yield 
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decreased in comparison with the early sowing period by 12.7�20.8 kg/ha, and with 
a medium sowing period by 8.4�14.1 kg/ha.

Results

Due to the uniform seed placement in the soil with the Fankhauser-2115 seeder, 
the number of plants and productive stems per unit area was 8�11�percent more 
than when sowing with the SZU-3.6 seeder. It was established that with a delay in 
the sowing period in all cases, the yield decreases. An early sowing period ensures 
the normal growth and development of plants, a high graininess of an ear and the 
formation of a high yield with good quality.

With late sowing, the growth and development of plants is delayed, and productivity 
decreases. With a late sowing period (November 20) a�er grain crops, as well as 
on cotton aisle, the maximum yield can be obtained with a sowing rate of 6 million 
germinating grains with the Fankhauser-2115 seeder.
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Table 8. Dependence of winter wheat crop on norms, methods and sowing dates � 2015/2017

Options
Productivity, t/ha

Early period 
(October 10)

Medium period 
(October 20)

Late period 
(November 1)

A�er 
cereals

On the seeder
Funkhauser 
2115

5 million pcs 55,3 51,5 42,5

5,5 million pcs 57,7 53,4 45,0

6 million pcs 59,0 55,1 46,3

On the seeder
SZU-3.6

5 million pcs 59,5 54,4 44,8

5,5 million pcs 62,2 56,0 46,6

6 million pcs 63,3 57,8 48,7

Cotton 
Aisle

On the seeder
Funkhauser 
2115

5 million pcs 63,3 55,1 45,8

5,5 million pcs 65,7 57,3 46,9

6 million pcs 67,0 58,8 48,2

On the seeder
SZU-3.6

5 million pcs 58,9 51,8 38,3

5,5 million pcs 60,9 53,5 40,1

6 million pcs 62,4 55,7 41,6

Sx = 1,30 Sd = 1,84 ���05 = 3,00
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E�ect of tillage methods on productivity of 
double-cropped mungbean in Karakalpakstan

Nurbekov Aziz15, Rukhangiz Nurbekova16, Shukhrat Azizov17

Abstract

In the era of the Soviet Union, Autonomous Republic of Karakalpakstan of 
Uzbekistan specialized in rice production, and was one of the main rice-producing 
regions in the country. A�er 1991, specialization in Karakalpakstan did not change, 
and continued to be Uzbekistan�s largest rice producing region. Because of these 
water allocation to Karakalpakstan was high, 12 km3 annually. Double cropping or 
the addition of a second crop in the annual cropping system can address the above-
mentioned challenges of food insecurity, degradation, resource scarcity and land 
reform. In the irrigated areas of Uzbekistan, farmers usually �nish harvesting winter 
wheat and barley during the period mid-June through mid-July, and they undertake 
next planting of these winter cereals during the �rst fortnight of October. �us, the 
land remained idle for more than three months a�er the wheat harvest, and e�cient 
of the land could be made through double cropping for example with forage crops. 
Climatic conditions of the Uzbekistan allow the production of various kinds of crops 
and also it allows growing two crops per year. Multiple cropping (growing two or 
more crops in one year or a single growing season) o�ers a good opportunity to 
increase annual production. Multiple cropping is one of the most important modern 
agricultural developments for production intensi�cation. In double-cropping, timing 
of planting of the second crop becomes limited along with pressures of harvesting of 
the mature crop on time.

Key words: Double-cropping, no-till, conventional till, 
variety, grain, yield and bene�t.

Introduction

�e recent introduction of new technology, such as the no-till system, o�ers an 
opportunity to increase double cropping in the irrigated conditions of Uzbekistan, 
and increase land use e�ciency. Nowadays, fuel has become an expensive input 
for agricultural production and no longer is available in unlimited supply. By using 
no-till and multi-cropping technique, two crops can be planted with the use of the 
same fuel required for one conventional crop. Farmers and researchers agree that 
double cropping can increase grain or forage production in Karakalpakstan. Besides 
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increased production, the overall cost of production will be reduced. Equipment 
under this method is used less frequently and labor requirements spread more 
evenly throughout the year.

Material and methods

�e research on double cropping with mungbean varieties under no-till was 
initiated in the experimental site in Karakul settlement, Korauzak district, 
Karakalpakstan, in order to improve land use e�ciency, save irrigation water, and 
reduce the cost of cultivation.

�e experiment was carried-out in randomized complete block design with four 
replications. Plot size was 100 m2 (20×5 m). �e following treatments were tested 
within this research activity:

�	 Control � tillage 25�30 cm � Mungbean variety �Durdona�.
�	 Control � tillage 25�30 cm � Mungbean variety �Marjon�.
�	 Control � tillage 25�30 cm � Mungbean variety �Local�.
�	 No-till � Mungbean variety �Durdona�.
�	 No-till � Mungbean variety �Marjon�.
�	 No-till � Mungbean variety �Local�.

In KK, about 80�percent of the irrigated land is saline land including 48�percent with 
high salinity. At present, share of salinized irrigated areas accounts for 100�percent 
in Mo�ynak district and 95�percent in Shumanay district. �e strong- and medium-
saline areas increased for the last 24 years from 38.5�percent to 58.4�percent 
against a background of ine�ectively open shallow drainage network. However, 
against a background of progressive deep under-drainage in Sirdarya province 
high- and medium-saline areas increased for the same period from 25.7�percent to 
53.7�percent as well. Considering this, if appraisal for salinity is not made for crops 
with strong salt resistance, then salinization intensity and its damage would be 
catastrophically unpredictable for the crops with weak-and medium-salt resistance.

�e climate of Karakalpakstan is classi�ed as severe continental with hot summers 
and cold winters. �e average summer temperatures is 30°C o�en surpass 45°C; the 
average winter temperature in January is about �5°C, with absolute minimum as low 
as �40°C. �e annual long-term precipitation is 110 mm, distributed as 18 mm in 
fall (September-November), 60 mm in winter (December-March), 24 mm in spring 
(April-May), and 8 mm in summer (June-August).
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Results

In double cropping system, decreasing tillage is very important due to the limited 
time for seedbed preparation and to keep the production cost low (Limon-Ortega et 
al., 2002; Wilhelm et al., 1986). It has become possible to grow two crops (cotton and 
winter wheat) by growing winter wheat in standing cotton, which provides higher 
net returns to the farmers than a single crop of cotton or winter wheat. Cotton-based 
systems are the major crop rotation systems in Uzbekistan (Conrad et al., 2010). �e 
�rst year results indicate that the double-cropped mungbean under direct seeding has 
germinated well and grain yield ranged between 250�596 kg ha-1. A two-year yield 
data showed that mungbean variety �Durdona� had the highest yield under no-till 
method compared to other varieties and tillage methods, while variety �Marjon� 
had highest yield under conventional tillage in 2015 (Figure 13). �is indicates that 
varieties had both positive and negative e�ect under di�erent tillage methods.

Economic information on double-cropped no-till mungbean cultivation is not 
readily available for Uzbekistan. �erefore, recent introduction of new technology 
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such as the no-till system o�ers an opportunity to increase farmers� income. No-till 
is signi�cantly more pro�table and e�cient than conventional tillage for growing 
mungbean in north part of Uzbekistan. �e net bene�ts from production of 
mungbean variety �Durdona� under no-till (NT) and conventional tillage (CT) were 
USD 327/ha-1 and USD 162/ha-1 respectively, which shows that returns under no-till 
is almost double higher compare to the conventional method (Figure 14).

Conclusion

Mungbean can be double-cropped a�er the winter wheat harvest under no-till and 
conventional tillage. �e mungbean harvest provided 20�percent yield advantage 
a�er the no-till wheat, which is a very signi�cant di�erence. �e results have to be 
considered as a preliminary. More detailed studies of the factors in�uencing farmers� 
choice and preferences are required. �e results can be used to identify suitable 
varieties for no-till planting in Karakalpakstan. Consultations with the neighbor 
farmers around project demonstration site showed that farmers would be willing to 
introduce no-till practices in their farmer households.

Figure 14. Bene�t-cost ratio for double-cropped mungbean under no-till and 
conventional tillage in Uzbekistan
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E�ects of tillage methods on productivity of crops 
in Karakalpakstan

Nurbekov Aziz18, Rukhangiz Nurbekova19, Shukhrat Azizov20

Abstract

Conservation Agriculture practices greatly in�uence the environment on a positive 
way. Crop rotation is one of main the principles of CA, while short-term cereal-legume 
crop rotation system is good for farmers and good for the environment as well, and 
also have a great potential to increase agricultural production through implementation 
of no-till practices. Additionally, short-term crop rotation system can improve soil 
quality by increasing soil organic matter levels in the upper layers of the soil. Within a 
crop rotation, di�erent root systems in�uence di�erent soil horizons and improve the 
e�ciency of the soil nutrient use. In general, the soil structure becomes more stable (Bot 
and Benites 2005; Suleymenov and Akshalov 2009). �e experiment was conducted 
with the use of randomized complete block design with three replications. Plot area is 
100 m2 (20*5). Analysis of variance (ANOVA) was used to determine the treatment 
and forage yield e�ect. Crop production under no-till method had a little higher or 
similar yield compared to the crop yield under conventional tillage. Maximum forage 
yield of 16�340 kg ha-1 was recorded under no-till pearl millet in 2015, while minimum 
forage yield, 1�596 kg ha-1, was produced by forage pea conventional tillage also in 
2015. �e results show that the introduction of Conservation Agriculture as a no-till 
forage crop production will help livestock producers to have access to low-cost forage 
resources and thus improve the e�ciency of livestock production in Uzbekistan, and 
perhaps in other Central Asian countries as well. �is bene�cial aspect of crop rotation 
with integration of livestock sector should be further investigated in the Aral Sea basin.

Key words: Crop rotation, no-till, grain yield, cost bene�t analysis.

Introduction

Crop rotation is an integral part of the crop production system. �e greatest bene�t 
of a good crop rotation is increased yields and improved soil fertility. A well-planned 
crop rotation will help in insect and disease control, and will help in maintaining 
or improving soil structure and organic matter levels. A well-planned crop-rotation 
system under Conservation Agriculture can help producers avoid many of the 
problems associated with traditional tillage such as increased perennial weeds, plant 
diseases, insects, etc. Using a variety of crops, we can reduce weed pressures, spread 
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the workload, reduce and combat soil erosion. Legume crops in the rotation have 
become more valuable with the increased cost of nitrogen due to their nitrogen 
�xation capacity. Research and experience have proved that a good crop rotation will 
ensure more consistent yield and increase pro�t potential.

Materials and methods

A cereal-legume crop rotation experiment initiated in 2015 in Shakhob farm, 
Korauzak district, Karakalpakstan. Within this study �ve forage crops, received 
from the germplasm collection of ICRISAT-ICARDA and collected in Uzbekistan, 
Kazakhstan and Tajikistan, have been evaluated for dual purposes under no-till and 
conventional tillage (dry fodder and grain) to enhance fodder availability during 
winter season in Karakul demonstration site, Korauzak district in Karakalpakstan. 
�e experiment was conducted with the use of randomized complete block design 
with three replications. Plot area is 100 m2 (20*5). Analysis of variance (ANOVA) 
used to determine treatment and forage yield e�ect. Proposed models for crop 
rotation are as follows:

�	 No-till � sorghum, maize, pearl millet, Sudan grass and �eld pea.
�	 Traditional tillage � sorghum, maize, pearl millet, Sudan grass and �eld pea.

�e soils are sierozem, gray-brown, brown desert, takyr-like, and in the irrigated 
area -meadow-marshy, mostly saline with salt amount of 33 to 325 t ha-1 in 2 m 
layer and humus content of 0.609 to 1.156�percent in the cultivated layer. �e soil of 
experimental site is rather dense with the bulk density �uctuating between 1.4�and 
1.6 g cm3. �e highest bulk density was noted in the depth of 20�40 cm. All soil 
parameters were analyzed by the method developed in Uzbek Research Institute 
of Cotton (UzRIC, 1973). Over the past 12 years, more than 50�percent of �elds in 
the whole Qorao�zak district have been ranked as low to very low in P2O5, K2O and 
humus content.

Qorao�zak�s climate is classified as severe continental with hot summers and 
cool winters. Summer temperatures are often surpass 45°C; winter temperature 
in January on average is about �8°C, with absolute minimum as low as �40°C. 
According to the data of the Karakalpak Research Institute of Crop and 
Land Management (KRICLM) located in Qorao�zak, the annual long-term 
precipitation is 110 mm, distributed as 18�mm in fall (September�November), 
60�mm in winter (December�March), 24 mm in spring (April�May) and 8 mm 
in summer (June-August).
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Results

�ere are few number of experiments conducted to study the role of crop rotation 
in weed suppression under conventional agriculture systems with herbicides. �ey 
studied the impact of di�erent type of herbicide used, rather than other factors 
associated with crop rotation. Liebman and Gallandt (1997) reported that rotation 
without herbicides have generally more diverse systems with lower density of 
problem weeds but a greater diversity of weed species (Lovett Doust et al., 1985). 
�is is reasonable, since the variation in cultural practices during the rotation will 
tend to disrupt the life cycle of each particular weed species but create niches for a 
greater variety of species.

