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The paper presents the results of research of the possibility of using Water Stress Index data
for early detection of moisture deficiency in plants of spring and winter crops during their
cultivation in the Western Polissya of Ukraine. The example of the growing season of 2021
shows the high efficiency of remote monitoring of crops with a comprehensive analysis based
on NDVI and Water Stress Index. It is established, that timely detection of moisture deficit
allows to better predict crop yields and, if possible, avoids unproductive loses of material
resources when they are applied in the second half of the growing season. There is no
negative impact on crop productivity.
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Introduction

Over the past 20 years, climate change are highly perceptible in Ukraine (Veremeenko, 2014), which has
led to an increase in the frequency of adverse meteorological phenomena and the emergence of new,
previously not typical for specific soil-climatic zones. At the same time, according to the National
Oceanic and Atmospheric Administration (NOAA), the region to which Ukraine belongs has one of the
highest temperature increasing in the world, which is approximately 3.5 times higher than the world
average. According to a report by the Institute of World Resources (2021), Ukraine is among the five
countries in the world with the highest risk of drought. Crop production, being the most dependent on the
regime of atmospheric moisture, is the most difficult in the respond to changes in the amount and mode
of precipitation. According to the Institute of Space Research of the National Academy of Sciences of
Ukraine, only in 2020 920 thousand hectares of crops died from drought in Ukraine, in the spring of 2021
- more than 385 thousand hectares. In the remaining areas there is a significant decrease in yield. The
country's economy loses billions.

Without the ability to directly adjust the hydrothermal regime of the farm, farmers can still significantly
reduce direct losses from adverse events, provided early detection of crops with the moisture deficite or
excess and subsequent correction of the technological process in problem areas, according to operational
monitoring information (Trofimenko et al., 2019). The key in the process is the timeliness of detection of
wetlands / droughts, which cannot be realized by visual control. In this case the most justified and
effective way is remote monitoring by satellite and UAVs (Antonenko, 2005).

Remote monitoring data in combination with appropriate image processing (Kokhan, 2012) can
effectively solve the problem of obtaining operational information on the condition of crops, in particular
in the Polissya region of Ukraine (Trofimenko et al., 2019).

The obtained information can be used as a basis for constructing images of vegetation indices
(Ibragimov, 2018, Allen et al., 1998, Yengoh et al., 2015), but they are not informative enough to solve
the problem of monitoring the supply of plants with moisture. For this purpose, you can use a set of data,
including vegetation indices, water stress index and drought risk, which allows to provide operational
analysis of the field, in particular to identify adverse events (floods, droughts) and timely apply
appropriate corrective measures.

Methods

The main purpose of the study was to establish the practical possibility of using remote monitoring data
for early detection of moisture deficiency in order to design adaptive measures for growing spring and
winter crops. The source for the construction of the images has ordered satellite imagery Sentinel 2A with
a resolution of 10 and 20 meters per pixel. The period of research is - 10/05/2021 - 10/09/2021. Fields of
LLC West Agroprom were used for testing, which is located in the Kostopil district of Rivne region
(Western Polissya of Ukraine). The predominant type of soil is sod-podzolic sandy soil with the
impregnation of sand and peat soils and the presence of reliefs with excessive periodic moistening. The
research was carried out on the example of sowing corn for grain and rape.

Results

The spring period of 2021 in the area of the site was typical for the climatic zone of Western Polissya
(Figure 1), with low air temperatures and sufficient rainfall. On average, from January to April, about 40
mm of precipitation fell every month, with the average temperature in March +1.4 ° C, in April - only 6.9
° C, and the maximum temperature in April - 11.8 degrees. This caused the late sowing of the crop. At
the time of sowing, the area was characterized by sufficient reserves of productive moisture, the soil
temperature at the depth of seed wrapping was about 12 ° C. Conditions are favourable.

