(@) SCAP

m SOCIEDADE DE CIENCIAS
AGRARIAS DE PORTUGAL

M

Comparing approaches for evapotranspiration
partitioning: single vs. dual crop coefficients

Avaliacdo da particdo da evapotranspiracao: comparacao de dois métodos
baseados no coeficiente cultural simples e coeficiente cultural dual

Jodo Antunes*, Maria Conceicdo Goncalves, Nadia Castanheira, Filipa Couchinho & Ana Marta Paz

National Institute for Agricultural and Veterinary Research (INIAV, L.P), Oeiras, Portugal
(*E-mail: joao.antunes@iniav.pt)
https://doi.org/10.19084/rca.38548

Received/recebido: 2024.08.31
Accepted/aceite: 2024.10.25

ABSTRACT

Soil evaporation and crop transpiration are fundamental processes in modelling water transport, which is crucial
for irrigation planning and scheduling. This study compares two methods to determine these components of crop
evapotranspiration: (i) the straightforward single crop coefficient method, and (ii) the dual crop coefficient method,
which may be more suiTable for daily irrigation scheduling. Experimental data were collected from a spinach crop
grown in pots between June and September 2022, using drip irrigation with three different soils (two sandy loams
and one loam), inside a polytunnel, during two growth cycles. Meteorological data, plant height, and root depth were
measured onsite. The particle size distribution was used to obtain soil hydraulic properties for dual crop coefficient
method. Soil cover fraction was obtained with the Canopeo software. The results showed that crop evapotranspiration
and its partitioning in evaporation and transpiration differ between the two methods. The single crop coefficient
method resulted in overall lower crop evapotranspiration throughout the growth cycles, while attributing a relatively
larger proportion of evapotranspiration to evaporation, particularly after the midpoint of the growth cycles.
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RESUMO

A evaporagao do solo e a transpiragao das plantas sdo processos fundamentais na modelagao do transporte de agua,
essencial para o planeamento da rega. Este estudo compara dois métodos para determinar esses componentes partindo
da evapotranspiracao cultural: (i) o coeficiente cultural simples e (ii) o coeficiente cultural dual, que pode ser mais
adequado para a programacao diaria da irrigacdo. Foram usados dados experimentais de uma cultura de espinafre
cultivada em vasos entre junho e setembro de 2022, usando rega por gota-a-gota em trés tipos diferentes de solo
(dois solos franco-arenosos e um solo franco), dentro de uma estufa, durante dois ciclos de crescimento. Os dados
meteorolégicos, a altura das plantas e profundidade das raizes foram medidos durante a experiéncia. As propriedades
hidraulicas do solo para o método do coeficiente cultural dual foram estimadas por fungdes pedo-transferéncia com
base na distribuicao do tamanho das particulas do solo. As estimativas da fragao coberta do solo foram obtidas com
o software Canopeo. Os resultados mostraram que o método do coeficiente de cultural simples resultou numa menor
transpiragao ao longo dos ciclos de crescimento e atribuiu uma proporgao relativamente maior da evapotranspiragao a
evaporagao, especialmente ap6s o meio dos ciclos de crescimento.

Palavras-chave: evaporagao do solo, transpiracao cultural, coeficientes culturais, fragao coberta do solo, planeamento
da rega.
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INTRODUCTION

Soil evaporation (E) and crop transpiration (T) are
fundamental processes in modeling water trans-
port in soil, which is essential for effective irriga-
tion planning and scheduling. The combination of
these two processes constitutes crop evapotranspi-
ration, which is influenced by weather conditions,
crop characteristics, and management practices.
These factors must be considered when assessing
evapotranspiration from crops grown over large
areas. Crop evapotranspiration under standard
conditions (ET,) represents the water demand of
crops grown under optimal conditions, with suffi-
cient soil water, effective management, and favou-
rable environmental conditions, ensuring maxi-
mum production for the given climatic conditions
(Allen et al., 1998).

