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ABSTRACT

To determine the degree of degradation of agricultural lands for a key values (humus content, mobile potassium, mobile
phosphorus, PH), the use of multispectral UAV materials synchronized with ground-based spectrometric imagery is
proposed. Spectroradiometer HandHeld 2, soil acidity (pH) meter, satellite GLONASS-GPS receiver of geodetic class
were used for field survey. Multispectral orthophoto obtained at the time of ground surveys using multispectral cameras
Tetracam Micro-MCA 4 and Tetracam ADC-micro installed on board of the Supercam-S350F UAV. In parallel with the
spectrometric work, samples of soils of different soil varieties and washout degree were taken, in representative sites of
elementary soil areas. Laboratory studies were carried out with the selected samples, in order to determine the main
agrochemical parameters: humus (%), mobile phosphorus (mg), mobile potassium (mg), pH (H20). The work was tested
on two field sites located in the Chuvash Republic (Russia), on cultivated (arable land) forest-steppe zonal soils (leached
chernozems, dark gray forest soils). As a result of mathematical data processing, statistically significant relationships
were obtained between certain groups of agrochemical indicators and spectral data in different channels of UAV images
for specific soil varieties. In the course of the study, relationships were found between the green, NDVI, NIR, red
channels obtained using the Supercam-S350F unmanned aerial vehicle and laboratory data: humus, phosphorus,
potassium and soil pH. In general, the results of the experiment prove the fundamental possibility of using multispectral
UAV materials, together with ground spectrometric imagery for automated express determination of agrochemical
indicators of agricultural lands.
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1. INTRODUCTION

The issues of agricultural land degradation are currently not only of scientific importance, but to a greater extent
civilizational and practical®. Humanity cannot abandon traditional agriculture in favor of hydroponics, no matter how
much it wants to conserve natural biogeocenoses, following the trend of decarbonization and the fight against global
climate change. All the same, there will be significant territories with a soil cover periodically cultivated by agricultural
machinery, artificial application of mineral components in the form of fertilizers and pesticides. With a lack of essential
trace elements, primarily nitrogen, phosphorus, potassium, plants will not develop and soil fertility, as the main factor in
agricultural crop production, will be depleted. Agro-melioration and the use of green manure also cannot completely
solve this problem, because it is required to conserve agricultural areas for a considerable time, which is not always
possible. A definite way out of this situation is provided by the use of a multi-field structure of sown areas with a
carefully thought-out on-farm land management. In any case, high-intensity crop production with a large increase in
biomass during the growing season is impossible without the introduction of a certain amount of mineral fertilizers.
Moreover, with an overabundance of microelements in the soil, the surrounding areas will be polluted, first of all, the
deposit environment (reservoirs). The material costs associated with overspending of mineral fertilizers will also
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increase. The so-called technology of “precision farming™ seems to be a definite solution to this situation. But without initial
and periodically updated data on the content of trace elements in soils, it is quite difficult to implement it. Taking into account
the priority of sustainable development of territories, it is necessary to clearly and efficiently control the parameters of
cultivated agricultural lands. This problem is already being solved at the legislative level. In the Russian Federation, there is a
Resolution of the Government of the Russian Federation No. 612 of July 22, 2011 "On the approval of criteria for a significant
decrease in the fertility of agricultural land"2. As these criteria in this regulatory document, it is proposed to use: a decrease in
the content of organic matter in the arable horizon by 15 percent or more; decrease in acidity in acidic soils (pHkci) by 10% or
more; an increase in alkalinity in basic soils (pHw20) by 10% or more; a decrease in the content of mobile phosphorus (mg/kg
of soil) by 25 percent or more; reducing the content of exchangeable potassium (mg/kg soil) by 25% or more. A significant
decrease in the fertility of agricultural land is understood as a change in the numerical values of at least 3 of these indicators. In
most of the available generally accepted methods for determining of the soil erosion3#, the content and dynamics of humus,
mobile phosphorus, exchangeable potassium are also taken as basic values indicating the erosion or degradation of agricultural
lands, since they limit the vital activity of agricultural plants.

Accordingly, in most developed countries there is an objective need to develop inexpensive and sufficiently accurate
methods for determining these indicators®. Until recently, the practical implementation of these works was quite
problematic due to the high labor intensity, high cost and low representativeness of the obtained data. According to the
traditional technology, the territory was divided into conditional areal units from which soil samples were manually
taken and their subsequent study in an agrochemical laboratory. As a rule, the sampling standard is on average 1-3
samples per square kilometer, if the researchers are not faced with specialized tasks. Given the mosaic nature of the soil
cover, such a sampling density is actually not representative at scales of 1: 10,000 and larger. Meanwhile, the scale of
1:10 000 is the main scale of detailed mapping of agricultural lands in Russia and the CIS countries. Therefore, land-
based agrochemical soil sampling is rather laborious and expensive, which does not allow us to speak of complete
coverage of all agricultural land, and is also not representative for relatively large fields (from several hectares or more).

