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Abstract
The introduction of new technologies in agriculture stems from the need to improve the
quality and profitability of agricultural production. Currently, there is an acute question about the
introduction of new technologies in agriculture. Moreover, there are problems in obtaining new
knowledge of agronomists and farmers that it becomes impossible to promote such technologies in
poorly developed regions. This study showed the use of a UAV and a multispectral camera in assessing
the health of crops for identifying areas with depressed vegetation. These technologies are bringing a
useful step in the development of an agricultural management system in the direction of increasing the
efficiency of land use. Modern hardware, such as multispectral cameras, makes the remote analysis
more informative and has a significantly expanded range of applications. We aimed to clarify issues
in current soybean production and explain ways to enhance the efficiency of soybean cultivation. We
analysed soybean production in the Amur Region of the Russian Federation, which is considered the
national leader in the agricultural sector. Results indicated that the main problem is low soybean yield
because of a lack of financial resources, which hinders the development of cultivation technologies
and local farmers’ capabilities to purchase advanced agricultural machinery. The Region has
unpredictable weather conditions and systematic soil waterlogging, which causes additional expenses
for farmers.
We have started to introduce smart agriculture in the Amur Region, Russia, where soybean
production is the main direction in the development of the region. This study aims to expand the
application of new technologies in the Amur Region and the Far Eastern part of Russia. We cooperate
in joint research work in the field of agriculture through the introduction of smart farming. This study
was made possible due to the collaboration of researchers from Faculty of Agriculture of Niigata
University and scientific institutions of the Russian Far East (All-Russian Scientific Research Institute
of Soybean, Federal East State Agrarian University). Niigata University established the Centre for
Research on East Asian Rim, which promotes international exchange, international cooperation, and
international collaborative research based on the concept of East Asia Rim. Due to the geographical
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position of Niigata and the Russian Far East, we focus on strategically development of research work
aimed at strengthening relations between these sides.
As an experiment, these methods were used to show the application of UAV-derived data
in crop analysis. The use of the normalised difference vegetation index (NDVI) in agriculture is
beginning to develop rapidly, and the need to introduce these technologies into the agriculture sphere
is becoming urgent. Analysis of the NDVI and its comparison with yield showed that in the future this
index could be used to predict the yield of soybean and build a mathematical model for predicting the
yields of particular soybean varieties. These technologies are bringing a useful step in the development
of an agricultural management system in the direction of increasing the efficiency of land use. UAVs
provided field surveying and high-resolution monitoring capabilities, which allowed us to estimate
different data. They produced precise map data for early soil analysis, which is useful in planning seed
planting.
This study showed that to increase economic efficiency production and processing of
soybean, a comprehensive approach is needed. We showed the use of a UAV and a multispectral
camera in assessing the health of crops for identifying areas with depressed vegetation. Moreover, we
analysed an experimental field and observed low-lying ground areas on the field, inclined to flood and
waterlogging.
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1. Introduction
1.1 Amur Region
The Amur Region in the Far East of Russia occupies a leading place in the production of
agricultural products (Svetashova et al., 2017). Soybean is one of the most important and highly
profitable crops in the Amur Region. The soil and climatic conditions of the region are favourable for
soybean growth and development (Antonova and Sinegovskiy, 2016). Over 40% of the total area of
soybean crops in Russia is located in the Amur Region, which has increased by 150% over the past
five years, and the average yield in the region has increased to 1.4 tons per hectare (Sinegovskii et al.,
2018). To realize genetic potential yields and maximize the yield of high-quality seeds, it is necessary
to investigate cultivation methods and develop new technologies that optimize the photosynthetic and
seed productivity of crops (Boiarskii and Hasegawa, 2017).
There is also a need to sow crops in the northern parts of the Region to expand production
acreage. Cold climatic conditions are increasingly recognised as a problem in the north and impose
severe limitations. This issue is typical throughout Russia and selection of new varieties of soybean
suitable for cold conditions is a goal to overcome these restrictions (Far Eastern State Agrarian
University, 2002).

1.2 Soybean as the main crop of the agriculture industry
The predominance of soybean over other field crops is due to the biochemical composition of
the seeds (Tokarev, 1991). Soybean proteins are closest to animal proteins. Therefore, soybean is
considered one of the solutions to protein deficiency problems in the world and as the most highquality and low-cost food for humans. In the 1930s academician N.I. Vavilov proposed a soybean
program aimed to overcome protein starvation in the USSR (Resnik, 1968).
After the collapse of the USSR and the decline in agriculture, the need for soybean production
has increased again. In 2000, protein deficiency in the nutrition of the Russian population exceeded 1
million tons. A government program was developed and approved, in which soybean was nominated
as a pivotal crop to solve nutritional problems in the country (Antonova et al., 2016).
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Soybean yield depends on the suitability of varieties for specific conditions. There is also a
need to develop and introduce new technologies, expand and update agricultural machinery and
improve competitiveness and personnel qualifications. Similarly, attention should be paid to issues of
resource conservation and the preservation of the structure of sown areas for soil fertility (Antonova
et al., 2016).

1.3 Smart agriculture
Over the past few years, the government, scientists and farmers are increasingly aware of
the importance of precision agriculture and the needs for development in this direction. The precision
agriculture in Russia is beginning to develop in recent years. In 2017, the government program
“Digitalizing of Agriculture” of the Russian Federation Program was approved, in the framework of
which there is a transformation of agriculture through the introduction of digital technologies and
platform solutions to ensure a technological breakthrough in the country's agricultural sector
(Vartanova and Drobot, 2018). With current projections of the expected growth in the world's
population and the subsequent reduction of available land and natural resources, there will be a
necessity for cheaper, more efficient and environmentally safe agriculture production (Homolova et
al., 2013). Application of new technologies can minimize loss of pesticides required to effectively
control weeds, diseases and pests, and provide crops with essential nutrients (Albert et al., 1996).
The necessity to improve the quality and profitability of agricultural production stimulates
farmers to introduce new technologies such as remote sensing (Boiarskii and Hasegawa, 2017). In
recent years, unmanned aerial vehicle (UAV) technology has become a routine tool for farm
management. For example, UAV monitoring can be used to produce map data for early-season soil
analysis, which is useful in planning seed planting. It is a helpful step in the evolution of agricultural
management systems toward increased efficiency of land use (Whelan and McBratney, 2012).
In the beginning of 1980s, researchers demonstrated that the visible channels on the
Advanced Very High Resolution Radiometer (AVHRR) could be exploited for vegetation monitoring
(Tucker et al., 1983). Currently, remote sensing, monitoring and yield estimation methods have been
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using optical satellite or airborne imagery (Boegh et al., 2013). The essential idea of crop nitrogen
monitoring and final yield estimation is the measurement of long-term vegetation vigour as
represented by multiple temporal vegetation indices. The vegetation indices, as the products after
satellite image enhancement, such as normalized difference vegetation index (NDVI) had been
developed and applied in crop canopy or chlorophyll content estimation (Thenkabail et al., 2002).
Given the great potential of application in agriculture, remote sensing is restricted to regional and
national scales due to the restriction of spatial and temporal resolution in optical imagery. Optical
satellite imagery always has problem with revisit time and cloud cover during crop monitoring
(Whitcraft et al., 2015). Therefore the current methods based on multispectral and hyperspectral data,
even capable of providing crop information at regional and national scales, is difficult to apply on real
time and intra-field crop management. An alternative remote sensing solution is needed to provide the
flexible and accurate intra-field crop monitoring.
UAV technologies and index application, such as NDVI, are the most reliable tools in
agriculture. The use of the NDVI in agriculture is beginning to develop rapidly, and the need to
introduce these technologies into the agriculture sphere is becoming urgent in Russia (Boiarskii et al.,
2018). Modern hardware, such as multispectral cameras, makes the remote analysis more informative
and has a significantly expanded range of applications (Whelan and McBratney, 2012). A
multispectral camera is a useful tool for field monitoring, as it can provide data for use in crop
monitoring, yield predictions, crop status mapping, and detecting weeds, diseases and nutrient
deficiency (Berni et al., 2009). Indices are defined as a ratio of the difference between the reflectance
of different spectral bands, which provide different data layers. Decreasing photosynthesis rates and
changes in leaf mesophyll are usually associated with decreasing reflectance of wavelengths within
the NIR spectral range (Carter and Knapp, 2001).
However, NDVI values vary dynamically due to the factors of air temperature, humidity,
solar radiation, soil moisture, etc. Various works reported a soybean NDVI values to vary dynamically
at different times of a day, a decline in the photosynthetic exchange rates during the afternoon when
light intensities are similar to those in the morning (Boiarskii and Hasegawa, 2017). Thus, unstable

5

measurement provides new issues in reduced accuracy in an analysis by using NDVI. The
establishment of the soybean NDVI prediction model can effectively modify this variation (Wang et
al., 2005)