Crop rotation is the one of the main principles of Conservation Agriculture. 
Short-term cereal-legume crop rotation system have a great potential to increase 
agricultural production through implementation of no-till practices. Some newly 
introduced forage crops are performed well under both no-till and conventional 
method in spite of serious drought and salinity in the experimental site.
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Crop production under no-till method had a little higher or similar yield 
compared to the crop yield under conventional tillage (Figure 15). Maximum 
forage yield of 16�340 kg ha-1 was recorded under no-till pearl millet in 2015 while 
minimum forage yield, 1�596 kg ha-1, was produced by forage pea conventional 
tillage also in 2015. However, no-till method clearly demonstrated advantages 
in terms of conservation of energy and labor resources (Figure 16). Farmers in 
Uzbekistan has already adopted alternative ways of decreasing fuel consumption 
due to its high price. Cost bene�t analysis of tested forage crops under di�erent 
tillage methods in drought and salt a�ected regions of Aral Sea basin was conducted 
to estimate economic returns of tested tillage methods for forage crops production. 
�e highest pro�t was recorded under conventional tillage of maize � USD 1�098.64� 
ha-1 as corn had highest yield in 2015, while negative pro�t was under conventional 
tillage for Forage pea � USD 14.84 ha-1 (Figure 17).

Conclusions

�e results obtained in this experiment for di�erent methods of forage crops 
cultivation indicate that tillage reduction in surface irrigated production systems 
reverberate in the same positive way in terms of production pro�tability and 
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sustainability of crop production. �e new forage crops under no-till practices can 
help to improve soil fertility and increase crop productivity. And developed crop 
rotation schemes including forage crops were recommended to livestock feeding 
during the winter period. �e results show that introduction of Conservation 
Agriculture as a no-till forage crop production will help livestock producers to have 
access to low-cost forage resources and thus improve the e�ciency of livestock 
production in Uzbekistan, and perhaps in other Central Asian countries as well. 
�is bene�cial aspect of crop rotation with integration of livestock sector should be 
further investigated in the Aral Sea basin.
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Conservation Agriculture: making sustainable 
agriculture real in Uzbekistan

Aziz Nurbekov21, Emilio J. Gonzalez-Sanchez22, Ha�z Muminjanov23

Abstract

�e individual Conservation Agriculture principles have been practiced by farmers for 
a long time. What is unique about the modern concept of Conservation Agriculture is 
the conjunction of all three principles that are applied simultaneously through locally 
devised and tested practices. For production intensi�cation, these core Conservation 
Agriculture practices need to be strengthened by additional best management practices, 
particularly: (i) use of well-adapted good quality seeds; (ii) enhanced crop nutrition, 
based on healthy soils; (iii) integrated management of pests, diseases and weeds; and 
(iv) e�cient water management.

Conservation Agriculture is considered very suitable for all major farming systems of 
Central Asia, including the irrigated �elds of wheat, rice and cotton of Uzbekistan. 
State policies should help in the promotion of Conservation Agriculture together 
with the implementation of demonstration projects that evidence the suitability of 
Conservation Agriculture at local level.

Key words: no-tillage; groundcovers; environment; bene�ts

Introduction

Ancient cultures based their agriculture on sowing on virgin soil with sticks or 
other pointed elements to make small holes to place seeds (Derpsch, 1998). For 
centuries, the soil disturbance by sowing was minimal, without producing soil losses 
by preparatory tasks. In the 20th century, the conventional soil management system 
turned to tillage. But conventional tillage-based agriculture is incapable to provide 
many of the environmental ecosystem services because of its high and externalities 
as well as its inability to serve the needs of resource-poor farmers (Kassam et 
al., 2009). Soil tillage a�ects negatively soil structure and soil organic matter as 
well as the associated soil life and biodiversity, and many of the soil-mediated 
ecosystem functions that provide, regulate and protect environmental services 
(Montgomery,�2007). Conversely, Conservation Agriculture (CA) spearheads an 
alternative agro-ecological paradigm that is making an increasing contribution to 
sustainable production intensi�cation in many regions of the world.
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A brief explanation of CA principles and the bene�ts that CA could bring to 
Uzbekistan are revised in this short communication.

Principles of Conservation Agriculture

Conservation Agriculture bene�ts are based in the application of the three linked 
principles (FAO, 2017):

�	 Minimizing soil disturbance by mechanical tillage and thus seeding directly 
into untilled soil, and keeping soil disturbance from cultural operations to the 
minimum possible.

�	 Maintaining year-round organic cover over the soil, including specially 
introduced cover crops and intercrops and/or the mulch provided by retained 
residues from the previous crop.

�	 Diversifying crop rotations, sequences and associations, adapted to local 
environmental conditions, and including appropriate nitrogen �xing legumes; 
such rotations contribute to maintaining biodiversity above and in the soil, 
contribute nitrogen to the soil/plant system, and help avoid build-up of pest 
populations.

�e individual CA principles have been practiced by farmers for a long time 
(Derpsch, 2004). What is unique about the modern concept of CA is the 
conjunction of all three principles that are applied simultaneously through locally 
devised and tested practices. For production intensi�cation, these core CA practices 
need to be strengthened by additional best management practices, particularly: 
(i) use of well-adapted good quality seeds; (ii) enhanced crop nutrition, based on 
healthy soils; (iii) integrated management of pests, diseases and weeds; and (iv) 
e�cient water management.

Since the main technical basis of the CA is the maintenance of groundcover, which 
reduces soil erosion and feeds it from organic matter it is necessary to discard 
techniques that are based on the soil tillage to prepare the seedbed. It is therefore 
very important to know what practices meet these requirements and, therefore, can 
be included in the CA. �is is particularly relevant at times when we have to respond 
to global challenges such as climate change, the �ght against deserti�cation and soil 
degradation, and the preservation and improvement of water and biodiversity. �e 
combination of the three pillars of CA can provide ecosystem with services needed 
to improve the current situation.
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�e lack of terminology in some cases, or the laxity in precision when identifying 
techniques, lead to farms where the depth of moldboard plough is 15 cm, instead 
of the traditional 20 cm or more, which is presented as suitable equipment for soil 
conservation and minimum tillage. Also, equipment that prepares the seedbed 
in a single pass over the �eld by plowing the soil in a conventional manner, is 
shown as no-till equipment (Gonzalez-Sanchez et al., 2015). Table 9 shows several 
common techniques and their synonyms with an indication of whether they can be 
considered as eligible for CA.

While, nowadays, the agri-environmental bene�ts of no-tillage and groundcovers 
for permanent crops are widely recognized, many issues lie at the heart of the 
minimum tillage concept. �e principle of minimum soil disturbance is sometimes 
misunderstood by minimum tillage. �e soil cover principle is not possible to be met 
by minimum tillage, since tillage greatly a�ects the maintenance of the stubble. In 
addition, ploughing passes increase the groundcover loss. For example, moldboard 
plough, used in conventional agriculture, buries between 90�100�percent of stubble. 
�e chisel plough, common   ly known as chisel, is a primary type plough that is used 
in minimum tillage, and in a single pass buries about 50�percent of the groundcover. 
As it is not possible to make the sowing bed with a single primary tillage pass, 
minimum tillage requires the secondary tillage passes (between 2 and 4 or more) 
which greatly di�cult to keep at least 30�percent of the minimum residue on the soil.

Key bene�ts of Conservation Agriculture

Sustainable crop production intensi�cation based on CA is the combination of all 
improved practices applied in a timely and e�cient manner. �ey o�er farmers 

Table 9. Agricultural practices, their synonyms and eligibility within Conservation Agriculture

Crops Technique Synonyms CA? Observations

Annual

No-tillage
No tilling Yes Normally more than 30�percent of the surface is covered 

with crop residues a�er sowing.Zero tillage Yes

Minimum 
tillage

Reduced 
tillage No

�e minimum tillage usually includes 3 or more plow 
passes, which do not allow to leave more than 30�percent 
of the crop residues.

Strip-till Yes Shallow tillage done only in the rows of planting. It is used 
on coarse grain crops (corn, sun�ower,�).

Permanent Goundcovers Yes More than 30�percent of the soil is covered by cover crops.

 Source: Gonzalez-Sanchez et al., 2015
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many possible combinations of practices to choose from and adapt, according 
to their local production conditions and constraints. �e relationship between 
components of CA and desired soil and agro-ecosystem conditions are listed in 
Table 10. For example, many of the bene�ts that are �ticked� in the second column 
under the no-till component and in the third column under the mulch cover 
component are not necessarily possible under tillage agriculture.

Over the past 40 years, empirical and scienti�c evidence from di�erent parts of the 
world in the tropical, sub-tropical and temperate regions has been accumulating 
to show that CA principles, translated into locally devised practices to address 
prevailing ecological and socio-economic constraints and opportunities, can work 
successfully to provide a range of productivity, socio-economic and environmental 
bene�ts to the producers and the society at large (Kassam et al., 2012). �is is also 
true for Uzbekistan (FAO, 2009; Nurbekov et al., 2008).

Not only CA has bene�ts for the environment, but also for the farmers. Yield 
di�erences resulting from improved soil moisture and nutrient availability have been 
reported in the range of 20�120�percent and more between CA systems and tillage 

Figure 18. Principles of Conservation Agriculture

Permanent soil organic cover (at least 30%) with crop residues and/or cover crops

Species diversi�cation through varied crop sequences and associations involving
at least three di�erent crops species

Minimum mechanical soil disturbance (i.e. No-tillage) through direct seed and/or fertilizer placement
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Table 10. Agro-ecosystem service features in relation to component practices of 
Conservation Agriculture applied simultaneously with good crop 

and cropping system management for intensi�cation

System component relevant 
features of agro-ecosystem

No tillage 
(minimal or no soil 

disturbance)

Mulch cover 
(crop residues cover-

crops, green manures)

Crop rotation 
(for safety biodiversity, 

pro�t, etc.) 

Simulate optimum �forest-�oor� 
conditions � �

Reduce evaporative loss of 
moisture from soil surface � �

Reduce evaporative loss from 
soil upper soil layers � �

Minimize oxidation of soil 
organic matter, CO2 loss �

Minimize compactive impacts by 
intense rainfall, passage of feet, 
machinery

� �

Minimize temperature 
�uctuations at soil surface � �

Maintain regular supply of 
organic matter as substrate for 
soil organisms� activity

� � �

Increase, maintain nitrogen 
levels in root-zone � � �

Increase CEC of root-zone � � �

Maximize rain in�ltrations, 
minimize runo� � �

Minimize soil loss in runo�, 
wind � �

Permit, maintain natural 
layering of soil horizons by 
actions of soil biota

� �

Minimize weeds � � � 

Increase rate of biomass 
production � � �

Speed soil-porosity�s 
recuperation by soil biota � � �

Reduce labor input � �

Reduce fuel-energy input � �

Recycle nutrients � � �

Reduce pest-pressure of 
pathogens �

Re-build damaged soil 
conditions and dynamics � � �

Pollination services � � �

Source:  Kassam et al., 2012
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systems in the dry climates in di�erent continents (Mrabet, 2000; 2002; Crabtree, 
2010; FernÆndez-Ugalde et al., 2009; Piggin et al., 2011).

Improvements in the soil�s porosity under CA are thought to have two e�ects: 
a greater proportion of the incident rainfall enters into the soil; and the better 
distribution of pore-spaces of optimum sizes results in a greater proportion of the 
received water being held at plant-available tensions (Shaxson, 2006). �us, a�er 
the onset of a rainless period, the plants can continue growth towards harvest � 
for longer than would previously been the case � before the plant-available soil 
water is exhausted. Also, the combination of improved porosity and the lowering 
of evaporation due the soil cover serves to bu�er the plants from dry spells that 
frequently occur during the rainy season in the dry Mediterranean-type climate. 
In western Australia, Crabtree (2010) reports that CA farmers regularly state that 
their water use e�ciency has nearly doubled a�er 10 years of no-till. In addition, 
increased quantities of soil organic matter result in improved availability of plant 
nutrients, and duration of their release into the soil water. �us, the availability of 
both water and plant nutrients is extended together.

Table 11. Comparison of di�erent agricultural practices regarding environmental problems.

Crops

Intensity of environmental bene�t regarding environmental problems
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Annual

CT* + + ++ - - + +

MT + + ++ - ++ ++ ++

DS ++++ ++++ ++++ ++++ +++ ++++ ++++

DS+GC +++++ +++++ +++++ +++++ +++++ +++++ +++++

Permanent

GC 
30�percent ++ ++ ++ ++ ++ ++ +++

GC 
60�percent +++ +++ +++ +++ +++ +++ ++++

GC 
90�percent +++++ ++++ +++++ +++++ +++++ +++++ +++++

Abbreviations: CT: Conventional tillage; GC: Groundcovers; DS: Direct Seeding; MT: minimum tillage. GC 30�percent: 
Groundcovers present in 30�percent of the surface between the rows of trees; GC 60�percent: idem 60�percent; GC 90�percent: 

idem 90�percent. E�ect on the environment: + slightly positive; +++++ very positive; - negative or indi�erent.

 Source: Gonzalez-Sanchez et al., 2015
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Machinery and fuel costs are the most important cost item for mechanized 
producers and so the impact of CA on these expenditure items is critical. Most 
analyses of mechanized production suggest that CA reduces energy and machinery 
costs and improves energy e�ciency and pro�t (e.g., Crabtree, 2010; Piggin et al., 
2011). CA systems require much less input of energy per unit area, per unit output, 
and lower depreciation rates of equipment. Over time, less fertilizer is required for 
the same output. Long-term research and practice have shown that a�er many years 
of CA, the soil has a higher amount of biological nitrogen and a greater ability to 
release nitrogen than a tilled soil has (Lafond et al., 2008). Better soil protection by 
mulch cover minimizes both runo� volumes and the scouring of topsoil, carrying 
with it seeds and fertilizers, representing waste and unnecessary cost. Production 
costs are thus lower, thereby increasing pro�t margins as well as lessening emissions 
from tractor fuel. CA systems are less vulnerable to drought because of better soil 
and plant conditions, and organic soil cover, provide greater biotic diversity of 
potential predators on pests and diseases, while crop rotations break insect pest and 
pathogen build-ups. Here, much of the cost of avoiding or controlling signi�cant 
pest attacks is diminished because of it being undertaken by healthier plants, breaks 
in pest life cycles and natural predators, and allelochemicals (Settle and Whitten, 
2000; Blank, 2008; Wolfarth, 2011).