The use of multispectral satellite imagery for solving this problem has limitations on weather (cloudiness), long interval (from
3 to 16 days), insufficient resolution (accuracy of 15 meters or more) to identify specific land plots, the need to pre-order a
survey. Interpretation features of agricultural vegetation could be various due to poorly conducted sowing activities, bad
overwintering conditions (for winter crops), plant diseases and pests. Thus, soil fertility interpretation based on a single satellite
image is difficult®. Information on soil fertility can be obtained from the vegetation cover state. Based on the calculation of
vegetation indices, images are constructed that provide information about the general state of the vegetation cover, soil
characteristics and its water regime. The use of different channels of multi-temporal multispectral images makes it possible to
predict the dynamics of soil fertility. But almost all common vegetation indices use only the ratio of the red and near infrared
channels. Despite the rather serious theoretical and methodological substantiation of these methods, they do not give a direct
solution to the problem of determining the content of trace elements and humus in soils. Numerous attempts by various Russian
and foreign companies (Sovzond, ScanEx, USGS, etc.) to solve similar problems using various soil indices (NDVI, RVI,
SAVI, etc.) do not provide an acceptable solution. They have severe distortions caused by the influence of the atmosphere.
Also, to determine the soil degradation, the phytomass value is used, which is not always directly related. Accordingly, it
becomes necessary to use a new mapping technology to solve the assigned tasks on the indicated scales.

An alternative to traditional methods of agrochemical analysis seems to be ground-based spectrophotometric surveying,
but it has significant limitations inherent in all ground-based methods — laboriousness and significant time consumption
(although they are much less than traditional sampling and laboratory analysis), respectively, insufficient territorial
coverage and, as a consequence, expensiveness. The situation is further complicated by the fact that for the territory of
Russia there are no spectrograms and spectrographic markers of various soil parameters of the main zonal agricultural
soils’. At the same time, the agricultural industry in Russia is on the rise, in the expected future, due to the use of
previously abandoned territories, the problem of rational use of agricultural land will become acute. Spectrographic non-
contact methods should replace agrochemical methods. But without a representative sample, without mathematical
algorithms and proven techniques, their use in Russia will be impossible®. A simple mechanical transfer of data and
methods from abroad to Russia will not solve this problem. What is needed is the data obtained on those soils that are the
basis of agricultural crop production in the Russian Federation. To solve this problem, aerial imagery from a UAV with a
multi-zone camera can be used in combination with ground spectrophotometric imagery. The possibility and
perspectiveness of using non-contact spectrometric methods for studying the soil cover is confirmed by numerous
foreign studies®'®!*, Infrared spectroscopy methods based on the interaction of molecules with electromagnetic energy in
the spectrum infrared region. A feature of the mid-infrared range is that it includes the so-called fundamental molecules
vibrations. This information can be used as a unique soil characteristic.
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Technological advances have made the near and mid-infrared regions of the spectrum very popular for determining soil
parameters for various purposes, most often for assessing trace elements and soil organic matter. Soil mineral elements
such as C, N, P, K, S, Ca and trace elements play the first role in the development of crops. Determining their
concentrations is critical to applying the precision farming concept. Viscarra-Rossel et al. prepared one of the best
reviews of studies that use spectroradiometric methods!?. In most studies, carbon is most often determined, and, in
particular, organic carbon. The overwhelming majority of studies show very good results of correlation coefficients
between actual and estimated values (more than 0.9). Good results were obtained for the determination of the total
nitrogen content (R> 0.80). No correlation was found for nitrates2. This conclusion is refuted by the good results
obtained by the Linker et al.'®, Borenstein et al.'* and Jahn et al.!>. Contradictory results have been obtained for
potassium, phosphorus and organic matter. In Bertrand et al.'® the correlation coefficient for potassium concentration
was 0.85. Acceptable results were also obtained by Du et al.*”. Lower (R = 0.6 and R = 0.76, respectively) correlation
coefficients were obtained by McCarty et al.’® and Reeves et al.*8. For phosphorus, values of R = 0.87'° and R = 0.81%°
were obtained. For organic substances — very good results with correlations above 0.90%21, However, Canasveras et al. 2
identified a very weak correlation between spectra and organic matter content. Thus, to date, the current state of research
in this area is somewhat controversial. There is a need for standardization of soil sampling and analysis, as well as
geographic localization for specific types and subtypes of zonal soils. In any case, all foreign researchers emphasize the
need for further study of soil properties by spectroscopic methods.

