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Only 3% of the Earth surface is sustaining crop 
production ! 

The areas of cropland in the countries of 
Central Asia and the Caucasus: 

Country  Percent of country’s 
area 

Azerbaijan 2.9 

Armenia 2.0 

Georgia 1.6 

Tajikistan 1.0 

Uzbekistan 0.9 

Kyrgyzstan 0.4 

Turkmenistan 0.1 

Source: https://data.worldbank.org 

https://data.worldbank.org/


Soils provide multiple ecosystem 
services… 



Healthy soils are a basic prerequisite to 
meeting varied needs for food, energy, 
fiber, fodder and other products, and to 

ensuring the provision of essential 
ecosystem services in all regions of the 

world  
(The revised World Soil Charter, 2015) 

 

… but they only fully perform is when 
are healthy 



Major threats 
to soil security 

Soil 
erosion 

Loss of 
organic 
carbon Nutrient 

imbalance 

Salinization, 
sodification, 
alkalization 

Soil 
pollution 

Acidification Loss of soil 
biodiversity 

Soil 
sealing 

Compaction 

Degradation 
of soil 

structure 





Today, 33% of land is moderately to highly 
degraded mainly because of erosion, 
salinization, compaction, acidification and 
chemical pollution 



Erosion  Loss of habitat   

• Erosion carries away 25 to 40 billion 
tonnes of topsoil every year, 
significantly reducing crop yields and 
the soil’s ability to store and cycle 
carbon, nutrients, and water.  

 
• Annual cereal production losses due 

to erosion have been estimated at 7.6 
million tonnes lost each year.  

 
• If action is not taken to reduce 

erosion, a total reduction of over 253 
million tonnes of cereals could be 
projected by 2050. This yield loss 
would be equivalent to removing 1.5 
million km2 of land from crop 
production – or roughly all the arable 
land in India. 



Soil Organic Carbon 
(SOC) loss 

Map of change in soil carbon due to 
land use change and land 
management from 1860 to 2010 
from three vegetation models.  
 
Pink indicates loss of soil carbon, 
blue indicates carbon gain.  

Land use changes decrease 
the amount of soil organic 
matter 

• Soils contain nearly three times as 
much carbon as is stored in all 
terrestrial plants. 
 

• The primary driver of loss in soil 
organic carbon is land use change.  
 

• When land is converted from 
native forest to crops, soil carbon 
decreases by about 40%. When 
pasture is converted to crops the 
reduction in soil carbon is even 
greater – about 60%. 
 

• Loss in the global pool of SOC since 
1850 is estimated at 66 billion 
tones, much of which remains in 
the atmosphere. 

 



Nutrient imbalance 

Nutrient availability in soils 

Affects plant growth (organic 
matter production) & soil nutrient 
availability 

• Lack of soil nutrients (especially 
nitrogen and phosphorus) is the 
greatest obstacle to improving food 
production and soil function in many 
degraded landscapes.  

 
• In Africa, all but three countries mine 

more nutrients from the soil every 
year than are returned through use of 
fertilizer, crop residues, manure, and 
other organic matter. 
 

• In many industrialized countries, 
oversupply of nutrients contaminates 
soil and water resources and 
contributes to greenhouse gas 
emissions. 



Soil – Plant – (Animal) – Human triad 

• Elements essential for human health : Fe, Mn, Ni, Zn, Cu, Vn, Cu, Co, Cr, Mo, Se, I, F 
• Potentially harmful elements for human health: As, Cd, Pb, Hg & U 

“Hidden hunger” 
Micronutrients availability 



The range of the content of micronutrients in 
soils is extremely wide 

Source: Johnston A.E. Trace elements in soil : status and management (2005) 



• Terroir - the environmental conditions, especially soil and climate, in which 
grapes (and other crops) are grown and that give a wine (or product) its 
unique flavor and aroma 

 

Do your vegetables taste bland? 
Don't blame the cook. The problem 
could be rooted in the soil. 

