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ABSTRACT: Chrysanthemum is one of the most commercialized flower species in Brazil, however, there is little information 
related to the correct water management of the crop. Thus, the work seeks to determine the crop evapotranspiration (ETc) 
and obtain the cultural coefficients (Kc) of the pot chrysanthemum, in addition to assessing the water use efficiency (EUA) of 
the crop under different irrigation managements. The experiment was conducted in a protected environment in Santa Maria-
RS, which a completely randomized design (DIC) was used, with five treatments based on the capacity of water retention 
in the vessel (CRV) (40, 60, 80, 100 and 120% CRV), with 16 repetitions, each pot was considered one repetition. ETc 
was determined by weighing Lysymetry, ETo was calculated by six different equations: Benevides-Lopez, Camargo, Linacre, 
Jensen-Haise, Hargreaves and Ivanov. Kc was obtained by the relationship between ETc and ETo. The evapotranspiration 
of the culture ranged between 153 and 264 mm. There was no significant difference in the EUA between the treatments 
studied. The average Kc was 0.98 for the vegetative phase, 1.29 from the beginning of the reproductive phase to the point of 
commercialization and 0.85 until the end of the reproductive phase.
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Manejo hídrico e coeficientes culturais para o crisântemo de vaso

RESUMO: O crisântemo é uma das espécies florícolas mais comercializadas no Brasil, entretanto, há poucas informações 
relacionadas ao correto manejo hídrico da cultura. Desta forma, o trabalho busca determinar a evapotranspiração da cultura 
(ETc) e obter os coeficientes culturais (Kc) do crisântemo de vaso, além de avaliar a eficiência de uso da água (EUA) da 
cultura sob diferentes manejos de irrigação. O experimento foi conduzido em ambiente protegido em Santa Maria-RS, no 
qual adotou-se o delineamento inteiramente casualizado (DIC), com cinco tratamentos baseados na capacidade de retenção 
de água no vaso (CRV) (40, 60, 80, 100 e 120% CRV), com 16 repetições, sendo cada vaso considerado uma repetição. A 
determinação da ETc se deu por lisimetria de pesagem, a ETo foi calculada por seis distintas equações: Benevides-Lopez, 
Camargo, Linacre, Jensen-Haise, Hargreaves e Ivanov. O Kc foi obtido pela relação entre a ETc e a ETo.A evapotranspiração 
da cultura oscilou entre 153 e 264 mm. Não ocorreu diferença significativa de EUA entre os tratamentos estudados. O Kc 
médio foi de 0,98 para fase vegetativa, 1,29 do início da fase reprodutiva até o ponto de comercialização e 0,85 até o fim da 
fase reprodutiva. 
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Introduction
Floriculture is a promising branch of Brazilian agribusiness 

and, the ornamental plants market, grew 64% between the 
years 2012 and 2018, for the year 2018 the ornamental 
market moved a total of R$ 7.9 billion in Brazil (Ibraflor, 2020). 
Whether as a cut flower or a vase flower, chrysanthemum 
(Dendranthema grandiflorum) is one of the most 
commercialized ornamental plant species in Brazil (Kelling et 
al., 2015).  

Barbosa et al. (2019) consider chrysanthemum as the main 
ornamental species produced and commercialized in pots in 
Brazil, for being cultivated throughout the national territory, 
with diversified production technologies, for the offer of 
distinct varieties and for the cost/benefit of production. 
However, Spadeto (2016) highlights that little research has 
been developed with irrigated chrysanthemum culture. 

The management of irrigation in floriculture has been 
characterized by empiricism, often with excessive or deficit 
applications of water. To avoid the risk of water deficit 
occurrence, many flower growers irrigate several times a 
day (Oliveira et al., 2016). For ornamental species, especially 
those grown under controlled conditions, information on 
water requirements and proper irrigation management is 
scarce (Soares et al., 2015).

Proper irrigation management is one of the most important 
factors to consider when seeking to improve flower production 
and quality, especially in a protected environment where 
water is made available only by irrigation (Soares et al., 2012; 
Girardi et al., 2016). The increase in quality is important, since 
in the flower industry the aesthetics of the plants influence 
the classification of the product and the maximization of the 
marketing profit.