In order to confirm the possibility of using the proposed methodology, a field experiment was carried out on the territory
of the Chuvash Republic. Two test sites were selected due to the difference in soil composition. The first is located in the
Komsomolsk district of the Chuvash Republic, in its southeastern part at the agricultural production cooperative "Slava".
Chernozem soils are widespread within this polygon. The second polygon is located in the Opytniy village, Tsivilsky
district, in central part of the Chuvash Republic. Dark gray forest soils are widespread here.

2. METHODS

We used aerial imaging from a UAV with a multi-zone camera in combination with ground spectrophotometric survey
with their verification by traditional technology in key areas. The principal possibility of using UAVs with Tetracam
Micro-MCA 4 and Tetracam ADC-micro cameras is based on the fact that the spectral range of camera fixation is in the
range from 400 to 1150 nm. The spectral range of the HandHeld2 spectroradiometer is 325-1075 nm. That is, their
ranges are quite comparable and their paired use is possible.

To obtain aerial photographs, a survey was made using a Tetracam camera in various spectral channels: green, red, NIR.
A statistically significant relationship between soil parameters was revealed by the spectroradiometric component
(Supercam-S350F) and ground sampling (data obtained with field instruments). Spectrograms of the selected polygons
were obtained using a Handheld 2 spectroradiometer. With the help of UAV Supercam-S350F with multispectral
cameras — spectral orthophoto of selected lands. Ground soil measurements were carried out in several ways: ground-
based determination of characteristics (coordinates of selected points, soil acidity, spectrograms) and sampling carried
out by the Chuvashsky agronomic laboratory with the determination of soil indicators (organic matter (humus), mobile
organic phosphorus, total absorbed bases and mobile potassium). Examples of soil spectrograms obtained with the
Handheld 2 spectroradiometer are shown in Fig. 1. This information was used to correct and update the original soil map
in order to clarify the boundaries of elementary soil areas.
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Figure 1. Examples of soil spectrograms obtained with Handheld 2
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After receiving soil laboratory analyzes, they were compared with UAV spectroradiometric data in relation to each soil

variety (Tables 1, 2).

Table 1. Laboratory analysis and spectrometric data of soils of the Komsomolsk site

Sr?;nmp;e Or%?]zlr%ls;.sl)t?s;nce Mobllen?g/oksg?horus, Motll%%c;:(agssmm, pH(H20) | green NDVI NIR red
soil Nel 4.90 131 167 5.86 85.298 -0.3 117.019 | 62.014
soil Ne2 6.94 88 123 5.92 85.298 -0.3 117.019 | 62.014
soil Ne3 6.36 95 111 5.99 56.498 -0.3 73.18 46.507
soil Ne4 7.17 80 85 6.07 85.298 -0.3 94.035 | 62.014
soil Ne5 6.69 71 87 5.93 108.965 -0.3 117.019 | 62.014
soil Ne6 6.42 76 71 5.50 71.305 -0.3 73.18 46.507
soil Ne7 6.22 104 83 5.65 3.125 -0.3 2.269 0
soil Ne8 6.21 97 83 5.71 3.125 -0.3 2.269 24.491
s0il Ne9 6.91 78 84 5.79 0 -0.3 187.961 0
soil Nel0 6.48 85 86 5.83 71.305 -0.3 94.035 | 62.014
soil Nell 7.10 127 121 6.15 108.965 0.20 187.961 | 62.014
soil Nel2 6.28 159 116 6.23 3.125 -0.3 2.269 36.11
soil Nel3 6.52 125 106 6.20 56.498 -0.3 73.18 46.507
soil Nel4 7.38 51 105 6.00 71.305 -0.3 73.18 62.014
soil Nel5 7.14 244 91 5.91 56.498 0.69 117.019 0
soil Ne16 6.94 107 99 5.81 56.498 0.20 2.269 36.11
soil Nel7 7.08 81 81 5.89 3.125 0.20 2.269 36.11
soil Nel8 6.74 78 78 5.88 85.298 0.47 117.019 | 24.491
soil Ne19 7.17 85 85 5.87 71.305 0.20 94.035 62.014
soil Ne20 6.50 104 104 5.89 56.498 0.20 73.18 46.507
s0il Ne21 6.68 89 89 5.55 56.498 0.31 94.035 36.11
soil No22 7.60 92 92 5.69 71.305 0.47 117.019 36.11
Table 2. Laboratory analysis and spectrometric data of soils of the Tsivilsky site
S:;‘?T?ele Org(a;::fn zlgl));;?nce Mobile rT[?(r;loksg?horus, MOtIh:n %c;tka;ssmm, pHe0) green NDVI NIR red
soil Nel 5.92 124 87 5.34 3 0.33 0.89 0
soil Ne2 5.84 188 95 5.45 3 0.26 0.89 0
soil Ne3 5.33 188 94 5.42 57.427 0.26 78.702 39.05
soil Ne4 4.65 207 89 5.44 68.6 0.20 93.451 58.66
soil Ne5 4.82 277 162 5.55 79.72 0.20 93.451 58.66
soil Ne6 4.89 228 144 5.60 68.6 0.26 93.451 49.37
soil Ne7 6.10 243 114 5.62 68.6 0.20 93.451 58.66
soil Ne8 6.09 230 115 5.63 68.6 0.26 93.451 58.66
soil Ne9 5.20 218 109 5.65 57.427 0.20 78.702 49.37
soil Nel0 5.36 210 125 5.68 68.6 0.20 93.451 58.66
soil Ne382 591 263 184 5.80 3 0.20 78.702 39.05
soil Ne383 5.21 277 180 5.71 68.6 -0.19 78.702 49.37
soil No384 5.26 262 130 5.70 79.72 0.20 110.558 71.27
soil Ne385 4.89 284 161 5.71 107.473 0.47 163.555 | 71.27
soil Ne386 3.97 247 119 5.66 79.72 0.20 110.558 71.27
soil Ne387 5.90 260 111 5.59 3 0.20 0.89 0
soil Ne370 4.54 283 129 5.91 79.72 -0.197 | 110.558 | 71.27
soil Ne371 473 222 102 5.92 57.427 -0.19 78.702 58.66
soil Ne373 5.57 256 171 5.93 107.473 0.47 163.555 71.27
soil Ne372 5.70 262 148 5.91 57.427 -0.19 78.702 49.37