1.4 Application of UAVs across the world
Unmanned aerial vehicles are produced in 18 countries of the world: The United States, Germany,
France, Japan, China are leading in the production of UAVs. The majority of UAVs are military, and
Japan is a pioneer in the use of civilian UAVs for agricultural purposes. Back in the 80s of the last
century, Japanese scientists found out that airplanes over the fields of farmers are not the best solution.
Their application limits are steep terrain, power lines and trees, human settlements. Scientists have
concluded that the most effective are not large machines operated by a pilot on board, but small
remote-controlled drones, since then the Ministry of Agriculture of Japan actively promoted this idea.
In Japan, several models of UAVs have been developed that are used to monitor crops, but scientists
have not stopped there. Therefore, in 1990, the unmanned helicopter Yamaha RMAX was presented
as a modern means for spraying crops. A small motorcycle-sized, remote-controlled helicopter is
equipped with a 2.4-liter two-stroke engine, capable of carrying a payload of up to 28 kg and spraying
chemicals at a speed of about 24 km / h (Dolgirev and Kalashnikov, 2005)
In Japan, there are currently 2,400 such helicopters in operation. They are mainly used for
spraying and seeding. In 2012, this unmanned helicopter and its analogues had already treated 40% of
Japanese rice fields. As a result, the use of human-manned helicopters decreased: in 1995, they treated
1328 hectares, and in 2012 only 57 hectares (Smetnev et al., 2015).
With the rapid development of the UAV technology in recent years, many researchers have
attempted to use different types of sensors attached to a UAV to monitor crops and predict yields
(Hunt et al., 2010). Remote sensing (RS) technology is an efficient method to monitoring agricultural
crop growth parameters such as biomass (Fu et al., 2014), leaf area index (LAI) (Haboudane et al.,
2004, Verger et al., 2014, Liang et al., 2015), and chlorophyll content (Haboudane et al., 2002), which
can be determinate properly with the vegetation indices (VIs). Some of the studies concerning crop
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yield prediction (Moran et al., 1997). Tucker et al. (1980) indicated that there is a linear relationship
between the normalized difference vegetation index (NDVI) and grain yield in wheat. Wang et al.
(2010) obtained yield prediction models with canopy reflectance band ratios (NIR/RED, NIR/GRN)
at booting stage from field measurements, and these models have successfully predicted the largescale rice yield with the satellite images. The Becker-Reshef et al. (2010) predicted the wheat yield in
Kansas and Ukraine with time series NDVI data from the moderate resolution imaging
spectroradiometer (MODIS). Moreover, multi-temporary VIs were suggested to improve the yield
forecast accuracy (Xue et al., 2007). Wang et al. (2014) forecasted wheat yield with the accumulated
VIs such as NDVI(Nir, Green) and RVI(Nir, Red) from jointing to the initial filing stage, and achieved
a higher prediction accuracy than with VI at a single stage.

1.5 Research objectives
This study aimed to introduce the application of UAV-derived data to analyse soybean
health as a rapid remote sensing tool for crop management in Amur Region. In this study, we applied
and demonstrated the relationship between obtained yield and NDVI values of soybean varieties of
Amur Region. Therefore, the purpose of this research was to study the effects of different sowing
conditions on soybean’ NDVI values and variations between the UAV-based multispectral imagery.
We compared the NDVI data with the yield to determine the relationships with sowing methods,
various fertiliser application and various varieties of soybean. The results showed that the application
of UAV sensing is suitable for soybean analysis and future yield prediction. Moreover, the results
demonstrate the utility of soybean crop assessment technologies using a UAV and multispectral
camera in Amur Region.
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2. Materials and Methods
2.1 The location of Amur Region
The Amur Region is a federal subject of Russia, located in the upper and middle Amur River
basin. The Amur River provides a natural border with China to the south. The Region borders the
Republic of Sakha in the north, Chita Region in the west, and the Jewish Autonomous Region and the
Khabarovskii Region in the east (Figure 1). The Amur Region has about 40% of the agricultural land
and over 50% of the arable land of the whole Far Eastern Region (Antonova, 2016).

Figure 1. Amur Region location on the map of Russia

Several features characterize the conditions for soil formation in the Amur region:
•

a cold winter with a little snow contributes deep soil freezing,

•

the thawing of the soil and plant growth are slow due to a cold arid spring,

•

a rainy and warm summer (half of the annual rainfall falls in July and August).

The weather conditions of the growing season of 2018 differed from the average long-term
indicators for the southern zone of the Amur Region. The average monthly air temperatures in April
and May were higher than the average values by 2.7 and 2.0 ° C, respectively (Figure 2). Early spring
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contributed to the fast descent of snow cover. Elevated temperatures in April and May in combination
with very little precipitation in April (1.6 mm at a rate of 22 mm) and little in May (1/3 below the
annual average) were accompanied by drying of the topsoil during the period of soybean sowing.
Heavy rainfall in June and July (121.4 and 71.5% higher than the average annual indicators,
respectively) complicated chemical weeding and resulted in a strong overwetting of the soil (shortterm flooding of soybean crops), which led to the inhibition and partial death of plants (Figure 3).
Therefore, some experiments were unsuccessful.
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Figure 2: Average monthly air temperature during the 2018 growing season
(Source: Blagoveshchensk’ meteorological station, 2019)
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Figure 3. Average monthly precipitation during the 2018 growing season
(Source: Blagoveshchensk’ meteorological station, 2019)

2.2 UAV technologies
Until recently, unmanned aerial vehicles (UAVs), unmanned aircraft systems, remotely
piloted vehicles or also often called drones, were mainly developed and used for military purposes.
These systems are aircraft with remote control. They are equipped with precision sensors, for example,
inertial navigation systems, such as an accelerometer and a gyroscope, for detecting the location of an
aircraft in the airspace. The microcomputer helps to automate the flight process and simplifies
navigation during piloting. The same management is accompanied by software installed on a mobile
device or personal computer. For a specific type of tasks, auxiliary sensors and cameras of different
types are used (Boiarskii and Hasegawa, 2017).
Today, the use of UAVs in agriculture is beginning to develop rapidly, and the issue of
introducing these technologies into production becomes urgent. Modern technical support, such as
multispectral cameras, makes unmanned technologies more informative and significantly expands
their range of applications (Boiarskii et al., 2018, Whelan and McBratney, 2012).
We used the UAV model Matrice-100 (rotary wing drone), manufactured by DJI, China
(Figure 4). Rotary wing drones allow for vertical take-off, hovering, and closer crop inspection. These
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drones are easier to control manually than fixed-wing drones. Unfortunately, UAVs with a fixed wing
use a wing that looks like an ordinary plane to provide lifting, rather than vertical lifting rotors.
Because of this, they only need to use energy to move forward and not keep themselves in the air, so
they are much more efficient especially for large scale fields.

Figure 4. UAV DJI Matrice 100

This drone has an extension for two batteries, which allows flying up to 100 hectares, which
is about 22 minutes (Table 1). Therefore, for small fields, a quadcopter-type drone is sufficient, but
fields more than five hundred hectares should be taken from an airplane-type drone (Figure 5). The
flight was carried out during solar noon, and different zones have different solar noon time, it is
important to take flight between 11 am to 3 pm to avoid shadows on the analysing spot.
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Table 1. Technical specifications and operational conditions of the UAV, model Matrice 100
Characteristics

Setting values

Drone type

Rotary wing (quadcopter)

Maximum speed

22 m/s

Flight time (two batteries)

22 min

Weight

2.4 kg

Max. wind resistance

10 m/s

Max. take-off weight

3.6 kg

Figure 5. Flight work for a day of Matrice 100 compare to fixed-wing drone

2.3 Multispectral camera
Imagining of fields for making maps of the area is made using photo and video cameras.
The better the quality of the photo and video data, the faster and more accurately we can analyse
certain areas. The resolution of images is possible in centimetres per point, due to the height of the
flight from 100 to 600 meters above the ground. The performance of the UAV reaches up to 30 square
km per hour during aerial photography. Quality also depends on flight altitude, and flight altitude
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affects performance. Flying at a higher altitude allows taking a snapshot of a larger area than a snapshot
when flying lower, which affects the speed of data collection (Carter and Knapp, 2001). Under the
condition of high flight must use a high-resolution photo camera. The budget and the scale of the
analysed areas also determine the choice between the necessary equipment. The cost of drones depends
on the quality of the attached photo camera and add-ons to expand the capabilities of analysing.
We used a multispectral RedEdge camera (MicaSense, USA) (Figure 6) that captured five
spectral bands (red 668 nm, green 560 nm, blue 475 nm, NIR 840 nm and red edge 717 nm) (Figure
7) (Table 2). Multispectral cameras, which provide NDVI, must take pictures with spectral channels
in red (0.55-0.75 μm) and infrared (0.75-1.0 μm) (Deering, 1978).

Table 2. Technical specifications of Multispectral camera, model Rededge-3
Characteristic

Setting value

Sensor

Five bands multispectral sensor

Spectral Bands

Blue, green, red, red edge, near IR

Ground Sample Distance (GSD)

8 cm per pixel at 120 m AGL

Weight

180 g

Field of View

47.2° HFOV
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Figure 6. Multispectral camera Micasense RedEdge
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Figure 7. Images by each band

The additional bands of the camera are red edge and NIR. The NIR band is in the spectral
region behind the red band and is useful in detecting a state of plant health. Another constituent spectral
region is the red edge (Carlson and Ripley, 1997). This band is located between the red band and the
NIR band. Most healthy plants reflect more green light than red or blue light (this is why plants appear
green) (Figure 8). Plants increase the reflection coefficient between the red and NIR region, which
leads to a sharp increase in the reflection coefficient through the red edge band. Different combinations
of the bands allowed us to observe different analytical layers (Figure 9).
Application of camera capabilities are represented in Appendix C. The experiment was one
of the experiences in introducing technologies analysis in the Amur Region.
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Figure 8. Plant reflectance
(Source: micasense.com)

Figure 9. Represented analytical layers, from bottom, RGB layer, NDVI layer and DSM
layer
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2.4 Image processing
2.4.1 Mission planner
Each UAV mission was planned using Pix4Dcapture software on an Apple iPad (Figure 10).
The application allows setting a flight plan with different settings of it. There we selected a field for
study and camera shooting parameters so that the drone understands which route it needs to fly to
allow the camera to shoot correctly.

Figure 10. Flight planning window

This application allows us to set the flight plan and the trajectory along which the drone
moves. Flight altitude settings, image overlap settings are configured in the same application. The
flight runs strictly along the trajectory and at a given speed. We calculated the flight time to get enough
power from the batteries, which allowed us to fly as efficiently as possible. Flight time depends on
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weather conditions, and sometimes we refused to fly due to strong wind, which leads to poor-quality
images and with powerful winds of more than 15 m / s may lead to a drone fall.

2.4.2 Post-processing
The UAV images were processed in Pix4Dmapper software into stereo pairs using
photogrammetry algorithms. The stereo pairs consisted of images with different geolocations. The
stereo image pairs were used to generate a point cloud (3D points) from which we derived an
orthophoto plan (Figure 11).

