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ABSTRACT: The determination of the crop coefficient (Kc) is vital since, although gerbera cultivation is constantly expanding, 
there is little research on the evapotranspiration of the crop cultivated under a protected environment to obtain the correct 
irrigation management. The objective of this work was to evaluate the evapotranspiration and crop coefficients of cut gerbera, 
cultivated in protected environment. The reference evapotranspiration (ETo) and crop evapotranspiration (ETc) were obtained 
through the Penman and weighing lysimetry methods, respectively. The experimental design used was completely randomized, 
consisting of five irrigation treatments (120, 100, 80, 60, and 40% of the water retention capacity), with ten replicates each, 
totalizing 50 experimental units. The Kc was evaluated using the irrigation lamina that presented the highest production of floral 
stems among the tested treatments, obtained through the relation between ETc and ETo. The mean of the crop coefficient ranged 
from 0.72 in vegetative period I, 0.81 in vegetative period II, 0.85 in flowering I, 0.89 in full flowering II, 1.33 in full flowering III, 
and 1.06 in end of the flowering I. The water consumption for the cut gerbera crop in the treatments with water availability ranged 
from 225.87 to 523.58 mm. Therefore, the crop coefficients proposed for the different phenological stages of the gerbera were 
efficient for irrigation management.
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Coeficiente de cultura da gérbera de corte com suplementação hídrica
em ambiente protegido

RESUMO: A determinação do coeficiente de cultivo (Kc) de uma cultura é de fundamental importância, pois apesar do cultivo 
de gérbera estar em constante expansão, as pesquisas referentes a evapotranspiração da cultura na condição de ambiente 
protegido para o correto manejo da irrigação ainda são escassos. Objetivo deste estudo foi determinar a evapotranspiração e 
o Kc para a gérbera de corte cultivada em ambiente protegido. A evapotranspiração de referência (ETo) e a evapotranspiração 
da cultura (ETc) foram obtidas através dos métodos de Penman e lisimetria de pesagem, respectivamente. O delineamento 
experimental utilizado foi o inteiramente casualizado, composto por cinco tratamentos de irrigação (120, 100, 80, 60 e 40% da 
capacidade de retenção de água), com dez repetições cada, totalizando cinquenta unidades experimentais. Para a avaliação 
do Kc foi foi utilizada a lamina de irrigação que apresentou a maior produção de hastes florais entre os tratamentos testados, 
sendo obtido através da relação entre a ETc e a ETo. A média do coeficiente de cultura variou de 0,72 para o período vegetativo 
I, 0,81 para o periodo vegetativo II, 0,85 para o florescimento I, 0,89 para pleno florescimento II, 1,33 para o pleno florescimento 
III e 1,06 para queda do florescimento I. O consumo hídrico para a cultura da gérbera de corte nos tratamentos com limite de 
disponibilidade hídrica variou de 225,87 a 523,58 mm. Portanto, os coeficientes de cultivo propostos para os diferentes estágios 
fenológicos das gerberas foram eficientes no manejo da irrigação. 

Palavras-chave: evapotranspiração; Gerbera jamesonii; manejo de irrigação
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Introduction
Floriculture is one of the main segments of Brazilian 

agribusiness, characterizing an expanding agricultural activity 
(Girardi et al., 2016). The proportion of cut flowers increases 
each year, followed by live plants, bulbs, and foliage (Landgraf 
& Paiva, 2009). Moreover, this branch is considered highly 
profitable and generates jobs, especially in countries that 
have ideal production climates and low production and labor 
costs (Morales-Perez et al., 2014).

The Gerbera (G. jamesonii L. ) is one of the most important 
ornamental species for the cut flowers sector (Cardoso & 
Imthurn, 2018), and is traditionally known for its variety of 
colors and shapes (Bashandy et al., 2015). The flower is among 
the most commercialized cut flowers in the national market 
and its beauty causes consumer acceptance (Menegaes et al., 
2015; Sulzbach et al., 2015).

