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Abstract. The introduction of precision farming technologies using high-
tech equipment will increase the productivity of rice, reduce its cost, and 
improve the environment. The use of digital technologies in agriculture is 
especially relevant in the face of rising prices for seeds, fertilizers and fuel, 
as it helps to significantly reduce costs and increase the profitability of 
agribusiness. The paper reviews the use of unmanned aerial vehicles 
(UAV) in rice cultivation and describes methods for assessing the state of 
rice crops. Drones are a more versatile and efficient tool for obtaining data 
on the state of crops of crops compared to information obtained from 
satellite images. They allow real-time monitoring of the most important 
indicators of the state of crops, which allows agricultural producers to 
make timely decisions. The UAV was used to determine the boundaries of 
the rice system, terrain, microreliefs of checks, moisture of the surface soil 
layer and the state of rice crops. The studies were carried out on a test site 
of the Federal State Budgetary Scientific Institution "Federal Scientific 
Rice Centre" with an area of 327 hectares. The main cultivated crop is rice 
variety Flagman. The survey was performed by a quadcopter with a Mica 
Sense Red Edge-M multispectral camera mounted on a fixed suspension. 
The shooting period using an unmanned aerial vehicle (UAV) was limited 
to early June and additionally used the Sentinel-2A satellite data covering 
the entire analyzed period (06.05.2019 – 08.29.2019). To assess the state of 
rice crops, the normalized relative vegetative index NDVI was used. Based 
on the NDVI distribution and yield information from the combine 
TUCANO 580 (CLAAS), a statistical analysis was carried out in fields 7 
and 9. Testing of the experimental methodology for monitoring crops in 
2019 on the basis of remote sensing of test plots and geoinformation 
modeling and the statistical apparatus should be considered satisfactory. 

1 Introduction 
For the effective use and management of vast areas of agricultural land in Russia, one 
should proceed from the principles of precision farming, relying on scientific research and 
technological progress. [1] This approach is not only able to reduce labor and time costs of 
farmers, increase crop yields, but also can improve the quality of products while reducing 
the environmental burden on the environment. 
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The use of unmanned aerial vehicles (hereinafter referred to as UAVs) in crop 
production is one of the most relevant and effective methods of precision farming [2]. 
Based on aerial photographs by means of UAVs and special programs, it is possible to 
create digital maps of fields in the form of orthophoto and vector plans; elevation and relief 
maps; determine the area of the contours; monitor the state of soils; calculate vegetation 
indices and predict yields; to carry out an inventory of agricultural lands, etc. [3, 4] In 
addition to monitoring, UAVs are successfully used in crop production when treating crops 
against diseases and pests. When applying chemicals and fertilizers, UAVs show a 
relatively low cost and high efficiency compared to traditional methods [5, 6].  

This paper discusses the possibilities of using UAVs for monitoring in a specific field of 
crop production - rice growing. According to analysts, in the long term, an increase in 
demand for milled rice is expected, with market saturation being provided by domestic 
production. The main reserves for the growth and development of rice growing in the 
territory of the Russian Federation, in addition to modernizing production and improving 
rice-growing complexes, is the introduction of modern technologies and scientific research 
[7]. 

In the Russian Federation, rice is cultivated on engineering irrigation systems with 
artificial water supply to the main and accompanying crops. The key rice growing region is 
Krasnodar region, the rice system occupies 234 thousand hectares [8]. Rice is sown in small 
fields called checks, fenced with rollers. Together with canals, they form a complex system 
of irrigation fields. One of the factors of the production process is the leveling of rice fields, 
failure to comply with which entails the spread of weeds, which in turn will lead to a 
decrease in yield. 

It should be noted that the construction of irrigation systems was inevitably 
accompanied by terracing of the natural relief, which is one of the reasons for the 
unsatisfactory irrigation and drainage state of soils. Under the influence of periodic 
flooding, the soils of rice fields differ from rainfed ones in heterogeneity and complexity of 
the physical, chemical and biochemical processes occurring in them. [9]. 

Due to the tension of the anthropoecological situation on irrigated systems in the rice 
growing zone, it is necessary to develop and introduce modern scientifically grounded 
elements of rice cultivation technology, which will reduce the environmental load [10]. 

Based on the foregoing, it is necessary to apply modern scientific and technical 
developments to create digital systems for assessing the state of a set of measures in the 
management of agricultural processes.  