Figure 11. Point cloud map

When processing images, matching points are searched between the images, which are
subsequently merged. From this follows the requirement for images - they must have a total overlap
area of over 65%. The software makes images computed for each pixel of the orthomosaic by the
overlapping them into a full map. Offset between the initial (blue dots) and computed (green dots)
image positions as well as the offset between the GCPs initial positions (blue crosses) and their
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computed positions (green crosses) in the top-view (XY plane), front-view (XZ plane), and side-view
(YZ plane). Red dots indicate disabled or non-calibrated images. Dark green ellipses indicate the
absolute position uncertainty of the bundle block adjustment result (Figure 12).

Figure 12. Computed Images, Ground control points. The top-view (XY plane), front-view (XZ
plane), and side-view (YZ plane)

Computed image positions with links between matched images, which represented as lines
and ellipses. The darkness of the lines indicates the number of matched 2D key points between the
images. Bright lines indicate weak links and require manual tie points or more images. Dark green
ellipses indicate the relative camera position uncertainty of the bundle block adjustment result (Figure
13).
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Figure 13. 2D Keypoint Matches. The top-view (XY plane), front-view (XZ plane), and side-view
(YZ plane)
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3. Results and Discussion
3.1 Current situation for soybean production in Russia and Amur Region
3.1.1 Overview of soybean cultivation in Amur Region
In recent years, the Amur Region has promoted soybean production as a basis of industrial
development (Rosstat, 2016). To improve soybean production, a compound logistics centre, as well
as processing complexes and storage facilities are required. It is necessary to maintain a stable system
of crop rotation, oriented to the share of grain and fodder crops, which contributes to the development
of livestock. There is also a need to sow crops in the northern parts of the Region to expand production
acreage. Cold climatic conditions are increasingly recognised as a problem in the north and impose
severe limitations. This issue is typical throughout Russia and the selection of new varieties of soybean
suitable for cold conditions is a goal to overcome these restrictions (Far Eastern State Agrarian
University, 2002).
Soybean yield depends on the suitability of varieties for specific conditions. There is also a
need to develop and introduce new technologies, expand and update agricultural machinery and
improve competitiveness and personnel qualifications. Similarly, attention should be paid to issues of
resource conservation and the preservation of the structure of sown areas for soil fertility (Antonova
et al., 2016).
The agricultural sector is positioned as a leading sector of the local economy. The sown area
of the Amur Region was 1.165 million hectares, of which 72% was soybean (Amurstat, 2015). The
primary area of soybean planting was concentrated in the south, in the Mikhailovskii and Tambovskii
districts where more than 100,000 hectares were sown. The central area accounted for 35% of total
soybean plants, and the leading production districts were Oktiabrskii and Serishevskii. Only 3.5% of
soybean crops were found in the north, concentrated mainly in the Mazanovskii district (Table 3).
Three major soybean growing areas can be determined—northern, central and southern (Figure 14).
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Figure 14. Soybean planting map of the Amur Region
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Table 3. Soybean yield and acreage by areas in the Amur Region
Area

South

Central

Planting acreage

Soybean yield

(ha)

(ton/ha)

Arkharinskii

32790

1.30

Belogorskii

84133

1.11

Blagoveschenskii

45640

1.20

Ivanovskii

82044

1.16

Konstantinovskii

81132

1.24

Mikhailovskii

109929

1.24

Tambovskii

114968

1.27

Bureiskii

21910

1.36

Zavitinskii

29147

1.09

Oktyabrskii

94196

1.44

Romnenskii

52165

1.33

Svobodnenskii

22065

1.01

Serishevskii

83774

1.21

462

0.45

1330

1.66

24765

1.0

0

0

525

0.75

0

0

3925

0.90

District

Zeiskii
Magdagachinskii
Mazanovskii
North

Selemzhinskii
Skovorodinskii
Tindinskii
Shimanovskii

(Source: Amurstat, 2016)
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Most soybean crops (64%) were produced by agricultural corporations, and 36% were
produced by private (peasant) farms and individual entrepreneurs. From year to year, this proportion
varied slightly.
For several decades, soybean has been the main crop in the Amur Region, gradually
capturing more acreage. The rapid expansion of soybean acreage excludes other crops from crop
rotation. In 2010–2015, the area under grain crops reduced by 1.1 times, potatoes by 1.2 times, and
fodder crops by 18 times, while the area under soybean increased by 1.8 times and now occupies 75%
of arable land (Figure 15). This expansion leads to crop contamination, disease and damage,
detrimental consequences for soil fertility and low crop yields (Amurstat, 2015).
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Figure 15. Dynamics and ration of acreage crops in the Amur Region
(Source: Amurstat, 2016)

Despite the growth of soybean acreage, soybean yields have remained at similar levels over
the last 15 years (Figure 16).
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Figure 16. Dynamics of soybean yield in the Amur Region
(Source: Amurstat, 2016)

The soybean yield is one of the leading factors affecting production profitability. In general,
the average yield of 1.3 tons per hectare is low throughout the Amur Region, although in some areas,
yields are 1.7 tons per hectare. This is well below the world's leading average soybean production of
2.7–2.9 tons per hectare (Rosstat, 2015). Over the past five years, the acreage of soybean crops has
increased in the Amur Region (Figure 17), because of higher demand.
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Figure 17. Dynamics of soybean acreage by zones in the Amur Region
(Source: Amurstat, 2016)

Harvests in the north of the Amur Region were affected by an unfavourable climate.
Currently, the primary task of the soybean breeding Institute is to provide a highly productive variety
with a stable annual yield, resistant to diseases and unfavourable conditions (Tilba et al., 2003). In the
moderately cold conditions of the Amur Region, varieties of the northern ecotype (morphotype) were
bred, adapted to local soil and climatic conditions. There are indeterminate and determinate growth
types, with narrow medium-sized leaves, slightly branched, faintly responsive to long daylight hours,
with 38%–43% seed protein content and 18%–23% oil. Despite the scientific potential for soybean
with high yields, the actual yield is often 2–3 times lower than the potential yield (Sinegovskaya et al.,
2014).
The domestic soybean production has increased with the expansion of acreage. Over 15
years, the sown area increased five-fold, although this value is still too low to meet the needs of
consumers. Seven Regions accounted for 80% of soybean crop production (Figure 18).
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Figure 18. The acreage under soybean cultivation in the Russian Regions
(Source: Ministry of Agriculture in Russia, 2016)

3.1.2 Russian Far East soybean export to China
The Far Eastern district is the primary Russian soybean supplier to China (Figure 19). The
volume of export increased over the past three years by seven times regarding value and by 5.6 times
in quantity. This growth reflects the strengthening of the Russia–China agricultural relationship, as
well as the abolition of export customs duties on soybean.
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Figure 19. Dynamics of soybean exports from the Far Eastern Regions of Russia to China
(Source: Federal Customs Service of Russia, Customs Statistics of Foreign Trade, 2016)

China is the leading importer of soybean crops, and its share has increased from 34% to
63% of world imports (Antonova et al., 2015). The demand for soybean in China continues to grow.
Increased cooperation between Russia and China in agriculture is part of the intensification of the
partnership between these two countries. Strengthening of relations was influenced by the signing in
2015 of 35 joint documents that have created an institutional framework for bilateral cooperation in
various fields. The Russian market consists of two localised markets: one in the European part (Central
and Southern Federal districts) and one in Asia (Far Eastern and Siberian Federal districts). In the
future, the growing demand for soybean from China will lead to the greater isolation of Far Eastern
manufacturers (Antonova et al., 2015).

3.1.3 Demand for Russian soybean based on the needs of the food industry in Japan
Japan’s need for soybeans for oil, soybean products and meal may be tighter than expected
because of limited domestic supply capacity for the commodity. Japan is one of the biggest importers
of soybeans in the world (Bengt et al., 1996). Japan grows only about 10% of the soybeans consumed
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in the country each year (Yamaura, 2011). Key soybean suppliers to the market are the US, Brazil,
Canada, China and domestic production (Figure 20). Imported soybean from these four countries is
more than 99% of the total import (US Department of Agriculture, 2017).
It should be noted that all imported soybean products must be certified for Identity Preserved
(IP) handling. IP handling involves the separate management of genetically modified agricultural
products and non-genetically modified agricultural products at each stage of farming, distribution, and
production to prevent contamination. At each stage, documents proving the nature of their
management are created, making it clear that each product was separately managed (Bureau of Social
Welfare and Public Health, 2017).
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Figure 20. Exporters of soybean to Japan
(Source: Ministry of Finance Japan, 2018)

Japanese soybean processors demand high-quality beans, especially for soy food products,
and thus, favor domestic and US soybeans (US Department of Agriculture, 2017). As Japan’s soybean
production declines and farmers retire, secure and efficient access to soybeans from US and Brazil
will become even more essential to meet domestic demand for the commodity (US Soybean Export
Council, 2012).
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Total soybean usage for food purposes is around 1 million tons annually. Total soybean
demand (food and crushing) is around 3.2 million tons (Ministry of Finance Japan, Forestry and
Fisheries 2019). Demands from consumers become more diversified, more challenging to predict and
to some extent more expensive to service as demand for convenience and freshness is resulting in
smaller, more frequent purchases. All food beans used in the market must be non-GMO (US Soybean
Export Council, 2012).
The demand for edible soybeans is met almost entirely by imports. Today imports account
for 760,000 tons or around 73% of total usage (US Department of Agriculture, 2017). This is due to
the domestic production of soybeans declining, a result of both higher costs of production and changes
in Government subsidies that have tended to encourage rice production at the expense of soybeans
(Ministry of Finance Japan, Forestry and Fisheries, 2019).
The demand for soybeans for food purposes has remained virtually static over the past
decade. One of the most popular Japanese health foods is tofu produced from soybeans. Beans for tofu
account for over 50% of total usage and the three significant uses - tofu, natto and miso - account for
around 80% of total usage. Tofu and miso are consumed every day by Japanese, while natto is more
regional food.
Tofu is made of solidified soymilk. The type of soybean required for tofu is one that has a
high protein content more than 37% (44-45% dry basis) and preferably a low oil content. Large seed
size to improve water absorption - has a 100-seed weight of 20 grams or more and a minimum diameter
of 6.3-7.0 mm; high germination (more than 95%) - necessary to produce hard tofu and provide a
strong taste (Taira, 1990).
Miso is fermented and salted soybean paste. The ideal miso bean is a mix of tofu and natto
quality specifications. The type of soybean required for miso is one that has a large seed size; relatively
high protein; high sugar content; light hilum soybean, with a thin hull that is not cracked (Australian
Oilseeds Federation, 1999).
Natto is an ethnic Japanese food of fermented whole soybeans. Natto soybeans are
characterized by small seed size, which can be a maximum of only 5.5 mm in diameter. Natto soybeans
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must also have a clear hilum, thin seed coat, and high carbohydrate content (Ministry of Agriculture,
Forestry and Fisheries, 2016).
Each food product derived from soybeans requires specific soybean characteristics
including protein content, size, colour, and weight making the food market for soybeans more complex.
However, the most crucial characteristic of soybean is the size of seeds. As tofu is the most popular
food in Japan, the most valuable size of seeds is large (Figure 21) (Ministry of Agriculture, Forestry
and Fisheries, 2016).

