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Abstract
Carnation production in Colombia, the world’s main exporter, takes place entirely in naturally ventilated greenhouses. This type 
of structure presents non-homogeneous microclimate conditions which differentially affect crop growth and development, which 
is why this issue has been of great research interest in recent years. The objective was to determine the microclimatic behavior of 
a passive spatial-type greenhouse used in Colombia for carnation production. The experimental approach included the collection 
of meteorological data in the external environment through a weather station and in the inside of the greenhouse through a grid of 
40 sensors uniformly distributed in a horizontal plane. Data processing to determine the spatial variability of temperature, relative 
humidity and vapour pressure deficit (VPD) is done by using geostatistical techniques and predicting these variables at unsampled 
points through the ordinary Kriging method. The main results obtained allowed us to determine that the conditions generated inside 
the greenhouse are not the optimal ones recommended for carnation production and that, in addition, the behavior of the variables 
studied shows a heterogeneous distribution, obtaining spatial variations in the horizontal profile evaluated for the night period of 
0.5 °C, 9.1% and 1.5 kPa and for the daytime period of 7.2 °C, 42.6% and 1.5 kPa for temperature, humidity and VPD respectively.
Keywords: climatic heterogeneity, prediction, Kriging, temperature, humidity.

Resumo
Análises do desempenho microclimático de uma estufa utilizada para produção de cravo (Dianthus caryophyllus L.)

A produção de cravos na Colômbia, o principal exportador mundial, é realizada inteiramente em estufas agrícolas com ventilação 
natural. Neste tipo de estrutura, estão presentes condições microclimáticas não homogêneas, que afetam negativamente o 
crescimento e desenvolvimento dos cultivos, razão pela qual esta questão tem sido de grande interesse de pesquisa nos últimos 
anos. O objetivo foi determinar o desempenho microclimático de estufa agrícola com ventilação natural de tipo espacial utilizada 
na Colômbia para a produção de cravo. A abordagem experimental incluiu a coleta de dados meteorológicos no ambiente externo 
através de uma estação meteorológica e no interior da estufa através de uma grade de 40 sensores uniformemente distribuídos em 
um plano horizontal. O processamento de dados para determinar a variabilidade espacial da temperatura, umidade relativa e déficit 
de pressão de vapor (VPD) foi feito usando técnicas geoestatísticas e prevendo estas variáveis em pontos não amostrados através 
do método de Kriging comum. Os principais resultados obtidos permitiram determinar que as condições geradas dentro da estufa 
não são as ideais recomendadas para a produção de cravos e que, além disso, o desempenho das variáveis estudadas mostra uma 
distribuição heterogênea, obtendo variações espaciais no perfil horizontal avaliado para o período noturno de 0,5 °C, 9,1% e 1,5 kPa 
e para o período diurno de 7,2 °C, 42,6% e 1,5 kPa para a temperatura, umidade e VPD, respectivamente.
Palavras-chave: heterogeneidade climática, previsão, Kriging, temperatura, umidade.
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Introduction

One of the most relevant activities in the agricultural 
sector is floriculture, this can be defined as the branch of 
ornamental horticulture that is dedicated to the development 
and production of ornamentals and cut flowers (Adeola 

et al., 2018; Nassar and Ribeiro, 2019; Paiva, 2018). In 
Colombia the ornamental sector and its distribution chain 
contributes 7% of the agricultural national gross domestic 
product and is one of the industries that drives economic 
development and at the same time one of the industries that 
generates the highest level of employment (Rodríguez and 



EDWIN VILLAGRAN and CARLOS BOJACÁ 191

	 V. 26, No. 2, 2020 p. 190-204

Junco, 2016). The same has happened in other regions such 
as; Brazil, Ecuador, India, Kenya and Thailand (Junqueira 
and Peetz, 2018; Knapp, 2017; Newman, 2019). 