Wency Leung 

Taste 

SOIL (micronutrients, soil 
texture and structure) 

CLIMATE 

LANDSCAPE 

CULTIVAR 



Soil salinization 

• An estimated 760,000 km2 of land worldwide are affected by human-induced 
salinity – an area larger than all the arable land in Brazil. 

• All-designed, large-scale irrigation projects are the main cause of human-made 
salinization. 

• Increasing soil salinity takes an estimated 3,000 to 15,000 km2 of irrigated 
cropland out of production every year and decreases the production potential of 
much more land.  

Loss of habitat 



Soil contamination Loss of habitat 

• Soil contamination threatens food 
security, both because toxic levels 
of contaminants reduce crop yields 
and because crops that are 
produced can be unsafe to 
consume. 
 

• Nearly a fifth of the farmland in 
China is contaminated with heavy 
metals. 
 

• Over 130 million people 
worldwide routinely consume 
well-water with arsenic 
concentrations that exceed the 
recommendations of the World 
Health Organization 
 

• More than 2.5 million potentially 
contaminated sites have been 
identified in Europe, of which 
340,000 are actually expected to be 
contaminated. 

  

Global distribution of (a) atmospheric S deposition, (b) soil sensitivity to acidification 
and (c) atmospheric N deposition. 



Soil acidification Loss of habitat 

• Around 30 percent of the topsoil 
and 75 percent of subsoil on the 
world’s ice-free land is affected 
by acidity. 

 
• The main causes of human-

induced acidification are acid 
deposition (commonly called 
acid rain) and massive 
application of ammonium-based 
fertilizers. 
 

• Use of high-nitrogen fertilizers 
and high rates of product 
removal increase soil acidity in 
intensively cultivated agricultural 
areas. 

The most acidic topsoils in the world are located in areas of South 
America that have experienced deforestation and intensive agriculture. 
 



Soil sealing Loss of habitat 

• Land take and soil sealing are considered 
the greatest threat to soil functions in 
Europe and Eurasia. 
 

• Over 70% of the land take in the 
European Union between 1990 and 
2000, and over half of the land take 
between 2000 and 2006 consumed 
agricultural land. 
 

• In the year 2000, urban areas covered 
about 660 000 km2, equivalent to almost 
4% of the arable land on the planet. 
 

• Between 1990 and 2006, the total extent 
of urban area worldwide increased by 
nearly 60 000 km2.  

  



Soil compaction 

Soil compaction risk derived from intensity of tractor use in crop 
land and from livestock density in grasslands. 

Loss of habitat 

• Soil compaction has degraded up to 
330 000 km2 in Europe.  
 

• Worldwide compaction has degraded 
an estimated 680 000 km2 of soil, or 
around 4% of the total land area. 
 

• Soil compaction can reduce crop 
yields by as much as 60 percent. 
 

• Cattle trampling and insufficient cover 
of top soil by natural vegetation or 
crops account for compaction of 280 
000 km2 in Africa and Asia. 
 

• The damage caused by soil 
compaction is long-lasting and may 
even be permanent. A one-time 
compaction event can lead to reduced 
crop yields up to 12 years later. 

  



Waterlogging  

• The combined impact of 
waterlogging with soil 
salinity has been 
estimated to cut soil 
productivity by 30 to 35 
percent.  
 

• In Asia, waterlogging and 
salinization affect nearly 
100,000 km2 of irrigated 
land in India and 
Pakistan. 

Loss of habitat 



MINIMIZE 
 soil erosion 

 soil structure degradation 

 nutrients imbalance 

 salinization, sodification and 
alkalinization 

 contaminants 

 soil sealing is minimized. 