Extra small, ≥4.9mm

Small, ≥5.5mm

Medium, ≥7.3mm

Large and extra-large, 7.9
- 8.5mm

Large and extra-large

Medium

Small

Extra small

Figure 21. Soybean classification by size in Japan
(Source: Ministry of Agriculture, Forestry and Fisheries, Japan, 2018)

Also, it is important to specify the desirable qualities of soybeans in each type of processing.
However, it would be equally important to identify the interactions between cultivars and cultural
conditions in Russia, each of which may influence the soybean qualities differently.
Regarding the chemical composition, protein, protein components such as globulins (11S,
7S) and their ratio, amino acids, linoleic acid, raffinose and stachyose contents are influenced mainly
by cultivars. Concerning the growing conditions, carbohydrate, total sugar, free type of total sugar,
pinitol, sucrose, ash, phosphorus and calcium are influenced by locations (Ministry of Agriculture,
Forestry and Fisheries, 2016).
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The key consumer driver in Japan is health and buyers are seeking a product that is nonGMO as this is related to safety and healthiness of products. The demand for non-GMO soybeans is
increasing as local bean production declines.
Russia is the world-largest market where cultivation and breeding of genetically modified
plants are prohibited by law (Federal Law of 03.07.2016 № 358, 2016). Strategic GMO-free
agriculture combined with rich soil resources makes Russian soybeans able to occupy the highest price
niche in the Japanese market should the quality issues be solved. After the modernisation of
technology and introducing IP-handling, Russia will be able to expand the highest quality soybean
export and become a competitive seller on the Japanese market. The potentiality of Russian soybean
is very high. Japanese market and new trade possibilities are worth considering by Russian farmers.

3.1.4 Government Program on Agriculture in Russia
General deterioration in economic conditions and uncertainty in the marketplace coupled
with increased interest rates, unstable exchange rates, and political challenges limit sector
development. The government is attempting to stimulate investment in capital purchases by offering
various subsidies for strategically essential subsectors.
The government has developed a program to help the progress and to solve problems which
are hindering increases in soybean production. The focus has been on subsidising rural farms and
improving agriculture development of the Amur Region and economic relations with foreign countries.
The government program, approved in 2013, has stimulated Russian production of
agricultural equipment by offering subsidies to local equipment producers. The program provides for
the comprehensive development of all sectors and sub-sectors, as well as fields of activity for agroindustrial complexes. Agriculture production is the leading sector of the economy in the Amur Region,
underpinning the agro-food market, food and economic security, employment and settlement potential
of rural areas. The government program defines the objectives, tasks and development directions for
agriculture and food processing industry. Financial support and implementation mechanisms, as well
as indicators of their effectiveness, in the Amur Region, are provided by state programs (Antonova et
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al., 2016). In 2015 the Russian Federation Ministry of Agriculture allocated US$7 million to the
regional budget. This action allows farmers to increase total machinery units and expand their
farmlands. Government assistance with subsidies has improved the agricultural machinery situation,
thereby giving a boost to agriculture production. The absolute value of soybean production reached
US$680 million in 2016. With an increase in incoming funds, farmers will be able to spend additional
revenue on improving farms.

3.1.5 Agricultural mechanisation in the Amur Region
In recent years, machinery updates have lagged, both with tractors and combine harvesters,
due to the budget constraints of the small farm enterprises that prevail in the Amur Region.
Geographically, tractors were distributed as follows: 2365 units (60.3%) in the south; 1311 units
(33.4%) in the central area; and 248 units (6.3%) in the north. Older tractors (over ten years) make up
50% of machines, including 50.1% in the south, 48.4% in the central area, and 57.7% in the north
(Table 4).

Table 4. Tractor numbers and ages in the Amur Region
More than ten years old

Less than ten years old

(units)

(units)

(%)

(units)

(%)

South

2365

1186

50.1

1179

49.9

Central

1311

634

48.4

677

51.6

North

248

143

57.7

105

42.3

Total

3924

1963

50.0

1961

50.0

Area

Total

(Source: Ministry of Agriculture in the Amur Region, 2016)

In 2016 the following types of tractors were in use: 40% were MTZ (models with wheels);
20% were crawler tractors DT-75M (66.2 kW) and DT-175 (125 kW); 6% were T-150/150K (120
kW); 12% were K-700/701 (160 kW); 2% were K-744 (220 kW); 2% were “Versatile” and 18% had
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other modifications. More than 70% of tractors were wheeled because of the absence in the market of
models of crawler tractor with high reliability and at a reasonable price.
Combine harvester units were updated more often. In 2016, farmers had 2356 units of
combine harvesters. Of these, 1376 units (58.4%) were in the south, 856 units (36.3%) in the central
area, and 124 units (5.3%) in the north (Table 5). On average, 59.7% of the units were less than ten
years old.

Table 5. Combine harvester numbers and ages in the Amur Region
Total

More than ten years old

Less than ten years old

(units)

(units)

(%)

(units)

(%)

1376

522

37.9

854

62.1

Central

856

373

43.6

483

56.4

North

124

54

43.5

70

56.5

Total

2356

949

40.3

1407

59.7

Area
South

(Source: Ministry of Agriculture in Amur Region, 2016)

In recent times, the cost of crawler machines has been higher than the wheeled machines.
The price of harvesters affected the cost and efficiency of harvesting, as well as overall farm
profitability. Due to these circumstances, the John Deere 1075 harvester occupied a leading position
in the Amur Region, with the experimental version of the combine Yenisei 958R in second place.
Vector RSМ 101 occupied third place. Due to the high cost, more productive combines such as the
KZR-10 Palesse, Medion 310 and Mega 204 were not as conventional. The characteristics of the most
common combines are given in Table 6.
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Table 6. Typical combine harvesters used in Amur Region
Models of combine harvester
Specifications

Price (USD)
Work width
(m)
Power (kW)
Efficiency
(ha/h)
Suspension
type

Yenisei

John Deere

Yenisei

Vector

KZR-10

Medion

Mega

1200RM

1075

958R

RSM101

Palesse

310

204

31,000

37,000

41,500

42,000

74,230

100,000

115,000

7

6

7

8.6

6

7.5

7.5

110

110

135

155

195

150

150

1.52

2.44

1.92

2.82

2.75

2.85

3.1

crawler

wheeled

wheeled

wheeled

wheeled

crawler

crawler/
wheeled

(Source: Ministry of Agriculture in Amur Region, 2017)
Most combine harvesters were not adapted to soil conditions in the Amur Region. Crops are
harvested, as a rule, during months when soils are waterlogged. Due to the climatic features of the Far
Eastern Region, over 95% of arable land is subjected to waterlogging. This factor is aggravated by
regional soils composed of heavy clay loams, including dominant brown podzolic soil and meadow
gley soils in the Amur Region (Kashpura, 1964).
Figure 22 shows that high humidity reduced the coefficient of internal friction and cohesion
of soil, decreasing the ability of the soil to resist load shear. Therefore, the resistance to motion
coefficient increased. The traction properties of crawler and wheeled machines are determined by the
coefficient of adhesion and the coefficient of internal friction of the soil. Crawler treads have higher
patency and resistance to slipping than a wheeled chassis due to the larger area of contact with the soil
surface and the distribution of the impact on the soil (Emelyanov, 2013).
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Figure 22. Dependence of angle of internal friction and soil cohesion
on humidity and structural condition
(Source: Far East State Agrarian University, 2013)

There is current research aimed at improving the crawler system and eliminating the
drawbacks that restrain the further mechanization of harvesting and other technological processes in
the plant growth of the Far East. Based on the research experiments of Far Eastern State Agrarian
University, we analysed the current crawler chassis found in the Amur Region (Figure 23).
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Figure 23. Tests of impact on the soil of the combine harvester Yenisei-1200R
with metal crawlers and reinforced rubber crawler chassis
(Source: Far East State Agrarian University, 2013)

The Institute conducted experiments on the combine harvester Yenisei-1200R with two
metal crawler chassis (KSP-01, KSP-80) and two reinforced rubber crawler chassis (TGR-3, TGR-4).
The advantages of the TGR-4 reinforced rubber crawler chassis include an increase in physical and
ecological patency on soils with low load bearing capacity and a reduction of the maximum pressure
and compacting effect on the soil.
In waterlogged soil conditions, preference should be given to using reinforced rubber
crawler chassis. Wheeled combines and transport have difficulty in moving around fields and
performing technological processes when there is excessive soil moisture. The combine harvester
Yenisei-1200 on the crawler chassis is recommended for use harvesting soybean in the Far East, as
shown by research from the leading Institute of the Amur Region.