Cultivation in a protected environment presents several 
advantages when compared to open cultivation since it 
provides through temperature control, humidity, water 
availability and CO2, greater physiological comfort to the crop 
and helps to ensure better plant quality and productivity 
(Carvalho et al., 2018). The correct irrigation management 
and the monitoring of climatic variables are essential in this 
cultivation technique, in which the only source of water is 
supplied from irrigation (Holcman et al., 2015; Girardi et al., 
2016).

In ornamental species cultivated in the substrate, water 
availability requires the correct irrigation management but 
the quantification of water through water balance is difficult 
to perform (Girardi et al., 2016). In this sense, most soil 
moisture sensors have no adhesion to porous substrates, such 
as water peat, therefore, it is necessary to assess management 
methodologies through climatic elements under these 
conditions.

Doorenbos & Pruitt (1977) suggest the relation of the water 
consumption of a crop based on the product between the 
reference evapotranspiration measured cultivating conditions 
and the crop coefficient. These coefficients must be quantified 
in function of the phenological stage of the crop, with values 
ranging according to the crop and its development stage, 
differing by location and climate in which they are evaluated 
(Barbosa et al., 2015). The knowledge of this coefficient allows 
us to maximize water use and is an important tool to design 
irrigation projects (Ribeiro et al., 2009; Netto et al., 2011).

In this sense, the relevance of this study is justified by 
the scarcity of information regarding the crop coefficient 
for gerbera in the southern region of Brazil, thus requiring 
research concerning its development. In view of the above, the 
objective of this work was to evaluate the evapotranspiration 
and crop coefficients of cut gerbera, cultivated in protected 
environment

Materials and Methods
Plant material and cultivation

The present work was carried out in the experimental 
area of the Floriculture Sector of the Polytechnic College, 
Federal University of Santa Maria, Santa Maria – RS, Brazil 
(29º43’23”S and 53º43’15”W, an altitude of 95 m). The period 
of the experiment was from November 2016 to May 2017. The 
experiment was carried out in a 600 m2 (20x30m) greenhouse 
with a ceiling height of 3,5 m, with 150 micron plastic cover 
with PadFan cooling system and hot air heating. 

The study region presents a Cfa climate - subtropical 
humid, with undefined dry season according to the Köppen 
climatic classification. The temperatures normally range from 
10ºC to 31ºC throughout the year, with an average relative 
humidity of 74.4%, are presented in Figure 1.

Figure 1. Data air temperature (maximum and minimum) and relative humidity throughout the experiment. 
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Gerbera (G. jamesonii L) seedlings were acquired from 
the Uniplant company located in Holambra/SP, using the 
Caribá variety, which has red flowers. The seedlings were 
transplanted on November 3, 2016 We used stiff polyethylene 
pots with a capacity of 25 liters and drains in the lower end.

Substrate used and physical characteristics
The substrate used was water peat (WP), transplanting a 

seedling to each pot, characterized as an experimental unit.
Was placed 100% of water peat (WP) in all pots. The 

physical characteristics of the substrate used are presented in 
Table 1.

The density represents the relationship between mass 
and volume of the substrate and, in general, is used as a 
determining evaluation parameter since the wet density can 
vary according to the amount of water in the sample during 
the analysis. Normally, the reference values of dry density 
for substrates range from 350 to 500 kg m-3 (Conover, 1967). 
However, this value was slightly below the indicated for water 
peat, which can be explained by the influence of the density 
determination method and initial moisture content of the 
sample (Fermino & Kämpf, 2012).

According to Verdonck & Gabriels (1988), the ideal total 
porosity for substrates should be between 80 and 90%. 
Therefore, we observed that the content was within the ideal 
range in the substrate evaluated. These authors also suggest 
the ideal values between 10 and 15% for the aeration space 
(AS). However, the values obtained for the substrates were 
superior to this range. High values of AS can lead to water 
deficiency in plants, especially when irrigations are infrequent 
(Zorzeto et al., 2014).

