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ABSTRACT

A forced convection greenhouse dryer was developed and used for drying of freshly 
harvested paddy. The solar greenhouse dryer of size 4.47 × 2.13 m  with 2.59 m central 
height was constructed and covered with 6 mm polycarbonates sheet. Photovoltaic power 
driven direct current fans were used to provide forced ventilation. Freshly harvested paddy 
was dried at 50, 100 and 150 mm bed thickness in the hybrid greenhouse dryer and open 
sun drying during kharif and rabi seasons of 2016. The kharif  harvested paddy was dried 
from 25.3 % to 12.0 % (w.b.) moisture content at 100 mm bed thickness within 21 h, 28 
h of drying in the hybrid greenhouse dryer and open sun drying, respectively. Highest 
drying rates were 1.54 kg.h-1 and 1.35 kg.h-1 in greenhouse dryer and open sun drying, 
respectively. During rabi season, paddy was dried from 22.8 % to 12.0 % (w.b.) moisture 
content within 19 h and 25 h with highest drying rates of 1.65 kg.h-1 and 0.97 kg.h-1, 
respectively, in the hybrid greenhouse dryer and open sun drying. Thermal efficiency of 
the greenhouse dryer was 28.15 % and 22.15 %, and pickup efficiency was 15.49 % and 
14.88 % during kharif  and rabi seasons, respectively. 

Rice (Oryzasativa L) is the staple food for 65 % of 
Indian population, largest consumed calorie source 
among the food grains, and meets 31 % of the total 
calorie requirement (Manikantan et al., 2014). India is 
the second largest producer of rice in the world. Paddy 
occupied the first place both in area and production 
with record production of 112.91 Mt during the year 
2017-18 (Anon., 2018).

Storage and handling of paddy at high moisture content 
have serious problems in India, particularly at the farm 
level, where mechanical dryers are not considered to 
be feasible due to heavy investment and maintenance 
cost. Traditional method of sun drying is still popular 
as it fits into the cultural, technological, and economic 
situation of small-scale farmers, medium-scale paddy 
traders and rice millers. Sun drying has certain 
disadvantages of unreliability, uncontrolled heating 
of grains, thermal stresses leading to grain fissures 
and breakage during milling, thus reducing its value, 
vulnerability to infestation and losses due to birds and 
rodents. Problems are more serious in the incident of 

rains, floods, and cyclones, to which vast Indian coastal 
belt is prone. The problems are aggravated with early 
paddy harvest using combine harvester during high 
humidity coupled with rains at the time of harvesting 
(Salvatierra-Rojas et al., 2017). Rising labour cost in 
sun drying and increasing demand for quality rice could 
be compelling to use improved solar dryers. Several 
forced convection solar dryers (both cabinet type and 
tunnel-type) were investigated. Many studies on forced 
convection solar dryers noticed that most solar dryers 
had small loading capacity and required grid power for 
operating the exhaust fan (Barnwal and Tiwari, 2010).

An alternate way of reducing the post-harvest losses 
and low quality of dried products associated with 
the traditional open sun-drying method is drying of 
food grain in forced convection greenhouse dryers 
(Jain and Tiwari, 2003). A solar greenhouse dryer has 
thermal mass to collect and store solar heat energy and 
insulated to retain this heat for use during the night and 
on cloudy days (EREC, 2013) which reduces the need 
for fossil fuels for drying (NYSERDA, 2009). Active 
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solar greenhouse dryers need supplemental energy to 
move solar heated air across the food material inside 
the greenhouse dryer for faster drying (Svejkovsky, 
2006). In many rural areas, supply of grid-connected 
electricity or other non-renewable sources of energy 
are either unavailable, unreliable or too expensive. In 
such areas, photovoltaic powered solar greenhouse 
dryers appear to be more attractive (Mekhilefa et al., 
2011; Xingxing et al., 2012). Very few researchers have 
used photovoltaic powered forced ventilation system 
in solar greenhouse  drying, however, no research 
was conducted in the development and evaluation of 
forced convection solar greenhouse dryer for drying 
of paddy. Hence, the present work was taken up to 
develop and evaluate a photovoltaic (PV) ventilated 
hybrid greenhouse dryer for drying of paddy. 