3.1.6 Implication
This region experiences waterlogging of soils, which prevents the use of agricultural
machinery. Combine harvesters and transports are unable to perform technological processes on
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overmoistened soils. UAV surveying technology may help achieve a higher level of efficiency of
agricultural land management. Using the UAV derived elevation model to determine low-lying ground
may provide new opportunities for the region. Advanced land management may reduce farmers’ costs
for maintaining machinery and labor in the field, especially during the harvest season. Therefore, we
introduced UAV field surveying and high-resolution monitoring capabilities, which allowed to
estimate the elevation of the field.
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3.2 Application of camera technologies to determine waterlogged areas
This study evaluated elevation data in an agricultural field using UAV and a multispectral
camera at an experimental site in the Amur Region, Russia. This region experiences waterlogging of
soils, which prevents the use of agricultural machinery. Combine harvesters and transports are unable
to perform technological processes on overmoistened soils. UAV surveying technology may help
achieve a higher level of efficiency of agricultural land management. We processed captured Geo-TIF
images using photogrammetry algorithms and recorded deviations in soil moisture on the experimental
site. We produced a digital terrain model (DTM) that allowed us to determine areas of low-lying
ground in the field that were prone to flooding and waterlogging. Using the UAV derived elevation
model to determine low-lying ground may provide new opportunities for the region. Advanced land
management may reduce farmers’ costs for maintaining machinery and labor in the field, especially
during the harvest season.

3.2.1 Study site
The city of Blagoveshchensk, Amur Region, Russia, was chosen as the study area. The
Amur Region is a federal territory of Russia, located in the upper and mid Amur River basin, about
8,000 km east of Moscow. The city is located in the south of the Amur-Zeia plain, on the left bank of
the Amur, with the confluence of the Zeia river. The study site was a 41.2 ha cropping field located in
Gribskoe village, used for breeding and agriculture studies by Far Eastern State Agrarian University
(Figure 24). The Amur Region is an area with high soil moisture.
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Figure 24. Study site in Gribskoe village

The Amur Region has unpredictable weather conditions with regular flooding and soil
waterlogging, which causes additional expenses for farmers (Tilba, 2003). Combine harvesters and
transports have difficulty moving around fields and performing technological processes in
waterlogged soil conditions (Figure 25). Combine harvesters frequently getting stuck in the field
during the harvest season and can stay there until next spring. This leads to loss of crops and equipment
failure.
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Figure 25. A stuck combine harvester
(Source: ampravda.ru, Anna Derova, 2018)

3.2.2 Results and Discussion
In this experiment, we introduced UAV technologies to rapidly identify low-lying ground
areas in the field, prone to flooding and waterlogging, which can help farmers to adapt their decisions
on cultivation.
We used a UAV with a camera to obtain images with meta-data on elevation. UAV survey
was made on 20 of April 2018 year. First, we rendered grayscale layers to get an RGB map (Figure
26). We used this map to arrange plots on the fields and observe the surface. We managed territory
over several hectares working with the map in digital format.
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Figure 26. RGB image of the experimental field

Analysis of the unevenness of the terrain has a vital role at the beginning of the agronomic
cycle. As a result of the flight, accurate three-dimensional map with uneven terrain was obtained, this
analysis is also essential when planning crops and designing irrigation systems. When conducting an
agrochemical analysis of the soil together, data are provided to control irrigation and the level of
minerals in the fertile layer.
The spatial mapping of terrain objects on the map has one significant limitation, the
complexity of taking into account the relief of land plots. Therefore, the availability of information on
real relief allows us to solve many problems of agriculture and forestry (Deering, 1978).
The elevation data were obtained from Geo-TIF images with many locations on the ground.
Therefore, each point was covered by multiple images (Figure 27). Based on these estimations, we
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acquired a precise DTM with elevation data. The elevation was calculated in ArcMap by building a
graph with meters above sea level (MASL) based on GPS and compass position (Figure 28).

Figure 27. Estimation of elevation

43

Figure 28. Elevation model processed in ArcMap

We analysed elevation data on the site and identified the deviation. A 3% slope was observed
from the elevation data, which had a maximum of 145.3 meters and a minimum of 139.7 meters above
sea level.
The gentle angle of the slope affected water running downhill that gained energy during
heavy rain as it continued to move due to the earth's gravitational pull. This transported the nutrientrich organic matter in the topsoil down the slope (Figure 29).
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Figure 29. Water flow from topsoil

3.2.3 Implication
In this experiment, we analysed an experimental field and observed low-lying ground areas
on the field, inclined to flood and waterlogging. The data we obtained and processed were
communicated to farmers to help them evaluate land management. When the low ground has been
identified, farmers have an opportunity to decide on the methods to manage it effectively. Our study
introduced the provision of elevation data via UAV in the Far East of Russia. This experience may
affect the development of new technologies in this region. Further work needs to be done on the
relationship between UAV speed and flight altitude, which affect the precision and quality of the final
data. The current limitations, such as constrained flight time and payload, need to be improved to
obtain better quality data faster.
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3.3 Application of NDVI data to analyse the effects of sowing methods and seeding rates on
soybean crop yield
At the All-Russian Scientific Research Institute of Soybean (ARSRIS), the effects of sowing
methods and seeding rates on photosynthetic activity, crop yields and structure have been studied. We
are currently introducing new methods of crop examination using UAV and multispectral camera
technologies. As an experiment, these methods were used to show the application of UAV-derived
data in crop analysis. The purpose of this research was to apply and demonstrate the relationship
between obtained yield and NDVI values in an experiment with different seeding rates. Our results
showed a relationship between yield and NDVI, which will allow us to predict yield in future research
on soybean analysis methods.

3.3.1 Materials and Methods
The objects of the research were the soybean varieties “Kitrossa” and “Kruzhevniza”
(Appendix D). The flight was made on 30 of July 2018 year. The growing stage of soybean was R1 of
reproductive stage. The research methods were field and laboratory experiments. Table 7 shows the
sowing methods used, which were selected based on existing methodologies. The effects of sowing
methods and seeding rates on photosynthetic activity, crop yield and structure have been studied at
ARSRIS. These studies enable the development of agrotechnical methods of cultivation for each
variety or group of varieties, taking into account the specific crop growth and development parameters
and their relationship to growing conditions.

Table 7. Sowing methods
Sowing method (row spacing, cm)

Seeding rate (thousand seeds/ha)

45

200, 400, 600

30

200, 400, 600

15

200, 400, 600
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As a result of previous research, new knowledge has been obtained about the effects of
sowing methods and seeding rates of new soybean varieties on production processes and seed quality
(Tilba and Yushchenko, 2010). Therefore, year by year, the Research Institute needs to develop
efficient sowing methods for new soybean varieties.
Figure 30 shows the sowing scheme of the experiment. This scheme was applied to each
variety. The field experiment was conducted in the experimental field for seed production and crop
rotation at ARSRIS. The sowing was replicated six times in random block plots. The total area of each
experimental plot was 3.6 m2, registry – 1.8 m2.
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Figure 30. Sowing scheme of the experiment
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A DJI Matrice 100 UAV was used at the height of 10 m, which gives high image quality
and accurate data. We used the Micasense RedEdge camera, which provides image capture in five
spectra, for a more extensive analysis of the plants. Multispectral images were processed in the
Pix4Dmapper software, which spent most of its time on post-processing because it analyses and links
thousands of images into a single map. Images were taken and processed by the camera and an
electronic field map was compiled, which is shown in Figure 31.

Figure 31. UAV map of the study site
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3.3.2 Results and Discussion
We analysed the NDVI and compared it with the productivity of the soybean varieties to
determine the utility of this index in predicting soybean yield and building a mathematical prediction
model in the future.
We analysed the images from the camera and made a multispectral image of the map. Based
on the multispectral image, a layer with NDVI indexes was calculated by the software. We then made
a colour scheme map to visualize the status of the vegetation by NDVI values. The index was
calculated from the reflectance of different wavelengths recorded in the metadata of the camera images.
The NDVI was represented with values from 0 to 1, where the closer the index to 1, the
higher the amount of vegetation (Morikawa, 2014). Thus, NDVI is an index by which we can judge
the development of the green activity of plants during a growing season (Tian, 2012). We used a mesh
method to calculate the index, in which NDVI was calculated independently for each block plot.
Additionally, the NDVI was calculated using average values. Figure 32 shows the post-processed map
and calculated NDVI values. The NDVI values helped us to study the variability of chlorophyll
fluorescence activities of new soybean varieties depending on the impact of the studied factors and to
determine their relationship with productivity.
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Fig. 32: NDVI classification map

In phase V3 of plant development, the chlorophyll fluorescence index in the studied varieties
varied from 428.8 to 652.6, depending on the seeding method and seeding rate. The highest rates,
regardless of variety and seeding rate, were observed in the flowering phase when soybeans were sown
at a 30 cm spacing; for “Kruzhevniza”, the value was 692.3, and for “Kitrossa”, the value was 600.8.
Therefore, we can use the NDVI indicator during plant development to save time during in-depth
analysis of plants and with large volumes. The ground and UAV tests did not differ in the analysis of
vegetation activity.
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The NDVI values, presented in Figure 33, showed the vegetation activity in each test, in
which the highest rates were at 15 cm + 400–600 thousand seeds/ha and 30 cm + 600 thousand seeds/ha
for both varieties.

(a) Soybean variety “Kruzhevniza”

(b) Soybean variety “Kitrossa”
Figure 33. NDVI values in each test
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Figure 34 shows which planting conditions produced the highest quantitative yield. The data
were collected from each experimental plot and processed for comparison with the greenness index
for both varieties. The highest yield was achieved at seeding rates of 15 cm + 400–600 thousand
seeds/ha and 30 cm + 600 thousand seeds/ha for both varieties. The ground test results showed that
under the same conditions, the maximum germination rate was reached (about 95%) and the 1000seed weight was 118 g.