The carnation (Dianthus caryophyllus L.) is a perennial 
herbaceous plant member of the dicotyledonous family 
Caryophyllaceae, this family of plants has approximately 
2,200 species, while the genus Dianthus includes about 
300 species that grow in different countries of the world 
(Al-Ma’athedi et al., 2018; Boxriker et al., 2017b; Yagi 
et al., 2020). The carnation is one of the most important 
cut flowers globally, ranking third in the ornamental 
market after the rose and chrysanthemum (Abeliotis et al., 
2016; Boxriker et al., 2017a; Liu et al., 2018). The main 
commercial characteristics of the carnation are; the shape, 
size and colour of the flowers, the fragrance, its long vase 
life of over 14 days and its ability to withstand transport 
over long distances (Abeliotis et al., 2016; Ahmadian et 
al., 2017; Al-Ma’athedi et al., 2018; Boxriker et al., 2017a; 
Onozaki, 2018; Singh et al., 2016).

In the Colombian ornamental sector, passive 
greenhouses with natural ventilation predominate, the 4 
characteristic models are; the traditional Colombian, the 
multi-tunnel type, the hanging type and finally the spatial 
type (Villagrán-Munar and Bojacá-Aldana, 2019; Villagrán 
Munar et al., 2018). The use of these cover structures seeks 
to generate adequate microclimate conditions in order to 
guarantee the supply of high quality commercial products 
throughout the months of the year and at the same time 
increase the yields and productivity of the crops (Ma et 
al., 2019b; Neira et al., 2018). One of the main problems 
of these greenhouses is their limited ventilation capacity 
and their large size, therefore it is characteristic to find 
heterogeneous spatial distributions of temperature and 
relative humidity (Villagrán et al., 2019; Villagrán and 
Bojacá, 2019a).

The study of microclimate distribution in greenhouse 
structures in recent years is mainly addressed through 
CFD simulation approaches and from dynamic mass and 
energy balance models (López-Cruz et al., 2018). We seek 
to determine the spatial distribution of temperature and 
relative humidity, since they are variables that have a direct 

relationship in physiological and biological processes of 
plants, therefore any heterogeneous spatial distribution 
will affect in a differentiated way the uniformity of growth 
and development of crops and in turn the quality of the 
final product obtained (Ma et al., 2019 a,b; Saberian and 
Sajadiye, 2019). Other experimental studies not focused 
on carnations have reported temperature and humidity 
gradients in both the vertical and horizontal profiles of 
the evaluated greenhouses (Balendonck et al., 2014; 
Bojacá et al., 2009a; Diano et al., 2016; Fatnassi et al., 
2015; Ferentinos et al., 2017; García-Ruiz et al., 2018). 
The main objective of this research was to carry out the 
characterization through geostatistical techniques of the 
temperature and humidity behavior inside a commercial 
greenhouse of the space type used for carnation production 
in the savannah of Bogota Colombia.

Materials and Methods

Greenhouse description and information collection
The collection of experimental information was carried 

out in a municipality producing cut flowers located in the 
surroundings of the savannah of Bogota Colombia, the type 
of greenhouse evaluated was one of the so-called spatial 
type, its covered area was 17,892 m2 fully established 
in carnation cultivation. This greenhouse structure is 
manufactured by embedding pillars built in concrete and 
forming a flat cover in structural steel cables where the 
polyethylene is attached (Figure 1B). The greenhouse was 
made up of 42 attached spans, each 7.1 m wide (Figure 
1A). The minimum and maximum heights under the gutter 
were 3.5 and 5.5 m respectively, the longitudinal distance 
of the greenhouse was 60 m and it was oriented in a North-
South direction. Each span had a fixed roof ventilation area 
with an opening of 0.25 m (Figure 1C) which is equivalent 
to a roof ventilation area of 615 m2, representing 3.43% 
in reference to the floor area covered. In addition, the 
ventilation areas were complemented on all four sides of 
the greenhouse with a 2.2 m opening, making up a side 
ventilation area of 1,554 m2, which represents 8.68% of the 
covered floor area.
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Weather conditions outside the greenhouse such as 
air temperature and humidity, solar radiation, wind speed 
and direction were recorded and stored by means of an 
automatic weather station i-Metos Compact station (Pessl 
Instruments GmbH, Weiz, Austria). Inside the greenhouse 
40 type-T copper thermocouples used to measure dry bulb 
and wet bulb temperatures were distributed and stored in a 
data logger (Cox-Tracer Junior, Escort DLS, Edison, NJ, 
EE. UU.). The thermocouples were arranged in a ventilated 
capsule that acted as a shield from direct solar radiation. 
The data collection points inside the greenhouse were 
distributed in a regular grid in the horizontal direction at 
a height of 1.6 m above the ground and with a cell size of 
12 × 37.2 m, which gives a sampling point every 446.4 m2. 
Both outside and inside, the frequency of measurement and 
data recording was 15 minutes during the period from 12 
July to 16 August 2018.

