BIO Web of Conferences 27, 00119 (2020) https://doi.org/10.1051/bioconf/20202700119
FIES 2020

The effect of fertigation on salinization and stability of soil
aggregates, taking into account the effectiveness of precipitation
on their natural desalination in central Europe
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Abstract. The effect of fertigation on the physicochemicabgerties of soil was estimated. Three
fertigation procedures with different salinity lévewere tested. The effect of precipitation on soil
desalination through salt leaching was controllgdcbmparing changes in soil electrical conductivity
during and after vegetation. Soil aggregate stgbilias measured as an indicator of soil degradafibe
electrical conductivity of soil during pre-sowingr(after sowing) treatment was higher than at the &f
the growing season. This difference decreasedfgignily, becoming insignificant after winter due the
effective dissolving effect of rain and snow. Thiicke considers the issues of natural soil deatilm,
taking into account precipitation. Studies of sibésalination by leaching of salts were describedvas
revealed that in the short term fertigation is harmful to the soil if the amount of precipitatio

sufficient.
] After fertigation, water added to the soil is udgd
1 Introduction plants or evaporates directly from the moist Sailthis
o . L ) case, salt remains in the soil. Subsequently, i$ ot
Irrigation water is a major limiting factor for agultural removed, salt will accumulate in the soil and friscess

production. Irrigated lands produce more than 40% O s called salinization. Salinization means that the
food and provide nearly 80% of water consumed. In concentration of solute in the soil is higher thiarthe
addition, an increase in the number of populatiaused 46t Due to the osmosis, water leaves the rodesysf
an increase in demand for water for urban and pants and becomes less accessible for plantd.[4, 5
agricultural purposes. The use of water with higlingy Excessive salinity of the soil negatively affectsttb
is one of the most likely options for meeting treeds. plants and soil properties. The response of cuéiva
Sources of these waters are drainage water frogated crops to soil salinity is different. Some crops can
agriculturg, municipal wastewater and groundwater o produce crops with a very high level of soil sajini
poor quality. - , y while others are very sensitive to salinity, duehte fact
Saltwater irrigation requires the use of additional {44t some crops are able to adapt to osmotic clsainge
water to leach salts from the root zone to preventg.h a way that allows them to extract more watemf
excessive salt accumulation, which would decreasg ¢ g4jine soil 3].
yields. The risk of saline soils is always highersoils Any remediation of saline soils requires assessment
with a fine texture than in soils with a large @& This  anq monitoring of salinity. Soil salinity is measdrby

is due to the fact that sandy soils naturally hiarger  glectrical conductivity (EC) of the soil solutiomater

pores, which provide faster drainage [1-3]. extracts of the soil (saturated paste or dilutedeags
The diffusion of any liquid, gas molecules from a gyiract from the soil 1: 5). Currently, this method
low concentration to a high concentration of digedl requires direct soil sampling. The method can lesl s

substances, which is facilitated by the presence of yarious conditions, but its application depends the
semipermeable membrane, is called "osmosis”. OSMOSi ¢o|jection of soil samples and methods of measuneme
is a natural phenomenon and an example of passiVeec) of water soil extracts. Therefore, it is difit to
transport as a natural process that does not EEQUIr congrol the change in salt content over time with

additional energy for the movement of molecules. negligible spatial resolution, since the collectinfsoil
Fertigation is a method of fertilizing plants by gamples is intrusive and disrupts the environmea (

supplying dissolved minerals along with irrigatater. gy cture and water flows). In addition, soil saimglis

With the unreasonable use of fertigation, thereais ime consuming and often expensive.

po_tent_lal danger of posablg excessive salinizatibthe Soil salinity can also be estimated indirectly by

soil with subsequent negative effects on both plamd  e4suring volumetric electrical resistance (ERm) or

soil properties. volumetric electrical conductivity (ECa, dS m-1)heT
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development of proximal soil sensor systems and

geophysical methods for measuring ECa or
facilitates the collection of large data using less
expensive, simpler and less time-consuming teclesiqu
These sensors can be invasive, non-invasive or t@dun
on vehicles. In fact, it is desirable to use thaste
invasive method and a more advanced sensor tcctalle
large amount of data [6-8].

Another important factor associated with soil
degradation and erosion is the stability of aggega
Soil aggregates are groups of soil particles tlivad o
each other more strongly than adjacent particlesl. S
resistance from external damaging effects of
precipitation, runoff and wind is soil aggregatabsiity
(WSA). In addition to the influence of external tiars,
stability of soil aggregates is influenced by martgrnal
properties of the soil, for example, organic matter
texture, porosity, etc., as well as land use mameage
[9, 10].

The aim of this study is to manage water and
nutrients in the soil to maximize the efficiency wéter
and fertilizer use, as well as to minimize solil
degradation.