The ideal values of available water occur between 25 and 
35% (De Boodt & Verdonck, 1972; Cattivello, 1991; Schafer et 
al., 2008), which is the case of the values found for the peat. 
Table 2 presents the pH, electrical conductivity (EC), readily 
available water (RAW), buffer water (BW), and remaining 
water (RW).

The pH value is of 6.50 for which, according to Fermino 
(2014), is within the range of ideal values for the cultivation 
of most plants, which is between 5.5 and 6.5 (pH in H2O). 
The pH is considered extremely relevant plant growth and 
development and can directly affect nutrient availability and 
compromise the production and quality of the final product 
(Ludwig et al., 2015).

The electrical conductivity value obtained was of 0.78 mS 
cm-1, which is above the ideal range (0.36 - 0.65 mS cm-1). High 
content of salt in the soil or substrate may negatively influence 
plant growth and development.

For Schmitz et al. (2002), the content of readily available 
water considered as ideal is between 20 and 30%, while for 
buffering water, which represents retained water, the ideal 
is of approximately 5%. Although the remaining water is not 
available to most plants, its main relevance is its influence on 
substrate properties, such as electrical conductivity, thermal 
capacity, and hydraulic conductivity, which are considered as 
ideal with values from 20 to 30% (Schafer et al., 2015). The 
highest water retention capacity of the substrate occurred at 
the lowest water column pressure (10% of WRC). 

This information may demonstrate a greater water 
availability for the plant, making it easier to remove water 
from the substrate.

Experimental design
We used a completely randomized experimental design 

with five treatments, which were 120%, 100%, 80%, 60%, 
and 40% of the water retation capacity (WRC) of the pot, 
and 10 replicates for each treatment, totalizing 50 pots for 
experimental units.

Determination of water retaining capacity of the pot
We determined the WRC according to the methodology 

described by Kämpf et al. (2006), for which we used the 
Equation 1, adapted by Schwab et al. (2013).

DD = dry density; TP = total porosity; AS = aeration space; AW = available water; pH = determined in water, 1:5 (v/v) dilution; EC = electric conductivity obtained in solution 1:5 (v/v); 
RAW = readily available water; BW = buffering water; RW = remaining water.

Table 1. Physical characteristics of the Water Peat (WP) used as a substrate in the production of gérberas. Santa Maria.

( )CRA seco secoPV% PV PV % PV= = ⋅ +

in which: PV% – weight of the pot for each treatment; PVCRA – 
water-retaining capacity; PVseco – weight of the pot filled with 
completely dry substrate.

The amount of water stored in the substrate was 
determined using the water balance method, counting 
the water inputs and outputs of the pot. The only water 
input was through irrigation, given that the experiment was 
conducted in a protected environment and in pots. The crop 
evapotranspiration (ETc) was evaluated by weighing lysimetry.

Irrigation was done manually with a seven-day irrigation 
shift and the reference evapotranspiration (ETo) was 
calculated using the Penman method (1948). Gerbera flower 
stalks were harvested daily, whenever new stems were at the 
point of harvest, this is, when there were one to three flower 
circles (crown flowers) visibly open.

It was installed a digital thermo-hygrometer inside 
the greenhouse to check the maximum and minimum 
temperatures and relative humidity of the air. The readings 
were performed daily in an interval of 15 minutes, as shown 
in Figure 1. Other data such as insolation and solar radiation 

(1)
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were obtained from the Automatic Station of the Instituto 
Nacional de Meteorologia (INMET), located near the Federal 
University of Santa Maria.

Determination of the crop coefficient
The crop coefficient (Kc) was calculated for each day of the 

crop cycle based on the ETc estimated by lysimetry and ETo 
estimated by Penman, according to Equation 2.

reduced support. These factors can be heightened as adequate 
cultural practices, including the correct management of water 
availability.