Geostatistical analysis
An analysis using geostatistical techniques generally 

consists of three main stages: exploratory analysis of 
the data, analysis of the spatial relationship or structural 
analysis and finally the estimation or simulation of data 
better known as prediction. For the measurement period, 
depending on the intensity levels of the external solar 
radiation, the data obtained was grouped into 5 levels (W 
m−2), including the night which corresponds to group 1 of 0 
W m−2. Each hourly average data set was then grouped into 
one of the 5 radiation levels and the geostatistical analysis 
was applied as described below. 

Exploratory analysis
This analysis is generally performed in order to fulfill 

several purposes, among the most important: to verify 
some geostatistical assumptions such as stationarity and 

periodicity. In this phase of the process, graphics are usually 
used to allow inspection of the stationarity of the variable 
(Isaaks et al.,1989). It is also of interest to verify if the data 
are stationary, that is, if they present a periodic behavior. 
For this, it is assumed that the degree of association of these 
data is a function of the spatial separation and not of the 
location of these data in space. Additionally, basic statistics 
are used, in this case the Shapiro-Wilk test, to determine 
the statistical distribution of the data and to verify that they 
comply with the assumption of normality. Additionally, for 
the calculation and subsequent analysis of the distribution 
of relative humidity (RH) and the vapour pressure deficit 
(VDP), the following psychrometric relations were used 
Huang et al. (2013).

Structural analysis
In this stage we seek to determine a spatial dependence 

function that is valid for the empirical semivariate, the 
graphic relationship between the spatial separation distances 
and the semivariate of the variable studied is known as the 
semivariogram (Bojacá et al., 2009b). In this phase the 
isotropic experimental semivariograms were constructed 
for each of the data sets obtained from each variable 
inside the greenhouse. The empirical semivariograms are 
constructed using the following equation.  

                  (1)

Where: Np(h) is the number of pairs at a distance h, h is 
the increase, Z(xi) are the experimental values and are the 
experimental values and xi the locations where the values 
are measured Z(xi). 

Figure 1. A) General scheme of the space greenhouse, 
B) Details of the interior of the greenhouse and C) Ventilation area
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The shape of the empirical omnidirectional 
semivariogram can be adjusted to a variety of theoretical 
semiviogram models. For the analysis of these data sets, 
the performance of the following models was evaluated: 
circular, exponential, spherical and Gaussian. The basic 
parameters of this type of models are range (a), sill (c1) y 
nugget (c0). The sill represents the upper asymptote of the 
semivariogram and corresponds to the maximum variability 
explained by the semivariogram, the range represents a 
measure of the maximum influence distance and the nugget 
represents both the sampling error and the spatial variability 
for the minimum distance interval (Bojacá et al., 2009b). 
The selection of the semivariogram model that will be used 
to make the prediction was made through the analysis of 
the following criteria, Akaike’s information criterion (AIC) 
and the Bayesian information criterion (BIC). The models 
that presented the lowest values for these two adjustment 
criteria were selected as the theoretical semivariogram 
model that best represents the data set evaluated inside the 
greenhouse.