ET, is calculated using reference evapotranspira-
tion (ET,) and a crop coefficient, which accounts for
differences between the field crops and the refe-
rence grass used in ET, calculations. This can be
done by integrating differences in E and T into a
single crop coefficient (K) or separated them into
two coefficients: a basal crop coefficient (K,) and a
soil evaporation coefficient (K,). The choice of me-
thod depends on the purpose of the calculation,
the required accuracy, and the data availability.
The single K method is straightforward and requi-
res less data, while the dual crop coefficient me-
thod is computationally more intensive but more
adequate for analysing the effects of specific wet-
ting events and for scheduling high-frequency ir-
rigation (Allen ef al., 1998).

The aim of this study was to compare the results
from the single and dual crop coefficient methods
to determine ET,and partitioning it into its two
components, E and T, using experimental data
from a spinach crop grown in pots in a polytunnel
during two growth cycles.

MATERIAL AND METHODS

Experimental data
The data used in this study was collected in an ex-

periment conducted between June and September
2022 at Lincoln University, in Lincoln, UK. In the
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trial, spinach was grown in large-scale pots with
a height of 0.4 m and a diameter of 0.3 m. The pots
had drainage holes at the bottom to facilitate free
water drainage. The pots were placed inside a poly-
tunnel and filled with three different soil types
soils (two sandy loams and one loam), with and no
additional fertilization applied. Each soil type was
represented by five replicate pots, and the three
pots with the most similar spinach growth were
selected for modelling. In each pot, five spinach
plants were seeded. Due to the short growth cycle
of spinach, two consecutive growth cycles were
conducted to extend the monitoring period. All
the pots were irrigated using a drip system, whi-
le precipitation was simulated using a sprinkler.

Daily meteorological data relative to air tempera-
ture, wind speed, and relative humidity were col-
lected at the experimental site. The plant height
and the root depth were measured at the end of
the growth cycle and linear growth was assumed
during the cycle. Soil particle size distribution was
determined to calculate the readily evaporable wa-
ter (REW) and the total evaporable water (TEW)
using pedo-transfer functions. Soil cover fraction
(SCF) was obtained with the Canopeo software.

Single crop coefficient method

Both the single and dual crop coefficient determi-
nation methods were applied as described by Allen
et al. (1998). In the single crop coefficient approach,
ET [mmd"] is calculated according to Equation 1:

ET. = ET, X K, Equation 1
where ET, was calculated according to the Hagrea-
ves-Samani equation (Hargreaves & Samani, 1985)
using a transmissibility factor, measured onsite, to
account for differences between radiation outside
and inside the polytunnel, according Fernandez
et al. (2010). K. was obtained from reference values
for spinach for the four growth stages: initial, crop
development, midseason, and late season. The du-
ration of the stages was defined by the SCF accor-
ding to Allen ef al. (1998). The K, of midseason and
late season was adjusted for the specific weather
conditions according to Equation 2.

he
K. = Kc(Tab) +[0.04(u; — 2) — 0,004(RHpyi, — 4‘5)](?)0'3

Equation 2



where K, is the reference value for spinach by
Allen et al. (1998), u,is wind speed measured at 2 m
height, RH, ,is minimum relative humidity, and h,
is the plant height. The soil cover fraction (SCF)
was used to partition ET into E and T, as proposed
by Ritchie (1972), according to Equations 3 and 4:

T = ET_XSCF Equation 3

E = ET,x(1 — SCF) Equation 4

Dual crop coefficient method

In the dual crop coefficient method, K. is split into
two factors that separately describe E and T, accor-
ding to equation 5.

ET. =ET, x (K. + K,) Equation 5

K, is defined as the ratio between ET/ET, when the
soil surface is dry but transpiration is occurring at
a potential rate. K, was obtained from reference
values for spinach by Allen et al. (1998) and adjus-
ted according to equation 6:

he
ch = ch(Tab) + [0-04‘(u2 - 2) - 0r004‘(RHmin - 45)](;)0'3

Equation 6

K, describes the evaporation component of ET, and
is calculated according to equation 7

K. = Ky (KCnax — Keb) < few KCmax Equation7

where K, is dimensionless evaporation reduction
coefficient, Kc,,, is maximum value of K, following
rain or irrigation, and f,, the soil fraction that is
both exposed and wetted. Following rain or irriga-
tion K, is 1 and evaporation is maximal. As the soil
surface dries, K,is <1 and evaporation is reduced.
K. is zero when no water is left for evaporation in
the upper soil layer. K, is calculated by equation 8:

_ TEW-Dgj_4

Equation 8
K, =
TEW-—-REW

where TEW is total evaporable water, REW is the
readily evaporable water and D, ;; is the cumu-
lative evaporative depletion of the previous day.
This equation is used when TEW is lower than
D, ,,, otherwise K, is considered to be 1. TEW and
REW were calculated from the field capacity and
wilting point (Allen et al., 2005), which were obtai-
ned with the particle size distribution with pedo-
transfer functions presented by Ramos et al. (2014).
The Kc,,, and f,, are calculated according to equa-

max ew

tions 9 and 10:

Kcpee = ({1,2 +[0,04(u, — 2) - 0,004(RH,p, - 45)](%)0'3 } (K +0.05))
Equation 9

Jew=min (1 - SCF, f,,) Equation 10

where f, is fraction of soil surface wetted by irriga-
tion or precipitation. D, ,, and f , were also calcula-
ted according to the equations presented by Allen
et al. (1998). Finally, T and E can be calculated by
equations 11 and 12 respectively:

T, =ETy X K, Equation 11

E =ETy X K, Equation 12

All the results were obtained by implementing the
equations in a spreadsheet.

Determination of the soil cover fraction (SCF)

An important variable in both approaches is SCF.
To estimate SCEF, the Canopeo software was used
(Patrignani & Ochsner, 2015). This application is
based on the ratio of red to green (R/G) and blue to
green (B/G) colours in each pixel, as well as an ex-
cess green index (2G-R-B). The R/G and B/G ratios
must be lower than 0.95 and the excess green in-
dex must be higher than 20 to classify the pixel as
green. Figure 1 shows the processing of a spinach
pot picture by Canopeo to estimate SCF.
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Figure 1 - Spinach pot picture processed by Canopeo. In this example, resulted in a SCF of 56,9%.

RESULTS AND DISCUSSION

Figure 2 shows the crop coefficients used in both
methods, namely the K_ corrected to meteorologi-
cal conditions, and K, and K, obtained with Equa-
tions 6 and 7. In this Figure and the following, the
results are shown for one of the studied sandy
loam soils, with similar outcomes for the other two
soil types, which are therefore not presented. Figu-
re 2 shows that K, is lower than K, as K, is related
only to the crop’s transpiration. The main diffe-
rence between K, and K, occurs during the initial
stages in both growth cycles, when the spinach is
small and water losses are mainly due to soil eva-
poration, related to by K,. As the spinach SCF in-
creases, K, decreases. The K, and K, become nearly
identical at the midseason and late season stages.
K, peaks after an irrigation or precipitation event,
but as the layer dries, K, gradually decreases.

Figure 3 shows ET, resulting from the single and
the dual crop coefficient methods, for a sandy loam
soil. The single crop coefficient approach resulted
in lower ET across the entire cycle, which indicates
that the sum of K, and K, is higher than K_. In ave-
rage,, ET.was 1,50 mm/day lower in the single crop
coefficient approach than in the dual crop coeffi-
cient, during the entire period.

Figure 4 shows E and T resulting from both me-
thods, in same sandy loam soil. Over the entire
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Figure 2 - The single crop coefficient (K,), the basal crop
coefficient (K,), and the evaporation coefficient
(k,) for the two spinach growth cycles, in a sandy
loam soil.
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Figure 3 - Crop evapotranspiration (ET ) determined with the
single and dual crop coefficient methods in a sandy
loam soil.

period, T was 54,26 mm for single crop coefficient
method and 159,32 mm for the dual crop coefficient
method. This is partly because the SCF used for
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calculating T in Equation 3 is zero during the ini-
tial stage of the growth cycles, whereas K, never
drops to such a low value. The single crop coeffi-
cient approach resulted in lower E during the ini-
tial stage of the growth cycles, but it increased and
surpassed the values from the dual crop coefficient
approach after the midpoint of the growth cycles.
Over the entire period, E was 214,38 mm for the
single crop coefficient approach and 212,89 mm for
the dual crop coefficient approach.

These results show that the two methods not only

result in different absolute value of ET, (Figure 2)
but also differ in how they partition ET, into E and
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