Among the different parameters applicable for proper 
irrigation management is the estimation of reference 
evapotranspiration (ETo) (Andrade et al., 2016) and, also, 
the crop coefficient (Kc) can be used to estimate the 
evapotranspiration of a crop (ETc) (Oliveira, 2012). However, 
currently in the scientific literature there is a description of 
Kc only for cut chrysanthemum. The pot chrysanthemum has 
lower water consumption compared to cut chrysanthemum 
and this is due to its smaller size and vegetative development. 
Thus, the adoption of the cultural coefficient of the cut 
chrysanthemum could lead to an irrigation management not 
adequate to the culture conducted in pots.

Under protected environment conditions there is a 
reduction of water requirements, due to the reduction of 
evapotranspiration, making more efficient use of water by 
the plants (Oliveira et al., 2014). With this, knowledge of crop 
evapotranspiration is a factor of great relevance in the sizing 
and management of irrigation systems (Oliveira et al., 2017), 
enabling the rational use of water and fertilizers, ensuring 
greater production efficiency and greater profitability.

In this context, the present work seeks to determine the 
evapotranspiration of the crop and to obtain the cultural 
coefficients of the pot chrysanthemum (Kc), as well as to 

evaluate the water use efficiency of the pot chrysanthemum 
under different irrigation managements.

Materials and Methods
The work was developed in the Floriculture Sector of the 

Polytechnic College of the Universidade Federal de Santa 
Maria (UFSM), in the city of Santa Maria (29° 43’ S and 49°19’O 
and with an altitude of 95 m), located in the central region of 
the state of Rio Grande do Sul, Brazil. 

The experiment was conducted in a protected environment 
with an area of 600 m2 (20 × 30 m), 3.5 meters high, and 
polyethylene cover (150 microns). The environment had a Pad 
Fan refrigeration system and hot air heating.

According to the Köppen classification, the region’s climate 
is of type Cfa, humid subtropical, with hot summers and no 
defined dry season (Heldwein et al., 2009). The variation 
of the minimum and maximum temperature, as well as the 
relative humidity throughout the experiment is presented in 
Figure 1. The average daily temperature ranged from 14.31 
to 27.15 °C, while the average relative humidity was 79.40%. 

In this work we used the chrysanthemum variety ‘Cherry 
White’, which has inflorescences of the mini daisy type with 
white coloration. The vegetative cuttings came previously 
treated by the Terra Viva company, located in Holambra, SP, 
Brazil, with the rooting hormone indol-butyric acid (AIB) at a 
concentration of 1.5 ppm. 

The cuttings were transplanted into black plastic pots with 
a volume of 1.2 L (height 12 cm, upper and lower base 14.0 
and 9.4 cm in diameter) with drains at the lower end, filled 
with the commercial substrate Multiplant 3010.

In each pot, six vegetative cuttings were transplanted, 
remaining for four weeks in a rooting bed with controlled 
relative humidity and temperature conditions. After this 
period, the apical meristem was removed and the application 
of the different irrigation treatments was started.

Table 1 shows the physical and chemical characterization 
of the substrate used.  

Figure 1. Temperature data (minimum and maximum) and 
average relative humidity for the experiment period.
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According to Barbosa et al. (2019), in the establishment 
of chrysanthemum, soils or substrates with low density, 
rich in organic matter, with good drainage and nutrient 
availability are considered ideal. The pH value of the substrate 
is within the range of 5.5 to 6.5 recommended by the 
Commission of Chemistry and Soil Fertility of the states of 
Rio Grande do Sul and Santa Catarina (CQFS - RS/SC, 2016) 
for pot chrysanthemum cultivation, as well as, the electrical 
conductivity (EC) value of the substrate of 0.80 is in agreement 
with values recommended by Barbosa et al. (2019), which 
suggest that the substrate EC for pot chrysanthemum be 
between 0.7 and 1 mS cm-1.

The experimental design adopted was entirely randomized 
(DIC), with five treatments in relation to water replacement 
(40, 60, 80, 100, and 120% of the vessel water holding capacity 
- WHC) and sixteen repetitions for each treatment, totaling 
eighty vessels, with each vessel considered an experimental 
unit (EU).

The water holding capacity (WHC) was determined 
according to the methodology described by Kämpf et al. 
(2006). Equation1 described by Mello (2006) and adapted by 
Schwab et al. (2013) was used to apply the treatments.

The crop evapotranspiration (ETc) was obtained by means 
of weighing lysimetry and the reference evapotranspiration 
(ETo) was calculated using six different equations (Table 2).

