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Abstract
Our studies were carried out in the summer of 2020 at the Agrometeorological Research Station
of the Georgikon Campus of the Hungarian University of Agriculture and Life Sciences with a
Bowen-station deployed in a soybean canopy. The meteorological parameters measured in
every 10 min were as follows: within canopy air temperature and humidity, above-canopy air
temperature and humidity measured at two levels, and wind speed, as well as soil temperatures
measured at several levels. We also completed our measurements with weekly stand height and
leaf area measurements (LAI), which are important for the model. Daily evapotranspiration
(ET) was calculated from the 10-minute microclimate data. The evapotranspiration modelled
with Bowen's ratio in the 2020 measurement season is a state-of-the-art procedure. A Bowen-
station provides a relatively inexpensive solution for estimating the spatial evapotranspiration

of field crops.
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Osszefoglalas
Vizsgalatainkat 2020-ig nyaran a Magyar Agrar- és Elettudomanyi Egyetem Georgikon
Campuszanak Agrometeoroldgiai Kutatéallomésan szoja allomanyba kihelyezett Bowen-
oszloppal végeztiik. A 10 percenként mért meteoroldgiai paraméterek: allomanyban mért
léghdmérséklet és légnedvesség, allomany felett két szintben mért léghdmérséklet és
légnedvesség, ¢és allomany felett mért szélsebesség, valamint tobb szinten mért
talajhdmérsékletek. Méréseinket heti rendszerességgel a modell szempontjabol fontos
allomanymagassag és levélfeliilet-mérésekkel (LAI) is kiegészitettiik. A 10-perces mikroklima
adatokbol napi evapotranszspiraciot szamoltunk. A 2020-as mérési idényben Bowen-arannyal
modellezett evapotranszspiracié korszert eljaras. Az dllomanyba telepitett allomas viszonylag
olcs6 megoldast jelent szant6foldi kultarak teriileti evapotranszspiracidjanak becslésére.
Kulcsszavak: szoja, szantofoldi kisérlet, napi evapotranszspiracio, Bowen-allomas

Introduction

Soya (Glycine max (L.)) is one of our staple crops with its continuously growing cultivation
area. In Hungary, the area under soybean cultivation and the number of producers have
increased significantly since 2015 due to state support. The production area has increased from
42 000 hectares to 77 000 hectares while the number of producers has reached 5 000 hectares
Evapotranspiration (ET) is one of the most important expenditure parameters of the water
balance, which can only be compensated by rainfall or irrigation. A wide range of local factors
can influence soybean evapotranspiration and seed yield, including farming practices, climatic
and soil conditions in the study area (Payero et al., 2005) and the characteristics of the varieties
sowed. Irmak (2017) showed factors affecting water requirements of soybean vary depending

on canopy characteristics, plant surface cover, variety/variety group, and susceptibility to pests
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and diseases. All these details are variety-specific parameters. Each member of the list should
be taken into account when comparing the ET results of soybean varieties of different origin.
Evapotranspiration values of soybean depend on variety-specific biological traits, soil surface
cover, crop maturity group and disease susceptibility (Irmak and Sharma 2015). Anda et al.
(2020) investigated the effect of plant water stress on yield in modified compensatory
evapotranspiration meters during the 2017 and 2018 growing seasons.
Considering the increasing crop area and climate change, the water requirements of soybeans
are of primary importance to know. Our objective was to determine the evapotranspiration of
soybean in the 2020 growing season in Keszthely, Hungary.