Research reported from long-term CA trials in the Canadian Prairies which have 
biophysical similarities to continental dry climates in Central Asia has shown that 
crop rotation and short-term green manure cover crops during the summer fallow 
period can reduce the cost of herbicides drastically, due to reduction in weed 
infestation over time, although there can be a shi� towards more perennial weeds 
(Blackshaw et al., 2007; Harker and Blackshaw, 2009). Similar studies conducted in 
northern Kazakhstan have shown that reducing and gradually eliminating summer 
fallow with legume cover crops is feasible (Suleimenov and Akshalov, 2006).

�e economic bene�ts for farmers who have adopted CA have been striking. 
According to Crabtree (2010), crop production in western Australia has li�ed 
30�50�percent since the widespread adoption of no-tillage systems. Without the 
adoption of no-till farming many farmers could not have survived the recent long 
string of droughts. E�ects of CA have been shown to be cumulative over space, 
and can accumulate over time from degraded condition to improved stabilized 
condition, with yields and income rising over time, as in this example of mechanized 
wheat production under CA in the dryland conditions in northern Kazakhstan. 
Analysis of historical data over 14 years by Fileccia (2009) of the increase in wheat 
yields and income bene�ts a�er changing from conventional tillage to no-till 



90

Strategies for the promotion of Conservation Agriculture in Central Asia 
Proceedings of the International Conference, 5–7 September 2018, Tashkent, Uzbekistan

agriculture shows an internal rate of return to investment (IRR) of 28�percent. 
In a wheat-sun�ower crop rotation in southern Spain, GonzÆlez-SÆnchez et al. 
(2010) reported � 234.82 extra bene�ts for no-tillage farms in comparison to the 
conventional system based on soil tillage, due to higher yields, less costs and public 
agri-environmental subsidies.

Conclusions

�e adoption of CA in many parts of the world has been driven by necessity. In 
rainfed areas, crop cultivation depends directly on rainfall and, therefore, it is 
vulnerable to moisture loss of the soil. In irrigated crops, a better water balance 
result in signi�cant water savings. �is is the case for many central Asian countries. 
Good examples in the region comes from Kazakhstan, where CA has showed 
that zero tillage and crop rotation, have the potential to produce higher yields of 
wheat and reduce labour costs and gas compared to conventional tillage farming. 
Conservation Agriculture is considered very suitable for all major farming systems 
of Central Asia, including the irrigated �elds of wheat, rice and cotton of Uzbekistan. 
State policies should help in the promotion of CA together with the implementation of 
demonstration projects that evidence the suitability of CA at local level.
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Winter chickpea cultivation using no-till methods under 
rainfed conditions in Tajikistan and Uzbekistan

A.I. Nurbekov24, R.A. Nurbekova25, X.K. Allanov and L.D. Khudoykulov26

ABSTRACT

In Tajikistan and Uzbekistan, chickpea is one of the most important cash crops and 
source of protein for farmers in rainfed areas. Chickpea is also highly preferred by 
farmers because of its good marketing crop that enables farmers to get immediate cash 
income compared other agricultural crops in the region. �e experiment conducted 
Tajikistan and Uzbekistan to better understand the impact of location and climate 
variability on winter chickpea growth and yield under di�erent tillage methods. 
�e study sites were located at the altitude of 850 m and 980 m above sea level in 
Gissar district and in Qamashi district in Tajikistan and Uzbekistan respectively. 
�e�experiment was established in 2014 and continued in 2015. Results on grain yield 
revealed that no-till treatment in both locations gave highest grain yield 1�687 and 
2�255 kg/ha in Gissar and Qamashi districts respectively. Grain yield was lowest for 
minimum tillage 1�222 and 1�230 kg/ha in both sites. Lower grain yield was observed 
in Gissar district. It can be concluded, that climatic conditions of Gissar and Qamashi 
districts are favorable to grow winter chickpea under no-till method. �e results of this 
experiment proves that tillage methods have not signi�cant e�ects on dry mass and 
grain yield in winter chickpea. Tillage methods was signi�cantly superior in in�uencing 
days to maturity. No-till winter chickpea can be an entry point for adoption of 
Conservation Agriculture in Tajikistan and Uzbekistan. It could be concluded from the 
present study that winter chickpea no-till method should be studied according to the 
areas of their adaptability for increased productivity per unit area in di�erent soil and 
climatic conditions of rainfed agriculture in the region.

Key words: chickpea, rainfed, no-till, Conservation Agriculture, yield and soil

Introduction

�ere is a need for crop diversi�cation with legumes to improve sustainability as 
well as to provide protein-rich grains. Introducing legumes into CA rotations is 
an essential component of successful CA systems. Food legumes enrich the soil 
with nitrogen and are very important for sustainable production intensi�cation. 
In addition to providing nitrogen, legume crops also improve soil quality, thus 
positively a�ecting the performance of the ensuing crop. Nitrogen fertilizer 
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requirement for the succeeding crop is reduced in a cropping system that includes 
legumes, which results in lower cost of production. In Tajikistan and Uzbekistan, 
chickpea is one of the most important cash crops and source of protein for farmers 
in rainfed areas. Chickpea is also highly preferred by farmers because of its good 
marketing crop that enables farmers to get immediate cash income compared other 
agricultural crops in the region.

So far, no research has been conducted on determination of optimum tillage 
methods for production of winter chickpea in Tajikistan and Uzbekistan. In rainfed 
agriculture, no-till technology facilitates sowing of chickpea at proper time. Due 
to winter sowing chickpea productivity can be increased by 1.5 time which is very 
important to achieve food security in Tajikistan where there is a need to increase 
agricultural production to cope with growing demand for food. Cox (1986) studied 
the e�ect of di�erent methods of soil preparation and two di�erent types of wheat 
varieties on wheat grain yield. No signi�cant di�erence was observed between 
treatments. Touchton and Jonson (1982) conducted an experiment on the e�ect 
of three di�erent methods of tillage (chisel, moldboard plow and no tillage) on 
the yield of wheat and soybean. Yield of soybean under chisel and no tillage were 
similar, but wheat yield under chisel plow was less than moldboard plow. �e 
development of tillage practices for dryland crop production has been and will be a 
dynamic process. Winter sowing is not common in Central Asia including Tajikistan 
and Uzbekistan. �erefore, there is a need to acquire of information on in�uences of 
tillage methods in growth, dry matter yield and yield component of winter chickpea 
in study area. �us, this study was initiated with the following objectives:

�	 To evaluate the e�ect of di�erent tillage methods on growth, dry matter yield 
and yield components of winter chickpea,

�	 To study the e�ect of di�erent tillage methods, impact of location and climate 
variability on the productivity of winter chickpea under the rainfed conditions 
of Tajikistan and Uzbekistan in two di�erent locations.

Material and methods

�e experiment conducted Tajikistan and Uzbekistan to better understand the impact 
of location and climate variability on winter chickpea growth and yield under di�erent 
tillage methods. �e study sites were located at the altitude of 850 m and 980 m 
above sea level in Gissar district and in Qamashi district in Tajikistan and Uzbekistan 
respectively. �e experiment was established in 2014 and continued in 2015.
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�e soils of the target region in Tajikistan are sierozem meadows (brownish gray 
surface color with a lighter layer below; a carbonate or hardpan layer; found in cool 
to temperate regions with arid climates), with half of the having loam and low-saline 
characteristic. Soil in Qamashi district of Kashkadarya province is light sierozem 
with heavy loamy. Humus content is low in di�erent soil layers and ranged between 
0.211�0.612�percent.

According to the data of the Tajikistan Meteorological Service, the average frost free 
period is 225 days. Little snow falls during the winter period, but the winters can 
sometimes be severe. �e climate is classi�ed as severe continental with hot summers 
and cold winters. �e mean annual long-term precipitation is 596�613 mm.

Average long term precipitation ranges widely among foothill, mountain and desert 
zones between 350�400 mm. Average annual air temperature is +16.8°�, January 
average is 1.2°�, and July average is +31.7°�.

�e experiment was carried out in randomized complete block design with four 
replicates. All statistical analyses done using Genstat 18th edition (Genstat 2017). 
�ere were three di�erent tillage options; conventional till (CT), minimum till with 
disking (MTD) and no-till (NT). Monitoring over the crop growth and development 
was conducted from the time of the starting (10�percent) and full completion 
(75�percent) of the di�erent stages during crop season. Field observations on 
germination, number of grains per spike, number of grains per m2, thousand kernel 
weight, plant height, days to heading, days to �owering, days to maturity, dry matter 
and grain yield (SVTCAC 1989). Ammophous 30 kg/ha was applied before planting. 
Ammonium nitrate was used as a nitrogen fertilizer (34�percent) depending on 
weather conditions.

It would be needed to include some information on the soils and weather conditions 
of the seasons (average, dry, wet?)

Results

Tanaka�s �ndings (1989) on the comparison of the yield of pea while using di�erent 
tillage treatments including no tillage, reduced tillage and conventional tillage 
(moldboard plow) support the obtained results in the present study, as it was 
indicated in their study that the yield di�erence for the mentioned tillage treatments 
was not signi�cant and even no tillage showed a better yield trend.
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Figure 19. E�ect of tillage on days to maturity of winter chickpea in Tajikistan and Uzbekistan.

Days to maturity di�ered between tillage methods, locations and years and ranged 
from 180 to 199 days. Maximum days to maturity (199) were recorded in Gissar 
district in 2014 with conventional tillage technology while minimum days to 
maturity was observed for Qamashi district in 2015. In general, days to maturity in 
2014 was higher compared to 2015 year, as it is depending climate conditions of the 
region (Figure 19).

ANOVA showed that there were signi�cant di�erences in winter chickpea 
within di�erent locations (Table 12). �is indicates that tillage methods do not 
signi�cantly a�ect chickpea grain yield under rainfed conditions of Tajikistan and 
Uzbekistan.

Results on grain yield (Figure 20) revealed that no-till treatment in both locations gave 
highest grain yield 1�687 and 2�255 kg/ha in Gissar and Qamashi districts respectively. 
Grain yield was lowest for minimum tillage 1�222 and 1�230 kg/ha in both sites. Yield 
reduction was associated with tillage methods. Lower grain yield was observed in 
Gissar district. It can be concluded, that climatic conditions of Gissar and Qamashi 
districts are favorable to grow winter chickpea under no-till method.
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Table 12. Analysis of variance grain yield.

Source of variation Degrees of 
Freedom

Sum of 
Squares

Mean 
Square

Variance
ratio F Value 

Location 1 2�245�973 2�245�973 14.28 <.001

Treatment 2 2�175�181 1087�590 6.91 0.003

Year 1 543�789 543�789 3.46 0.071

Location. Treatment 2 265�928 132�964 0.85 0.438

Location. Year 1 543�789 543�789 3.46 0.071

Treatment. Year 2 28�865 14�432 0.09 0.913

Location. Treatment. Year 2 28�865 14�432 0.09 0.913

Residual 36 5�663�110 157�309  �  �

Total 47 11�495�499 � � �
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Figure 20. E�ect of tillage on productivity of winter chickpea.
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Discussion

�e results of this experiment proves that tillage methods have not signi�cant 
e�ects on dry mass and grain yield in winter chickpea while days to maturity had 
signi�cant e�ect. No-till winter chickpea can be an entry point for adoption of 
Conservation Agriculture in Tajikistan and Uzbekistan.

It could be concluded from the present study that winter chickpea tillage methods 
should be studied according to the areas of their adaptability for increased 
productivity per unit area in di�erent soil and climatic conditions of rainfed 
agriculture in the region.
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Experience of application of soil-protective and 
resource-saving agro-technologies and irrigation technologies 

in the Republic of Kazakhstan

Karl Anselm, Meirjan Esanbekov27

Abstract

It has been proven that the use of resource-saving agro-technologies and water-saving 
irrigation techniques signi�cantly increases the yield of agricultural crops, while 
reducing material and technical costs and the time of production work.

Key words: stubble, crop residues, crop rotation, alternation of crops, 
drip irrigation and sprinkling

Introduction

�e Republic of Kazakhstan is located in the center of the Eurasian continent. From 
the north it borders with the Russian Federation, from the east with the People�s 
Republic of China, and from the south with the Central Asian republics. In terms of 
the area of its territory, Kazakhstan is the 9th country in the world. �e population is 
about 18.5 million people.

Agricultural land accounts for more than 80�percent of the country�s territory. 
Arable land occupies 24.8 million hectares, which is mainly rainfed (without 
irrigation). �e share of irrigated land is 8.9�percent of arable land [1].

According to the climatic conditions, 82.2�percent of the country�s territory belongs 
to semi-desert and desert zones. A signi�cant part (182.2 million hectares) of 
agricultural land is located in the zone of insu�cient moisture (rainfall less than 
200�mm per year�[2].

About 67�percent of arable land is located in the three northern regions of the 
country, where crops are mostly cultivated without irrigation. In this region of the 
country, for 2 million hectares out of 19 million hectares of sown areas, grain crops 
are cultivated using resource-saving technologies.

At 9.3 million hectares, farmers apply minimal tillage using chisel plows with 
cultivation to a shallow depth [3,4].
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�e introduction of resource-saving farming methods in the northern regions 
of Kazakhstan is caused by a pressing need. Despite the fact that the country has 
extensive land resources for the cultivation of wheat, the yield is entirely dependent 
on precipitation.

Results

Already in the 1960s, farmers began to introduce methods of gentle tillage during 
the cultivation of wheat in order to cope with signi�cant losses of the fertile soil 
layer due to wind erosion [5].