De Souza Ferraz et al. (2012) reported that plants 
submitted to water deficit probably paralyze growth and 
development, and close the stomata, leading to a decrease 
in water consumption and production. In the same way, 
the level with greater water consumption presented a 
higher crop evapotranspiration, resulting in a higher water 
replenishment when compared to the other treatments, 
negatively influencing the quality and production of the 
floral stems of the cut gerbera, causing symptoms similar 
to the water deficit in addition to a reduced photosynthesis 
and growth, as well as wilting. The results obtained are 
attributed to both the lack and excess of since the higher 
water consumption does not necessarily imply greater 
production or development.

Collaborating with the results found in this work, Girardi 
et al. (2016) conducted an experiment with the alstroemeria 
culture under protected environment condition, submitting 

EtcKc
Eto

=

in which: Kc – crop coefficient; Etc – crop evapotranspiration 
(mm day-1); Eto – reference evapotranspiration (mm day-1).

Thus, to determine the crop coefficient of cut gerbera 
was used the irrigation dephts that presented the highest 
production of floral stems among the treatments tested.

Statistical analysis
The statistical program used for the analysis was SISVAR 

5.6. The comparison of the production component (number of 
flower stems) among the applied treatments was performed 
through analysis of variance (ANOVA) at a level of 5% of 
significance, for which we performed a regression analysis if 
a statistical significance occurred.

Results and Discussion
Accumulated evapotranspiration and number of stems 
produced

The number of stems presented significant difference for 
the irrigation depths tested, as can be observed in Table 2. 

The production of floral stems and the accumulated 
evapotranspiration of the cut gerbera in the different tested 
irrigation levels can be seen in Figures 1 and 2. When 
analyzing the results obtained, was verified lower and higher 
water consumption, respectively, in the treatments with 
levels considered deficit and excessive (40 and 120% of WRC), 
and a lower number of floral stems regarding the other levels 
tested.

It is important to emphasize that adequate relation 
between plant height and stem diameter and the diameter 
of the inflorescence influence the quality of the flower stems 
of the cut gerbera since tall and thin stems tend to present 

*Significant at 5% probability by F test, CV- Coefficient of variation.

Tabela 2. Variance analysis for production of cut gerbera 
flower stem under different irrigation levels.

Figure 2. Accumulated evapotranspiration (ETc) throughout 
the gerbera crop cycle in the different irrigation levels.

Figure 3. Number of floral stems throughout the gerbera crop 
cycle in the different irrigation levels. 

(2)
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the plants to the different water availability (30, 45, 60, 75, and 
90% of WRC), and found that water moves more easily when 
the water conditions of the pot near the maximum retation 
capacity. This is related to the greater water availability to 
which it was submitted and does not prevent the transpiration 
by the plants and the evaporation of the water contained in 
the substrate, which results in superior water consumption. 
Thus, the hydraulic conductivity is lower in an unsaturated 
substrate because only a fraction of the substrate is occupied 
by water.

The best results regarding length, stem diameter and 
inflorescence were observed when the plants were in critical 
water conditions. Similar results were found for gladiolus 
by Pereira et al. (2009), who obtained satisfactory results of 
productivity and growth regarding stem length and number 
of flowers under conditions with no water deficit. Water 
excess or deficit can cause the elongation of the root system 
to restrict or increase the real availability of water in the soil. 
However, a reduction in shoot development occurs, interfering 
in its length and diameter, which significantly interferes in 
the stiffness of the stems, causing inflorescences outside the 
quality standard, especially under water deficit conditions.

When studying cravina crops and different irrigation levels, 
Schwab et al. (2013) observed that the water consumption 
with an availability of 100% WRC was much higher when 
compared to the other treatments, a result similar to the one 
found in the present study. These results can be explained by 
the greater availability of water, which increased the plant-
to-atmosphere exchanges, increasing plant tissues and plant 
development due to the absence of water factors that could 
cause stomata closure and, consequently, decrease in water 
consumption.