Prediction
In this phase we seek to predict the variables of interest 

in unsampled points from known values and their spatial 
continuity structure. The predominant estimation method is 
kriging by the ordinary method, which is considered as an 
optimal, unbiased and minimum variance linear predictor 
where the prediction is given by the following equation:

                             (2)

Where:  are the weights that are assigned to each 
value of the variable in the observed positions Z(x0) based 
on the parameters of the previously adjusted theoretical 
semivariogram (Cressie, 1992). 

Once this procedure has been carried out, maps are 
drawn up showing the representation of the variable of 
interest, where the main types of maps used are contour 
distribution maps.

Results and Discussion

Exploratory analysis 
From the experimental information collected, the 

data of the three variables under study were grouped 
according to solar radiation. In this way, for the external 
solar radiation recorded during the measurement period, 
the quartiles were calculated excluding the solar radiation 
recorded during the nighttime as it is equal to zero, in 
total the data were grouped in 5 radiation levels (Table 1). 
These are upper limits of the radiation level at which the 
data of the climate variables under study were grouped for 
subsequent analysis using geostatistical methods.  

Table 1. Upper limit of the global solar radiation levels (W m-2) at which the data were grouped for geostatistical analysis.

Group 1 Group 2 Group 3 Group  4 Group 5

Radiation level 
(Wm-2) 0 91.80 274.17 486.29 968.83

This exploratory analysis was performed for a total of 
15 experimental data sets corresponding to a sensor grid 
located at a height of 1.6 m, for 5 data sets (Table 1) of 
three variables (Temperature, Relative Humidity and 
Vapor Pressure Deficit). Next, the results obtained in the 
exploratory analysis will be presented explaining what was 
found for a specific radiation group both for temperature, 
relative humidity and vapour pressure deficit, the results 
obtained for the other groups were like those presented in 
this paper.

Temperature, relative humidity and VPD
The average temperature for the 24-hour sensor 

grid installed in the greenhouse was 16.1 °C during the 
measurement period, which is 1.9 °C higher than the 
average temperature of the outside environment (Figure 

2A). When separating the behavior during the day and the 
night, it is observed that for the night period the behavior 
of the temperature inside the greenhouse was similar to that 
of the temperature outside, obtaining values of 12.2 and 
12.3 °C respectively, it should be noted that for this period 
inside the greenhouse, in most hours, the phenomenon of 
thermal inversion occurs, with which the temperature of 
the air inside the greenhouse is lower than that of the air in 
the outside environment, a situation that is not convenient 
for agricultural production, this phenomenon of thermal 
inversion is caused by the low capacity of polyethylene to 
retain long wave thermal radiation, which is in accordance 
with what is reported by (Villagran and Bojaca, 2019d). On 
the other hand, for the day period the average temperature 
value indoors was 19.9 °C while outdoors it was 16.1 °C 
(Figure 2A). 
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Figure 2. Time behavior of variables evaluated in the inside and outside environment of the greenhouse,  

A) Temperature (°C), B) Relative humidity (%) and C) VPD (kPa).

In principle it can be mentioned that the temperatures 
inside the greenhouse were within the recommended range 
for carnation cultivation, since for this crop we are looking 
for temperatures between 8 and 25 °C, a range in which 
the formation of flower buds is induced (Márquez, 2000). 
However, studies conducted in Colombia by Boshell. 
(2009) it is recommended that the daytime temperature 
does not exceed 22 °C as in this study between 10 and 
15 hours, these high temperature values generate a more 
accelerated vegetative cycle with a consequent loss of 
quality in the final product, generating shorter stems and 
smaller flowers, with a shorter vase life. Also in accordance 
with the proposal of  Newman (1999) for the hours 6 and 
7 the greenhouse temperature is below the minimum 
recommended value for the day period which should be 15 
°C and that according to the author under these conditions 
the formation of flattened flowers with partial opening is 
promoted.  