In 2000, CIMMIT and FAO, together with scientists and farmers from Kazakhstan, 
launched a program to introduce resource-saving farming methods in rainfed areas 
of the country.

Field trials in the north showed that under zero processing conditions, wheat 
yields were 25�percent higher than on plowed land, while labor costs decreased by 
40�percent, and fuel consumption by 70�percent [6].

When processing �elds without turning a layer to control weeds, farmers are 
forced to resort to the use of herbicides. However, many of them have found that 
combining zero tillage with maintaining a constant soil vegetation cover also helps 
in suppressing the growth of weeds.

Crop residues in the �elds in northern Kazakhstan also contribute to soil moisture 
retention and improve the water availability of crops. �e annual rainfall in this 
region of Kazakhstan ranges from 250 to 300 mm, while winter snow cover is about 
40�percent. In windy weather, snow is carried away from the �elds by wind, and the 
surface of the soil remains bare and dry. Preserving stubble and crop residues from 
the previous harvest retains snow, which thaws when warming, saturating the soil 
with moisture. Field studies have shown that the use of crop residues to trap snow 
along with zero treatment can increase yields by 58�percent.

�e alternation of crops, as the main element of resource-saving agriculture in the 
northern regions of Kazakhstan, is slow, as the growing season in these areas is 
short, with a high frequency of dry years. At the same time, in non-snowy years, 
the areas occupied by summer couples are reduced as farmers occupy them under 
the crops of sun�ower, peas, lentils and buckwheat. Sorghum crops showed high 
e�ciency in retaining snow and moisture accumulation in the soil. Sowed at the 
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end of May with the harvest in August, Sorghum not only provided feed for sale or 
for silage, but also le� a solid stubble that delayed the precious winter snow. Along 
with research on the application of Conservation Agriculture technology in rainfed 
conditions of northern Kazakhstan, �eld experiments were also carried out on 
bedded wheat under irrigation conditions, which gave a positive e�ect.

More than 70�percent of the republic�s irrigated lands are located in four southern 
regions where rice, cotton, vegetables, melons, grain and forage crops, orchards and 
vineyards are cultivated during irrigation. At an area of 205.1 thousand hectares 
with irrigation, soil-protective and water-saving irrigation technologies are applied 
to crops, such as drip irrigation, sprinkling, irrigation along mulched furrows, 
furrow irrigation and discrete irrigation technology. A particularly high e�ect is 
provided by drip irrigation technology. Up to 80 tons of tomatoes per hectare were 
obtained on stony, low-power soils, and up to 100 tons of sugar beet on sandy 
�oodplain lands. Irrigation by sprinkling gives a good e�ect when irrigating crops in 
semi-hydromorphic and hydromorphic conditions of soil formation [7].

To encourage farmers to use water-saving and resource-saving technologies in 
Kazakhstan, they provide state support in the form of subsidizing the cost of 
purchasing equipment for these purposes.

Conclusion

�e introduction of resource-saving methods of farming (Conservation Agriculture) 
in Kazakhstan made it possible to increase annual wheat production by 2 million 
tons, which is enough to provide food for about 5 million people. State support 
gave an incentive to farms in northern Kazakhstan to invest approximately 
200�million�USD in equipping their enterprises with agricultural equipment for zero 
tillage and for the development of drip irrigation systems in the south of Kazakhstan 
on an area of 60 thousand hectares [8].
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Evolution of the adoption of 
Conservation Agriculture in China

Mao Zhenqiang, Du You28

Abstract

�is paper brie�y introduces the extension progress and current situation of 
Conservation Agriculture, mainly focused on the (better: Conservation Agriculture 
system), in China. And the experiences of the extension, the main limiting factors 
a�ecting the extension of the (same as before) technology were also revised. 
Recommendations were given to those country� government wishing to use (same 
as before) locally. Government and government-led organizations should conduct 
programs to well localize the technologies and supporting tools, which might be well 
used abroad, before a large-scale extension.

Key word: Conservation Tillage, Extension, Government-led Extension System

Introduction and background

The application of Conservation Agriculture in China started at the beginning 
of 1990s, and has developed rapidly since 2002, when the Central Government 
began to set up special funds to promote the demonstration and promotion 
of protective farming techniques. Since 2005, the Central Government�s No.1 
document has made it an important task to vigorously develop and promote 
protective farming techniques. Since 2003, there has been an accelerated 
increase in the area used for conservation farming in China (Figure 21). As a 
result, the area used for (same as before) reached 8�648.27 thousand hectares, an 
increase of approximately 65 times over 2003.

Overall, however, there is still much room for conservation farming in China. 
In 2016, about 6.9�percent of the country�s total arable land was covered by 
conservation farming. and even concentrated on the rainfed farmland, the 
proportion was about 10.9�percent.

Geographically, (same as before) has been applied relatively rapidly in North, 
Northeast and East China, and needs to be further expanded in Central and 
Northwest China (Figure 22). Due to the constraints of the natural environment, 
agronomic traditions etc, it is not suitable for a large-scale implementation in 
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Figure 21. Increase in the area used for conservation farming in China

Figure 22. Converted land to Conservation Agriculture
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the South and Southwest of China. As can be seen from Figure 22, even in North 
and Northeast China, where the application of (same as before) is relatively good, 
the proportion of conservation tillage area is yet less 12.5�percent over the total 
cultivated land in the region.

Experiences in extension and application of CA

�e achievements of Chinese conservation farming can be mainly attributed to the 
support of the government. E�ective support systems, and machinery improvement.
(1) Government support and strengthening top-level design.
Government supports can be attributed to planning and project support.

Making plans

As a national plan, it requested governments at all levels to adopt the extension 
of CA into their assessment indicators. As a result, governments at all level gave 
strongly �nancial support to the extension of CA.

�ere are four national plans related to conservation tillage application made by 
the Central government of China since 2009 (Table 13). In 2009, �e Ministry of 
Agriculture made the ��e plan for conservation tillage project construction (2009�
2015)�, which put forward to build 600 demonstration areas and covered more than 
13.3 million hectares.

By 2015 and 2016, three long periods for agricultural development plan were made 
by di�erent Ministries. �ey all stressed the importance of conservation tillage, and 

Table 13. �e plan for conservation tillage

Planning name Related content

�e plan for conservation 
tillage project construction 
(2009�2015)

600 conservation tillage engineering areas (20 million acres) were built.

�e plan for national 
agricultural sustainable 
development (2015�2030)

Taking deep ploughing, conservation tillage, straw returning, organic 
manure and green manure to increase soil organic matter and improve soil 
fertility.

�e plan for national 
agricultural modernization plan 
(2016�2020)

Accelerating the popularization and application of mechanized technology 
such as deep loosening, conservation tillage, straw mechanization and 
returning to the �eld.

�e plan for national land 
(2016�2030) Strengthening conservation tillage in the north dry �elds.
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proposed to vigorously promote the application of conservation tillage techniques, 
to protect the deteriorating ecological environment and improve the sustainability of 
agriculture and land use.

Project promoting

Since 2002, the Ministry of agriculture has launched the experimental 
demonstration of conservation tillage. A�er the continuous exploration and 
practice of more than 600 project counties, the popularization and application 
of conservation tillage has been accelerated and the implementation area has 
been continuously expanded, also the transformation from single technical test 
demonstration to technological innovation and collection has been realized.

E�ective technology support systems

Law of the People�s Republic of China on Agricultural Technology Extension 
request government to build sound system to promote the application of 
advanced agricultural technology. And the extension of CA was endowed to 
Agriculture Mechanization Technology Development & Extension system, which 
covered from nation, provinces, prefecture-level cities, and counties. �ere are 
2�535�organizations, most of which are at counties level, by 2016. �e average 
personnel is 5.5 per organization engaged in CA promotion (Figure 23).

As government-led organization, they mainly work in Non-Pro�t CA experiments, 
demonstrations, propaganda, consult and technology trainings in di�erent areas. 
Farmers were usually invited to take part in the experiments and demonstrations.

As a result, they can evaluate the e�ects and decided to adopt or not. Experts form 
the organization usually gave Professional advices when the farmers decided to 
adopt CA, to ensure the success of the adoption.

Besides the Government-led extension system mentioned above, there are 
thousands of agricultural machinery enterprises, universities and colleges engaged 
in CA promotion. Universities are good at solving all kinds of technical problems. 
And enterprises are focused on machine demonstration. �e cooperation has 
increased rapidly in recent years among the Government-led extension system, 
enterprises and universities. Innovation and the constantly improved performance 
of machinery. Advanced and applicable agriculture machinery are important for the 
extension and application of conservation tillage. �rough continuous development 
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of suitable agriculture machinery for di�erent regions, such as no-tillage seeders 
and straw choppers, we have upgraded our equipment and ensured the quality and 
e�ectiveness of conservation tillage.

Constraints and challenges to adoption and 
promotion of Conservation Agriculture

�e extension and application of Conservation Agriculture e�ectively improved 
soil fertility and drought resistance, realized the combination of land use and land 
cultivation, protected the ecological environment, promoted sustainable land use 
and sustainable agricultural development. However, the following problems still 
existed in the application process, which include: 1) �e insect pests and weeds 
tend to be aggravated in some areas. �e soil is not turned over for a long time, and 
the crop straw is required to cover the surface of the earth during the conservation 
tillage, places for overwintering insect eggs emerged; 2) �e quality of the machinery 
needs to be strengthened. �e performance of some machinery cannot meet the 
needs of production well, and there are some problems such as low e�ciency, poor 
e�ect and high price; 3) Insu�cient understanding by farmers. Traditional farming 
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practices are deeply rooted in farmers, and quite a few farmers have doubts about 
Conservation Agriculture.

Recommendations

In order to overcome the abovementioned constraints, the author suggests the 
following points:

1.	 Advancing the integrated development of farm machinery and agronomy, 
monitoring and prevention of pests and weeds, and further optimization of 
technical systems.

2.	 Tackling key problems together, further improving the quality of machinery and 
reducing the costs of production.

3.	 Strengthening propaganda and training, increasing the recognition and 
acceptance of Conservation Agriculture.
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Aspects of the use of Conservation Agriculture 
to improve soil fertility in arid conditions of 

the Republic of Karakalpakstan

Bakitbay Aybergenov29

Abstract

�e reasons for the decrease in soil fertility and soil degradation in the arid conditions 
of Karakalpakstan are the depletion of humus in the soil, an increase in the salt content 
of the soil and the loss of the fertile soil layer as a result of de�ation and erosion.

With the presence of a mulching straw cover (plant residues) on the soil surface 
and the use of CA for two years, the seasonal accumulation of salts in the 
rhizosphere decreased by 1.5�4 times compared to conventional multiple tillage, 
the organic matter content increased by 0.02�percent, soil moisture remains longer, 
increases biological activity, which indicates an improvement in soil fertility. In 
addition, in the process of adapting CA for the arid soil and climatic conditions of 
Karakalpakstan, we have developed e�ective measures to combat weeds and pests, as 
well as a method of cultivating repeated crops.

Key words: Biological activity, soil moisture, 
salinization, Conservation Agriculture

Introduction

Recently, the population of Karakalpakstan, living especially in the northern 
regions, are experiencing di�culties due to frequently repeated low-water �ows, 
which are most acutely felt in the northern regions located in the lower reaches of 
the Amu Darya River. Since the main source of income for the rural population 
of Karakalpakstan is livestock and crop production, the stability of the socio-
economic situation depends on sustainable farming in this arid region. In this 
regard, the issues of combating soil salinization, soil fertility preservation and water 
conservation during irrigation are becoming particularly relevant today.

When studying the soils of the irrigated lands of the studied territory, the humus 
content in the upper 0�10 cm level averaged 0.58�percent, which corresponds to 
the low availability of soil to organic matter. �e lower soil levels of irrigated lands 
correspond to a very low supply of soil with humus, that is, the content of humus 
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varies between 0.22�0.30�percent. By the end of the growing season, the soils of 
irrigated lands of Karakalpakstan become saline from medium to strong degree as a 
result.

In our opinion, the most optimal solution to the above causes of problems can 
actually be the use of Conservation Agriculture. Nowadays there is a tendency to 
expand the areas of use of Conservation Agriculture all over the world.

Our research has shown that one of the most important methods of Conservation 
Agriculture is the preservation of plant residues on the soil surface, and it 
contributes to the improvement of the fertile properties of the soil, reducing the 
accumulation of salts in the root zone of the soil.

In addition, in the process of adapting CA for the arid soil and climatic 
conditions of Karakalpakstan, we have developed effective measures to control 
weeds and pests, as well as a method of growing repeated crops. We hope 
that our developments will help to expand the areas of use of Conservation 
Agriculture in Karakalpakstan, as a measure of restoring lost soil fertility and 
preventing further soil degradation.

Materials and methods

�e studies were carried out in the framework of the projects of the Ministry of 
Agriculture and Water Management of the Republic of Uzbekistan and the FAO 
named �Practice of sustainable agriculture in the Karakalpakstan region a�ected 
by drought�, the GEF Small Grants Program �Implementation of soil-protective, 
resource-saving technologies�, ICARDA CAC �Improving the sustainability of salt-
resistant forage crops through diversi�cation of crops� in the Chimbay, Karauzyak 
and Kanlykul districts of the Republic of Karakalpakstan.