The appearance of the stairs were marked 25-26.05, the stairs were fine and aligned. During this period,
the conditions of temperature and humidity was still normal. Deviations in the development of corn
began to appear starting from BBCH 14-15, which corresponded to the mid-June. During this period the
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average daily temperature was about 20 degrees, but the maximum daily temperature reached 28-30 ° C,
and available soil moisture rapidly decreased (Fig. 2)
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Figure 1 Data of Meteorological observations at Figure 2 Change in soil moisture in the layer
the site during the vegetation period. of 0-20 cm and the maximum air temperature
during the study period.

The increase in arid conditions appeared due to two parallel factors - high air temperatures and low
rainfalls. During this period, corn plants begin to feel a lack of moisture, which manifests itself at first in
the form of twisting and lightening of the leaves, then - the loss of turgor and stunted growth.

The phase BBCH 15-17, which usually occurs during the hot and dry period has a high technological
load - the introduction of herbicides, micro elements, additional nitrogen fertilization.

In case if plants are stressed by drought, the using of additional chemicals not only will not bring the
expected benefits, but may also cause economic losses due to low coefficient of assimilation of materials
by the plant, significant unproductive losses due to reduced projective coverage of the crop, accelerating
water loss by the plant and increasing its stress.

During performing, for example, nitrogen fertilization on drought-weakened plants, a significant
reduction in yield is possible, so it is critical to understand the condition of the plants at the time of
application. It is impossible to inspect large sown areas by visual methods, traditional methods of
assessing the condition on the basis of vegetation indices do not allow to assess the condition of plants
quickly, because the change in NDVI occurs when plants lose turgor, which is too late.

In this case, we propose a way to quickly assess the deficit of moisture in plants based on the index of
water stress. This indicator is the result of algorithmic processing of multispectral images of data from
Sentinel 2 satellites, in the near and short-wave infrared spectra. The development belongs to AgroOnline
company and is being actively tested in the fields of Ukraine.

The dynamics of the indicator in comparison with the traditional NDVI index on the example of two
separate plots are shown in Fig. 3-4.

The figure 3 shows the results of remote sensing during the season on the test field. At the same time,
plots A and C are occupied by sowing corn, plots B and D are occupied by winter rape.

According to the analysis of NDVI index data, all observation points developed normally during the
season, and it is impossible to single out any individual stresses. In particular, rape plots show good
development in early summer, followed by gradual even ripening, readiness for harvesting in mid-August
and the appearance of vegetation (weeds) in the plots after harvesting the main crop in the last picture. If
we analyze the same areas in terms of water stress, then from the first picture you can see that the
moisture supply of crops was irregular, even in early June. At this time, the deficit of moisture in the soil
is just beginning (Fig. 2). The following picture from 12.07 shows that only some parts of the field are
still normally provided with moisture, about 80% of the area has already suffered from drought and began
to mature. The vegetation index in this case is uninformative.
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Moisture supply data in the critical period correlate well with the yield map obtained after harvest, as
early drought led to premature pod ripening and significant yield losses. Areas that were better supplied
with moisture showed significantly higher yields. Thus, the use of the water stress index makes it
possible to identify moisture deficiency in plants earlier and take appropriate measures to overcome it, or
reduce further costs of growing the crop in order to improve the profitability of cultivation.

Similarly, you can trace the vegetation of corn in areas A and C. In the picture from 12.07 clearly visible
differentiation of the field for moisture (area C is much better moistened), while it is still impossible to
note this using the analysis of NDVI. It is also significant that the better moistened area (C) at the
beginning of the growing season began to suffer from a lack of moisture in the summer (photo from
11.08), which is probably due to a better developed leaf surface and higher transpiration.
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Figure 3 Dynamics of NDVI and Figure 4 Dynamics of NDVI and water stress indices (area 2).
water stress indices (area 1).

Figure 4 shows similar observations at another test site. Also corn, but in this case the general soil
background of the field is more sandy and has weaker supply of capillary moisture.

In this field, a significant part of the crop was damaged by drought and did not form cobs. About 20% of
plants died during July.

