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INTRODUCTION

New technological and technical aspects of new green-
houses should be based on experience obtained from 
performance of existing constructions. Proposals of new 
designs and suitable projects inß uence in large scale also 
production parameters, related industry, human health 
etc. (De Montis, 1999). Optimal environmental factors 
for crops are temperature, humidity, radiation, air con-
centration of CO

2
. Light, heat, air humidity and CO

2
 are 

indispensable for crops developing (Volf, 1991; Abreu, 
1994; Baptista, 2001). This article is focused on the air 
temperature, air humidity and global radiation conditions. 
The relationship between the air temperature and plant 
growth is extremely complex (Serrano, 2002). There are 
physical models describing this relationship and math-
ematical models based on these parameters. For this rea-
son a particular attention was paid to measuring of these 
microclimatic parameters (Krasovitski, 1996; Boulard, 
1997; Litago, 1998; Gascone, 1999; Baptista, 2001).
For all crops are deÞ ned minimum, maximum and opti-
mum conditions for the best growing and development. 
In our case, these conditions temperatures are deÞ ned 
by crops, which are cultivated in tropical and subtropi-
cal greenhouse. Practical values recommended for tropi-
cal greenhouse are following. Optimum air temperature 
is 15°C during the winter period and maximum average 
temperature should be under 18°C. In the subtropical 
greenhouse, there is an optimum temperature about 10°C 
during winter and average humidity between 70 to 80%. 

Minimum temperature in subtropical greenhouse should 
be above 5°C because of the cultivated plants.

MATERIALS AND METHODS

Data for this study were measured in a tropical and a sub-
tropical greenhouse in Czech University of Life Scienc-
es Prague. Several previous experiments were made in 
greenhouses used for cultivation of decorative ß owers 
(Kic, 2005). First set of these data were collected in win-
ter period during seven days, every 15 minutes, (since 
January 17th to January 24th 2009). Second set of these 
data were measured during one day, (27th January 2009). 
The outdoor conditions were measured by The Meteosta-
tion of the Czech University of Life Sciences Prague.
The tropical greenhouse is 20 m long, 12 m wide; 
the mean height is 6 m. Typical plants are: Vanilla pl-
anifolia (Mesoamerica), Anona muricata, Citrus grandis, 
Musa cavendishii (China), Cocos nucifera (Southeast 
Asia) and others. Sensors for recording measurement 
were situated 8 m from the south side, 6.5 m from east 
side and 2 m above the ß oor. Immediate readings were 
taken on 15 sites in two different heights (100 cm and 
200 cm). First 5 sites were 3 meters from west part of 
greenhouse, second 5 sites were in the middle of green-
house and the last 5 sites were on east part of greenhouse 
(3 m off).
The subtropical greenhouse is used for cultivation of 
typical plants like Camelia sinensis (China), Macada-
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mia integrifolia, Catha edulis, Citrus deliciosa (China), 
Diospyros kaki (China), Olea europea and the others. 
The greenhouse dimensions are: 25.4 m long, 6 m wide 
and the main height is 3 m. Sensors for recording mea-
surement were situated 10 m from the south side, 1.5 m 
from east side and 0.7 m above the ß oor. Immediate read-
ings were taken on 14 sites in two different heights (80 cm 
and 200 cm). This measurement was taken in two lines, 
Þ rst 7 sites were on west side and second 7 sites were on 
east side, both of them 1 m from east and west walls.
Both greenhouses are with North-South orientation 
and they are almost 40 years old. A wall that connected 
greenhouse and central corridor is situated on the North 
in subtropical greenhouse and on the South in tropical 
greenhouse.
The variables of humidity and temperature in green-
houses were directly measured by capacitive humidity 
sensors FHA6461 with Almemo connector, measuring 
range: 5 to 98% rh, operating temperature: –20 to +80°C. 
Data logging was allowed by Almemo data loggers.
The variables of global radiation were directly measured 
by global radiation sensors FLA613GS with Almemo 
connector, measuring range: 0 to 1200 W/m2, 400 nm 

to 1 100 nm, operating temperature: –20 to +60°C. The 
measurement in tropical greenhouse was shorter because 
of technical fault on sensor.
To receive exact information about the internal micro-
climate during the winter period, data of main micro-
climatic parameters were registered and also the space 
microclimatic uniformity was evaluated by immediate 
readings.