The reference evapotranspiration was estimated by 
different equations seeking to reduce the variation of the 
estimate by existing methodologies, increasing the reliability of 
the results. The meteorological variables needed to calculate 
ETo were measured inside the protected environment. The 
crop coefficients (Kc) were obtained through the relationship 
between the ETc estimated by weighing lysimeter and the ETo 
estimated by different equations (Equation 8).

Table 1. Physical and chemical characteristics of Multi plant substrate 3010 used in the experiment.

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

Tmed - average daily temperature (°C); RHmed - average daily relative humidity (%); K - adjustment factor that varies with the average annual temperature (ºC) of the site; Ra - 
extraterrestrial solar radiation (MJ m-2 dia-1); ND - number of days in the period; Tm corresponds to Tmed + 0.006z; z - altitude (m); Td - dew point temperature (°C); φ - local latitude (°); 
Rs - global solar radiation converted into units of evaporated water (mm). * Ivanov equation described by Jensen (1973).

Equation Abbreviation Equation References 

2 EToBL EToBL =1.21 x 10 �
7.45 x Tmed

234.7+Tmed
� (1- 0.01 x URmed) + 0.21 x Tmed - 2.30 Benevides & Lopez (1970) 

3 EToCA EToCA= K x Ra x Tmed  x ND Camargo (1971) 

4 EToL EToL  = 
700 x Tm

(100 - φ) +15 x (Tmed - Td)

(80 – Tmed)
 Linacre (1977) 

5 EToJH EToJH =RS  x (0.025 x Tmed + 0.078) Jensen & Haise (1963) 
6 EToH EToH =0.408 x 0.0023 x ( Tmed + 17.8) x (Tmax - Tmin)0.5 x Ra Hargreaves (1974) 

7* EToI EToI = 0.006 x (25 x Tm)2  x  �1 -
RHmed

100
� Jensen (1973) 

 

Table 2. Equations for estimating reference evapotranspiration used in the work. 

( )MV% MVcrv MVdry CRV% MVdry= − ⋅ +

where: MV%: is the mass of the vessel; MVcrv: is the mass at 
the water holding capacity; MVdry: is the mass of the pot filled 
with completely dry substrate; and, CRV%: is the percentage 
of CRV referring to each treatment.

After each irrigation, the quantification of water storage in 
the substrate was determined by the water balance method, 
counting the inflows and outflows of water from the pot. Due 
to the controlled conditions of the protected environment, the 
only water input was through irrigation performed manually 
at three-day intervals. 

ETcKc
ETo

=

where: Kc: is the crop coefficient for pot chrysanthemum; ETo: 
is the reference evapotranspiration (mm day-1); and, ETc: is the 
crop evapotranspiration (mm day-1).  

When the crop was at the point of commercialization (50% 
of the inflorescences open), the number of inflorescences per 
plant was counted in all treatments evaluated.

The water use efficiency (WUE) was determined by 
Equation 9, relating the number of inflorescences per plant 
(NI) and the total amount of water applied during the crop 
cycle (ETc).

NIEUA
ETc

=

where: EUA: is the water use efficiency (inf mm-1); NI: is 
the number of inflorescence per plant; and, ETc: is the crop 
evapotranspiration (mm cycle-1).

The data from the experiment were submitted to variance 
analysis at a 5% probability level of error and, if a significant 
effect was obtained, subsequent regression. For this, the 
statistical software SISVAR 5.6 (Ferreira, 2011) was used.

(1)

(8)

(9)
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Results and Discussion
According to the results obtained in this work, there was 

a significant effect for number of inflorescences per plant 
(NI) and no significant difference was observed for water use 
efficiency (WUE) among the treatments in the experiment 
(Table 3).

The results obtained for EUA, corroborate those described 
by Soares et al. (2015), who working with three cultivars of 
Kalanchoe grown in a protected environment under distinct 
irrigation slopes based on different pot capacities (40, 60, 80 
and 100%), observed no statistically significant differences 
for the interaction cultivar and irrigation slopes for water use 
efficiency for flower production per pot. 

In turn, Rego et al. (2009), studying the response of 
different irrigation managements based on the evaporation of 
the class “A” tank on cut chrysanthemum grown in a protected 
environment, reported that as the irrigation rates were 
increased, the water use efficiency decreased significantly.

The number of inflorescences per plant and the crop water 
consumption are shown in Figures 2A and 2B, respectively. 