(a) Soybean variety “Kruzhevniza”

(b) Soybean variety “Kitrossa”
Figure 34. Quantitative yield in each test
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The relationship between NDVI values and yield in each experimental plot was found to be
positive. Figure 35 shows that the maximum yield was achieved in plots with the highest NDVI values.
The 15 cm + 400 thousand seeds/ha sowing conditions had a maximum index of 0.833 and yield of
2.44 ton/ha for the soybean variety “Kruzhevniza”. Moreover, a minimum index of 0.575–0.653 and
yield of 1.25–1.27 ton/ha were found under sowing conditions of 30 cm + 200 thousand seeds/ha. The
high NDVI in the 15 cm + 200 thousand seeds/ha plot for “Kruzhevniza” was due to the high density
of germination with narrow sowing.
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Figure 35. Comparison of soybean yield and NDVI values

For soybean variety “Kitrossa”, the highest index and yield indicators were at 15 cm + 400–
600 thousand seeds/ha and 30 cm + 600 thousand seeds/ha; the yield was 1.6–2.2 ton/ha and the index
was 0.748–0.87. The minimum rates were at 15 cm + 200 thousand seeds/ha and 45 cm + 200–400
thousand seeds/ha.
The relationship between the yield of soybean and rededge camera derived NDVI values
were evaluated in this study (Figure 36). “Kruzhevniza” variety had the highest coefficient of
determination. All relationships between the yield of soybean and rededge camera derived NDVI
values did not show the same slope values, which are caused by the different characteristics of the
soybean varieties.
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Figure 36. Evaluation of the yield vs NDVI for the experiment

3.3.3 Implication
The results of this experiment demonstrate the utility of soybean crop assessment
technologies using a UAV and multispectral camera. The experiment showed that the maximum yield
was achieved in plots with the highest NDVI values. Thus, we proved that the NDVI could be
considered as a tool for rapid crop analysis in the Amur Region. These technologies provide a novel
way to help institutions and farmers analyse crops. Therefore, our goal is to bring these technologies
to the Amur Region and the Russian Far East.
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3.4 Evaluation of the influence of biologically active substances on the physiological processes
of soybean plants with the use of UAV
In modern agriculture, the use of UAVs, which are a platform for data collection and an
indispensable innovative measuring instrument for solving many tasks in this industry, is becoming
widespread. A set of modules, sensors and software make it possible to conduct automatic monitoring
of the fields. The given method is applied on a large scale in order to unify a zone with the lowest
vegetation with the maximum accuracy.
The use of NDVI index (normalized difference vegetation index) begins to develop rapidly
in the agricultural sector, and the question of introducing these technologies into agriculture is
becoming more relevant. Modern hardware, such as drones and multispectral cameras, make the
analysis more informative and significantly expand their range of application in agriculture (Boiarskii
and Hasegawa, 2017).
An important area of research in expanding the use of chemical plant protection products in
agricultural practice is to identify the specialized action of herbicides not only on weeds, but also on
cultivated plants to determine the influence on the physiological processes in agricultural plants,
growth and development, formation of crop yield (Sinegovskaya and Chepelev, 2018).
The use of endogenous biostimulants, created only on a plant basis, allows providing low
doses of herbicide consumption, creating environmental resistance to pests and diseases, as well as
improving plant immunity to various unfavorable environmental factors (Shapovalov et al., 2008).
The goal of these tests is to assess the influence of biologically active substances on the
physiological processes of soybean plants using “DJI Matrice 100” UAV and “Micasense Red Edge”
multispectral camera.

3.4.1 Materials and Methods
The researches were carried out on a soybean variety MK 100 (Appendix D), cultivated on
the experimental field of the All-Russian Scientific Research Institute of Soybean in 2018, Sadovoe
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village in the Amur Region (Figure 37). The flight was made on 28 of July 2018 year. The growing
stage of soybean was V4 of vegetative stages.
The use of the unmanned aerial vehicle (UAV) with a multispectral camera made it possible
to evaluate physiological processes of soybean crops in microplot trials and to determine the state of
the vegetation using NDVI and NDRE indices. The maximum indicator of NDVI index (0.86) had
been observed in the options with seed treatment by natural solutions “BioLarics” and “ExtraCor”,
and when applying Pulsar herbicide, the indicator was 0.75, which indicates the inhibition of
vegetation on plots of the given option.
Seed treatment has been carried out with solutions produced by ZAO “Ametis” through the
processing of the Dahurian larch (Gmelina) on the day of sowing with the recommended dosage. The
natural plant growth stimulant “BioLarics” (active substances: dihydroquercetin, diterpene alcohols
and hydrocarbons) is a water-soluble concentrate of larch resin with high fungicidal activity. The
ecologically friendly growth regulator “ExtraCor”, whose active substances are dihydroquercetin,
proanthocyanidins and paraoxybenzoic acid, contains an extract of larch bark and has antidote
properties (Mikhailova et al., 2017). The treatment of vegetative plants had been carried out with the
Pulsar herbicide (active substance: imazamox) in the phase of the 3rd ternate leaf at a dose of 0.8 l/ha.
For evaluating and analysing soybean crops of the variety MK 100, “DJI Matrice 100” UAV
and “Micasense Red Edge” multispectral cameras were used, which are capable of taking images in
five spectra.
Based on multispectral images, a layer with an NDVI index had been calculated, and a map
in the colour scheme was drawn up to visualize the state of physiological processes of soybean plants
according to the scale of a given index. The index was calculated based on waves of different lengths
embedded in the metadata of the image. To obtain useful agronomic information, the formula should
be applied to the raw data (Berni et al., 2009). Therefore QGIS software (free version) was used to
calculate both NDVI and NDRE indices.

57

Figure 37. The experimental field in Sadovoe village, Amur region

3.4.2 Results and Discussion
The inspection of fields with the use of the “DJI Matrice 100” UAV and the “Micasense
Red Edge” multispectral camera was carried out in 2018 during the growing season of soybeans. Flight
altitude was 10 meters from the ground. Photos from the camera had been taken out and processed,
and an electronic field map was created as well.
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In the process of the research, the method of index calculating upon the grid in each separate
block was used. The average value has calculated the NDVI index. The NDRE index was also
calculated for verification.
After preliminary processing of images, we have obtained a map with averaged index values
separated for each block-plot (Figure 38). It is known that the maximum indicator of NDVI index is
1, the closer to this indicator, the better the state of vegetation development in this area (Carlson and
Ripley, 1997).

Figure 38. Map with a calculated NDVI index
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Based on the obtained map, the data had been analysed in the QGIS program, and then their
comparative analysis was carried out with the use of “box-and-whisker plot” (Figure 39 and 40).
According to reflections of different wavelengths, numerical values of the indices had been calculated,
from which soybean plant development was assessed. The lowest value was observed in the variant
with the use of Pulsar herbicide. The greatest indicator of the NDVI, when applying the herbicide, was
0.75, whereas, in the options with seed treatment by biological solutions, the maximum rate reached
0.86, which is a significant difference. The NDRE also pointed to the inhibition of the vegetation on
the plots with the use of Pulsar herbicide, where the values ranged from 0.39 to 0.41.

Figure 39. NDVI values for each plot
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Figure 40. NDRE values for each plot

The dependence of the obtained crop yield to the NDVI index is shown in figures 41 and
42. According to the NDVI, the coefficient of determination R2 was 0.6, while for the NDRE it is 0.3.
For the best correlation, the value of R2 should be more than 0.5. In the event of high determination,
a model of the prediction of crop yield by the NDVI could be constructed. At this stage, the data on
the determination of suppressed physiological processes of soybean plants is presented. Data on
comparison of NDVI and NDRE indices are shown in Appendix B.
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3.4.3 Implication
NDVI index is most useful in the early and middle stages of growth: it indicates the health
of crops (for example, weak growth or diseases of crops), measured by reflection in the near-infrared
spectrum and in the red spectrum, which are usually used to indicate greenness of vegetation. Thus,
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NDVI is an index by which one can judge the development of a green mass of plants during the
growing season.
The use of UAV with a multispectral camera made it possible to assess the physiological
processes of soybean crops in microplot trials and showed the possibility of determining the state of
vegetation using NDVI and NDRE indices. These indices showed that the use of Pulsar herbicide had
a severe effect on the physiological processes of soybean plants, as evidenced by a decrease in the
specific activity of the enzyme peroxidase. Natural preparations “BioLarics” and “ExtraCor”,
influencing the intensity and direction of physiological processes, contributed to the reduction of the
toxic load of Pulsar herbicide on soybean plants. Through the use of NDVI and NDRE indices, it will
be possible to construct a model for predicting crop yield for new soybean varieties of Amur selection.
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3.5 Evaluation of the influence of fertilizers using a drone and a multispectral camera
3.5.1 Study site
The tests were carried out in the southern (forest-steppe) zone of the Amur region, Sadovoe
village, Tambov district, on the experimental field of the All-Russia Research Institute of Soybeans
(Figure 43). The total area of experimental plots - 60 m², registration - 37.5 m2.

Figure 43. Field of study image

3.5.2 Materials and Methods
The repetition was threefold. Controlled release fertilizer (CRF) containing N was applied
as a basal nitrogen dressing. CRFs are fertilizer granules intercalated within carrier molecules.
Tests scheme:
1. Control - N5P18K20
2. Control + Ammonium nitrate (N5) – top dressing at stage R2: 5 kg of nitrogen in the
active substance (AI) per 10 acres + 200 litres of irrigation per hectare; traditional for
Russia method of use;
3. Control + Ammonium nitrate (N10) – top dressing at stage R4: 5 kg of nitrogen in the
active substance (AI) per 10 acres + 200 litres of irrigation per hectare; traditional for
Russia method of use;
4. Control + CRF 5 kg of nitrogen / 10 acres + 200 litres of irrigation per hectare
(application with the main fertilizers), 732 grams per plot;
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5. Control + CRF 10 kg of nitrogen / 10 acres + 200 litres of irrigation per hectare
(application with the main fertilizers), 1465 grams per plot.
Soybean varieties “Zakat” and “Nega-1” were analysed (Appendix D). The flight mission
was made on 28 of July. The growing stages were V4 for “Nega-1” and R1 for “Zakat”. All agrotechniques for post-harvest and pre-sowing tillage, sowing and harvesting soybean were carried out in
terms recommended for the southern zone of the Amur region and meeting the requirements of the
selected varieties.

3.5.3 Results
Analysis of NDVI values showed the highest index in the plots where CRF was applied.
The map showed a visible difference in vegetation activity by index in each repetition for two varieties
of soybean (Figure 44 and Figure 45). NDVI was used to monitor the greenness of vegetation, with
the greenness of plant leaves determined by the concentration of chlorophyll, the green pigment of
plants.