MATERIALS AND METHODS

Experimental Set up
A PV ventilated forced circulation solar greenhouse 
dryer (Fig. 1, 2) was developed for paddy drying at the 
College of Agricultural Engineering, Bapatla, Andhra 
Pradesh, India, located at 15.8889º N and 80.4700º E 
and at 7 m elevation from MSL. The foundation of the 
dryer was laid in an east-west orientation.

A single standing greenhouse dryer of 4.47 × 2.13 m 
size with central height of 2.59 m was selected for 
construction. The greenhouse dryer structure was 
constructed using 50.8 × 25.4 mm mild steel pipe and 
19 × 30.2 mm MS angle. Clear twin-wall polycarbonate 
6 mm thick sheet was used to insulate the greenhouse 

dryer structure. North wall of the greenhouse dryer 
was insulated to reduce the heat loss from the north 
side of the greenhouse. The drying chamber of the 
solar greenhouse dryer was divided into multiple tiers. 
The trays were used for holding the paddy inside the 
drying chamber. Each tray was of 1.43 × 0.80 × 0.15 m 
in dimensions, fitted with good quality stainless steel 
woven wire mesh. Forced ventilation was provided with 
four 40 W direct current fans. Two photo voltaic panels 
with 150 W power capacity, 18.5 V rated voltage and 
8.10 A rated current were used to drive the direct current 
exhaust fans. The solar panel surface was always tilted 
and oriented in such a way that it receives maximum 
solar radiation during the desired season of use.

Experimental Procedure
Separate drying experiments were conducted at three 
different bed thickness of 50 mm, 100 mm and 150 mm 
in the day time between 9.00 AM and 5.00 PM during 
the month of January for Kharif  harvested paddy. 
Fresh combine harvested paddy (Variety: BPT 5204) 
harvested in the evening of 01.1.2016 was filled in 18 
trays up to the predetermined depth and were placed 
inside the greenhouse dryer in the morning of the next 
day in three tiers and two rows. Each row had bottom, 
middle and top tiers. Paddy was agitated manually in 
the individual trays at every two hours for uniform 
drying. Drying was continued till 12 % moisture content 
(w.b.) of product was achieved. During the period of 
study, there was no rainfall and clear sunny weather 
prevailed. The ambient temperature varied in the range 
of 30-39 ºC and relative humidity was in the range of 
31-49 per cent. Similarly, rabi paddy harvested on  

 

Fig.1: Structural details of hybrid greenhouse dryer 
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Fig. 1: Structural details of hybrid greenhouse dryer
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11.5.2016 evening was loaded in the hybrid greenhouse 
dryer at early morning of the next day, and drying was 
continued till the 12 % (d.b.) final moisture content 
was reached.

Greenhouse air temperature, relative humidity, grain 
temperature, grain moisture content, exhaust air 
velocity was recorded at every one-hour interval in 
thee replications. The greenhouse air inlet was closed 
during night time, and exhaust fans were switched off 
to aid tempering and prevent entry of moist air from 
outside to the greenhouse. 

In open sun drying, paddy in a single layer was spread 
on floor with different thicknesses. Drying was carried 
out from 9.00 AM to 5.00 PM. Paddy was heaped up 
and covered with LDPE plastic sheet after 5.00 PM to 
avoid absorption of moisture during night.

Measurement of Parameters
Paddy sample were collected randomly for each tray 
of  the hybrid greenhouse dryer and open sun drying. 
Three replicated samples were used for determination 
of the moisture content.

Temperature and relative humidity
Temperature was measured using a T-type thermocouple 
with measuring range of (-) 200°C to 350°C. The 
tolerance of T-type thermocouple was 0.5°C. Eight 
thermocouples used to measure the inlet, outlet air 
temperature and six randomly selected points in 
greenhouse representing two points in each tier were 
connected to first eight channels of a process interface 

module of data logger. Relative humidity (RH) was 
measured using a hygrometer with a measuring range 
of 0-100 per cent. Eight hygrometers used to measure 
the inlet, outlet air humidity and six randomly selected 
points in the greenhouse, representing two points in 
each tier to record data at every one-minute interval, 
were connected to channel interface module of the 
data loggers.

Solar radiation
A pyranometer (Apogee SP 110) was used to measure 
the global solar radiation. The response time of the 
instrument was 1 ms. The instrument could measure 
solar intensity in the range of 0-2800 W.m-2. The 
sensitivity of the pyranometer employed was 0.2 
μV.Wm-2. 