 optimized and safe use of 
agrochemicals 

INCREASE 
 surface cover 

 soil organic matter 

 water efficiency  

 soil biodiversity  

Sustainable Soil Management:  
the basic principles  



The Global Soil Partnership  

promotes Sustainable Soil 
 Management 
  to improve soil governance at all levels to 
support/enhance the provision of   
    essential 
     ecosystem services 
       

since 2012 



Digital agriculture : the main trends in regard to soil cover  

 Precision agriculture 
 Remote sensing 
 Monitoring from drones 
 Proximal sensing 
 Digital soil mapping (predictive mapping) 
 Analysis of big data 
 Web-apps 
 GLOSIS (Global soil information system) 



www.microimages.com/documentation/Tutorials/introrse.pdf  

Оптический + ИК                     тепловой                     микроволновой 

        (дальний ИК)  (радарная съемка) 

windows of transparent atmosphere 

Types of remote sensing data 

1/1,000,000 of 
EM spectra! 



https://earthexplorer.usgs.gov/ 

https://earthexplorer.usgs.gov/


https://smos-diss.eo.esa.int/oads/access/ 

Soil Moisture and Ocean Salinity Mission 
(SMOS) 

https://smos-diss.eo.esa.int/oads/access/
https://smos-diss.eo.esa.int/oads/access/
https://smos-diss.eo.esa.int/oads/access/


CORINE program (Coordination of Information on 
the Environment) 

• Программа ЕС (1985 – 2000) по сбору 
информации об окружающей среде 
(воздух, вода, земной покров, 
прибрежные территории, биотопы и др.) 

 
Corine Air Corine Water Corine Land Cover другие 



Corine Land Cover 

Карты землепользования составлены 

на основании визуального 

дешифрирования 

космических снимков SPOT, 

Landsat TM и MSS 

с привлечением аэроснимков, топокарт, 

геоботанических карт, статистических 

данных и др. 

http://www.eea.europa.eu/publications/COR0-landcover 



FIRMS (Fire Information for Resource Management 
System, UMD) 

Диагностика 

пожаров на основе 

спутниковых данных 

MODIS и VIIRS (на 

основе алгоритма 

автоматической 

классификации 

снимков в тепловом 

канале) 

https://firms.modaps.eosdis.nasa.gov/map/ 

https://earthdata.nasa.gov/earth-observation-data/near-

real-time/firms/active-fire-data#ed-firms-firemap 
Есть описание продукта на сайте: http://gis-lab.info/qa/firms.html 

https://firms.modaps.eosdis.nasa.gov/firemap/
https://firms.modaps.eosdis.nasa.gov/firemap/
https://firms.modaps.eosdis.nasa.gov/firemap/


GeoGLAM (Global Agricultural Monitoring) 

https://cropmonitor.org/ 



MARS project (Monitoring Agriculture by Remote Sensing) 

• Основная задача –оценка урожая 
сельскохозяйственных культур на 
основании данных ДЗЗ и метеоданных. 

 

• Main goal is a constant monitoring of 
croplands, early warning of crop shortages  
and a forecast of crop yields on the basis of 
remote sensing data and meteorological data 

https://ec.europa.eu/jrc/en/mars 

https://ec.europa.eu/jrc/en/mars


Методология MARS Crop Yield Forecasting System 

• Сбор метеоданных, обработка и анализ 

• Агрометеорологическое моделирование, 
обработка и анализ 

• ДДЗ, обработка и анализ (основа – NDVI) 

• Сбор статистических данных, обработка и 
анализ 

 

http://mars.jrc.ec.europa.eu/mars/Projects/Methodology-of-the-MARS-Crop-Yeld-Forecasting-Systems-METAMP 



Ежемесячные 
Бюллетени MARS 

Monthly bulletins 
of MARS 

https://ec.europa.eu/jrc/en/mars/bulletins 

https://ec.europa.eu/jrc/en/mars/bulletins


Soil 
salinity 

Monitoring of soil properties and state of crops using 
hyperspectral survey from drones 

Soil 
water 

content 

Crop 
pests 

Plant 
diseases 

Plant 
nutrition 
deficien 

cy 

Crop 
pests 

Soil erosion 
(through 

soil 
mineralogy) 