RESULTS AND DISCUSSION

Temperature as a main parameter is under particular inter-
est in many publications (Papadakis, 1989; Krasovitski, 
1996). The main statistical parameters of the recording 
measurement, air temperature t

a
, relative humidity rh

a
 

and global radiation E, are observed in Table 1. Table 1 
contains of average (aver), maximum (max), minimum 
(min) and standard deviation (sdev) of the measured 
variables.
The Figure 1 shows the air temperatures in the green-
houses and outdoor air temperature during recording 
measurement. The changes of temperature have similar 

Tab. 1: Statistical parameters of air temperature, relative humidity and global radiation in tropical and subtropical green-
house and outdoor conditions during recording measurement

Air temperature
t
a
 (°C)

Relative humidity
rh

a
 (%)

Global radiation
E (W/m2)

aver max min sdev aver max min sdev aver max min sdev

Tropical
greenhouse 17.84 23.3 14.96 1.6 62.88 81.3 48.1 7.79 16.8 120 0 73.93

Subtropical 
greenhouse 8.98 13.61 5.74 1.57 86.56 97.3 53.9 5.87 5.86 47 0 9.28

Outdoor
conditions –1.23 2.7 -8 2.55 83.56 95.3 53.5 9.22 31.15 352 0 54.56
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Figure 1: Air temperature in tropical greenhouse (t
a1

), subtropical greenhouse (t
a2

) and outdoor air temperature (t
ao

)
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progress like outdoor temperatures, which is obvious be-
tween Þ rst till third day of measurement, when the out-
door temperature was under the zero, in Figure 1. We 
can see also, that the temperatures were more invariable 
during the nights than during the days.
The highest individual air temperatures in the green-
houses were almost in same time, afternoon, similarly in 
both greenhouses.
The Figure 2 shows the relative humidity in the green-
houses and outdoor relative humidity during recording 
measurement. The highest average of relative humidity 
was in subtropical greenhouse 86.6% and it resembled 
average outdoor relative humidity 83.6% by the con-
trast to average relative humidity in tropical greenhouse 
where the average relative humidity was only 62.9%. In 
subtropical greenhouse, there was interesting that when 
the temperature was above zero (see Figure 1) the rela-
tive humidity inside almost copied the outdoor relative 

humidity (see Figure 2). This relation was well obvious 
between the third and seventh day of measurement. In-
ternal relative humidity was analysed and compared in 
different publications (Litago, 1998; Baptista, 2001). Es-
pecially problems of condensation on the cover during 
the winter period are motivation for humidity evaluation.
The Figure 3 describes the global radiation in the green-
houses and outdoor global radiation during recording 
measurement. The average global radiation in tropical 
greenhouse was 16.8 W/m2 and it was a little bit more 
than one half of the average outdoor global radiation 
where it was 31.15 W/m2. In subtropical greenhouse 
there was the value of average global radiation only 
5.86 W/m2. 
The trend of global radiation in both greenhouses was 
practically similar with outside global radiation, see Fig-
ure 3. A number of authors have studied the inß uence of 
greenhouse and their cladding surfaces upon the solar ir-
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Figure 3: Global Radiation in the tropical greenhouse (E
1
), subtropical greenhouse (E

2
) and outdoor global radiation (E
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radiation observed inside (Albright, 1985; Critten, 1986; 
Rosa, 1989; Geoola, 1994). Our results will be used in 
the next research work to develop more these ideas. 
The main statistical parameters of immediate readings, 
air temperature t

a
, relative humidity rh

a
 and global radia-

tion E, are shown in the Table 2. The Table 2 contains 
of average (aver), maximum (max), minimum (min) and 
standard deviation (s. dev) of the measured variables.
The average air temperature was nearly 3°C higher dur-
ing immediate readings (see Table 2) than the average 
air temperature during recording measurement in tropi-
cal greenhouse (see Table 1). In subtropical greenhouse, 
there was the average air temperature higher by 2.7°C 
during immediate readings than the average air tempera-
ture during one week measurement.
There was signiÞ cant difference between air tempera-
tures of immediate readings in both levels in tropical 
greenhouse from east side to west side. The tempera-
ture difference was the utmost between north-west cor-
ner and south-east corner of greenhouse and the differ-
ence was almost 2 K in 200 cm high level and 1 K in 
100 cm high level. The west middle part of greenhouse 
in 200 cm high level was the hottest place with 21.9°C 
and the coldest place in greenhouse, it was in south-east 
corner in 200 cm high level with 19.85°C. The minimum 
variance of air temperature was in middle part of green-
house, where temperature was with differences less than 
0.57 K in both levels of measurement.
The air temperature uniformly increased from the south 
part to the north part of subtropical greenhouse in both 
measured levels. There was detected difference more 
than 3 K between temperatures in north (more than 
14°C) and south parts (less than 11°C) of subtropical 
greenhouse in both height levels. There were no higher 
vertical difference of the temperature than 0.6 K in any 
place or level.
The average relative humidity during immediate read-
ings was lower by 3.25% than the average relative 