Air flow rate
Exhaust air velocity was measured using a Lutran 
4201 anemometer at every one-hour interval during 
experimental trials. Accuracy of the anemometer was 
0.10 m.s-1 in the temperature range of 0-50°C and 
operating relative humidity less than 80 per cent. It 
consisted of naked-bead type-k thermocouple probe to 
sense the temperature, conventional twisted vane arms 
with low-friction ball-bearing air velocity sensor , and 
18 mm LCD. The anemometer was placed in front of 
the exhaust fan to record air velocity.

Volumetric air flow rate was obtained using the 
following equation:

Flow rate (m3.min-1) = Air velocity (m.min-1) × Cross 
section area (m2)                                                  ... (1)

 

 

Fig.2: Fabricated hybrid greenhouse dryer 
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Data logger
Sixteen channel data logger [Process precision 
instruments (PPI), India] was used to record the 
temperature and relative humidity readings at one 
minute interval. It recorded the data with accuracy of 
(±) 0.25 % in continuous or batch mode of recording. 
First 8 channels were connected to thermocouples, 
which were used to measure the greenhouse air 
temperature at six locations, ambient and exhaust air 
temperature. Channels from 9-16 were connected to 
relative humidity sensors, which were used to measure 
the greenhouse air relative humidity at six locations, 
ambient and exhaust air relative humidity.

Moisture content
Paddy samples were collected from each tray of the 
greenhouse dryer and open sun drying after thoroughly 
mixing. Moisture content of paddy was determined by 
standard oven drying method (AOAC, 1985), and was 
computed using the following equation:

𝑀𝑀 𝐶𝐶 𝑤𝑤 𝑏𝑏 𝑊𝑊₁ −𝑊𝑊₂
𝑊𝑊  

		            ...(2)

𝑀𝑀 𝐶𝐶 𝑑𝑑 𝑏𝑏 𝑊𝑊₁−𝑊𝑊₂
𝑊𝑊₂   

                                                ...(3)

Where, 
M.C. (w.b.) = Moisture content(wet basis), %,
M.C. (d.b.)	 = Moisture content on dry basis, %,
W1	 = Initial weight of sample, g, and
W2 	 = Final dried weight of sample, g.

Drying rate
Drying rate is approximately proportional to the 
difference in moisture content between the product 
being dried and EMC at the drying air state. Drying 
rate (DR) was estimated by differentiation of water 
content with respect to time as:

−
 
 	 ...(4)

Where,
DR 	 =	 Drying rate, kg.h-1,
Mt	 =	 Moisture content at time t, % (d.b.),
Mt+dt	 =	 Moisture content at time t + dt, % (d.b.), and
dt	 =	 Time of successive measurements, min.

Efficiency of greenhouse dryer
According to Boonyasri et al. (2012), the drying 
efficiency of a dryer is defined as the ratio of energy 
output of the dryer to energy input in the dryer.

The efficiency of the greenhouse dryer was calculated 
using the following formula:

𝑀𝑀𝑤𝑤𝜆𝜆
𝐼𝐼𝐴𝐴𝑡𝑡  

	 … (5)
Where ,
Mw	 =	 Moisture evaporated, kg,
λ 	 =	 Latent heat, kJ.kg-1,
I	 =	 Average solar radiation input, kJ.m-2,
A 	 =	 Dryer area, m2, and
t	 =	 Drying time, s.

Pickup efficiency
Pickup efficiency is useful for estimating the actual 
quantity of moisture evaporated from the product. 
The pick-up efficiency is defined as the ratio of the 
amount of moisture picked up by air inside the dryer 
to the theoretical capacity of air to absorb moisture 
(Senadeera and  Kalugalage, 2004; Hii et al., 2006).  
It is a direct measure of how efficiently the heated air 
is utilized to absorb moisture. 

Pickup efficiency was calculated using the following 
formula:

ɳ
ℎ − ℎ𝑖𝑖
ℎ𝑎𝑎 − ℎ𝑖𝑖

 
                                                        ...(6)

Where,
ho	 =	 Absolute humidity of air leaving the drying  
		  chamber, kg.kg-1,
hi	 =	 Absolute humidity of air entering the drying	 
		  chamber, kg.kg-1, and
ha	 =	 Adiabatic saturation humidity of the air entering  
		  the dryer, kg.kg-1.