The use of UAVs for geoinformation monitoring of rice fields is one of the modern 
elements in rice cultivation technology aimed at increasing production processes and 
reducing the environmental burden on the environment by optimizing the use of plant 
protection products.  

Analysis of literature data on the use of UAVs in agricultural production highlights the 
main areas of research, one of which is the forecast of rice yield based on various models 
for assessing vegetation indices based on multispectral images using various methods of 
data analysis [11-13]. Another important direction is the assessment of the state of 
agrocenoses on the basis of their optical and biological properties in the main phenological 
vases of the development of rice plants. [14, 15]. 

Purpose of the work: to analyze cartographic data on the spatial distribution of soil 
cover and plant biomass. 
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2 Materials and Methods  
The flights were carried out on the experimental field of FSBSI "Federal Scientific Rice 
Centre" (Belozerny, Krasnodar region) from February to June 2019. The total area of the 
rice system was 273 hectares. Rice variety Favorit was cultivated in the studied fields.  

Unmanned aerial vehicles (UAVs) of aircraft and rotary types, equipped with cameras 
of the visible and near infrared range, and a multispectral camera were used. The flight 
altitude was 150 m. In parallel, a geodetic survey of the territory was carried out (placement 
of control and reference points - 4 units, coordination of the flight base - 1 unit). Crossover 
75%. The UAV survey period was limited to the beginning of June; additionally, data from 
the Sentinel-2A satellite were used, covering the entire analyzed period (05.06.2019 – 
29.08.2019). 

To assess the state of rice crops, we used the normalized diference vegetation index 
(NDVI) [26]. 

The rice was harvested with a TUCANO 580 harvester of the German company 
CLAAS equipped for harvesting rice. The yield data of the studied fields is obtained from 
the CLAAS TELEMATICS cloud system in the form of a geospatial distribution of rice 
yield values on a cartographic basis.  

The obtained data on the geospatial distribution of NDVI and rice yield were processed by 
methods of mathematical statistics.  

3 Results and Discussion 

3.1 Determination of rice system boundaries and clarification of checks areas 

The problem was solved based on aerial photography data dated 16.02.2019 in the visible 
range of an aircraft-type UAV at an altitude of 300 m, an accuracy of 5 cm per pixel. The 
obtained images were stitched together using the Agisoft Metashape photogrammetric 
program. In order to analyze aerial photographs, the construction of a raster, a matrix of 
heights, and specific matrices was further carried out.  

The creation of a map of the experimental site (Fig. 1) was carried out in the 
geoinformation program "Neva" developed by the Russian Institute for Management 
Problems named after Trapeznikov? Moscow. With the help of this program, the area of the 
experimental fields was determined, based on their contours, created from the raster of the 
aerial photography obtained using the UAV. 

 
Fig. 1. Map of the experimental site divided into checks and indicating the areas of checks in hectares 
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The use of UAVs makes it possible to monitor agricultural fields within the framework 
of which it is possible to carry out: clarification of the boundaries of cultivated fields and 
their inappropriate use; identify cadastral errors; assessment of the state of soils and 
agrophytocenoses [16]. 
Let us note the advantages of aerial photography from UAVs in relation to the use of 
satellite images:  

• High variable resolution of shooting for the required tasks. High accuracy of 
satellite images is provided only on paid services, but there is always a possibility 
of artifacts on the map; 

• Possibility of obtaining images with the required flight frequency - the efficiency 
of shooting. Space images may not match the desired shooting date; 

• UAV flight does not depend on weather conditions (except for wind over 20m / s 
and snow shower), it flies under the edge of clouds. Satellite imagery is affected 
by cloudiness; 

Updating the borders and areas of agricultural land using UAVs provides farmers with 
operational information about the actually cultivated land in comparison with accounting 
data. 

3.2 Monitoring of terraces of checks of rice irrigation system 

The advantage of aerial photography using UAVs is the acquisition of terrain data. For rice 
growing, this fact should be correlated with such concepts as terracedness and microrelief 
of a rice check.  

The construction of irrigation systems for the cultivation of lowland rice is inevitably 
associated with the terracing of the natural relief, while in the countries of traditional rice 
cultivation, the value of the elevation differences between their planes is no more than 0.10 
m. soils [17]. The evenness of the surface of rice paddies is a prerequisite for achieving the 
highest yield of rice crops and reducing the consumption of irrigation water.  