Material and method
Our experiments were carried out at the Agrometerorological Station of the Department of
Meterology and Water Management of the Georgikon Faculty of the Hungarian University
of Agriculture and Life Sciences (N 46°44'; E 17°14") (Figureure 1). Two soybean varieties
(Sinara and Sigalia) from Karintia Ltd. were sown in a 0.3 hectare plot of the station at a

density of 40 plant/m?.
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‘Agrometeorological Station Keszthely

Figureure 1. The Agrometerological Station at Keszthely, Hungary, the site of the
experiments (Google Earth)
Instrumentation of the station installed in the soybean canopy: two Ta+RH sensors placed 1
and 2 meters above the plant, 2D sonic wind gauge above the plant stand at 2 m, and an
integrated soil thermometer rod. Radiation was measured with a Kipp & Zonen CMP11 albedo

meter (Figure 2).
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il

Figure 2 Bowen-station and albedo meter in soybean in Keszthely, Hungary, in 2020
(G Soos)
The hourly evapotranspiration was modelled using a modified dual source Bowen method
(Massman ,1992; Burba et al.,1999). The basis was the net energy balance, Rn (the difference
between shortwave and longwave radiation), which is the source of the energy-intensive
processes in the reed stand. From the energy balance equation:
R GA=14€ (1)

where: H: sensible heat flux, AE: latent heat flux, G: ground heat flux.

Bowen ratio: expressed as the ratio of sensible (H) to latent heat fluxes (AE):

,BZVE (2)

The latent heat flux:

—C
=t (3)

1+2

In our case, G is calculated from the change in soil temperature (Chung and Horton, 1987):
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T,-T, LAz
G=—4 (?) +(T,-T)=C 2At (4)

where A: soil thermal conductivity (W m-1 °C-1), Ts: soil surface temperature (°C), T1: soil
surface temperature at the previous time (°C), T2: soil temperature of layer 2 at the previous
time (°C), z: soil depth (m), t: time interval (s).

The sensible heat flux (H):

I—I:,&G (5)

1+
The surface energy budget is (Rns):
S SR (6)
The energy budget of a given thickness of vegetation (Rnv):
R+ =¢€ @)
where: AEy: vegetation latent heat flux, Hy: vegetation sensible heat flux.

The net radiation is the combined energy of the surface and the stand:

R==RRAR (8)
The sums of latent and sensible heat:

A=+ 9)

H=H+H (10)

The surface net radiation is calculated from the Monsi-Saeki (1953) formula. The extinction
coefficient (k) is determined using digital image processing by weighing the incident radiation

by the area ratio of sunlit and shadowed spots:

R==>4dA( (11)

Surface Bowen ratio, (Bs) latent heat flux, and sensible heat flux are approximated as follows:
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H
ﬂs — S
JE. (12)
_RsC
A= 143 (13)
HER- G (14)

Bs is needed to calculate AEs, Hs, AEv and Hv. derived by Massman (1992), taking into account

that in our case the resistance to surface water vapor transport is zero.

IO 1

oo = 4

Where: pa: Wet air density, Cp: air heat capacity, Tws: water surface temperature (measured), Ta:

air temperature (measured), ra: aerodynamic resistance,
A: latent heat capacity of vapour, y: psychrometric constant, P: atmospheric pressure, eTws:
surface vapour pressure (measured), ea: above-canopy vapour pressure (measured).
Data were processed in MS Excel using the statistical tool Analysis ToolPak.

Results and discussion
Ten-minute measurements were used to produce hourly and then daily totals. The model allows
the separate calculation of evaporation and transpiration. The daily evapotranspirations of
mature vegetation from 7 July to 20 August 2020 are shown in Figureure 3. The low values in

August can be explained by the rainy weather.
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Figureure 3: Daily evapotranspiration of soybean canopy modelled with Bowen method in
Keszthely, Hungary in 2020
The actual daily evapotranspiration values measured in evapotranspirometers with "ad libitum"
water supply were compared with the modelled daily evapotranspiration values obtained from

Bowen-station in the plot. The results are shown in Figureure 4.
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Figureure 4. Correlation between daily ET measured in evapotranspirometer and modelled

ET from Bowen method

Conclusions

The evapotranspiration modelled with Bowen method in the 2020 growing season is a state-of-

the-art technique. A station installed in the inventory provides a relatively inexpensive tool for

estimating the spatial evapotranspiration of field crops. For medium and large-scale irrigation

farms, it would be an excellent option for improving the dynamic calculation of the water

demand for irrigation.
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