RESULTS AND DISCUSSION

Results of the paddy drying experiments conducted 
in hybrid greenhouse dryer as well as under open sun 
drying at 50, 100 and 150 mm bed thickness during 
Kharif and Rabi seasons are compared and reported 
with more emphasis on drying at 100 mm bed thickness. 

Drying of Kharif  Paddy in Greenhouse Dryer under 
Full Load
Drying was carried out on clear sunny days. About 1250 
kg of paddy harvested on previous evening was loaded 
next early morning in the greenhouse dryer as well as 
at open sun drying yard up to 100 mm bed thickness. 
Variation of moisture content, drying rate, temperature, 
relative humidity and solar radiation are reported.
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Variation of moisture content
Paddy was dried from the initial moisture content of 
25.30 % (w.b.) to final moisture content of 12.0 % (w.b.). 
It was observed from Fig. 3 that the moisture content 
decreased with drying time, reached to 12.0 % (w.b.) 
after 21 hours (3 days) of greenhouse drying (GHD). 
It took 28 h (4 days) of open sun drying (OSD). It was 
also observed that the moisture content reduced from 
25.3 % to 19.8 % (w.b.), 19.8 % to 15.5 % (w.b.) and 
15.3 % to 12.0 % (w.b.) during first, second and third 
day of greenhouse drying, respectively. About 5.5 %, 
4.5 % and 3.3 % moisture were removed from paddy 
during the respective day of greenhouse drying. Apart 
from saving in 25.0 % drying time, the grain quality was 
improved by prevention of contamination with dust. 

Drying rate increased during the first half (till 1.00 pm) 
of a day both in greenhouse and under open sun drying, 
and later decreased till the evening, Fig. 4. The drying 
rate was high in the greenhouse dryer (1.54 kg.h-1) as 
compared to open sun drying (1.35 kg.h-1). During first 
day’s early hours of drying, the drying rate increased 
due to the removal of surface moisture from the grains. 
The increase of temperature, airflow rate and decrease of 
relative humidity aided to increase the drying rate during 
the subsequent hours in the first half of the day. During 
night hours, tempering allowed moisture diffusion, 
which resulted in increase of drying rate at early hours 
of drying on subsequent day. During the second day’s 
first half, drying rate increased, but the peak of the 
drying rate curve was low (1.40 kg.h-1) as compared to 
the peak value on the first day (1.50 kg.h-1).

Variation in temperature, relative humidity, air 
flow rate
Variations in greenhouse air temperature (Tavg), grain 

temperature (GTG), ambient temperature (Ta) and solar 
radiation intensity (I) are shown in Fig. 5. Greenhouse air 
temperature had always been higher than the ambient air 
temperature. The temperature increased till the middle of 
the day(1.00 pm), and later decreased with time till the 
evening. The average greenhouse dryer air temperature 
varied in the range of 26.50-40.30 0C during drying, 
whereas ambient temperature varied in the range of 22-
35 0C. It was observed that the average grain temperature 
followed the ambient air temperature curve till the 
middle of the day (1.00 pm), further continued to rise 
till 3.00 pm, and subsequently decreased to near to the 
greenhouse air temperature, but above the ambient air 
temperature at 5.00 PM. The grain temperature variation 
was in the range of 24.30-34.70 0C.

Airflow rate (Qfan) increased sharply in the early part 
of the day (9.00-11.00 a.m), became fairly constant 
at the middle of the day (11.00 AM-1.00 PM) and 
then dropped sharply in the afternoon (1.00-5.00 pm) 
(Fig. 6). The pattern of change in airflow rate followed 
the pattern of the changes in solar radiation since the 
airflow was regulated by three fans powered by a PV 
module. The maximum air flow rate observed was 
3112.8 m3.s-1, whereas the minimum was 2038.2 m3.s-1. 
Reduced air relative humidity, increased air temperature 
and air velocities improved the performance of the 
dryer. These results were in accordance with Janjai et 
al. (2009) for peeled longan and banana in photovoltaic 
ventilated greenhouse dryer.