It is possible to assess the state of evenness of the surface of rice paddies using digital 
terrain models. And in this case, conclusions about the evenness of the check can be made 
both visually using hypsometric maps (height difference maps in color), and 
mathematically - using the tools of the Neva GIS and Agisoft Metashape in combination. In 
Agisoft Metashape, such analysis can be performed using a matrix of heights, and in GIS 
"Neva" it is possible to carry out analysis from cartographic to direct analytical. In this 
case, hypsometry with a color transition is shown every 10 cm inside each meter (Fig. 2). 

 
Fig. 2. Hypsometry of the rice system of FSBSI "Federal Scientific Rice Centre" dated 28/04/2019 
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According to the visual analysis of the hypsometric map of the investigated 
experimental plot dated 28.04.2019, it was found that the height differences between the 
irrigation maps (areas of the rice crop rotation field, limited along the perimeter by the 
junior canals of the irrigation and drainage network) can reach 2 m (in Fig. 3, heights of 
29.89 m and 27.88 m). 

 
Fig. 3. Height differences on the hypsometry of the rice system 

At the same time, the terraces between neighboring checks vary on average at the level 
of 20-30 cm. For an example of visualizing the terraces of neighboring checks, Figure 4 
shows an irrigation map from the area of checks 17-22, 24-29. 

 
Fig. 4. Analysis of the terraces of neighboring checks using the example of the area of the studied rice 
system  

Terrace according to scientific and expert data should be no more than 0.25-0.30 m, and 
the maximum difference in check surface marks in the map should not be more than 1 m 
[18]. 

At the same time, it should be noted that in this case, the experimental site of FSBSI 
"Federal Scientific Rice Centre" was considered, where there was no goal of observing the 
terraced checks, this survey shows the possibility of monitoring the relief of any rice 
system.  

Along with terraces, it is possible to analyze microreliefs of checks using a hypsometric 
map (see Fig. 5). Knowing the designation of the heights for each color and the set color 
step of 10 cm, we can talk about the differences in the heights of the sections within this 
check by 20 - 40 cm. 
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Fig. 5. Hypsometry of checks №33 and №3-9 

The microrelief of checks affects the yield of rice and its weediness [19]. The more 
fluctuations in the marks of individual check points relative to its average mark, the lower 
the rice yield. [20, 21]. Fluctuations in the microrelief marks of checks should not exceed ± 
5 cm. The accumulated experience of growing rice confirms that irregularities in the 
surface of checks, which are within ± 10-13 cm, lead to a decrease in rice yield by 1.5-2.7 
times and an increase in irrigation water consumption 1.7-3.4 times [22, 23].  

 
Fig. 6. Comparison of the check hypsometry before sowing with the moisture map and NDVI 

On the microrelief of the check, orange areas are visible - a decrease in heights by 10-20 
cm. (Fig. 6 a). In case of poor-quality leveling of the surface of the checks after the initial 
flooding and discharge, the water remains in low places for a long period, while in some 
areas the soil dries up. Rice seedlings develop unevenly under the water layer and not all of 
them overcome it, especially if it is large and the water temperature is high. On saline soils, 
dried bumps are a wick for pulling up salts, as a result, young rice seedlings in these areas 
completely die. 

On the moisture map, the light areas represent a lack of moisture, in this area on the 
hypsometric map an increase in the microrelief of the check was observed on average at the 
level of 20 cm. At the same time, the area of decrease in the microrelief of the check by an 
average of 10 cm (orange area) is characterized on the NDVI map by the absence or low 
values of this index, which is associated with a smaller number of plants per square meter 
from the optimal as a result of the death of a part of the plants during germination.  

It should be noted that in this case, the possibility was investigated, based on the 
analysis of cartographic information in the GIS "NEVA", to create tasks for leveling 
machines in the form of a data array for the purpose of high-quality check alignment (with 
identification of areas requiring cutting or filling). 

3.3 Assessment of soil moisture 

The moisture content in the arable layer of the soil and the level of occurrence of 
groundwater in the complete absence of vegetation is of great importance at the beginning 
of field work. Long-term studies have proved the possibility of obtaining comparative 
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estimates of the moisture content of the surface layer of the soil according to remote 
sensing data in the visible and IR ranges with sufficient soil homogeneity in terms of 
mechanical and chemical composition. A characteristic feature of vegetation and its 
condition is spectral reflectivity, characterized by large differences in the reflection of 
radiation at different wavelengths. The Water Ratio Index (WRI) is used to estimate the 
moisture content of vegetation. Calculated by the formula: WRI= (GREEN + RED) / (NIR 
+ SWIR2). 