As in the previous cases, the analysis of vegetation indices does not give a representative data of the state
of individual sections of the field. Moreover, based on the NDVI image from 11.08, we can assume that
plot (B) is in good growing conditions, the average index value is (.72, while in reality well-developed
plants suffer from lack of moisture and cannot form a normal yield. In this case, the analytical processing
of water stress index data allows to identify areas with the lack of moisture as early as possible, predict
yield losses in each individual sowing area, adjust the production process to prevent unproductive waste
of resources.
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In the field considered in this example, at the final stage of vegetation (BBCH 65) it was planned to apply
insecticide, fungicide and nitrogen fertilization.

An example of calculating cost savings based on the use of water stress index data in the test field is
shown in table 1.

Table 1 Calculation of costs per 1 ha of field for planed and corrected application of materials

Variant Fungicide treatment Insecticide treatment Fertilization

Area, | Value, uah Area, Value, uah Area, Value, uah

ha 1 ha Total ha 1 ha | Total ha 1 ha Total
Planed 228,3 | 312 71229 | 2283 | 528 120542 2283 |76 17350,8
Corrected | 1124 | 326 36642 | 1124 | 542 | 60921 - 76 0

Fungicide-insecticide treatment was performed only partially, in those areas where there was a risk of
disease and pests, fertilization was withdrawn, because in conditions of lack of moisture, this method can
harm plants. In general, the total costs for the planned works were to amount to UAH 209,122.8, or UAH
916 / ha. After the correction of works, the costs amounted to UAH 97563.2, or UAH 427.3 / ha.
Achieved savings of 488.6 UAH / ha, while maintaining the overall productivity of the field.

Conclusions

In conditions of unstable moisture (excess or lack of precipitation during the growing season) there is an
urgent need for systematic monitoring of crops on a set of indicators. The use of vegetation indices for
this purpose does not always allow to identify the problem in time to respond to it. In the case of summer
droughts, a more informative indicator of the condition of plants can be considered the water stress index,
which allows to detect moisture deficiency in plants at an earlier stage than, for example, the NDVI
index. Timely correction of the technological process based on the analysis of the obtained data can bring
significant savings of resources by reducing unproductive inputs of materials, in particular in the
processing of large arrays and fields that are in the initial stage of stress. This also prevents excessive
pollution of the environment with pesticides and other chemicals.

References

Veremeenko, S.I., Furmanets, O.A. (2014). Changes in the Agrochemical Properties of Dark Gray
soil in the Western Ukrainiah Forest-Steppe under the effect of Long-Term Agricultural Use. Eurasian
Soil Science, 47(5), 483—490.

Antonenko, V.S., Gatsenko, R.V. (2005). Otsenka sostoyaniya posevov i prognoz urozhaynosti
ozimoy pshenitsy v Ukraine po dannym mnogospektralnoy kosmicheskoy syemki. Naukovi pratsi
UkrNDGMI, 254, 55-71.

Trofymenko, P.I., Trofimenko, N.V., Veremeenko, S.I., Furmanets, O.A. (2019). Remote
monitoring of winter crops’ development using the satellite data. XVIIth International conference
Geoinformatics: Theoretical and Applied Aspects, Kyiv.

Kokhan, S.S. (2012). Zastosuvannya vehetatsiynykh indeksiv normalizovanoyi riznytsi ta zvazhenoyi
riznytsi pry vyznachenni stanu sil’s’kohospodars'kykh kul'tur. Dop. NAN Ukrayiny, 2, 135-140

Allen, R.G., Pereira, L.S., Raes, D., Smith, M. (1998). Crop evapotranspiration Food and
Agriculture Organization of the United Nations, Rome, 300 p.

Yengoh, G.T., Dent, D., Olsson, L. (2015). Use of the Normalized Difference Vegetation Index
(NDVI) to Assess Land Degradation at Multiple Scales: Current Status, Future Trends, and Practical
Considerations. Springer, 123 p.

Ibragimov, A.L. (2018). Kartirovaniye pochv s ispolzovaniyem kosmicheskih snimkov. Bashkirskiy
Gosudarstvennuy Universitet, Ufa, 54 p.

XV International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

17—-19 November 2021, Kyiv, Ukraine