Soil conditions (humidity, salinization, mechanical composition) were studied 
by generally accepted methods (L.N. Alexandrov, O.A. Naidyonova, 1986) 
by laying soil pits, taking soil samples, followed by laboratory research. The 
protease activity in the soil was studied by the method proposed by E. I. 
Mishustin et al. (1982). A qualitative assessment of soil properties was carried 
out using the Visual Soil Assessment method developed by G. Shepherd (2000) 
and adapted by J. Benites. The method allows you to visually assess the quality 
of the soil structure, porosity, color, the presence of worms, the depth of the 
arable layer, and soil cover plant residues.
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Identi�cation and accounting of the number of the most common summer pest�� 
spider mite (Tetranychus urticae Koch.) was carried out in the Mungbean �elds 
during the �owering period of the plants. Spider mite multiplying massively 
will cause signi�cant damage to planting in the phase of budding and �owering. 
Accounting for the number was performed by counting ticks on the leaves with a 
magnifying glass on trial plots embedded in a certain interval along the diagonal of 
the �eld. �e economic threshold of spider mite harmfulness on crops of mungbean 
is 5 copies per leaf, or the population of 10�percent of plants, and in our case, the 
population was 35�percent of plants.

Accounting for weeds on crops was carried out using the standard eye-numerical 
method of A.I. Maltsev (A.N. Orlov, O.A. Tkachuk, 2011).

Results

�e climate of Karakalpakstan is characterized by sharp continental and dry air, 
high temperatures in summer and harsh cold winters. �e soils of the irrigated 
zone of Karakalpakstan are meadow-alluvial, meadow-marsh, meadow-takyr and 
meadow-desert light sierozems [1]. �e humus content in the soil of the studied 
plots on the top 10 cm of the soil horizon was only 0.58�percent, which corresponds 
to the low availability of soil by humus, and in the 10�40 cm horizon, this �gure 
varies from 0.22�0.34�percent, which corresponds to very low soil availability of 
humus. In areas with normal tillage on the upper 10 cm horizon, a�er two years a 
noticeable decrease in the humus content is observed (from the original 0.58�percent 
to 0.47�percent), while in the lower 10-40 cm layer there is an increase in the 
humus content (Figure 24). Apparently, the plowing with the turnover of the layer 
contributed to this.

In areas where they used Conservation Agriculture, an increase in the humus content 
is observed, especially in the upper horizon, at the same time, there is a slight decrease 
in humus in the lower 10�40 cm horizon (Figure 25). �e increase in organic residues 
on the �eld contributed to an increase in the biological (protease) activity of the soil on 
the �eld with CA. So, our observations showed that the protease activity of the soil on 
the �eld where CA was used for two years increased almost twice.

Preserving plant residues (straw and stubble) on the surface of the soil creates the 
full e�ect of mulching, which reduces the evaporation of moisture from the soil, as 
a result of which the seasonal accumulation of salts in the rhizosphere is reduced. 
�us, on the site where Conservation Agriculture was used, the dry matter content 
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averaged 0.2�percent (degree � non-saline), while at the site without mulch this 
�gure was 0.8�percent (degree � slightly saline) (Figure 26).

In the qualitative assessment of the soil, it has been established that the two-year 
use of the CA has led to an improvement in the properties of the soil, including the 
structure, that is, from 17 points to 22 points. (Figure 27).

In the course of introducing Conservation Agriculture for soil and climatic 
conditions of Karakalpakstan, we also developed measures to control weeds and 
pests. �us, in the �ght against grass weeds on broadleaf crops, it is advisable to 
use the herbicide Zelledek-extra (haloxyfop-p-methyl, 10g/l) at a rate of 1 l/ha, 
and to �ght with dicotyledonous and perennial weeds, the use of the herbicide 
entoglyphos (potassium salt glyphosate 50�percent) in the consumption rate of 5 l/ha 
immediately a�er sowing is recommended.

At the end of July � at the beginning of August, the spider mite (Tetranyhus urticae 
Koch), multiplying massively, caused signi�cant damage to the mungbean plants 
(Vigna radiata), damaging up to 40�50 percent of the plants. In the �ght against 
spider mites on crops of repetitive crops (Mungbean and beans), the most e�ective 
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drugs were the acaricides entomite (57�percent propargite) at a rate of 1.5 l/ha and 
akaragold (66�percent propargite + 6�percent hexythiazox) at a rate of 0.4 l/ha, with 
an e�ciency of 78 percent and 75 percent, respectively.

Discussions

Preserving plant residues (crop residues and part of straw) on the soil surface 
improves the soil�s fertile properties, preserves soil moisture, reduces salt 
accumulation in the root zone of the soil, which is especially important for arid 
conditions of the Republic of Karakalpakstan. In dry conditions a�er watering, 
moisture evaporates quickly and this leads to excessive soil compaction, which 
prevents the growth and development of the root system of plants. In our opinion, 
by maintaining optimum soil moisture, such adverse e�ects can be avoided. 
Currently, research in this aspect is ongoing. In the process of adapting CA for the 
arid soil and climatic conditions of Karakalpakstan, we have developed e�ective 
measures to combat weeds and pests, as well as a method of cultivating repeated 
crops. We hope that our developments will help to expand the areas of use of 
Conservation Agriculture in Karakalpakstan, as a measure of restoring lost soil 
fertility and preventing further soil degradation.
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Integrated fertility recovery technology degraded 
pastoral and agricultural lands

Marat Aldabergenov30, Amankeldi Sadanov31, Nursultan Orinbaev32

Abstract

Over 15 years of joint research work with FAO (2002�2017) in Kazakhstan, the area 
under Conservation Agriculture (CA) increased from 0 to 2.2 million hectares, and 
the country entered the top ten countries by area. �e basic research on CA is carried 
out on the basis of the theory and research methodology of the PhD on agricultural 
sciences, Professor Ha�z Muminjanov.

�e integrated technology of restoring the fertility of degraded pastures and arable 
land is a continuation of this method, aimed at promoting CA in irrigated agriculture. 
�e proposed technology provides for the production of liquid organic fertilizer 
under economic conditions with waste sterilization using a three-stage bioreactor 
installation and the subsoil application of agronomically valuable microorganisms 
(EM�technologies) by embedding culture suspension of 1 × 109 CFU/ml and plowing. 
As a result of the tests carried out, an increase in soil fertility was found, while 
the nitrogen content in soils increased 2.0�2.5 times, the salinity of the soil �ltrate 
decreased from pH 8.15 to a neutral value (pH 6.12), which provides for the restoration 
of fertility and an increase in the productivity of degraded pasture and arable land in 
the South-East of Kazakhstan and all of Central Asia.

Key words: integrated technology, restoration of fertility, pasture and arable land.

«A nation that destroys its soil destroys itself» 
					     (Franklin Roosevelt)

Introduction

�e Law of the Republic of Kazakhstan �On the Production of Organic Products� 
dated November 27, 2015 No. 423-V ZRK, in the production of organic products 
establishes the following conditions: the use of healthy animals and plants, safe 
production and raw materials of animal and vegetable origin and the exclusion 
synthetic substances, pesticides (toxic chemicals), hormones, antibiotics and food 
additives, with the exceptions stipulated by the rules of production and circulation 
of organic products [1].
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�e law also provides for the rejection of the use of pesticides, synthetic mineral 
fertilizers, growth regulators, arti�cial food additives, and also prohibits the use of 
GMOs. �e production of organic products is accompanied by the maintenance 
and improvement of soil health, natural ecosystems, minimizes the threats 
associated with the instability of development, creates conditions for the health and 
well-being of the population. One of the main tasks of the State Program for the 
Development of the Agro-industrial Complex of the Republic of Kazakhstan for 
2017�2021 [2], developed in accordance with the instruction of the Head of State, 
given at the enlarged meeting of the Government of the Republic of Kazakhstan 
dated September 9, 2016, and in accordance with the strategic development goals 
of the Republic of Kazakhstan, designated in the Plan of the Nation �100 speci�c 
steps� and the Strategy �Kazakhstan-2050�, is the development of crop production, 
increasing its productivity and competitiveness. For a long time, FAO has played 
a leading role in introducing conservation and resource-saving agriculture (CA) 
over large areas by demonstrating, educating and convincing farmers, agricultural 
specialists and implementation services, as well as helping countries to develop 
national strategies for implementing CA and attracting investment. An example 
of successful cooperation between CIMMYT, FAO, the World Bank and the 
Government of the Republic of Kazakhstan is the introduction of CA in the country. 
As a result, over 15 years of joint e�orts with FAO (2002�2017) in Kazakhstan, the 
area under CA increased from 0 to 2.2 million hectares and the country entered the 
top ten countries by area [3].

Currently, in Kazakhstan there is a steady trend of degradation of pasture land, 
which is associated with unregulated cattle grazing, a reduction in the area of 
watering pastures, lack of control over the state and use of pastures and non-
compliance with land legislation. Over the past 50 years, due to excessive use of 
pastures, the majority (48 million hectares) of pasture ecosystems are seriously 
impaired, the loss of humus in them reaches 50�70�percent [1].

In some areas of the South-East of Kazakhstan, changes have become irreversible, 
that is, self-restoration of pastures is impossible or this requires large investments. 
Such a state of pasture land raises an urgent problem � the restoration of the fertility 
of degraded pastures [4].

�e restoration of fertility and the increase in the productivity of degraded pasture 
land is a pressing issue for the republic�s grazing livestock. To solve this problem, we 
recommend an integrated approach involving a combination of di�erent areas of 
research: the use of agronomically valuable microorganisms (EM technologies) and 
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the mechanization of waste treatment processes, the production of liquid fertilizer, 
subsoil introduction with microorganisms and pasture water supply to restore 
degraded fertility pastures and the introduction of CA for irrigated areas of the 
southern regions.

Materials and methods

Our research is aimed at accelerating the restoration processes of degraded pasture 
and irrigated arable land, using CA for the Southern and Southeast region, with the 
improvement of water supply systems, the production of liquid fertilizers and the 
introduction of the technology of subsoil fertilization by microorganisms. At the 
same time, the principles of CA [3], described by Doctor of Agricultural Sciences, 
Professor Ha�z Muminjanov, are supported.

To clarify the parameters of technology and technical solutions, equipment was 
selected and the above processes were organized on experimental plots located on 
degraded pastures of �A. Babayev� farm, Ili district of Almaty region [5, 6].

Studies conducted in accordance with GOST 17.4.4.02-84. In the surveyed area of 
agricultural land (�eld), test sites of 10 × 10 m in size were laid for every 0.5�20.0 
hectares using the envelope method. �e following indicators were measured along 
the diagonals of the site: the number of plants (pcs/m2), the average growth of plants 
(cm) and the number of plant species (pcs/m2) were taken in �vefold repetition in 
accordance with the theory and methodology of research of Doctor of Agricultural 
Sciences, Professor Ha�z Muminjanov and described in the works of Rayburg, S., 
Govaerts, B. [7, 8].

�e soil was analyzed for the content of macro- and microelements, the content 
of accessible forms of macroelements (P2O5, K2O); content of ammonium and 
nitrate nitrogen; determination of acidity and electrical conductivity of the soil 
(Ec,�TDS,�pH); determination of the content of available forms of microelements 
(Fe, Cu, Zn, Mo). �e results of the analysis are shown in Table 14.

A visual view of the state of biodiversity of pastures in the spring period of the year 
in a peasant farm is shown in Figure 29.

According to the degree of salinity of the soil suspension, these samples of soil 
samples taken from the experimental plot (degraded pasture) are non-saline soil 
(Its � 0.19 m cm/cm; total salt content � 93 mg/l; pH aq. � 8.15). �e reaction of 
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Table 14. Results of analysis*

  Determined 
parameters

Detected 
concentrations, mg/kg

Providing soil 
with nutrients

N. D. on 
research methods

1 �205 (movable forms) 19.56 Very low GOST standard 2620591

2 �20 (movable forms) 198.68 Medium GOST standard 2620591

3 N�NO3 3.53 Very low GOST standard 26489

4 N�NH4 9.73 Medium GOST standard 26489

5 �� acid exchange 7/15 Slightly alkaline GOST standard 26489

6 Fe (movable forms) 45.76 Heightened GOST standard �50686

7 Cu (movable forms) 2.15 Medium GOST standard �50686

8 Mo (movable forms) 36,5 High GOST standard 50689

9 Zn (movable forms) 90,76 Very high GOST standard 50686

*Note – for conducting monitoring studies of soil condition, analyzes are required at least three times a year.

the�aqueous soil sample is alkaline. �e average alkalinity is unfavorable for the 
growth and development of most plants. Alkaline soils generally have low fertility, 
adverse physical properties and chemical composition.

1.	 General view of the boundaries of 
degraded pastures;

2.	 Natural pastures;
3.	 Degraded pastures.

Figure 29. �e state of biodiversity of fodder crops of pastures in the spring period 
of the year in the farm �A. Babaev� of the Ili district of Almaty region

1 2

3
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�e approbation of the work on the development of EM associations and their use 
in the integrated technology of restoring the fertility of degraded soils of the South-
East of Kazakhstan were carried out in �eld experiments on the restoration of the 
fertility of degraded soils under the cultivation of sugar beet on the basis of the 
�Kayinda� farm located in T. Ryskulov district of Jambyl region. A visual view of the 
state of biodiversity of �elds under sugar beet sowing during the growing season of 
the year in a peasant farm is shown in Figure 30.

In this regard, we have developed a technology for the production and use 
of liquid organic fertilizers from animal waste. �is organic fertilizer is 
environmentally friendly, does not contain chemical compounds that pollute the 
environment. �e obtained organic fertilizer together with the EM associations 
will be introduced into the subsoil layer of the arable horizon using special 
technical means.

To obtain organic fertilizers, it is planned to use special bioreactor installation. 
A�er conducting a systematic analysis of the development of world practice, it was 
found that similar studies are being conducted in foreign countries � China, India, 

1.	Degraded tillage;

Figure 30. General view of degraded arable �elds and sowing �eld for sugar beet

1 2

2.	Sugar beet sowing �eld.
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Germany (�Ubitec GmbH�, �Eltaga laisensing GmbH�, �Brachth�user GmbH�, ��gri.
capital CmbH�), Denmark, UK (ANOX), USA and Japan [9, 10].