Figure 44. NDVI data of soybean “Zakat”
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Figure 45. NDVI data of soybean “Nega-1”

In the yield structure of the soybean variety “Nega-1” there is a significant increase in the
mass of grain from one plant and a mass of 1000 grains in the variants with the use of CRFs compared
to control, as well as a decrease in the number of empty beans. Structural analysis of yield and quality
of the variety “Zakat” revealed a significant increase in the number of full beans per plant with a higher
dose of CRFs. The height of the soybean plants of both varieties was 1.8-9.4 cm higher. All yield
results are shown in Appendix A.
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Figure 46. NDVI values by replications, “Zakat”

Figure 47. NDVI values by replications, “Nega-1”

The yield of soybean in the experiment varied within 1.56-2.27 t / ha on the variety Zakat
and 1.92-2.92 t / ha on the variety Nega-1. Zakat variety showed a significant increase in yield with
the dose of fertilizer CRF 10 kg. Variety Nega-1 showed a tendency to increase the yield within the
experimental error, and with the dose of CRF 5 kg the increase of yield was three times higher than in
the variant with the dose of CRF 10 kg (Figure 48 and 49).
The relationship between the yield of soybean of two varieties and NDVI values was
represented in Figure 50. According to the dependencies, the coefficient of determination R2 for
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“Nega-1” was 0.36, while for “Zakat” was 0.15. At this stage, the data on the determination of the
influence of CRFs on soybean plants was shown.

Figure 48. Quantitative yield, “Zakat”

Figure 49. Quantitative yield, “Nega-1”
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3.5.4 Implication
The NDVI values were used to estimate the influence of CRFs in this study, which could
provide a consistent result, based on crop growth principle. The biomass is the cumulative production
of plant photosynthesis during the growing season. During the good health of plants when greenery of
the plant reached a maximum value, the NDVI values continuously increased. Therefore, it is possible
to present a picture of the development of the plant, as a rule, dense vegetation indicates healthy growth
as well as high yield.
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4. Conclusions
In this paper, we considered soybean production in the major Russian agricultural area,
Amur Region. Over the last 15 years, increases in the intensity and efficiency of the grain industry
were achieved by profound qualitative and quantitative changes in soybean production of the Amur
Region. More in-depth government assistance and intervention in agriculture are required to increase
production further. Government subsidies allowed a growing number of machines on small farms
which enabled farmers to cultivate additional land. Therefore, increases in production came from
expanding sown areas instead of improving quality and yield.
However, farmers are faced with variable natural conditions like drought or high
precipitation, which leads to excessive soil moisture every year. Therefore, the Amur Region is an
area where farming is risky. Local researchers are developing appropriate machine technologies for
the Amur Region conditions. Soil waterlogging is one of the reasons for low yield. Wheeled machines
are not suitable for working on most lands in the fall season, which leads to late harvesting and crop
loss.
This study showed that to increase economic efficiency production and processing of
soybean a comprehensive approach is needed. It is not sufficient to expand arable lands using more
machine units or to follow farming methods from the former USSR, which in the case of treatment
and cultivation systems have not significantly changed. New technologies are needed for the
development of agriculture in the Amur Region. It is essential to raise the level and quality of soybean
production to meet the growing demand from foreign consumers. Problems can be solved by
introducing a new soybean cultivation technology based on an economically justified crop rotation
system and by modifying farm machinery, given aspects of soil and climate conditions. Current
solutions to deal with waterlogged soil are to provide farmers with crawler machines with high patency
and to alter their machines with newly developed technologies. Moreover, it is necessary to apply
precision farming, which helps to monitor and analyse farmlands more clearly and precisely.
In this study, we showed the use of a UAV and a multispectral camera in assessing the health
of crops for identifying areas with depressed vegetation. We analysed an experimental field and
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observed low-lying ground areas on the field, inclined to flood and waterlogging. Analysis of the
NDVI and its comparison with yield showed that in the future this index could be used to predict the
yield of soybean and build a mathematical model for predicting the yields of particular soybean
varieties. These technologies are bringing a useful step in the development of an agricultural
management system in the direction of increasing the efficiency of land use. UAVs provided field
surveying and high-resolution monitoring capabilities, which allowed us to estimate different data.
They produced precise map data for first soil analysis, which is useful in planning seed planting.
We have started to introduce smart agriculture in the Amur Region, Russia. We cooperate
in the direction of agriculture development and strengthening the relationship between Russia and
Japan. This study has collaborated under joint research work between Niigata University and Institute
of Soybean.
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Appendices
Appendix A Analysis of Soybean Plants
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Figure A-1. Soybean plant height of variety “Zakat”, a - control, b - CRF5, c - CRF10 (2018.08.23)
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Figure A-2. Soybean plant height of variety “Nega-1”, a - control, b - CRF5, c - CRF10 (2018.08.23)

80

Table A-1. Yield analysis of soybean variety “Zakat”

№

Control

CRF5

CRF10

Ft = 6.94

Replication

Plant
height

Quantity per 25 plants, seeds.
full

empty

beans

beans

1 plant grain

1000 grains

grains

mass, (g)

mass, (g)

I

56.0

505

5

1078

7.2

166.1

II

52.2

485

16

1140

6.4

140.9

III

47.4

459

10

1268

8.2

161.0

avg

51.9

483

10

1162

7.3

156.0

I

62.7

484

13

1123

7.0

156.4

II

60.2

411

12

1003

5.9

147.3

III

61.0

480

18

1081

5.9

136.6

Avg

61.3

458

14

1069

6.3

146.8

I

63.8

576

20

1396

7.6

135.7

II

53.0

528

12

951

5.4

141.1

III

61.0

542

22

1232

7.2

147.0

avg

59.3

549

18

1193

6.7

141.3

НСР05

8.0

54

12

306

1.5

24.7

Ff

5.93

11.39

1.61

0.68

1.63

1.40
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Table A-2. Yield analysis of soybean variety “Nega-1”

№

Control

CRF5

CRF10

Ft = 6.94

Replication

Plant
height

Quantity per 25 plants, seeds.
full

empty

beans

beans

1 plant grain

1000 grains

grains

mass, (g)

mass, (g)

I

75.7

1712

86

3349

18.6

138.8

II

70.0

1890

109

3416

18.8

137.3

III

76.0

1672

113

3548

18.8

140.9

avg

73.9

1758

103

3438

18.7

139.0

I

79.7

1789

98

3545

20.6

145.2

II

75.0

1916

84

3711

22.0

148.0

III

72.3

1797

96

3537

21.4

151.2

Avg

75.7

1834

93

3598

21.3

148.1

I

77.8

1695

58

3377

21.4

158.4

II

82.4

1600

68

3349

21,8

162.5

III

74.0

1859

77

3657

23.0

157.2

avg

78.1

1718

68

3461

22.1

159.4

НСР05

9.4

286

23

279

1.2

6.3

Ff

0.79

0.65

9.87

1.48

31.62

39.98
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Appendix B Overview of NDVI and NDRE comparison in Muramatsu, Japan
B-1 Introduction
This study reports a field-scale test to detect differences in the amount of vegetation and
chlorophyll content of crops using an unmanned aerial vehicle (UAV) fitted with a multispectral
camera. The purpose of this study, on the experimental farm of Niigata University, Niigata, Japan,
was to identify poorly-growing areas of vegetation that might require additional soil fertilizer. NDVI
and NDRE were obtained from five spectral band images (red, green, blue, NIR and red edge) that
were processed by software into a full image map. We used the image map obtained to analyse the
farmland and identify variations in the greenness of plants. We compared two layers with different
indices and indicated differences in vegetation activity for NDVI and NDRE. NDVI showed visible
green colour wherever vegetation was present. With NDRE we observed crops with low chlorophyll
content, indicating nitrogen limitation in the leaves. These observations demonstrate the efficacy of
using NDRE as a sensitive index for monitoring chlorophyll content. Therefore, we propose that
different indices may be most useful for different crops, plant density, seeding rates and growth stages.

B-2 Study site
The study site was a 15-hectare set of crop trial plots, such as vegetables, soybean, fodder
crop and seedling, at Niigata University’s Muramatsu experimental station, located at in Gosen,
Niigata Prefecture (Figure 25). In this study site, we detected deviation on the example of cedar
seedlings plot.
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Figure B-1. The study site at Muramatsu experimental station

The city of Niigata, Niigata Prefecture, Japan is located on Honshu main island, about 350
km northwest of Tokyo. Niigata Prefecture is one of Japan’s major rice-growing regions, producing
premium high-quality rice, and is also vital for growing soybean, vegetables and berries.

B-3 Overview of two indices NDVI and NDRE
Several different index values have been used in agriculture to analyse crop health at specific
growth stages, the presence of weeds and crop moisture status. The use of remote sensing data offers
the potential to improve the prediction of crop diseases and weeds (Homolova et al., 2013). Indices
are used to contrast the stronger chlorophyll absorption of red wavelengths with the higher reflectance
of NIR wavelengths for NDVI, and the red edge wavelength to indicate chlorophyll content (Carlson
and Ripley, 1997).
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A formula must be applied to the raw data to obtain agronomically useful information. We
used QGIS (open source version) software to calculate NDVI and NDRE. NDVI is defined as a ratio
of the difference between the NIR and the red band versus the sum of the two bands Eq. (B-1). NDRE
is defined as the same ratio as for NDVI, but using red edge instead of the red band Eq. (B-2) (Tucker,
1979).

