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Abstract 
The research experiments were performed in naturally ventilated polyhouse at Agriculture Farm, CTAE, 
Udaipur. Environmental heat assessment was done for months of March, April, July and August. 
Polyhouse was having area of 1000 m2 in which chilly and tomato crops were under production. To 
assess environmental heat in poly-house quest temperature which is 36, for measurement heat stress 
monitor was used. The average relative humidity in polyhouse was recorded in the range of 37 to 84 per 
cent for a day. The air velocity recorded in polyhouse was in the range of 0.2 to 0.4 m/sec. In March 
maximum WBGT was 33.2 ºC and minimum WBGT was 23.4 ºC. In the month of April maximum value 
of WBGT was 34.7 ºC and minimum value of the WBGT was recorded 23.7 ºC. In the July maximum 
WBGT was recorded for a day was 36.8 oC at and minimum WBGT recorded was 27.6 ºC. It was 
recorded that maximum WBGT was 36.8 oC at and minimum WBGT recorded was 27.9 ºC. Increase in 
working heart rate was observed more than resting heart rate with increase in WBGT. This indicated that 
there was more heat load at the time of working with increase in WBGT. Use of protective gears 
decreased rise in forehead temperature in case of hat with air circulation and hand guard combination 
significant decrease in forehead temperature was observed because of air blown by fan used in the hat 
gave condensation effect to sweat and the combination was found superior to others in polyhouse. 
 
Keywords: WBGT, heat stress, polyhouse, thermal parameters, human comfort, heat index, heat stress 
monitor 
 
Introduction 
In developing countries like India to production of crop in the regions having high 
temperature, water scarcity and low humidity conditions for the maximum duration of year 
mainly in summer from March end to July. Since temperature starts increasing from April in 
India and becomes excessively hot when the day time temperature reaches 40 ºC at many 
locations. Many places in Madhya Pradesh, Rajasthan, Gujrat, and Maharashtra have high day 
time temperature during this time period. The maximum temperature was recorded up to 51 ºC 
at Phalodi in Jodhpur district of Rajasthan (Anonymous, 2017) [2]. These conditions make 
plant production quite difficult. 
Therefore protected cultivation techniques are used for the crop growth and production under 
controlled or partially controlled environment. Generally shed net greenhouse and plastic films 
made of low density polyethylene (LDPE) are commonly used in protected cultivation 
technique. The purpose of the LDPE covering to the polyhouse is to increase internal air 
temperature and protecting plants from the outside agents. Human thermal comfort is defined 
as a condition of mind, which expresses satisfaction with the surrounding environment. In the 
arid regions, evaporative cooling is often applied to reduce the inside polyhouse air 
temperature in summer. Polyhouse environment is usually designed according to the crop 
growth requirements (T: 20–40 ⁰C; RH: 70–80 per cent) which, in many situations may not be 
suitable for humans that are working in the poly-house. This is mainly because of RH in the 
evaporative cooled poly- house is much higher than outside. High air humidity may provide 
discomfort sensations and heat stress in the poly-house (Ghany et al.) [1]. 
Agriculture operations in polyhouses are mostly manual and since conditions in a polyhouse 
are kept according to crop requirement which is having high air temperature and high relative 
humidity adversely affects working efficiency of farm worker in polyhouse. There is also low 
air velocity in a polyhouse which reduces heat transfer rate from workers body. Significant 
drop in worker mental performance was observed at the temperature of 32.2 ⁰C in conditions 
of hot and humid environment like polyhouse and greenhouse. In hot and dry environment 
conditions drop in mental performance was observed at 33 ⁰C (Sharma et al., 1983) [15]. 
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In order to investigate the heat stress conditions for farm 
workers performing agriculture operations in polyhouse 
research was conducted. 
 
Materials and Methods 
A polyhouse of area 1000 m2 was selected for the research in 
which Chilly and Tomato crops were under growth. Four 
months were selected in which polyhouse was in operational 
conditions. Research was performed in month of March, 
April, July and August at Agriculture Farm, CTAE, and 
Udaipur. To measure the environmental heat in polyhouse 
heat stress index Wet Bulb Globe Temperature was selected. 
It is a composite temperature used to estimate the combined 
effect of temperature, wind speed, humidity and infrared 
radiation (sunlight) on human body WBGT is an indicator of 
feel temperature and can be used as standard for heat stress 
conditions. According to Occupational safety and hazard 
analysis (OSHA), WBGT level above 28 °C is considered as 
heat stress conditions. The WBGT for outdoor and indoor 
conditions can be calculated by using the formulae as 
described (Parsons, 2014) [14]. 
 
WBGTi = 0.7Tw + 0.3Td   …….. (1) 
WBGTo = 0.7Tw + 0.2Tg + 0.1Td  .….… (2) 
WBGTi = Wet bulb globe temperature indoor 
WBGTo  = Wet bulb globe temperature outdoor 
Tw = Natural wet bulb temperature 
Td = Dry bulb temperature (actual air temperature) 
Tg = Globe thermometer temperature (measured with globe 
thermometer) 
 
Quest Temp 36 model heat stress monitor was used which 
offers measurement of wet bulb temperature, dry bulb 
temperature, globe temperature, WBGT for outdoor and 
indoor conditions, relative humidity and heat index. 
Since polyhouse is subjective to considerable amount of solar 
radiation, therefore wet bulb globe temperature of outdoor 
conditions was taken under measurement and relative 
humidity was also measured. For research WBGT was noted 
in March 2021, April 2021, July 2021 and August 2021for 
every hour from 10: 00 AM in morning to 5: 00 PM in 
evening. 
 