Such a technology is developed in Israel, where the technology �ArrowBio� is 
patented, which allows producing biogas from household waste that can be used 
in power plants. �is technology was approved by experts from the USA and other 
countries as the most e�cient and cost-e�ective for the processing of municipal 
solid waste (MSW) compared with the traditional technologies currently used [11].

To date, there are two main types of devices intended for biotechnological 
processing of concentrated organic substrates with a moisture content of 92�
96�percent. �eir technological scheme is closest to the proposed bioreactor 
installation [10].

For substrates with rapid degradation, which, because of this, are prone to 
oxidation, it is recommended to provide a separate tank for hydrolysis and 
oxidation, so that decomposition products are metered out to the fermenter (two-
step technology).

In most biogas plants, the processes of splitting occur in parallel, that is, they are not 
separated either geographically or in time. Such technologies are called single-stage 
(Figure 31).

�e advantage is maintaining the e�ciency of bacteria through the creation of 
optimal living conditions (primarily the pH level).

From the point of view of accelerating the processes of anaerobic fermentation and 
sterilization of harmful microbes in bioreactors, the three-stage bioreactor model is 
the most e�ective (Aldabergenov M.K., 2017). In contrast to the two-stage, instead 
of the hydrolysis stage, a three-stage bioreactor provides a capacity for preparing the 
substrate and then 2 fermenters with a heating temperature up to 70°�, providing 
a thermophilic mode, as well as a sterilizer for an ultra-thermophilic mode, which 
sterilizes microbes [12].

�e temperature of the substrate in bioreactors corresponds to the thermophilic 
mode and super-thermophilic mode � 40...95°�, the biogas consumption for 
heating is 6.2 m3/day, the loading dose is 10�percent, the density of the fertilizer 
obtained is 864.9 kg/m3, mass fraction of dry matter � 10.7�percent, the e�ciency 
of disinfection of manure � 98�percent.
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Figure 31. One-, two- and three-stage processes

�e result of chemical analysis of organic fertilizer, conducted in the certi�ed 
laboratory of �Chemical Analysis� LLP at �Kazakh Scienti�c Research Institute of 
Soil Science and Agrochemistry named a�er W.W. Uspanov�, showed the following 
composition: total humus � 32.8�percent; gross phosphorus � 2�300 mg/l; total 
nitrogen � 1.456 mg/l; gross potassium � 1�500 mg/l).

Subsoil application of liquid fertilizer is carried out with the help of special equipment 
with a system of pumping and injection pumps, pipelines, tank carriage, pumped over 
by a pump, and with the help of hoses are fed into the working distribution bodies of 
the machine. In the studies of Dr. Claudia Wagner-Riddle from the Gulf University of 
Antario (Canada) (http://www.uoguelph.ca/research/) [13] (Figure 32) four methods 
were proposed for introducing the substrate into the soil.

�e results of the analysis of existing technologies and machines for the application 
of liquid fertilizers on meadows and pastures suggest that they are equipped with 
openers, cut a groove in the soil, into which the liquid organic fertilizer is fed.

Given the poor equipment of the peasant farms in the region, it is not possible 
to recommend equipment with such technical means. �erefore, we recommend 
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that the technological process of the subsoil application of liquid fertilizers to be 
carried out with the help of an out�t consisting of a trailer tank with a pressure 
pump and a distributor along the racks of the working parts, aggregated by 
tractors T-40 and MTZ-80, which are available to peasant farms. In the layout of 
the working bodies there are 5 rippers with openers located on two rows (2 on 
the �rst and 3 on the second) with a working width of 3 m, and with a depth of 
introduction from 0.10 to 0.20 m.

Production of the domestic system for automating the processing of animal waste in 
the livestock industry will provide the necessary level of food security of the country, 
create new jobs in the regions, help develop export of animal products, improve the 
quality of crop production and its competitiveness.

Results

Processing the obtained results of calculations, monthly averaged values of the 
number and types of plants, we constructed graphs describing the dynamics of 
changes in indicators on deserted experimental pasture plots by calendar time.

Figure 32. Four methods of introducing the substrate into the soil: application to surface with 
spray splashing (1), subsoil application (2), with �lling from hoses (3) and trailer colter (4)
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3
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�e time-wise change of indicators on degraded pasture areas for March-November 
is shown in Figure 33.

As can be seen from the �gure, the dynamics of changes, the average number of 
plants directly depends on the changes in the natural moisture on the pasture.

Processing the obtained results of calculations, monthly averaged values of the 
number and types of plants, we built graphs describing the dynamics of changes in 
the indicators on the medium-normal (control) areas by calendar dates.

Time-wise change of indicators on medium-normal (control) pasture areas for 
March-November is shown in Figure 34.

�e dynamics of changes, the average number of plants on medium-normal 
areas of pasture depends directly on the amount of precipitation during the year. 
�e established regularities will further allow to determine the optimal time for 
processing pasture surface to restore fertility.
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�e results of counting the number of plant species (biodiversity) (units/m2) in the 
experimental (deserted) areas indicate a 10-fold decrease (from 20 to 2 units/m2), 
which is an indicator of more than 10-fold degradation of the green cover relative to 
the average normal (control) plot of pasture.

�e integrated technology of restoring the fertility of degraded pastures 
(Aldabergenov M.K., Sadanov A.K., 2017) provides for the production under 
economic conditions of liquid organic fertilizer with waste sterilization using a 
three-stage bioreactor plant and the subsoil application of the EM-drug by backlog- 
culture suspension of the drug 1×109 CFU/ml together with liquid organic fertilizer, 
using special equipment with loosening working bodies, providing simultaneous 
introduction and sealing of the drug in the soil, as well as conducting irrigation of 
pasture surface [14].

As a result of the tests carried out, an increase in soil fertility was found, while the 
nitrogen content in soils increased 2.0�2.5 times, the salinity of the soil �ltrate 
decreased from pH 8.15 to a neutral value (pH 6.12), which provides the restoration 
of fertility and increase in the productivity of degraded pasture and arable lands of 
South-East Kazakhstan and the whole of Central Asia.
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Conclusion

�e developed technology for the production and use of organic fertilizers and 
EM associations for restoring the fertility of degraded soils allows speeding 
up the implementation of CA for the irrigated areas of the southern regions of 
Kazakhstan.

�e complexity of these activities lies in the use of EM associations of agronomic 
valuable microorganisms to create a �healthy� soil micro�ora (EF technology), 
develop and implement mechanization processes for the production of liquid 
fertilizers based on animal waste and to carry out irrigation and drainage measures 
to optimize water supply. �e introduction of this technology will lead to the 
restoration of pasture land fertility, an increase in labor productivity in peasant 
farms by 20�30�percent and a decrease in environmental tensions in rural areas.
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�e main priorities of creating resource-saving technologies 
and technical means for soil protection

Omar Tedoradze, R.M. Makharoblidze33

Abstract

Some priorities of developing resource-saving technologies and technical means 
for restoring soil fertility and for protecting against erosion and degradation are 
presented. To determine the degree of resource saving of machine technologies and 
technical means, growing crops, we must evaluate the entire technological cycle on 
the basis of uni�ed energy criteria that are not subject to market conditions. An 
analysis of the energy e�ciency of new market resource-saving technologies should 
be carried out for the �rst time at the planning stage, on the basis of technological 
maps, and for the second time a�er harvesting, when the yield and actual energy 
costs are already known.

Key words: fertility, erosion, humus, machine technology.

Introduction

�e main role in maintaining soil fertility belongs to primary processing, which 
is the most energy-intensive operation. �ere cannot be a uni�ed system of tillage 
for all regions of Georgia, which requires a di�erentiated zonal approach. �e 
annual �total� plowing in all regions does not contribute to the maintenance and 
improvement of soil fertility, since frequent overturning and loosening of the arable 
layer causes its degradation, mineralization of humus, and in the conditions of 
mountain slopes � increased erosion.

Justi�cation of the priorities

Plowing is indispensable in the development of virgin and fallow lands, for plowing 
of green manure and weeds. �e plow takes its place with minimal processing 
technology as well. Indeed, in addition to the fact that plowing provides turning of 
the layers, loosening and mixing of the soil, plowing of residues and weeds, it also 
carries out the removal of small colloidal nutrient particles that have fallen as a 
result of rains into the lower part of the arable layer, and the demolition of the upper 
devoid of structure dusty layer in their place. As a result of this movement, soil 
structure is restored.
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In Georgia, plows are used, with which you can plow only in the dump and decay 
when a defective track appears in all pens. �e use of chiseling is required. A certain 
ratio between the width of the chisel and the thickness of the strut of the working 
body, as well as a slope of 25... 300 of the cutting plane, contribute to the appearance 
of a ridge groove, as a result of which the hardened layer remaining a�er processing 
with a ploughshare or plane cut is crushed, and moisture is collected in the recesses 
of the groove base. �is eliminates, or signi�cantly reduces the runo� of water along 
the slope and water erosion, promotes the development of the root system of plants, 
reduces the temperature in the layer of 10... 30 cm in the hot season.

On the other hand, a chisel instrument is not intended to destroy weeds and to plant 
loose fertilizers during primary tillage. At the same time, it is considered positive 
if, when used on the �eld surface, 70... 80�percent of the stubble background is 
preserved.

In order to expand the operational and technological capabilities of cultivating the 
soil with an instrument with a chisel, the wings of the plow (without ploughshare) 
[3] are �xed on its risers [3], which overturn the upper, already loosened, nutrient 
layer of soil at a depth of 15... 20 cm, which contributes to the planting of weeds, the 
old stubble crops and residues of roots, as well as loose fertilizers. We recommend 
chisels to combine with the wings of the plow rotating in the horizontal plane, 
which will exclude land�ll and defective furrows on the soil surface. Based on this, 
a soil-working chisel-wing working unit will be obtained, which will combine all 
the positive anti-erosion properties of chisel processing technology, and smooth 
plowing of a rotary plow, as well as resource-saving requirements.

One of the most promising directions of increasing resource conservation and soil 
fertility is considered to be the uni�cation of all operations with combined units, 
which in one pass perform the operations of preparing the soil for sowing.

Current requirements to reduce energy consumption when processing soils imply 
a higher level of combination of operations, when the combined units are not 
sequential arrangement of instruments, and such a combination of di�erent working 
tools, which both a�ect soil speci�c volume in the stress-strain state. One of the 
characteristics of the rheological properties of the soil is the relaxation time. During 
this period, in view of the repeated impact on it, less energy consumption is the 
occurrence of a large number of cracks and fragmentation of high quality. Fighting 
on slopes with water erosion is ine�ective using various restraining irregularities 
formed on the surface of the soil. A more e�ective means is strip processing and 
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furrowing with vertical mulching, when a gap dug in the soil is �lled with various 
types of organic material (straw, leaves, stubble remnants, peat, etc.).

It is desirable that in parallel with the furrowing and vertical mulching, the so-called 
underground tillage (while leaving stubble) is carried out. �e surface of the soil 
treated by this technology for a long time retains the ability to absorb water. [1]

Among other directions of tillage on slopes it is necessary to pay attention to 
search of such energy-saving technologies and technical means which rely on use 
of gas-dynamic, hydrodynamic and electro-hydrodynamic e�ects. �ese e�ects 
are particularly interesting for the development of energy-saving technologies for 
loosening hardened soils and suspension of water runo� from slopes.

Main part

�e quality of resource saving of machine technology and performing their 
technical means can be judged according to the bioenergy coe�cient.

e = E1/E2, (1)

Where E1 is the amount of energy received from the system per unit time, g•j;
E2 is the amount of energy that went in the direction of the system, g•j.

Indicator e is actually a coe�cient of bioenergy e�ciency, the numerator of which is 
the solar energy accumulated by the plant in the process of photosynthesis, and the 
denominator is the energy spent on the cultivation of such a plant.

�e energy cost of the crop E1 is determined by the following formula:

F1 = Y • Ky, (2)

Where Y is the crop yield, C/ha;
Ky is the energy equivalent of 1 centner of the main product.

It is advisable to conduct an analysis of the energy e�ciency of growing crops using 
new and basic machine technologies for the �rst time at the planning stage, with 
the aim of adjusting according to the technological maps, and the second time 
a�er the harvest, when both the yield and the actual energy costs will be known in 
connection with production [2].
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Application of Geographic Information Systems (GIS) 
in e�ective management of the land resources

Shukhrat Bobomurodov34

Abstract

�e article analyzes the opportunities of e�ective land management using geographical 
information systems. �e perspectives of the using of geo information systems in the e�cient 
use of agricultural lands especially in the development of recommendations for improving 
the reclamation of saline soils are given. �e development of algorithms for the provision of 
relevant regulatory recommendations on the state of the lands in the studied area and the 
creating of salt washing norm maps based on GIS technologies have been studied.

Key words: soil quality condition, soil salinity, salt washing norms, 
geo information systems, geostatistics analysis.

Introduction

As you know, today agricultural production and provision of food to the population 
are one of the most pressing issues in the world. �is is due to the high increase of 
the world population, various environmental problems (land degradation and soil 
erosion, quantitative and qualitative changes in water resources, climate change) and 
many other socio-economic issues.

Agricultural lands are key component of the ecological system of our earth that is 
closely linked to other parts of nature, such as water, forest, animal and plant world, 
minerals and other underground resources. Without lands and soils, other natural 
resources cannot be used. �erefore, as a result of non-e�cient use of lands, the 
entire environment can be damaged in the immediate and future, which can lead 
to degradation of not only the surface layer also to problems of soil degradation, 
their erosion, soil salinity, water logging, chemical and radioactive contamination 
and environmental degradation. �at is why protection of lands appears to provide 
conditions for the sustainable development of society and to ensure human life 
and activities. �erefore, all lands irrespective of agricultural or non agricultural 
designation should be protected, where priority is given to agricultural lands.