It can be seen in Figure 2A, that the plants subjected to the 
treatments with higher CRV (80, 100 and 120%), presented 
the highest number of inflorescences in relation to the other 
treatments. This may have possibly occurred due to the 
adequate water supply, which allowed the plants to remain 
physiologically more active, leading to a higher number of 
inflorescences per plant compared to the treatments with 
lower water availability. 

Exposure of plants to low soil moisture levels causes them 
to seek mechanisms for their survival, which may adversely 
impact photoassimilate accumulation and may affect plant 
production and commercial quality (Soares et al., 2019).

The result found in this work corroborates the one 
described by Spadeto (2016), who studying the soil water 
deficit factor at different times after transplanting for cut 
chrysanthemum cultivar “Faroe”, observed a reduction in the 
production of floral buds as a function of increasing soil water 
deficit.

Similar results to those found in this experiment were 
also described by Pereira et al. (2009) who, studying the 
growth and production of gladiolus under different levels of 
water deficit, obtained better results regarding the number 
of flowers in treatments without water deficit. In this sense, 
Girardi et al. (2016) working with the culture of Alstroemeria, 
in a protected environment, subjected to different water 
retention capacities by the pot, verified a greater number of 
floral stems in treatments with higher water availability. The 
authors justified this increase in the production of floral stems 

Figure 2. Number of inflorescences per plant (A) and 
cumulative crop evapotranspiration (ETc) (B) for the study 
treatments.

* Significant at 5% probability of error; (ns) = not significant at 5% probability of error.

Table 3. Analysis of variance for number of inflorescences per 
plant and water use efficiency for the study treatments.

by the action of water in the plant cells, where with adequate 
water availability, the processes of turgor and cell growth 
are favored, resulting in plant development, expansion, 
cell division, and photosynthesis. And, further Piroli (2018) 
describes better development and production results for cut 
gerbera when grown in the range of 80 to 100% of the water 
holding capacity in the pot. 

As seen in Figure 2B, the potted species showed a linear 
response for crop evapotranspiration at the different pot 
capacities. It is noteworthy that the 40 and 120% CRV 
treatments showed lower and higher water consumption 
by the crop, respectively. This behavior of increased 
consumption in treatments with higher water availability, was 
also described by Girardi et al. (2016), Soares et al. (2019) and 
by Piroli et al. (2020), in studies with Alstroemeria, cravina and 
gerbera, respectively, grown in a protected environment and 
conducted under different water retention capacities by the 
pot. 

The increasing water consumption with increasing water 
holding capacity can be explained by the increased evaporation 
of water from the substrate and the increased transpirative 
demand of the crop. According to Girardi et al. (2016), when 
the water conditions of the pot are maintained at maximum 
water holding capacity by the pot, water moves more easily, 
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and there is no impediment for transpiration by the plants 
and likewise, for evaporation of the water contained in the 
substrate, causing greater water consumption.	

The estimated average daily reference evapotranspiration 
for the different equations used, as well as the average 
crop evapotranspiration for each crop development 
stage, is presented in Figure 3. We considered as crop 
evapotranspiration the blade coming from the treatment of 
80% of CRV (206 mm), because no significant difference was 
found for water use efficiency between treatments, nor for 
inflorescence production between the treatments of 80, 100 
and 120% of CRV, so we opted for the lowest value of response 
blade (80% of CRV).

The pot chrysanthemum culture does not have a standard 
phenological scale described in the scientific literature, so the 
cycle of the culture was divided into five phases according to 
its phenological development, and in virtue of the regularity 
of water consumption of each phase. Thus, the first phase was 
defined as from the beginning to the middle of the vegetative 
phase (VEG 1), the second, from the middle to the end of 
the vegetative phase (VEG 2), the third phase corresponding 
to the formation of inflorescences (FL1), the fourth phase 
when 50% of the inflorescences were open, that is, the point 
of commercialization (FL2) and, finally, from the opening of 
100% of the inflorescences (PFC). 

In general, it is observed that the reference 
evapotranspiration estimated by the different equations was 
higher than the crop water consumption until the middle of the 
vegetative phase, because in this phase the leaf area is still small 
and the transpiration rate is still low. From the middle to the 
end of the vegetative phase the estimated evapotranspiration 
was lower than the crop evapotranspiration. However, the 
reference evapotranspiration estimated by the Camargo 

and Linacre equations showed higher values than the 
crop evapotranspiration from the middle to the end of the 
vegetative stage. 