Data package obtained using remote and experimental methods was subjected to mathematical processing in order to

determine dependencies and build regression equations for pairs of values that showed the maximum correlation.

Proc. of SPIE Vol. 11856 118560Z-4

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Sep 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use




3. RESULTS

For the sites of the Komsomolsk region, the following dependencies were obtained: green and humus, NIR and humus,
NDVI and phosphorus, pH and mobile potassium, green and mobile potassium, red and mobile potassium, red and pH,
red and green. For the polygons of the Tsivilsky district, the following dependences were obtained: red and humus, green
and mobile phosphorus, NIR and mobile phosphorus, red and mobile phosphorus, red and mobile phosphorus, green and
mobile potassium, NIR and mobile potassium, green and pH, NIR and pH , red and pH. Examples of regression
equations and their graphs are shown in Fig. 2 and Fig. 3.
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Figure 2. The relationship between the humus content and the "green" channel for leached chernozem (Komsomolsk site)
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Figure 3. The relationship between the potassium content and the "green" channel for dark gray forest soils (Tsivilsky site)

In both plots, a positive linear relationship between soil parameters and the green channel can be noted. The resulting
regression equations are shown in the upper right corner of the graphs.
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On the basis of the graphs, maps of the distribution of agrochemical indicators were built according to UAV images in
various spectral channels. These maps were built in the QGIS software using the "raster calculator" tool. Maps reflecting
the distribution of humus (%) in the Green and NIR spectral channels in the Komsomolsk region are shown in Figure. 4.
Maps showing the distribution of exchangeable potassium (mg/kg) in the Green and NIR spectral channels in the
Tsivilsky district are shown in Figure 5.
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Figure 4. Map of humus distribution of the Komsomolsky site, built on the basis of the mathematical dependence of the
humus content and the data of the spectral channels Green (left) and NIR (right)
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Figure 5. Map of humus distribution of the Tsivilsky site, built on the basis of the mathematical dependence of the potassum
content and the data of the spectral channels Green (left) and NIR (right)

As we can see from the figures, the use of this technology makes it possible to determine the relationship between the
content of agrochemical elements in the soil and the indicators of various spectral ranges (for example, the Green and
NIR channels). In the future, it is planned to carry out additional work on soil sampling for the final verification of the
created maps. According to a similar principle, it is also possible to construct maps based on the dependence of the
following indicators and spectral channels: mobile potassium — green, mobile potassium — red, humus — red, phosphorus
— green, phosphorus — NIR, phosphorus — red. It is also possible to find dependencies between Ph and NDVI and spectral
channels, as well as dependencies of other indicators.
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4. CONCLUSION

The applied technology makes it possible, using the data obtained from the UAV, to prepare a basis, also in cartographic
form, for the determination of critically important agrochemicals for agricultural lands. This allows, with a certain degree
of optimism, to say that with the accumulation of relevant data on specific soils, it will be possible to automate this
process. Based on the results of the work, it became reasonable to write a software package and create an expert system
for monitoring the state of soils, to form a database of agrochemical parameters of the studied soils and determine the
relationship between spectral channels?®. When filling this system with data on new soils, it becomes possible to use it
for any region of the Russian Federation.
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