The average relative humidity behavior in the 
indoor and outdoor environment of the greenhouse 
was 82.3% and 81.3% for 24 hours a day during the 
measurement period (Figure 2B). The average values of 
relative humidity obtained for the hours of the daytime 
period in the internal and external environment of the 
greenhouse were 74.5% and 73.8% respectively, while 
for the nighttime hours values of 88.8% and 92.1% 
were obtained, in general the highest average values of 
relative humidity in the inside of the greenhouse are due 
to the contribution of humidity via transfer of mass by 
phenomena of transpiration in the crop and of evaporation 
of water from the soil. For this variable the behavior 
presented inside the greenhouse is inadequate mainly 
for the night period and for the hours of the day with 
the exception of the period between 10 and 14 hours, for 
carnation cultivation it is advisable to have an environment 
with humidity between 65% and 70%. Behavior with 
higher relative humidity values can generate a favorable 
environment for the development of fungal diseases 
and the proliferation of pests such as Thrips, in addition 
this type of environment is harmful to the plant because 
the stems become susceptible to damage by bending or 

fracture when in high turgidity condition (Correll and 
Weathers, 2001; Fatnassi et al., 2015).

In the case of the DPV, the behavior of the average 
value for 24 hours a day in the external and internal 
environment of the greenhouse showed values of 0.36 and 
0.34 kPa respectively (Figure 2C).  The behavior for the 
day period presented values of 0.54 and 0.56 kPa, while 
for the night hours it was 0.18 and 0.12 kPa for the external 
and internal environment of the greenhouse respectively. 
The values of VPD are directly related to the behavior of 
both temperature and relative humidity. For this reason, this 
variable is considered an integral parameter that serves to 
make decisions in the climate management of greenhouses 
such as; activation of heating, cooling and handling 
opening and closing of ventilation areas (González et al., 
2019; Rabbi et al., 2019). In general it can be seen that the 
average values for the hours of the day are very close to the 
recommended minimum value of 0.4 kPa and are far below 
the optimum value of 0.85 kPa necessary to ensure good 
biological and physiological functioning of the plants and 
to limit the development of pests and diseases as much as 
possible. On the other hand, for the night period the value 
obtained is inadequate since values lower than 0.2 kPa 
facilitate the development of fungal diseases (Konopacki 
et al., 2018).

The last stage of the exploratory analysis included the 
construction and checking of scatter plots as a function of 
spatial coordinates for data obtained from; temperature, 
relative humidity and VPD of the data sets grouped by 
radiation level (Figures 3A-C). In these figures there 
is no considerable trend in the width and length of the 
greenhouse. Likewise, the histogram of the data grouped 
for three levels of radiation (Figure 3) can be observed. 
In principle, it can be inferred that, due to the bell shape 
of the histograms, there is an adjustment to the normality 
of the data sets, additionally, to confirm the assumption of 
normality, the Shapiro-Wilk test was performed, where it is 
established that the p value must be greater than the defined 
alpha (0.05), obtaining a p value of 0.4809, 0.3906 and 
0.3314 for temperature, relative humidity and VPD which 
validates the assumption of normality for this data set.



EDWIN VILLAGRAN and CARLOS BOJACÁ 195

	 V. 26, No. 2, 2020 p. 190-204

Structural analysis
Temperature
The results obtained for this phase of the geostatistical 

analysis indicated that as the radiation levels increase, the 
semi-variance values are greater, which will translate into 
a behavior with greater variation in temperature at a spatial 
level inside the greenhouse, likewise, the semivariograms 
obtained for the night hours and at low levels of radiation 
such as those that occur at dawn or dusk of the day showed 

a smaller range of variation in the internal temperature of 
the greenhouse, these results coincide with those obtained 
in the study developed by Bojacá et al. (2009a). Of the 
theoretical semivariogram models used to fit the data of 
the empirical semivariograms, it was established that the 
circular model best represented the observed values for the 
total of the radiation level groups into which the data were 
divided, this was determined through the AIC and BIC 
parameters (Table 2).