Soil 
texture 

Yield 
predictio

n 



The physical meaning of vegetation 
indices 

 

www.microimages.com/documentation/Tutorials/introrse.pdf  



Связь NDVI с продуктивностью 

растительности 

The correlation of NDVI  

with productivity of vegetation 



Remote sensing of soil salinity level at the bare soil 

[ Allbed A., Kumar L., Aldakheel Y. Assessing soil salinity using soil salinity and vegetation indices derived from IKONOS 
high-spatial resolution imageries: Applications in a date palm dominated region. Geoderma 230-231 (2014): 1-8 ] 



Remote sensing of soil salinity based on the NDVI of crops 

[ Hamzeh S. et al. Estimating salinity stress in sugarcane fields with spaceborne hyperspectral vegetation 
indices. International Journal of Applied Earth Observation and Geoinformation 21 (2013): 282-290 ] 



Monitoring of salinity using proximal sensing (EMI) 

[ Corwin et al., 2005, 2014 ] 



S.C. Jay, R.L. Lawrence, K.S. Repasky, and L.J. Rew, 
Geoscience and Remote Sensing Symposium (IGARSS) 
4374 (2010) 

Invasive weed mapping Yield estimation in wheat 

M. Kanning, I. Kühling, D. Trautz, and T. Jarmer, High-Resolution UAV-
Based Hyperspectral Imagery for LAI and Chlorophyll Estimations from 
Wheat for Yield Prediction, Remote Sensing 10 (2018). 

https://ieeexplore.ieee.org/document/5652580/
https://ieeexplore.ieee.org/document/5652580/
https://ieeexplore.ieee.org/document/5652580/
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000
https://www.mdpi.com/2072-4292/10/12/2000


Estimating wheat shoot nitrogen content 
from hyperspectral measurements 

[ Bao et al., 2013] 



[ http://cires.colorado.edu/esoc/classes/geog5093/Fall2011/Lecture_14.pdf ] 

The stronger signal is scattered –  

the greater part of microwave radiation returns  

to the receiving antenna 

Microwave (radar) imagery for detection of crops 

Sentinel-1 (freely available): 
 
•  mapping of crops, monitoring 
of crop rotations; 
 
• monitoring of the state of 
crops; 
 
• monitoring of 
agrotechnological procedures. 



Digital methods 
Predictive soil/plant mapping 

scorpan - properties 

Lithology 

Soil/Plant 
observations 

DEM 

Climate 

Existing 
Soil/Plant maps 

scorpan layers 

Landcover 

S = f (s,c,o,r,p,a,n) + e 
 
f  - Logistic regression, 
 Decision trees, 
 Random forests, 
 Neural networks, 
  
 Etc..  
 

Uncertainty 

Soil/Plant Class 

Soil/Plant 
Class/Property 

Decision rules based 
on the lower error of 

predition 

Using open software: 
R scripts 
SAGA GIS 
QGIS 



GLOSIS 
Global Soil Information System 



The structure of the distributed data base 

Soil data 
center 

Soil data 
center 

Soil data 
center 

SQL 
libraries, 
metadat 

client 

The processing of the 
raw data according to 

the algorithm. The 
resulting data 

produced 

Raw data are stored in soil data center 
without changes 

Raw data 

Operational 
soil data 

Forms of the outputs: 
- Hard maps and reports (in paper); 
- Electronic data (scanned maps and 

reports); 
- Digital soil maps and tables etc. 

Archive 
soil data 

44 



http://gis.soil.msu.ru/soil_db/mobile/fertilizers/ 

http://gis.soil.msu.ru/soil_db/mobile/assessment/ 

WEB applications developed at the MSU Soil Data Center 

http://gis.soil.msu.ru/soil_db/mobile/fertilizers/
http://gis.soil.msu.ru/soil_db/mobile/fertilizers/
http://gis.soil.msu.ru/soil_db/mobile/fertilizers/
http://gis.soil.msu.ru/soil_db/mobile/fertilizers/


Multi-language electronic standard of soil data 
(Russian, English, Romanian, Azerbaijan languages)  

Harmonization of data 
access, interoperability 
and exchange 



Thank you for attention! 