The lowest water consumption was observed at the 
lowest WRC levels. Furthermore, there was a reduction of the 
inflorescence diameter, stem height and diameter, and loss of 
petal coloration. However, when studying chrysanthemum, 
Farias et al. (2005) reported that the highest value of water 
consumption occurred with the lowest water stress in the soil 
but plants cultivated under these stress did not present the 
best development, corroborating with the results found in the 
present study.

The results obtained in this work can be compared 
with other crops, that relate to water deficit and excess for 
ornamental crops (Schwab et al., 2013; Girardi et al.,2016; 
Oliveira & Gualtieri, 2017; Menegaes et al., 2019; Soares et 
al., 2019),

Crop coefficient for cut gerbera
As occurs with most ornamental species, the gerbera 

does not have a detailed phenological description with 
the distribution of its different phases during a production 
cycle. When searching for the crop coefficient, was created 
phenology from the treatment of 80% water availability, 
observing the behavior of the plants identified within the 
interval after the transplant of the gerbera seedlings.

There are in the literature some cultures of which the 
phenological phases have already been transcribed, for crops 
as sunflower (Cavalacante Junior et al., 2013), heliconia 
(Felisberto et al., 2015), melon (Lozano et al., 2017) and 
pepper (Lorenzoni et al., 2019). The crop coefficient is specific 
to each cultivar, varying according to the study location the 
conditions to which the crop was exposed. Thus, Table 3 
presents a proposal for dividing the development of plants 
with the respective values of their crop coefficient (Kc) 
according to the phenological phases determined for the 
present study, considering the Caribá cultivar obtained from 
the region of Santa Maria - RS. 

When we determine the mean values of Kc for the different 
phenological phases of the crop, we obtained an average 
value of 0.76 in the vegetative phase and of 1.03 during the 
productive phase. Gomes et al. (2006) obtained average values 
of 0.88 and 1.23 for the vegetative and flowering (productive) 
phases, respectively, of Heliconia cultivated in a protected 
environment. The results found in the present study can be 
compared with those obtained by Gomes et al. (2008), who 
obtained mean values of 0.72 and 1.07 in the mentioned 
phases of the alpine culture. Oliveira et al. (2014) found mean 
values of crop coefficient equal to 0.75 and 1.18 for the rose 
(Carola cv) in the vegetative and productive development 
phases, respectively, cultivated under protected environment 
conditions in Minas Gerais.

In a study conducted with the alstroemeria culture in a 
protected environment, in the municipality of Santa Maria, 
RS, Girardi et al. (2016) created a phenology based on the 
treatment of 90% of WRC, finding average values of 0.39, 0.41, 
0.95, 1.50, and 0.75, in the vegetative phase, beginning of 
flowering, flowering, full flowering, and end of the flowering, 
respectively.

The crop coefficient values obtained in this study can be 
correlated with the differentiation of the water requirements 
during the phenological phases of gerbera in a protected 
environment, which have not yet been determined in other 
studies. Therefore, the need for researches regarding the 
development stages of the crop in question becomes relevant 
considering the climatological conditions of the region and 
emphasizing that the Kc values also change with the cultivar, 
irrigation system, ETo estimation method adopted, and the 
crop management.

Table 3. Days after transplant (DAT), development phases, 
crop coefficient (Kc), reference evapotranspiration (Eto) for 
cut gerbera, cultivar Caribá. Santa Maria - RS, Brazil, 2017.
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Conclusions
The crop coefficients (Kc) proposed for the different 

phenological stages of the gerbera were efficient for irrigation 
management.

The water consumption for the cut gerbera crop in the 
treatments with limited water availability ranged from 225.87 
to 523.58 mm.

The crop coefficient (Kc) determination for the conditions 
from the beginning to the end of cropping period of cut 
gerbera is important information for calcule of ETc and 
irrigation planning.
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