The research objectives are to study the effect of
fertigation on soil characteristics (studying the
physicochemical characteristics of saline soilapitity
of aggregates) and assess the leaching of salt $mim
by rainfall.

2 Materials and methods

Experimental studies were conducted in in the waste
part, called Suchdol (Prague, the Czech Repubtio),
the campus of the Czech University of Natural Soésn
near the weather station; with geographical coatéis
50° 8'N and 14° 23'E. The altitude is 286 m, averag
annual temperature and precipitation are 9.1 ° €485
mm, respectively, CET time zone (GMT + 1 hour). The
soil is a chernozem of loamy texture, it contai®s.2
32.5% of sand, 39.5 ... 54% of silt and 22 ... 28%lay.
Field moisture capacity and the point of wiltinge &84
and 21%, respectively. Grass was sown in the sming
2009 and has been maintained as a short lawn [11].

The total available water in the root zone is the
difference between water content in the field moist
capacity and the wilting point. It was calculated a
follows:

TAW = 1000(6;. — 6,,,)Z,, (1)

where TAW- total available water in the root zone
(mm)P— field water content, (fm?); Owp— water
content in the wilting point, (fm®); Z— root depth
(mm).

The experimental field was divided into four sexntio
with four types of fertigation procedures:

1. Fertigation with nutrient solution A (EC = 1 mS

cm, pH = 6).
2. Fertigation with nutrient solution B (EC = 2 mS
cm, pH = 6).

3. Irrigation with tap water without any fertilizer
(EC =274 mS/cm, pH =6.5).

4. Control plot (grown on a hillock where fertilize

ER and irrigation were not used).

Fertigation was used with solutions at a high salt
concentration in three experimental sites, and he t
fourth site, the following model was used: FS-D38g
nutrient solution -NPK, Ca, Mg and trace elements.

Figures 1 and 2 illlustrate the ECH20O system
(sensors, data loggers, and software). The sensors
installed in the soil are of 5TE type, they perfothmee
measurements (volumetric water content, temperature
and EC) and determine the volumetric water content
(VWC) by measuring the dielectric constant of the
medium using capacitive / frequency technology. Six
sensors are installed at a depth of 20 cm, twoefmh
section. Two Em50 electronic data loggers were used
with ECH20 software to configure and download the
Excel data with a measurement interval of one hour.

Weather data were monitored daily at Suchdol
Weather Station using TightVNC, a remote control
software package. The daily evapotranspiration was
evaluated using DSS-FSS, which works accordindpéo t
modified FAO Penman-Monteith equations [4,12].

Fig. 2. Sensors for monitoring soil moisture / salinity

To study the effect of soil desalination by redgcin
salinity by leaching and changing its physical Enties,
six soil samples (three ones from a depth of 10acih
three ones from a depth of 20 cm) were taken fraohe
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plot in September, November and January. Samples3 Results and Discussion
were taken to estimate the total dry weight.

The quantitative value of the total soil salinittasv ~ The results showed that electrical conductivitytef soil
measured by conductivity of the soil ethanol extréibe (EC) does not significantly differ from that of tisite,
content of water-stable aggregates (WSA) was medsur which means that the difference between the ECegalu
by screening device 12 (Diaz-Zoritaetal., 2002 Bxik for different fertigation methods at two depths igar

19683-16) [10] Fig. 3.). slightly with time (p = 0.173> 0.05 ) (the effect o
Wds desalination by rain) (Fig. 5., Fig. 6.).
wsA = Wds + Wdw '’ @ The index of water-resistant aggregates for altsplo

where WSA is the index of waterproof (stable) showed some improvement in plots A (high salinity
aggregates (-); Wds - weight of dispersed aggregate fertigation) and C (simple irrigation without feed)
dispersing solution rf; Wdw - weight of dispersed throughout the entire experimental period. Nonehef
aggregates in distilled water (g). three fertigation procedures showed a lower WSAeal
than in the control plot at the end of the expentak
period (Fig. 7., Fig. 8.).

Monitoring of the EC soil using the Decagon ECH20
system and 5TE sensors shows that the soil ECdvarie
between classes of soils without salinization dightly
saline soils (according to the USDA classificati¢b3,
14]. At the end of the experimental period, all Hreas
showed a lack of salinity (Fig. 4.).
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Fig. 3. Wet Screener
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Fig. 4. Change in conductivity of soil solution over tingerage sensor values (two
sensors in each treatment)
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Fig. 5. EC at a depth of 10 cm (A- high salinity, B- low  Fig. 7. WSA at a depth of 10 cm (A- high salinity, B- low
salinity, C- raw water, D- control) salinity, C- raw water, D- control)
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Fig. 6. EC at a depth of 20 cm (A- high salinity, B- low
salinity, C- raw water, D- control) Fig. 8. WSA at a depth of 20 cm (A- high salinity, B- low
salinity, C- raw water, D- control)
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