Variation of relative humidity (Fig. 6) showed that the 
greenhouse dryer air relative humidity (Hg) (75.50 
%) was higher than ambient relative humidity (Ha) 
(64.00 %) during the early hours of drying (9.00 AM) 
on the first day. It was due to addition of grain surface 
moisture to greenhouse air. Due to low exhaust air 
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flow rate (39.46 m3.min-1), the moist air could not be 
totally discharged from the greenhouse. The greenhouse 
air relative humidity decreased till the middle of the 
day (1.00 PM), and later increased with time till the 
evening. During the first day, relative humidity varied 
between 44-75.5 % and 43-64 % inside and outside of 
the greenhouse dryer, respectively. During the second 
day of drying, mean relative humidity within the 
dryer varied between 52 % and 38.2 %, whereas, the 
ambient relative humidity varied between 65 % and 
44 per cent. During the third day, relative humidity 
of the greenhouse dryer varied between 50.30 % and 
41.20 %, whereas, the ambient relative humidity varied 

between 62 % and 48 per cent. During three days of 
experimental drying period, relative humidity in the 
dryer was less than that of ambient relative humidity 
due to high temperature prevailing inside the dryer (due 
to the greenhouse effect). This ensured that in the solar 
greenhouse dryer, paddy could be dried within less time 
than the open sun drying. These results are in line with 
the results of Arun et al., (2014) for drying of tomato.

Effect of bed thickness during Kharif paddy drying
Drying behaviour of paddy with respect to bed thickness 
(Fig. 7) indicated that the bed thickness had significant 
effect on the drying behaviour of paddy. Drying time 
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increased with increase in bed thickness. Paddy was 
dried from initial moisture content of 26.50 % to final 
moisture content of 12 % (w.b.) in bed thicknesses 
of 150 mm, 100 mm and 50 mm bed within 25 h, 
21 h and 13 h of drying, respectively. At 50 mm bed 
thickness, paddy was thus dried with least duration of 
13 h. Considering the difficulties in handling the loaded 
trays,  drying of paddy in 100 mm bed thickness was 
convenient for use.

Drying rates also varied with paddy bed thickness 
(Fig. 8). With increase in bed thickness, drying rate 
decreased. The highest drying rate observed during 
the first day of drying was 2.02 kg.h-1 at 50 mm bed 
thickness, whereas, 1.54 kg.h-1and 1.27 kg.h-1 drying 
rates were observed with bed thickness of 100 mm and 
150 mm, respectively. During the second day of drying, 
drying rate reduced to 1.90 kg.h-1, 1.40 kg.h-1 and 1.20 
kg.h-1 in 50 mm, 100 mm and 150 mm bed thickness, 
respectively. During the third day of drying, drying rate 

further dropped to 1.04 kg.h-1 and 1.10 kg.h-1 in 100 
mm and 150 mm bed thickness, respectively.

Drying of Rabi Paddy in Greenhouse Dryer 
1250 kg of paddy was equally distributed in 18 trays 
up to 100 mm of bed thickness, and placed in the 
greenhouse dryer at 9.00 AM on 12.5.2016. Drying 
was carried till the designed moisture content of grains 
could be achieved.

Variation of moisture content during Rabi paddy 
drying 
Paddy was dried in the month of May in the greenhouse 
dryer from its initial moisture content of 22.80 % (w.b.)
to the final moisture content of 12 % (w.b.) within 
19 h, whereas, open sun drying took 25 h for drying. 
Greenhouse drying saved 24 % of drying time. It was 
also noted from Fig. 9 that the moisture content of paddy 
reduced from 22.80 % to 17.07 %, and 17.07 % to 12.73 % 
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during the first and second day of drying, respectively. 
At the end of drying on the third day at 11.00 AM, the 
moisture content of paddy was 12 % (w.b).

Drying rate was high in the greenhouse dryer as 
compared to open sun drying as shown in Fig. 10. 
Highest drying rate of 1.65 kg.h-1 was achieved in the 
greenhouse dryer, whereas, in open sun drying it was 
0.97 kg.h-1 at 1.00 PM on the first day of drying. Higher 
drying rates were observed in greenhouse dryer due 

to relatively higher greenhouse air temperatures, low 
relative moisture content and higher air velocities than 
ambient conditions. 

Variation of temperature, relative humidity and air 
flow rate during drying
Variation of greenhouse temperature (GT), ambient 
temperature (Ta) and solar radiation intensity(I) 
is shown in Fig. 11. The maximum greenhouse 
dryer temperature was 48.10 0C, and the minimum 
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Fig. 11:	 Variation in greenhouse air, ambient air temperature and solar  
	 radiation during rabi paddy drying
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temperature was 34.20 0C. The maximum ambient 
temperature recorded was 39 0C, and the minimum 
was 30.0 0C. The airflow rate increased sharply in the 
early part of the day(9.0-11.0 AM), then remained 
fairly constant (11.00 AM -1.00 PM), and subsequently 
sharply dropped in the afternoon (1.00-5.00 pm), Fig. 
12. The pattern of changes in airflow rate followed 
the pattern of the changes in solar radiation since the 
airflow was regulated by three fans powered by a PV 
module. The maximum air flow rate (Q) was 4531.2 
m3.s-1, whereas the minimum was  2055 m3.s-1.