�e main forms of land degradation are the natural and climatic factors also human 
activity that cause deserti�cation and degradation of the land, which include:
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�	 Deserti�cation, loss of forests and other events;
�	 Secondary salinity, water logging, excessive so�ening of the ground in the 

conditions of irrigated agriculture;
�	 Water and irrigation erosion of soils in mountainous and sun mountainous 

regions;
�	 Wind erosion (de�ation) and degradation of pasture lands in regular livestock-

breeding areas;
�	 Man-made deserti�cation of lands for agricultural and industrial purposes;
�	 Soil pollution and loss of fertility according to agrochemicals, industrial and 

household waste disposal;
�	 Soil salinization due to drying factors in the Aral Sea and so on.

Application of advanced technology to address land degradation problems remains 
a topical issue. One of the topical issues of today is the use of information and 
communication technologies in the �eld, e�ective management and monitoring 
of agricultural enterprises based on them. In particular, there is a need for an 
information system that provides storage, processing and delivery of data at di�erent 
levels and levels in the �eld of e�ective land and soil resources management. By 
developing such systems, the �eld data can be easily evaluated, stored, updated and 
analyzed in terms of using and storing land resources.

Research methods

�e researches were carried out at Yangiobod farms in Mirzaobod district of 
Syrdarya region. Soil samples were taken from sierozem meadow soils in the area. 
�e location of the soil samples was recorded using modern GPS equipment. 
Field surveys were carried out on the basis of "Instruction on soil survey and 
soil mapping for the State Land Cadastre". Laboratory-analytical and cameral 
studies were developed and conducted on the basis of commonly used techniques 
developed by Research Institute of Soil Science and Agrochemistry. Geographic 
information system analyzes were carried out using ArcGIS 10 so�ware and its 
Geostatistical Analyst modules.

Research results

It is well known that the successful solution of the problems of land reclamation, 
�rst of all, in the development of agricultural production of the republic, including 
the improvement of agricultural land productivity, requires the development of 
scienti�c and practical recommendations based on scienti�c and applied research, 
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including complex surveys on mapping saline soils on irrigated soils, identi�cation 
and accountability of each region, the formation of soil salinity maps.

It is known that, soil salinity is considered one of the main factors, which has negative 
in�uence on soil fertility. Soil salinity has negative impacts on the development of 
agricultural crops, and decreases harvest from them signi�cantly. Soil salinity is one 
of the most urgent problems, in particular, in our research areas, and most parts of the 
irrigated lands of Sirdarya region is considered as less and medium saline soils.

In creating maps of the parameters of salinity block of soil fertility model, solid 
residues and amount of sulphate and chlorine salts were determined. Based 
on these indicators, soil salinity maps were created with GIS, by interpolation 
method.

In determination of soil salinity washing norms the study of soil salinity of territory 
is primarily taken into account. Because saline washing norms are formed in 
di�erent groups in accordance with the conditions of di�erent regions of our 
republic. For example, the Syrdarya region, which is engaged our research, is located 
in Jizzakh, Tashkent and Samarkand regions group. Once determined the region, the 
mechanical composition of the soils and the amount of chlorine ions are compared 
then di�erentiated to the relevant recommendation groups. For example, if the 
soil in Syrdarya region is medium and light loamy according to the mechanical 
composition, and chlorine ion concentrations are in the range of 0.01�0.04, salt 
washing norms as follows:

�	 Common salt washing norms � 3�000�3�500 m2;
�	 Number of salt washes � 1;
�	 Period of salt washing � October�December.

A�er the above salinity parameters have been identi�ed according to soil salinity and 
at the next stage spatial analyzes were performed using a several indicators. At the 
same time, a map of soil salinity washing norms for the territory has been created, 
based on the soil mechanical composition and the amount of �l salts. (Figure 36).

From the materials of the salinity maps created for this purpose used for following:

�	 Fast (operative) soil salinity mapping of farming massives;
�	 Determination of the current salinity washing norms for each irrigated land 

plots;
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�	 Control over meliorative condition of agricultural lands;
�	 Comparative comparisons of soil fertility and salinity dynamics in previous 

periods.

Conclusion

As a result of the research, a wide range of opportunities for researchers to 
create thematic maps based on the soil research results using Spatial Analyst and 
Geostatistical Analyst modules of ArcGIS so�ware are determined. In summary, it 
should be noted that the use of modern geoinformation technologies in the e�ective 
management of land resources can provide accurate and timely information, increase 
their operational processing and storage capacity, and creating relevant database will 
ultimately provide an excellent analysis of the state of the land resources.
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Soil degradation and erosion e�ects on 
soil agrochemical properties

Obid Hakberdiev35, Tulkin Shamsiddinov

Abstract

�e article considers the problem of soil degradation in the southern mountainous 
regions of the Republic of Uzbekistan and the protection of soils from erosion, as well 
as the e�ect of erosion on the agrochemical and chemical properties of typical and dark 
gray soils. �e aim of the research is to study changes in the agrochemical properties of 
soils under the in�uence of water erosion in foothill and mountain conditions, taking 
into account the elements of the slope and the exposure of the slopes.

Key words: degradation, mountainous areas, soil protection, soil erosion, 
agrochemical properties, typical and dark gray soils, crop rotation, 

minimal cultivation, steepness, slopes.

Introduction

Soil-based systems can be productive, but in the long run are unstable in 
environmental and economic terms. Because the degree of soil degradation (from 
erosion and other forms of decreasing soil fertility) is usually higher than the 
degree of natural soil formation and the ability of the soil to independently recover 
(Nurbekov, A. et al., 2013). Soil degradation is a set of processes that lead to changes 
in soil functions, quantitative and qualitative deterioration of its properties, gradual 
deterioration and loss of fertility. Soil degradation occurs due to the loss of soil organic 
matter and life forms associated with soil, as well as the destruction of its structure 
due to the excessively high oxidation state resulting from plowing (Nurbekov, A. et al., 
2013). �e relevance of CA to agricultural development at the international, national 
and local levels lies in its distinction from systems based on plowing. �e essence of 
this di�erence is that it simultaneously contributes to increasing the productivity of 
crops, as well as preserving the ecosystem, such as soil improvement, erosion control, 
clean water, carbon breakdown, nutrient, carbon and water metabolism cycles, 
protecting plants from pests and diseases (Nurbekov, A. et al., 2013).

�e problem of protecting soil from erosion is relevant for many countries in the 
arid zone of the world, including Uzbekistan. Currently, of the total area of the 
Republic of 44896.9 thousand hectares, agricultural land accounts for 20�388.9 
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thousand hectares and of which more than 4�700 thousand hectares are not 
a�ected by cultivation, it is spread on the slopes of the mountains, foothills and 
adyrs. In especially dangerous sizes, this type of erosion is manifested on sloping 
lands occupied by rainfed arable land or pastures. In mountainous and foothill 
areas, water erosion develops as a result of deforestation and intensive grazing. In 
the current state of nature conservation, the development of scienti�cally based 
methods for managing biological systems for the reproduction of natural resources 
and the restoration of destroyed landscapes becomes most urgent.

In this regard, there are problems of protection and clari�cation of areas of intense 
impact on nature. Scienti�c research related to the complex study of mountain 
and foothill ecosystems, raising their productivity, and more rational exploitation 
of mountain resources should be expanded. All these issues in the conditions of 
independent Uzbekistan are solvable, because soil conservation measures are aimed 
at further improving living conditions, as well as at achieving the environmental 
well-being of future generations.

Materials and methods

�e aim of our research was to study changes in the agrochemical properties of soils 
under the in�uence of water erosion in foothill and mountain conditions, taking 
into account the elements of the slope and the exposure of the slopes.

Organic matter is one of the most important elements of soil fertility. �e processes 
of structure formation, the state of water-air and thermal regimes of soils, the 
provision of plants with nutrients depends on the qualitative and quantitative 
composition of organic matter. In the process of �ushing the upper, most fertile 
horizons, signi�cant changes in its agrochemical and agrophysical properties occur. 
Eroded soils, in comparison with the indelible soils of the watersheds and broad-
wave plains, are characterized by a lower thickness of the humus layer and a lower 
content of humus.

�e erosion process sharply worsens the agrochemical properties of soils. �is 
reduces the content of humus and forms of nitrogen, phosphorus and potassium. So, 
as the data show, in uncleaned typical and dark gray soils in the arable horizon of 
humus contains 0.90�1.35�percent, in weakly washed soils � 0.86�1.10, in medium 
washed soils � 0.65�0.99�percent. Soils located in southern exposures are especially 
depleted in humus, where its amount in a typical and dark gray earth in the arable 
horizon is 0.65�0.82�percent, and their decrease downward is rather sharp, and in 
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indelible soils its content decreases in depth more or less evenly. Such a low humus 
content of typical and dark gray soils, especially in soils located on the southern 
slopes in all studied soils, is associated with the process of erosion, the totality of the 
vegetation cover, and the dryness of the upper soil layer.

It should be noted that the high susceptibility of typical and dark gray-earth soils 
to erosion is the result of a large steepness of the slopes, weak grass cover and the 
absence of an erosion control measure in a large part of the territory, especially on 
rain-fed arable lands.

In the examined soils, the content of gross nitrogen varies in close connection 
with the content of humus. Most of it is accumulated in the upper humus 
horizons. In the washed away di�erences of sierozems, its content sharply 
decreases. In rainfed eroded sierozems, in addition to humus and nitrogen, the 
content of certain nutrients, in particular gross and mobile forms of phosphorus 
and potassium, is reduced.

Results

�e data show that the di�erences in the content of gross phosphorus and potassium 
in the arable horizons of poorly washed and unwashed soils are not very large, but a 
slight decrease in their total amount is observed on average washed-out di�erences. 
�is is due to the approach to the surface of the lower soil horizons, poor in 
phosphorus and potassium.

So, under the in�uence of storm erosion, the content of gross phosphorus in the 
arable horizon of typical gray soils decreases from 0.200�percent, in poorly washed 
soils � 0.176�percent, in medium washed soils � 0.115�percent, in dark gray soils � 
0.215�percent, 0.206�percent, 0.145�percent, respectively.

Conclusion

Mountain and foothill lands occupy mainly slopes with a steepness of more than 
100, rainfed arable lands � 5�100 or less.

�e distribution of land according to the steepness of the slopes must certainly be 
taken into account when distributing di�erent types of crop rotation and the use of 
minimal cultivation on rainfed lands and when designing a system of anti-erosion 
measures.
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Table 15. �e e�ect of erosion on the agrochemical and chemical properties 
of rainfed typical and dark gray soils.

 
Section and name 

of soils, degree of erosion, 
steepness of the slope

Depth, 
cm

Humus, 
�percent

Nitro-
gen, 

(�per-
cent)

Gross, (�percent) Movable kg/mg

Phos-
phorus

Potas-
sium �2�5 ›2�

Typical sierozems, loamy, Syrob

1
R-9. Typical gray soils, 
unwashed soil. 
Slope 1�2°

0�25
25�47
47�67
67�93

93�125

0.98
0.80
0.60
0.50
0.42

0.081
0.066
0.058
0.048
0.040

0.200
0.125
0.180
0.165
0.160

1.68
1.55
1.50
1.47
1.15

8.60
6.30
5.10
3.25
2.64

153
140
150
136
110

2
R-3. Typical gray soils, 
slightly washed away. 
Slope 3�4°

0�22
22�38
38�60
60�86

86�120

0.86
0.71
0.65
0.56
0.50

0.074
0.065
0.060
0.060
0.051

0.176
0.255
0.189
0.169
0.165

1.65
1.60
1.54
1.52
1.47

7.05
5.43
3.50
2.65
2.64

165
150
125
123
114

3 R-8. Typical gray soils. 
Medium washed soil, 5° 

0�22
22�35
35�57
57�85

0.65
0.60
0.57
0.42

0.058
0.045
0.065
0.040

0.115
0.175
0.177
0.155

1.60
1.55
1.51
1.05

7.50
6.50
5.35
4.64

80
110
122
113

Dark gray earth, loamy, rainfed, Padang

5 R-5. Dark sierozems, 
unwashed soil.

0�20
20�52
52�75

75�110
110�150

1.35
1.05
0.80
0.65
0.50

0.097
0.065
0.062
0.055
0.040

0.215
0.225
0.165
0.140
0.155

1.80
1.75
1.60
1.80
1.60

8.00
6.60
4.05
5.10
6.15

200
186
109

�
�

6
R-6. Dark gray soils, 
slightly washed, 
steepness 2-3°.

0�20
20�42
42-70
70�91

91�112
112�150

1.10
0.60
0.55
0.50
0.40
0.35

0.088
0.075
0.055
0.050
0.049
0.035

0.206
0.228
0.360
0.400
0.418
0.355

2.03
1.85
1.80
1.70
1.45
1.52

6.53
8.00
5.33
5.20
4.05
5.00

120
105
140
105
98
85

7
R-20 Dark sierozems, rainfed, 
moderately washed soil, 
slope steepness 5�6°

0�21
21�35
35�52
52�74

74�110

0.99
0.95
0.84
0.53
0.56

0.088
0.066
0.050
0.075
0.059

0.145
0.200
0.220
0.240
0.300

1.75
1.65
1.55
1.48
1.25

6.05
5.65
5.33
5.00

�

240
172
95
�
�
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Climate change mitigation through 
Conservation Agriculture

Emilio Jesœs GonzÆlez-SÆnchez36,37, Óscar Veroz-GonzÆlez38, Gordon Conway39, 
 Amir Kassam40, Manuel Moreno-García41, Rafaela Ordoæez-Fernandez, 
 Jesœs A. Gil-Ribes, Julio RomÆn-VÆzquez, Antonio Holgado-Cabrera, 

Paula Triviæo-Tarradas, Rosa María Carbonell-Bojollo

Abstract

Historically, intensive tillage of agricultural soils has led to substantial losses of soil C 
that range from 30�percent to 50�percent. �ese CO2 losses are related to soil fracturing 
which facilitate the movement of CO2 out of the soil and oxygen into it. Conventional 
agriculture operations (mouldboard ploughing) bury nearly all the residue and leave 
the soil in a rough, loose, and open condition resulting in maximum CO2 losses and a 
consistent reduction of the C sink e�ect of the soil.