Figure 3. A) Results of exploratory spatial analysis, A) Temperatures of radiation group 1 (0 Wm-2), B) Relative 
humidity of radiation group 3 [91.80 - 274.17 W m-2) and C) VPD of radiation group 5 [468.30 - 968.83 W m-2).
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The values of the parameter c0 for the radiation 
levels from 3 to 5 were equal to zero while for the other 
groups values between 0.02 and 0.1 were obtained, these 
values of nugget effect with low magnitude indicate that 
only a small part of the spatial dependence is due to an 
experimental error. The behavior of the parameter sill 
(c1) ranges from 0.16 to 3.1, this shows that there is a 
greater spatial variation in temperature as the level of 
radiation increases, the value of c1 showed an increasing 
behavior depending on the level of radiation assessed. 
The range values (a) were found between 9.83 and 20.76 
m, where particularly two groups are differentiated. The 
results of the relationship c0/c1 with values below 25% 

indicate a strong spatial dependence (Cambardella et al., 
1994).

Relative Humidity
For this case the circular model was the theoretical 

semivariogram model that indicated the best degree of fit 
for the experimentally observed data (Table 3). The values 
of c0 ranged from 0 to 6.99. The values for parameter c1 
show a clear incremental trend as radiation levels increase, 
a higher value of c1 will result in a greater spatial variation 
of the variable, this parameter varies between 14.10 and 
84.34. The results between 0 and 21% of the ratio c0/c1 
show that there is a strongly structured spatial dependence.

Vapour pressure deficit
In the case of this variable it was also found that the 

circular model was the theoretical semivariogram model 

that fitted the experimental data (Table 4). The a values 
ranged from 9.94 to 12.95 m, and the c0/c1 ratio values 
below 25% again indicate that there is spatial dependence.

Table 2. Parameters of the theoretical semivariogram model selected for the temperature datasets of the evaluated 
greenhouse.

Group Model Nugget (c0) Sill     (c1)
(c0/ c1) 

(%)
Range (a, m) AIC BIC

1 Circular 0.02 0.16 15.38 9.83 125.11 54.97

2 Circular 0.10 0.90 11.11 19.48 48.42 52.28

3 Circular 0.00 0.52 0.00 20.40 94.71 88.31

4 Circular 0.00 1.70 0.00 20.76 99.45 135.03

5 Circular 0.00 3.10 0.00 20.65 147.73 154.18

Table 3. Parameters of the theoretical semi-variogram model selected for the relative humidity data sets located in the 
evaluated greenhouse 

Group Model Nugget (c0) Sill     (c1)
(c0/ c1) 

(%)
Range   
(a, m)

AIC BIC

1 Circular 2.84 14.10 20.14 9.97 166.71 172.04

2 Circular 2.57 22.52 11.41 9.99 163.46 168.79

3 Circular 6.99 38.76 18.03 9.82 194.34 199.81

4 Circular 5.45 58.71 9.28 9.99 210.79 216.26

5 Circular 0.00 114.16 0.00 10.87 227.67 233.14
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Table 4. Parameters of the theoretical semivariogram model selected for the evaluated greenhouse vapour pressure deficit 
data sets.

Group Model Nugget (c0) Sill     (c1)
(c0/ c1) 

(%)
Range     
(a, m)

AIC BIC

1 Circular 0.00 0.002 0.00 11.54 -101.81 -95.821

2 Circular 0.00 0.005 0.00 9.94 -70.794 -64.85

3 Circular 0.00 0.034 0.00 9.85 -5.88 0.333

4 Circular 0.005 0.11 4.54 10.96 27.02 33.24

5 Circular 0.0 0.22 0.00 12.95 53.18 59.40

Prediction
Temperature
The spatial temperature distribution for each of the data 

groupings by radiation level shows a non-homogeneous 
behavior of this variable (Figure 4). The average 
temperature values obtained were 11.8, 13.4, 18.3, 22.4 
and 24.5 °C for the radiation groups 1 to 5 respectively. 

The differential values between the coldest and hottest 
point inside the greenhouse varied significantly according 
to the increase in the radiation level except for the night 
period where a difference of 1.6 °C was found (Figure 
4A). For the day period groups 2.3, 4 and 5 differentials 
of 0.5, 3.1, 6.1 and 7.2 °C respectively were obtained 
(Figures 4B-E). 
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Figure 4. Spatial temperature prediction, A) group 1, B) group 2, C) group 3, D) group 4 and C) group 5.