The relative humidity in the greenhouse dryer (HG) 
varied between 37.80-20.70 % and 32.80-21.70 % 
during the first and second days of drying,with the 
corresponding ambient relative humidity (Ha) varying 
between 49.0-31.0 % and 46.0-33.0 % during the first 
and second days of drying, respectively. During the 
third day of drying, relative humidity in the dryer varied 
between 34.30 % and 23.70 %, whereas the ambient 

relative humidity varied between 47.0 % and 34.0 
per cent. During the experimental period, the relative 
humidity of the dryer was less than that of ambient 
relative humidity due to higher temperature prevailing 
inside the dryer due to greenhouse effect.

Effect of bed thickness on drying characteristics
Bed thickness had a considerable effect on the drying 
behaviour of paddy. It was noticed that as the bed 
thickness increased, drying time also increased (Fig. 
13). Paddy dried from 22.80 % to 12.00 % moisture 
content (w.b.) within 21 h, 19 h and 12 h of drying 
with 150 mm, 100 mm and 50 mm bed thickness, 
respectively. At 50 mm bed thickness, paddy dried 
faster as compared to 100 mm and 150 mm bed 
thickness. It was also observed that the drying rate 
varied with the bed thickness (Fig. 14). Higher drying 
rates were achieved at lower bed thickness. The highest 
drying rate observed during the first day of drying was 
2.00 kg.h-1 with 50 mm bed thickness, whereas, 1.65 
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Fig. 13:	 Variation in moisture content during rabi paddy drying at different  
  bed thickness
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CONCLUSIONS

Photovoltaic ventilated solar greenhouse dryer was 
developed and effectively used for drying of paddy. 
Drying time of paddy at 100 mm bed thickness in 
greenhouse drying was reduced by 25 % and 24 
% during kharif and rabi season, respectively, as 
compared to open sun drying. Apart from reduction in 
drying space, contamination with dust was prevented 
in greenhouse dryer. The thermal efficiency of the 
greenhouse dryer was 28.57 % during kharif, 2016 and 
22.15 % during rabi, 2016.
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kg.h-1 and 1.27 kg.h-1 drying rates were achieved with 
100 mm and 150 mm, respectively. On the second day 
of drying, drying rate of 1.11 kg.h-1, 1.10 kg.h-1 and 0.84 
kg.h-1 were achieved in bed thickness of 50 mm, 100 
mm, and 150 mm bed thickness, respectively. During 
the third day of drying, 0.60 kg.h-1 and 0.60 kg.h-1 
drying rates were achieved in 100 mm and 150 mm 
bed thickness, respectively.

Thermal Efficiency of Greenhouse Dryer
Thermal efficiency of the solar greenhouse dryer for 
paddy drying with 100 mm bed thickness was 28.57 % 
during the month of January, and 22.15 % during the 
month of May, 2016. Increase in the thermal efficiency 
at a low solar radiation was reported by Fudoli et al. 
(2013). The results of the present study are in line with 
the results reported by Abdallah (2010) and Almuhanna 
(2012) for sugar beet tops and dates, respectively. 

Pickup Efficiency of Solar Greenhouse Dryer
Pickup efficiency is useful for evaluating actual 
evaporation of moisture from paddy inside the solar 
dryer. The pickup efficiency of the greenhouse dryer 
was 15.49 % during January and 14.88 % during the 
month of May (Table 1). Pick-up efficiency generally 
decreases with moisture content of the product. The 
results are in accordance with the results reported by 
Aliyu and Jibril (2009), Simate and Cherotich (2017) 
for drying of mango in natural convection greenhouse 
dryer.

Table 1. Efficiency of greenhouse dryer

Sl. 
No.

Season Dryer 
efficiency,

%

Pickup 
efficiency,

%
1. Kharif, 2016 28.57 15.49
2. Rabi, 2016 22.15 14.88
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