The difference between the estimated ETo values by the 
different equations is justified by the fact that the calculation 
parameters differ among the equations in the study and use 
different input data in the ETo estimation calculation.

In the reproductive phase the crop evapotranspiration was 
higher than the reference evapotranspiration estimated by the 
equations until the PFC phase, where the water consumption 
decreased due to the closure of the crop production cycle.

The consumption data are in agreement with those 
obtained by Pereira et al. (2005), who, in a study aimed at 
determining the water consumption of two cultivars of cut 
chrysanthemum, verified that the consumption is dependent 
on the phase that the culture is in, and is not constant 
throughout the cycle. 

It is observed that the highest consumption occurred 
when the crop was forming its inflorescences, because in this 
phase the plant has an accelerated metabolism, demanding 
a greater nutritional and water contribution. The same 
behavior was reported by Girardi et al. (2016), who observed 
in the formation of Alstroemeria flowers, in the transition 
from the vegetative to the reproductive stage, an increase in 
crop transpiration by physiological development, causing an 
increase in plant water consumption. 

Considering the crop evapotranspiration and the different 
estimated reference evapotranspirations, the respective crop 
coefficients were obtained (Table 4) for the phases established 
in the study for the chrysanthemum cultivar Cherry White. 

It can be seen that the values of the crop coefficients are 
increasing as the crop develops until the FL2 phase, where 
they reach their apex with an average value for the different 
Kc values of 1.33. Subsequently, due to a reduction in the 
crop’s water demand, a decrease in Kc values occurs. This 
behavior is in agreement with that described by Allen et al. 
(2006), who reported that the Kc is variable depending on the 
phenological stage of the crop and may reach its highest value 
in the reproductive phase of many crops, which was observed 
in this study.  

In the vegetative phase an average Kc for the different 
equations of 0.98 was obtained, and for the reproductive 
phase an average Kc of 1.14 was found. Similar results were 
described by Piroli et al. (2020), for the culture of cut gerbera 
conducted in a protected environment, finding Kc values of 
0.76 and 1.03, respectively for the vegetative and reproductive 
phase. 

In work with cut roses, conducted in a protected 
environment, Oliveira et al. (2014), obtained Kc values of 0.75 
for the vegetative phase and 1.18 for the productive phase of 
the crop. Similar results to those found in the present study, 
under protected environment conditions, were also described 
by Felisberto et al. (2015), for the culture of Heliconia Gonden 
Torch, obtaining values of 0.80 and 1.01 respectively, for the 

Figure 3. Reference evapotranspiration estimated by different 
equations and the crop evapotranspiration along the crop 
cycle.

ETH: reference evapotranspiration estimated by the Hargreaves equation; ETCA: 
reference evapotranspiration estimated by the Camargo equation; ETL: reference 
evapotranspiration estimated by the Linacre equation; ETJH: reference evapotranspiration 
estimated by the Jensen-Haise equation; ETI: reference evapotranspiration estimated by 
the Ivanov equation; ETBL: reference evapotranspiration estimated by the Benevides-
Lopez equation; ETc: the crop evapotranspiration measured by lysimetry.
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vegetative and reproductive phases, and by Gomes et al. 
(2008) who observed for the culture of Alpinia, average values 
of 0.72 for vegetative phase and 1.07 for reproductive phase.

As highlighted by Oliveira et al. (2014), scientific studies 
are scarce regarding crop coefficients for ornamental plants 
and the available values are quite discrepant, which makes it 
difficult to compare crop coefficients. This variability can be 
explained by the fact that Kc changes according to variety, soil 
type and coverage, irrigation system, crop management, and 
ETo estimation adopted (Duarte et al., 2010).

The range of Kc values obtained in this study was relatively 
low (> 0.27), so it can be said that the different equations 
for estimating ETo tested can be used to estimate ETo in a 
protected environment.

Conclusions
The crop water consumption was increasing with 

increasing pot water availability. The evapotranspiration of 
pot chrysanthemum varied between 153 and 264 mm in the 
different treatments tested.

There was no significant difference between the water use 
efficiency for the different irrigation managements adopted in 
the experiment, the overall average water use efficiency value 
for the experiment was 0.115 inf mm-1.

The average crop coefficients estimated for the 
chrysanthemum cultivar ‘Cherie White’, were 0.98 for 
vegetative phase and 1.29 from the beginning of the 
reproductive phase until the point of commercialization and 
then 0.85 until the end of the reproductive phase.
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