 
 

Fig 1: Quest temp 36 heat stress monitor 

 
 

Fig 2: Display screen of heat stress monitor 
 
Results and discussion 
The index for the heat stress assessment was WBGT (wet 
bulb globe temperature). The observations were recorded with 
help of heat stress monitor Quest temp 36. Since in polyhouse 
considerable amount of sun radiation was present so WBGT 
outdoor observations were recorded. The variations in WBGT 
for the day as well as whole month are discussed below. 
The average relative humidity in polyhouse was recorded in 
the range of 37 to 84 percent for a day. The air velocity 
recorded in polyhouse was in the range of 0.2 to 0.4 m/sec. 
For the month of March observations were recorded from 1st 
March to 26th March and from 10 AM to 5 PM observations 
were recorded every hour to consider the daily change in heat 
stress index in polyhouse. 
For month March 2021 it can be seen below in figure 1 and 
figure 2 that as the polyhouse faces sun radiation heat index 
start increasing and about 01:00 PM maximum WBGT was 
noted for whole month was 33.2 ºC and minimum WBGT was 
noted at 10: 00 AM was 23.4 ºC. The daily variation in the 
WBGT in polyhouse was also analyzed and got the results 
that on a clear and sunny day heat stress index WBGT was 
found higher than usual. The maximum value of WBGT was 
recorded on 23th March was 33.2 ºC and the minimum 
WBGT was recorded on 12th March was 23.6 ºC. In the 
month of April 2021 observation in polyhouse were recorded 
till government pushed lockdown again which was till the 
16th April and in day time from 10:00 AM to 5:00 PM at 
interval of one hour. 
In the month of April daily as well as day time observations 
of WBGT were recorded for the first half of April and 
recorded that in the day time maximum value of WBGT in all 
days was 34.7 ºC at 2:00 PM and minimum value of the 
WBGT was recorded 23.7 at 10:00 AM. It was also analyzed 
that on a clear and sunny day WBGT was found more than 
usual. The average WBGT for a sunny and clear day was 
found more than regular. In daily observations it was recorded 
that maximum WBGT recorded was 34.7 ºC on 16th April 
and minimum WBGT recorded was 23.7 ºC on 1st April and 
it was observed that as from April sun radiation was more, 
number of clear and sunny days was increasing and WBGT 
daily average was increasing with it. 
Government lifted the lockdown on 7th June and polyhouse 
was also not in operational mode for the month of May and 
June. The polyhouse came in operation from 8 July and from 
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that heat stress analysis was restarted. In the July the 
observations were recorded from 8th July to 30th July and 
10:00 AM to 5:00 PM at the interval of one hour. The 
variation in the value of WBGT the maximum, minimum and 
average values of WBGT are shown below in figure 7 and 
figure 8. 
The possibility of rain in Rajasthan increased from 2nd half of 
July. It was recorded that in 1st half of July days were mostly 
clear and sunny due to which average WBGT for a day was 
recorded higher. In the July maximum WBGT was recorded 
for a day was 36.8 oC and on a clear day and minimum 
WBGT recorded for month was 27.6 oC on a cloudy day. 
Value of WBGT for the month was higher in the 1st half of 
the month but in 2nd half or July most of the days were 
observed cloudy and on some days it was raining which 

reduced the globe temperature due to 
which WBGT in polyhouse was also recorded less but on the 
same day working in polyhouse on cloudy day was found 
difficult than outside environment because humidity was 
observed in the range of 52 to 84 %. The day time and daily 
variation in WBGT conditions for the month of July are 
shown below in fig. 7 and fig. 8. 
In August the observations were recorded till the 18th August 
from 10:00 AM to 5:00 PM at the interval of one hour. Since 
August was also partially cloudy month so it was recorded 
that on a clear day average WBGT was higher than a cloudy 
day. The day time as well as daily variation recorded shown 
below in fig. 9 and fig. 10. It was recorded that maximum 
WBGT value recorded was 36.8 oC and minimum WBGT 
recorded was 27.9 oC. 

 

  
 

Fig 3: Day time variation of WBGT in March  Fig 4: Daily variation of WBGT in March 
 

  
 

Fig 5: Day time variation in WBGT in April  Fig 6: Daily variation in WBGT for April 
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Fig 7: Variation in WBGT value for day time in July  Fig 8: Daily variation in value of WBGT for July 
 

  
 

Fig 9: Day time variation of WBGT in August  Fig 10: Daily variation of WBGT in August 
 
Conclusion 
The average relative humidity in polyhouse was recorded in 
the range of 37 to 84 percent for a day. The air velocity 
recorded in polyhouse was in the range of 0.2 to 0.4 m/sec. In 
March maximum WBGT was 33.2 ºC and minimum WBGT 
was 23.4 ºC. In the month of April maximum value of WBGT 
was 34.7 ºC and minimum value of the WBGT was recorded 
23.7 ºC. In the July maximum WBGT was recorded for a day 
was 36.8oC at and minimum WBGT recorded was 27.6 o C. 
In the month August heat stress index was recorded that 
maximum WBGT was 36.8oC at and minimum WBGT 
recorded was 27.9. According to OSHA standards of heat 
stress working environment having WBGT above 28oC is 
considered under heat stress. And according to recorded 
WBGT in polyhouse most of the time working conditions had 
temperature above 28oC. 
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