Below is the cartographic information on the moisture index of the selected study area 
of the rice system (Fig. 7) from the moment it is filled with water in order to analyze the 
flooding front of checks and further dynamics.  

 

Fig. 7. Selected irrigation map of the rice system, a, b, c – shooting on different dates 

Figure 8 shows the maps of the moisture index in dynamics, on which problem areas are 
visually distinguishable. When analyzing hypsometric data and moisture maps, a direct 
relationship is traced between the unevenness of the relief and the distribution of water in 
the selected area of receipts. On June 14, it is clearly seen that the water has gone from the 
highest checks (light areas) to the lower ones. The difference in heights on the upper group 
of checks (indicated by the black dotted line) reaches almost 1.5 m and it can be seen that 
the largest amount of water has accumulated in the lowest section, which indicates the 
presence of problem areas that require work to improve their reclamation state.  

3.4 Monitoring of the state of rice agrophytocenoses 

The statistical properties of the spatial distributions of the vegetation index and yield in the 
studied fields should be judged by the histograms (Fig. 8, 9) [24]. From a brief overview of 
the type of frequency distribution of variables, the following preliminary conclusions can 
be made. In field 7 (area 13.75 ha), histograms reflecting the distribution of the vegetation 
index according to the survey data from UAVs and the Sentinel-2A satellite at close dates 
at the beginning of June have incomparable forms; unites their multimodality. The latter 
property, found on independent data, may indicate the presence of some specific micro-
scale factors that determine the spatial distribution of rice crops inside the field in June. At 
the end of August, the character of the NDVI distribution changes, which is also confirmed 
by the measurement data on field 9 (Fig. 6): the histogram becomes close to unimodal, with 
some negative asymmetry inherent in both fields (the left side is elongated), especially 
noticeable according to field 7 Our expectations of the closeness of the histogram forms 
reflecting the distribution of NDVI and yield were more likely to be confirmed than were 
disproved. In both cases, on the analyzed fields, the forms are visually close. (Fig. 8 c, d; 
Fig.9 c, d). 
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Fig. 8. Histograms of the distribution of the NDVI vegetation index on field 7 according to: a) BVS 
(06.06.2019), b) Sentinel-2A satellite (06.05.2019), c) Sentinel-2A satellite (08.29.2019), d) yield 
(September 12-14, 2019) 

 
Fig. 9. Histograms of the distribution of the NDVI vegetation index on field 9 according to: a) UAVs 
(06.06.2019), b) Sentinel-2A satellite (06.06.2019), c) Sentinel-2A satellite (29.08.2019), d) 
productivity (12-14, 09. 2019) 
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At the same time, analysis of the correlation matrix of NDVI variables showed a 
statistically moderate and weak connectivity of the spatial distributions of the studied 
variables. 

Studies based on the use of UAVs and Sentinel-2A satellite data make it possible to 
determine the degree of nitrogen supply to rice crops by optical indicators of their 
physiological state (NDVI), which are closely related to the yield map. Unmanned aerial 
vehicle (UAV) is a promising platform for remote sensing due to its versatility, and it is 
widely used to monitor the physiological state of rice crops and productivity [25]. Our data 
on the relationship of the optical-biological properties of rice crops with their productivity 
are generally consistent with reports of other authors [26, 27]. 

Thus, the possibility of determining the physiological state of rice crops by the optical 
properties of agrophytocenosis in the precision farming system is shown. 

4 Conclusions 
Since the impact of the anthropogenic factor on the soil is most pronounced during rice 
cultivation, it is necessary to conduct constant monitoring of the state of the rice system. 
UAVs are suitable for these purposes in terms of additional benefits, providing high-quality 
operational analytical information. Based on the analysis of cartographic data, it is possible 
to quickly solve problems in order to increase not only the volume of rice production, but 
also its quality while simultaneously reducing production and time costs.  

Aerial photography data are suitable not only for assessing the current situation, but also 
for the accumulation of statistical data in order to conduct a comparative and integral 
analysis based on the results of the growing cycle of one or several years.  

Based on the results of the research work, it was concluded that the use of UAVs, 
geographic information systems and computer technologies can solve the following tasks 
on rice systems: layout of rice paddies; evaluation of the relief of the rice system (terraces) 
and microrelief of checks; identification of WRI in the check; assessment of soil moisture; 
monitoring of the state of crops; identification of areas of crop loss; compilation of maps of 
NDVI; processing of crops. 
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