Conservation Agriculture (CA) refers to several practices which permit the 
management of soil for agrarian uses, altering its composition, structure and natural 
biodiversity as little as possible and defending it from erosion and degradation. It is 
based in three interlinked principles: minimum soil disturbance; permanent soil cover; 
and crop rotations and diversi�cation.

With regards to climate change, the characteristics of CA make it one of the best 
systems able to contribute to climate change mitigation by reducing atmospheric 
GHGs concentration. On the one hand, the changes introduced by the CA related to 
the C dynamics in the soil, lead directly to an increase in soil C. �is e�ect is known 
as soil�s carbon sink. On the other hand, the drastic reduction in the amount of tillage 
and the mechanical non-alteration of the soil, reduce CO2 emissions derived from 
the energy saving and the reduction of the mineralization processes of the organic 
matter. Soils high in organic matter protect productivity and reduce water pollution by 
resisting erosion, absorbing and partitioning rainfall, and degrading or immobilizing 
agricultural chemicals, wastes or other pollutants.

Conservation Agriculture is more than a promising sustainable agricultural system, as 
it can e�ectively contribute to mitigate global warming, being able to o�set agricultural 
CO2 emissions. Studies reveal a potential of 190 M t of CO2 per year for Europe and 
533 M t of CO2 per year in Africa. �is �gure represents about 95 times the current 
sequestration rate in some regions. To put this �gure into context, according to the 
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United Nations Framework Convention on Climate Change, South Africa�s national 
emissions by 2025 and 2030 will be in a range between 398 and 614 Mt CO2�eq.

Key words: Carbon sequestration; no-tillage; groundcovers; cover crops.

Introduction

If there is any productive activity that depends directly on the climate and its 
variability, it is undoubtedly agriculture. A change in temperature and rainfall 
patterns or an increased concentration of atmospheric CO2 will significantly 
affect crop development. For good reason it is estimated that, globally, climate 
variability is responsible for between 32�percent and 39�percent of variability in 
yields (Ray et al., 2015).

Although some aspects of climate change, such as longer growth seasons and a 
rise in temperature, can be bene�cial, the lack of water availability and the more 
frequent occurrence of extreme weather phenomena will in turn have negative and 
adverse e�ects on agriculture. Based on the above, if there is no adaptation over 
time and measures are not taken to mitigate the e�ects of global warming, there 
could be considerable economic, social and environmental consequences, taking 
into account the important role that agriculture plays, both as a food supplier and 
as an environmental asset and service. �is becomes even more signi�cant when 
considering forecasts for growth in the demand for agricultural products over the 
coming decades due to growth in world population numbers.

In agricultural systems, one of the natural resources that may be the most 
determining factor with regard to climate change is soil. Its potential for capturing 
CO2 from the atmosphere and incorporating it in the form of organic carbon (OC) 
makes it a powerful mitigation tool. Proof of this is that soil is the greatest reserve of 
carbon (C) in terrestrial ecosystems (Lal, 2008) and the second in the world behind 
the oceans, accumulating three times more than the atmosphere (Smith, 2004) and 
aerial biomass (Sommer and Bossio, 2014).

Accordingly, soil management systems have a great deal of potential in terms of 
crop management. Management systems based on tilling can lead to a reduced OC 
content, with a consequent shrinkage in their carbon sink potential. Several authors 
agree on this matter, stating that soil disturbance from tilling is one of the major 
causes of reduced OC in soil (Balesdent et al.; 1990, Six et al.; 2004, Olson et al.; 
2005). �us, some studies con�rm that intensive farming contributed to a loss of 
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between 30�percent and 50�percent of OC in soil in the last two decades of the 20th 
century (Reicosky, 2011). Taking into account soil�s storage capacity of C and the 
ongoing systematic loss of C for decades, it could be thought that any strategy aimed 
at increasing the OC content of soil, however small those increases may be, will have 
a positive impact on mitigating climate change. At this point, it is worth bearing in 
mind that soil�s capacity to store C is limited and that a point therefore comes when 
a balance is reached between the carbon captured and the carbon released through 
decomposition of organic matter. It can be unequivocally stated that this balance 
in agricultural ecosystems is a long way from being reached, according to currently 
available carbon loss �gures, so farming practices that help increase the sink e�ect 
clearly still have a long way to go.

On the other hand, tilling has a direct in�uence on emissions of CO2 from the soil 
into the atmosphere both in the short term (immediately a�er ploughing) and in the 
long term (during the crop season). �is is because tilling stimulates the production 
and accumulation of CO2 in the soil�s porous structure through processes of organic 
matter (OM) mineralization. �e mechanical action of tilling involves breaking 
down soil aggregates, with the consequent release of the CO2 trapped within them, 
and which is then emitted into the atmosphere.

Furthermore, the energy consumption associated with di�erent farming practices 
(tilling, applying fertilizers and amendments, irrigation, phytosanitary treatments, 
etc.) is essentially based on the use of fossil fuels, particularly fuel oil, which means 
inevitable emissions into the atmosphere of greenhouse gases (GHGs).

Based on all these considerations, mitigation measures in the agricultural sector 
involve �xing the C found inside the oxidized compound in the soil while reducing 
GHG emissions in general. In turn, if the measures adopted cannot only mitigate 
climate change but also improve water balance and soil quality, as well as increasing 
biodiversity, it will be possible to con�rm that these measures will help crops adapt 
to scenarios involving a lower availability of water resources, a higher incidence of 
extreme weather conditions that increase the risk of erosion, and the incidence of 
new pests and diseases.

In this context, Conservation Agriculture (CA) is a sustainable agriculture system, 
able to produce food and �ber in all agroecologies (Kassam et al., 2018). According 
to the Food and Agriculture Organization of the United Nations (FAO, 2018), CA is 
a farming system that promotes continuous no or minimum soil disturbance (i.e. no 
tillage), maintenance of a permanent soil mulch cover, and diversi�cation of plant 
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species. It enhances biodiversity and natural biological processes above and below 
the ground surface, so contributing to increased water and nutrient use e�ciency 
and productivity, to more resilient cropping systems, and to improved and sustained 
crop production. Conservation Agriculture is based on the practical application of 
three interlinked principles:

1.	 Avoiding or minimizing mechanical soil disturbance involving seeding or 
planting directly into untilled soil, eliminating tillage altogether once the soil 
has been brought to good condition, and keeping soil disturbance from cultural 
operations to the minimum possible.

2.	 Maintaining year-round biomass mulch cover over the soil, including specially 
introduced cover crops and intercrops and/or the mulch provided by retained 
biomass and stubble from the previous crop.

3.	 Diversifying crop rotations, sequences and associations, adapted to local 
environmental and socio-economic conditions, and including appropriate 
nitrogen �xing legumes; such rotations and associations contribute to maintaining 
biodiversity above and in the soil, add biologically �xed nitrogen to the soil-plant 
system, and help avoid build-up of pest populations. In CA, the sequences and 
rotations of crops encourage agrobiodiversity as each crop will attract di�erent 
overlapping spectra of microorganisms and natural enemies of pests.

�erefore, agricultural practices such as CA, the bene�ts of which on soil, water and 
air resources mean it can be considered a practice to help mitigate climate change 
and adapt crops to the e�ects of that change, are strategies that form part of what has 
come to be known as climate-smart agriculture.

Material and methods

The results presented in this paper are based on a literature review of scientific 
articles published in peer reviewed journals. The terms �Conservation 
Agriculture; carbon sequestration; climate change mitigation, no-tillage, 
groundcovers� have been consulted at the scientific databases sciencedirect.com 
and webofknowledge.com.

�is revision has been carried out based on the di�erent biogeographic regions 
of Europe (Figure 37) and focused on CA management practices, carbon 
sequestration based on current area of CA adoption in European countries, and 
potential of carbon sequestration based on conversion of conventional agriculture 
to CA across Europe.
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In particular, two countries have been selected to carry out the bibliographic review 
in the continental, Atlantic and Mediterranean biogeographical regions. While in 
the Boreal region, a�er noticing in written documents that there is less in�uence of 
CA regarding tillage, only data from one country have been taken. �ese countries 
have been:

�	 Boreal Region: Sweden.
�	 Continental Region: Germany and Poland.
�	 Atlantic Region: France and the United Kingdom.
�	 Mediterranean Region: Spain and Italy.

�e methodology for obtaining the carbon sequestration rates is described in 
GonzÆlez-SÆnchez et al., 2012. �e description of the methodology to obtain 
potential areas of CA is as follows. Country statistics of crops were obtained from 
EUROSTAT (EC, 2018). Among the annual crops, those best adapted to no-tillage 
CA systems were selected: cereals, pulses, industrial crops and fodder crops. Most of 
the woody perennial crop areas were found suitable for CA.

Figure 37. Cataloging of each European country (B), of  
the main European biogeographic region (A).
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In climate change international agreements, emissions are referred to carbon 
dioxide; however, soil carbon studies refer to carbon. For transforming carbon into 
carbon dioxide, the coe�cient of 3.67 was used. �e atomic weight of carbon is 12 
atomic mass units, while the weight of carbon dioxide is 44, because it also includes 
two oxygen atoms that each weigh 16. So, to switch from one to the other, one tonne 
of carbon equals 44/12 = 3.67 tonnes of carbon dioxide.

Results

Average rates of carbon sequestration by CA in agricultural soils for each 
biogeographical region in Europe are presented in Table 16. Currently, the total 
carbon sequestration estimated for the whole of Europe thanks to CA, of 4�327�863 t 
C yr-1 is shown in Table 17. �is relatively high �gure is because degraded soils are 
�hungry� for carbon, as the degradation caused by years of tillage and crop biomass 
removal has resulted in a drastic reduction of soil�s organic matter (Reicosky, 1995; 
Jat et al., 2014; Kassam et al., 2017). Figures 38 and 39 show the total amount of 
potential carbon sequestration for Europe, for each biogeographical region in annual 
and perennial crops, with respect to current carbon sequestration status. In total, 
the potential estimate of annual carbon sequestration in European agricultural soils 
through CA amounts to almost�16 M t of C per year, that is 189 M t of CO2 per year. 
�ese �gures represent about 25 times the current sequestration �gure in no till 
systems and about 5 times the current sequestration �gure in groundcovers.

Finally, Figure 40 shows the potential increase of CO2 sequestration per country 
regarding the current CO2 sequestration rate.

Table 16. Carbon sequestration rates in Conservation Agriculture (CA) for each climatic zone

Biogeographical region CA Practice Increase of soil organic carbon
(t ha-1 yr-1)

Boreal
No-Tillage 0.02

Groundcovers ND

Continental
No-Tillage 0.42

Groundcovers 0.40

Atlantic
No-Tillage 0.32

Groundcovers 0.40

Mediterranean
No-Tillage 0.81

Groundcovers 1.30

 Source: Authors diagram based on the papers reviewed and listed in the references



157

Conservation Agriculture and 
climate change mitigation

Chapter 3

Table 17. Current and potential soil organic carbon (SOC) and CO2 �xed annually 
by CA cropland systems compared to systems based on tillage agriculture in Europe

Country
Current COS 

�xation through CA 
(t yr-1)

Current CO2 
�xation through CA 

(t yr-1)

Total Potential COS 
�xation through CA 

(t yr-1)

Total Potential CO2 
�xation through 

CA (t yr-1)

Austria 11�927 43�731 550�746 2�019�403

Belgium 87 320 213�352 782�291

Bulgaria 6�946 25�470 1�403�453 5�145�996

Croatia 7�805 28�619 390�742 1�432�719

Cyprus 219 803 93�058 341�213

Czech Republic 17�185 63�010 1�023�412 3�752�510

Denmark 807 2�959 718�035 2�632�794

Estonia 843 3�090 11�573 42�435

Finland 4�000 14�667 38�254 140�265

France 60�000 220�000 3�915�986 14�358�615

Germany 63�441 232�617 4�833�813 17�723�982

Greece 629�798 2�309�258 2�653�406 9�729�155

Hungary 28�105 103�051 1�584�533 5�809�954

Ireland 646 2�367 323�700 1�186�900

Italy 360�765 1�322�806 7�193�068 26�374�586

Latvia 227 832 22�033 80�788

Lithuania 386 1�414 42�593 156�173

Luxembourg 185 679 26�327 96�532

Malta ND 0 6�439 23�611

Netherlands 2�373 8�700 238�619 874�935

Poland 164�632 603�650 4�197�788 15�391�891

Portugal 55�948 205�142 1�740�610 6�382�238

Romania 245�779 901�191 3�250�066 11�916�910

Slovakia 11�734 43�024 559�761 2�052�459

Slovenia 1�044 3�828 84�467 309�713

Spain 2�491�335 9�134�893 14�440�308 52�947�794

Sweden 316 1�160 46�493 170�474

United Kingdom 161�331 591�548 1�964�637 7�203�670

Total Europe 4�327�863 15�868�829 51�567�274 189�080�005
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Figure 38. Current and potential SOC �xed by CA in annual crops compared to systems based 
on soil tillage in EU-28 and in the di�erent biogeographical regions.

Figure 39. Current and potential SOC �xed by groundcovers compared to systems based 
on soil tillage in EU-28 and in the di�erent biogeographical regions.
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