The qualitative distribution allows us to observe that 
there are many circular patches that are generated from 
the greenhouse facades and move towards the central 
area. This non-homogeneous behavior of the temperature 
variable is not suitable for production under glass because 
it goes against one of the main objectives of agriculture 
under cover, which is to obtain uniform and high-quality 
production. The temperature differences in the horizontal 
plane are much greater than the recommended variation 
value for glasshouses, which is ± 2 °C (Zorzeto et al., 
2014). This type of behavior in passive structures is due 
to inadequate greenhouse designs with low heights and 
lengths greater than 40 meters, in turn due to deficiencies 

in ventilation rates generated by areas of insufficient 
ventilation as is the case of the greenhouse under 
evaluation, where the ventilation surface area is well below 
the recommended value of 30% depending on the surface 
area covered (Baeza et al., 2009; Villagrán and Bojacá, 
2019b).  

Relative Humidity
The spatial distribution of the humidity is related to 

the temperature because the hot regions are drier and the 
colder ones more humid, therefore the humidity presented 
a heterogeneous behavior like the temperature (Figure 5). he 
average relative humidity values obtained for the radiation 
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Figure 5. Spatial prediction of relative humidity, A) group 1, B) group 2, C) group 3, D) group 4 and C) group 5.

Vapour pressure deficit
The graphs for the VPD estimates at the non-sampled 

points present a heterogeneous spatial trend. This is 
since VPD is strongly related to relative humidity and 
air temperature inside the greenhouse and therefore its 
behavior will be like these variables (Figure 6). It was found 
that there is an incremental behavior of the vapor pressure 

deficit values as the radiation values increase. The mean 
values for the 5 data sets were 0.03, 0.19, 0.43, 0.75 and 
0.81 kPa, respectively. On the other hand, during the night 
hours a situation was estimated in which the difference 
between the maximum and minimum points of VPD was 
0.11 kPa while for the highest level of radiation the same 
difference was 1.5 kPa.

groups 1 to 5 showed average values of  94.1%, 91.1%, 
78.5%, 69.3% and 64.1% respectively, while the differentials 
between the points with the highest and lowest humidity 
contents showed values of 9.1%, 8.5%, 15.5%, 25.9% and 

42.6% (Figures 5A-E). For the case of humidity it can also 
be concluded that the behavior is quite heterogeneous the 
recommended limit of variation is ± 3% for humidity ranges 
between 70% and 80% (Zorzeto et al., 2014). 
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Figure 6. Spatial prediction of the vapour pressure deficit A) group 1, B) group 2,  
C) group 3, D) group 4 and C) group 5.

These results allow us to suggest that for this type of 
greenhouse the entrepreneurs of the Colombian ornamental 
sector should focus their efforts on finding strategies 
to optimize the microclimatic conditions for both the 
day and night periods. Therefore, for the day period it is 

proposed to look for a feasible technical alternative that 
makes it possible to increase the ventilation surface of the 
greenhouse until it approaches the recommended values 
for naturally ventilated structures. This can be achieved 
by increasing the fixed roof ventilation or by using roll-
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up ventilation (Villagran and Bojaca, 2019c). Also for 
the conditions of the night period can be sought passive 
climate strategies through heat accumulators or the use of 
thermal screens to improve the capacity of heat retention 
inside the greenhouse and increases in internal temperature 
between 2 and 4 °C (Bazgaou et al., 2020, 2018; Gourdo et 
al., 2019: Villagran and Bojaca, 2019d).

Conclusions

In this research it was determined that the 
microclimatic conditions inside a special greenhouse 
used for carnation production in Colombia are not the 
most adequate, additionally it was found that there are 
strong spatial variations in temperature, relative humidity 
and VPD for both day and night, these factors affect the 
uniformity and quality of carnation production. Therefore, 
it is recommended that entrepreneurs in the ornamental 
sector of the country focus their efforts on seeking and 
implementing sustainable climate strategies in order to 
maintain the production and quality demands required in 
international markets.
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