humidity during recording measurement in tropical 
greenhouse. The minimum of relative humidity during 
immediate readings was higher by 3.6 % than a mini-
mum relative humidity during recording measurement in 
tropical greenhouse (Table 1 and 2).
The average relative humidity during immediate read-
ings was lower by 25.5% than the average relative hu-
midity during recording measurement in subtropical 
greenhouse. The minimum fo relative humidity during 
immediate readings was higher by 1% than minimum 
relative humidity during recording measurement in sub-
tropical greenhouse.
The relative humidity was very variable in both mea-
sured levels of tropical greenhouse. The relative humid-
ity was signiÞ cantly lower in west part of greenhouse 
than in the middle or east part of greenhouse. The maxi-
mum of relative humidity was 70.5% in tropical green-
house also in 100 cm height level near to north-east 
corner. The minimum in this height level 55.6% was 
in south-west corner. The difference was about 15%. 
The maximum 77.6% of relative humidity for 200 cm 
height level was in the east site of tropical greenhouse 
and the minimum 53.7% was near to north-west corner. 
The difference was more almost 24%. The relative hu-
midity was increasing from south to north part of green-
house at 200 cm level in the whole proÞ le.
In the Table 1 and Table 2 we can see that the maximum 
of global radiation in tropical greenhouse during imme-
diate readings was lower by 29 W/m2 than the maximum 
of global radiation during recording measurement. There 
was signiÞ cant difference between north-west corner 
and rest of tropical greenhouse in both height levels of 
measurement. The highest value 91 W/m2 was in 200 cm 
high in north-west corner. Horizontal distribution of 
global radiation in the middle part of tropical greenhouse 
was similar in both height levels.
Tables 1 and 2 show that the maximum of global radia-
tion was higher by 81 W/m2 during immediate readings 

Tab. 2: Statistical parameters of air temperature, relative humidity and global radiation in deÞ nite levels of tropical and 
subtropical greenhouse during immediate readings.

Air temperature
t
a
 (°C)

Relative humidity
rh

a
 (%)

Global radiation
E (W/m2)

aver max min sdev aver max min sdev aver max min sdev

Tropical 
greenhouse

100 cm 20.84 21.73 19.9 0.58 64.6 70.5 55.6 4.75 24.87 72 7 19.51

200 cm 20.87 21.9 19.85 0.64 67.66 77.6 53.7 5.78 31.87 91 7 26.53

average 20.86 21.9 19.85 0.61 66.13 77.6 53.7 5.5 28.37 91 7 23.55

Subtropical 
greenhouse

80 cm 11.70 14.53 10.41 1.35 59.44 63.9 54.9 2.16 36.07 86 14 20.59

200 cm 11.66 14.28 10.42 1.29 62.76 66.7 60.1 1.66 67.71 128 7 31.11

average 11.67 14.53 10.41 1.32 61.1 66.7 54.9 2.55 51.89 128 7 30.76
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than maximum of global radiation during recording mea-
surement in subtropical greenhouse. The global radia-
tion was continuously decreasing from the north part to 
the middle of subtropical greenhouse and from the mid-
dle to the north part continuously increasing in 80 cm 
height level. The global radiation in 80 cm height level 
was notably lower than in 200 cm height level, where 
the distribution was not so continuous, nevertheless with 
resembling character.

CONCLUSIONS

The indoor conditions characterised by relative humidity 
and temperature microclimate were optimal in tropical 
greenhouse which is used for cultivation of speciÞ cally 
sensitive plants. The inside conditions in subtropical 
greenhouse were considerably low in some days when 
the minimum of inside temperature was closed to critical 
value for cultivated plants (5°C).
This situation could be dangerous for cultivated plants if 
the critical value of the temperature approximating 5°C, 
would stay for longer time. Also the minimum relative 
humidity in tropical greenhouse was under the required 
value for plants from this area.
The indoor temperature was inß uenced by the attached 
heated central corridor. The temperature in the neigh-

bouring north part of subtropical greenhouse was higher 
by 3°K than at the other end.
The course of indoor radiation in greenhouses agreed 
with trend of outside global radiation measured by of-
Þ cial meteorological station of CULS Prague.
The average global radiation in tropical greenhouse is in-
ß uenced by the shadow of the central corridor, but never-
theless the global radiation in the subtropical greenhouse 
was signiÞ cantly lower than in tropical greenhouse in 
the same time.
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