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Abstract. As a result of hyperspectral measurements carried out on the 
test plots of the All-Russian Research Institute of Biological Plant 
Protection, we obtained the reflection spectra of individual cultivated and 
weed species. Along with the ground-based measurements, trials of the 
GEOSCAN drone equipped with a Gamaya hyperspectral camera were 
organized. We developed a database of spectral characteristics of weeds. 
The change in the shape of the spectral signatures of the reflectivity of 
plant objects depending on their actual condition,  taken into account 
during field surveys, was analyzed. An analysis of the spectral curves 
showed that the results of field spectrometry are in good agreement with 
aerial survey data. 

1 Introduction  

Weed plants are components of secondary habitats plant communities and essentially 
remain wild-growing plants, the distribution of which is caused, first of all, by natural 
factors, the main of which is the heat and moisture supply of the growing area, rather than 
being attached to a specific agricultural crop [1, 2]. 

To carry out real-time monitoring of agrocenoses conditions, it is necessary to improve 
methods for obtaining information on weeds in specific regions with reference to 
agroclimatic conditions [3, 4]. That's why it's really important to develop fundamentally 
new diagnostic tools and operational control of especially dangerous harmful species that 
can cause an emergency food situation [5-7]. 

Currently, in many countries of the world drones (UAVs) are used to control 
agricultural land, in economic terms the cost of their application is many times cheaper than 
using aviation and space systems [8-10]. The Russian experience in the use of UAVs in 
agriculture today mainly comes down to determining the area of agricultural land, the 
general economic assessment of crops conditions and the determination of the NDVI index 
(Normalized Difference Vegetation Index) [11-13]. At the same time, there is a lack of 
proposals for the use of modern technical tools for diagnosing the species composition and 
prognostic models of development, and the spread of harmful objects. 
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Modern specialized literature contains some articles considering the problems of the 
development of ground-based spectral libraries, providing the possibility of identifying 
species features and changing the condition of different types of vegetation caused by the 
influence of environmental factors [14, 15]. 

The aim of our research was to improve phytosanitary monitoring methods for weeds. 

2 Materials and methods 

To achieve this goal, on the experimental fields of scientific crop rotation of the All-
Russian Research Institute of Biological Plant Protection, we developed test plots with 
different species composition of cultivated and weed plants that form the basis of the  
agrocenoses of Krasnodar Krai [16]. 

The objects of the research were crops of sunflower, corn, soybeans and alfalfa, to 
different extents weeded with the following species: ragweed (Ambrosia artemisiifolia L.), 
Californian burweed (Xanthium strumarium L.), black foxtail (Alopecurus myosuroides 
Huds.) and wild oat (Avena fatua L.). 

In the course of the research, we carried out regular phytosanitary monitoring of the 
development of cultivated and weed plants during the study period. 

Ground-based spectrometric measurements were carried out using a FieldSpec 3 Hi-Res 
spectroradiometer, which is designed to measure the absolute and relative values of energy 
brightness in the spectral range of 350 ÷ 2500 nm. 

Along with the ground-based measurements, we tested GEOSCANAGRO-101 drone  
equipped with an OXIVNIR-40 hyperspectral camera. 

3 Results and discussion 

As a result of hyperspectral measurements carried out on the test plots, we obtained 
reflection spectra for certain types of cultivated plants (corn, sunflower, soybeans) and 
weeds (ragweed, Californian burweed, field sow thistle, foxtail, etc.). 

Basing on the data processing, we developed a database of spectral characteristics of 
crops and weeds in the Microsoft Acces 2010 program. 

We analyzed the change in the shape of the spectral signatures of the reflectivity of 
plant objects depending on their actual condition, taken into account during field surveys. 
Figure 1 shows the average graphs of the dependence of spectral brightness on the 
wavelength of cultivated and weed plants in the third decade of May. This time period is 
the beginning of the active vegetation of weeds. 

An analysis of the spectral curves showed that the data from ground-based field 
spectrometry are in good agreement with the aerial survey data. Corn and soybean plants 
are characterized by similar reflectivity in the visible range of 450-680 nm. Sunflower is 
characterized by the most significant steepness of the green reflection peak. Alfalfa 
reflection curve significantly coincides with the spectral brightness indices of the 
Californian burweed (X. strumarium L.), only slightly differing in the green reflection peak  
Wild oats (A. fatua L.) differs from other plants in the most profound absorption of 
radiation in the red part of the spectrum. Ragweed (A. artemisiifolia L.) is characterized by 
an extremely low, in comparison with other plants index of spectral brightness in the visible 
range, as well as an upper limit of reflection in the infrared region of electromagnetic 
radiation. 
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Fig. 1. Average graphs of the dependence of spectral brightness on the wavelength of cultivated and 
weed plants in the third decade of May 

 
Table 1 shows the results of a statistical calculation of the ranges of spectral brightness 

values of cultivated and weed plants. 
Table 1. Assessment of the spectral characteristics of cultivated and weed plants in the third decade 

of May 

Plant species Reflectivity, % 
B G R RE NIR 

Z. mais L. 1,42±0,17 2,42±0,18 1,97±0,23 3,76±0,35 5,43±0,47 
H. annuus L. 1,21±0,07 2,19±0,14 1,43±0,07 4,42±0,25 5,47±0,27 
G. max (L.) Merrill 1,51±0,08 2,63±0,07 2,21±0,14 4,36±0,15 5,49±0,23 
M. sativa L. 0,85±0,05 1,71±0,12 1,28±0,12 3,71±0,18 5,58±0,11 
A. artemisiifolia L. 0,42±0,03 1,07±0,05 0,47±0,03 3,23±0,12 5,65±0,18 
X. strumarium L. 1,03±0,23 2,01±0,53 1,27±0,25 3,91±0,72 5,17±0,23 
A. myosuroides Huds. 1,31±0,12 2,26±0,18 1,83±0,26 4,12±0,21 5,61±0,23 
A. fatua L. 0,81±0,05 1,41±0,09 0,91±0,08 2,93±0,19 5,07±0,33 
Notes: Spectral ranges: B (450 ÷ 520 nm), G (530 ÷ 610 nm), 
R (625 ÷ 680 nm), RE (680 ÷ 740 nm), NIR (800 ÷ 1100 nm) 

 
In general, the statistical calculation data confirmed the results of a graphical analysis of 

the comparison of the spectral signatures of the studied plant objects and allowed us to 
draw the following conclusions: 

 distinctive features of the reflectivity of some cultivated and weed species are in 
the visible range of the spectrum of 400 ÷ 680 nm; 

 in the NIR range of 800 ÷ 1100 nm, the differences in the average values of the 
spectral brightness of different plant species are overlapped by the sums of their standard 
deviations; 

 ragweed is characterized by a pronounced difference in the amplitude of spectral 
brightness fluctuations from the total set of reflection spectra of cultivated and weed plants. 
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4 Conclusions 

Thus, as a result of the studies, we obtained the original spectral characteristics of certain 
species of cultivated and weed plants. We interpreted and compared the data obtained as a 
result of ground-based and remote measurements, and indicative spectral characteristics of 
individual plant species were revealed. We developed a database of hyperspectral optical 
characteristics of crops and weeds. 

The obtained results indicate the fundamental possibility of using remote hyperspectral 
measurements for phytosanitary monitoring of weeds. 

The research was supported by the RFBR grant and the Administration of  Krasnodar 
Krai No 19-416-233025 р_мол_а  
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