NDVI =

𝑁𝑁𝑁𝑁𝑁𝑁−𝑅𝑅𝑅𝑅𝑅𝑅

(B-1)

𝑁𝑁𝑁𝑁𝑁𝑁+𝑅𝑅𝑅𝑅𝑅𝑅

NDRE =

𝑁𝑁𝑁𝑁𝑁𝑁−𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

(B-2)

𝑁𝑁𝑁𝑁𝑁𝑁+𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

We processed the captured images using Pix4Dmapper software to obtain five-band maps.
Red, green and blue (RGB) colours cannot be recognized by the human eye from the mixed five-band
map. The raw five-band map is represented as a gray-scale image (Figure B-2).
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Figure B-2. Example of five-band map

We compared two layers with different indices and indicated differences in vegetation
activity for NDVI and NDRE. We found a uniform distribution of NDVI wherever vegetation was
present. NDVI provides an indicator of the amount of healthy vegetation, measured on a scale from 0
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to 1, where the closer to the index 1, the higher the amount of vegetation (Figure B-3). On our field
we observed crop without visibly depressed greenery. This index is most useful at early and middle
growth stages: it indicates the health of crops (such as weak growth or crop diseases) as measured by
the reflectance of NIR and red bands, which are both commonly used to indicate the greenness of
actively growing leaves.
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Figure B-3. NDVI layer

The red edge spectral band, as provided by the MicaSense company in their RedEdge
camera, was used in our research to indicate chlorophyll content (Figure B-4). The red edge
wavelength of 717 nm provides a sensitive indicator of chlorophyll content in leaves (how green a leaf
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appears), density of leaves, and soil background effects. NDRE image we can see lower readings
where less Nitrogen was applied. Chlorophyll has maximum absorption in the red band wave, and so
red light cannot penetrate beyond a few layers of leaf cells. Leaves are more translucent to red-edge
light than red light: the red edge wavelength penetrates a leaf much more deeply than red or blue
wavebands. Therefore, NDRE is more suitable for middle and late growth stages, when crops have
accumulated high concentrations of chlorophyll in the leaves and the red light will penetrate poorly.
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Figure B-4. NDRE layer with a chlorophyll index value
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From NDVI and NDRE indices we detected differences in the greenness of crops and
chlorophyll content. NDVI showed visible green colour wherever vegetation was present, with
relatively little variation in index value (Figure B-5).

Figure B-5. NDVI layer

With NDRE we observed cedar seedlings plot with low chlorophyll content, indicating
nitrogen limitation in the leaves, in areas where NDVI gave no such indication (Figure B-6). Therefore,
we propose that different indices may be most useful for different crops, plant density, seeding rates
and growth stages.
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Figure B-6. NDRE layer

B-4 Implication
In this work, we compared two indices in their usefulness for detecting differences in the
observed data. NDVI is most effective when used to analyse large areas of land for vegetation density
and how green a crop appears. It enables evaluation of the health of crops, the effectiveness of
cultivation and seeding rates. NDRE enables visualization of chlorophyll content in leaves. It allows
identification of areas that might benefit from chemical analysis of the soil or that may have additional
fertilizer requirements (especially nitrogen) or may have had the improper application of fertilizer. In
this study, we used NDVI and NDRE to analyze an experimental site and detect areas of poorly
growing vegetation. We compared the two indices to determine the effectiveness of using different
wavelengths for agronomic monitoring. The data layers we obtained and processed will be
communicated to farmers to help them evaluate areas where it may be necessary to conduct a chemical
analysis of the soil and additional application of fertilizers.

92

Appendix C UAV field survey in the Amur region, Russia
The Institute of soybean and Niigata University in the experimental site of Institute in the
Amur Region established a test flight for agricultural remote sensing in 2018.
We used a UAV and a multispectral camera attached to it to take images. DJI's UAV Matrice
100 manufactured in China was used to capture images of the terrain. The camera focal size was 5.5
x 4.8 mm, and the GSD (Ground Sampling Distance) from the 80 m altitude flight was 5.45 cm/px.
Front overlap and side overlap were set at 60% and 80%, respectively. The flight was carried out
during solar noon, in the Amur Region this time at 12:30 pm. Pix4Dcapture software was used during
image acquisition for the formation of the flight task and mission planning. Pix4DMapper was used
to process raw data from the camera.
The necessary step in remote sensing is to evaluate the health of plants - the lack of nutrients
and the presence of viruses, pests, or weeds. By scanning the crop using both visible and near-infrared
light, cameras on board a UAV can identify crops by colour. This information can create multi-spectral
maps that track changes in plants and indicate their health. Besides, it is possible in the shortest time
to identify the source of infection and take into account for further activities (Boiarskii et al., 2019).
First, we made a map in the RGB layer to visualize terrain, crops and objects on the fields
(Fig. C-1). The human eye recognizes images very well, so using the RGB image data makes the maps
more understandable and readable. RGB images are suitable not only for imaging of a real surface (for
example, satellite images or aerial photography), but also for displaying general information. This
image showed the experimental field, its boundaries, plots, and implementation. A colour map can be
used as a source for monitoring large-scale fields on the misuse of resources such as seeds, fertilizers,
land, and cultivation methods.
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Figure C-1. RGB map

Today, one of the most popular tools for working with mineral nutrition of plants is the
vegetation index. The calculation of the normalized differential vegetation index (NDVI) is available
from the ground - a hand-held device, a satellite - but the satellite is not always in the right place and
at the right time, besides a high dependence on clouds and the high costs of images (Boiarskii and
Hasegawa, 2017). A UAV is a quick and accurate solution in obtaining such images. NDVI is preferred
for global monitoring of vegetation because it helps to compensate for changes in lighting conditions,
surface slope, exposure, and other external factors.
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Using the camera, we were able to take images in different spectra and applied the index
calculation using the formula to get the NDVI map. After the processing step, we draw a map to
visualise vegetation activity over the field (Fig. C-2). The red colour indicates ground on this image,
and green to yellow – greenery activity of crop, the greener it is, the higher the activity. Lack of
vegetation in the middle of the field was shown. From this image, we determined where the vegetation
is absent, and also where it is stronger and weaker. NDVI is most effective when used to analyse large
areas of land for vegetation density and how green a crop appears. It enables evaluation of the health
of crops, the effectiveness of cultivation and seeding rates. Vegetation indices, such as the NDVI, are
commonly used to contrast the stronger chlorophyll absorption of red wavelengths with the higher
reflectance of NIR wavelengths (Carlson and Ripley, 1997).
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Figure C-2. NDVI map

Using digital mapping methods, we evaluated the terrain and showed the use of UAV and
camera in the Amur region. UAVs provide field surveying and high-resolution monitoring, which
allow estimating different data. We made layers such as RGB, NDVI and elevation to expand the
understanding of the application of these technologies. In the course of the experiment, depressed
vegetation was clearly shown. This is applicable for research on large-scale fields where it is
impossible to trace the occurrence of problem areas from the ground. We have introduced the methods
of processing, imaging and mapping, which is a novelty in the region.
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Appendix D Characteristics of soybean varieties
D-1 Soybean variety “Nega-1”

Figure D-1 “Nega-1”

The maturity dates ranging between 110 and 116 days, and average of 113 days. Plant height
- 81 (69-93) cm, attachment of lower pods - up to 23 cm. Mass of 1000 seeds - 157-183 g. The protein
content in the seeds is 39.1%, fat -20.3%. Pods are slightly curved, almost straight with a pointed apex,
2-4 seeds, in nodes of 6-8 pods. The color of the pod is light brown the pubescence is red. Seeds are
round - round oval in shape, the color is dark yellow with a faint sheen. The surface of the seed is
smooth. Hilum is medium oval, sometimes widely oval; the color of the hilum is the color of the seed,
in some years may be darker than the seed, almost brown.
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D-2 Soybean variety “Kruzhevniza”

Figure D-2 “Kruzhevniza”

The growing season is 99-106 days, on average - 102 days. Plant height - 65 (62-68) cm,
attachment of lower pods - up to 12 cm. The mass of 1000 seeds is 115.1 - 144.7 g. The protein content
in the seeds is 40.1%, fat - 17.4%. Seeds are yellow with a slight greenish tint, shiny, spherical flattened
shape; the surface of the seeds is smooth. Hilum is short, oval and color is yellow. The variety is
characterized by high photosynthetic activity, is resistant to fungal and bacterial diseases of soy, and
is relatively resistant to waterlogging and drought. The uniqueness of the variety is the presence of
multi-leafs and felt pubescence, which distinguish it from all other varieties cultivated in the region.
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D-3 Soybean variety “Kitrossa”

Figure D-3 “Kitrossa”

The growing season ranging between 113 and 114 days, an average of 114 days. Plant height
- 84 (71-97) cm, attachment of lower pods - up to 22 cm. An increased number of seeds in pods (4seed - 45.2%) characterizes this variety. Seeds are bright yellow without gloss, spherical in shape, the
surface is smooth, and hilum is yellow. The mass of 1000 seeds weight - 145.0-185.5 g. The protein
content in the seeds is 38.9%, and fat is 18%. Potential yield of the variety is 40 t/ha. Sowing period
ranging between May 05 and May 25, when the soil is warmed up to 10 ° C at a depth of seed
placement (5 cm).

99

D-4 Soybean variety “Zakat”

Figure D-4 “Zakat”

The growing season is 85-95 days, on average - 90 days. Plant height - 75 (65-86) cm,
attachment of lower pods up to 17cm. Pods are slightly curved, 2-3 seeds in each pod. Seeds are yellow,
spherical-oval in shape. The color of the hilum is the color of the seed (yellow). The mass of 1000
seeds is -150-170 g. The protein content in the seeds is 41.6%, fat is 20.8%. Potential seed yield is 2.2
t/ha. Sowing dates are from May 20 to May 31, when the soil is heated to 12-15 ° C at a depth of seed
placement (5 cm).
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D-5 Soybean variety “MK 100”

Figure D-5 “MK 100”

The growing season is 106-112 days, an average of 109 days. Plant height - 75 (57-92) cm,
attachment of lower pods - up to 20 cm. Pods of brown color with red pubescence 2-3 seeds, a small
amount of 4 seeds. The seeds are spherical in shape, yellow, the surface of the seeds is smooth. Hilum
is brown, medium, oval. The mass of 1000 seeds is 122-164 g. The protein content in the seeds is
38.4% and fat is 19.5%. Potential yield of this variety is 3.23 t / ha. The sowing period is from May
15 to May 23, when the soil is heated to 10 ° C at a depth of seed placement (5 cm).
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