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Modern NHRDF onion storage structure under sub-tropical conditions
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Abstract

In India onion is produced in three season’s kharif, late
kharif and rabi, in which rabi harvest have good keeping
quality and can be stored for longer period up to 5-6 months.
Over a period of storage, there is a gain of three to four
times profit in market due to non-availability of onion.
Hence, the storage of onion is very essential to maintain
regular supply to the consumer till November. Due to
improper storage, more losses arise in farmer’s storage
method due to higher sprouting, rotting and physiological
loss in weight, which leads to heavy stress on both demand
and supply resulting in a steep rise in the price. Scientifically
developed storage facilities will help in checking the supply
volatility and rise in onion prices. Under existing ambient
conditions, NHRDF has developed a ventilated conventional
onion storage structure providing proper aeration and
ventilation without any control on temperature and humidity.
This storage structure is popularized in major onion growing
states in India. Recently, the NHRDF has developed an
improved storage structure designed to maintain the
constant temperature and relative humidity throughout the
storage period. After six months of storage, highest quality
bulb recovery (21.40 ton), with lowest rotting (0.69%),
physiological loss of weight (13.83%) and total loss (14.52%)
were recorded in NHRDF improved onion storage structure.
Due to highest bulb recovery, highest net returns are
obtained. While in NHRDF conventional ventilated storage
structure, moderate quality bulb recovery (16.70 ton),
sprouting (2.50%), rotting (10.10%), physiological loss of
weight (20.80%) and total losses (33.40%) were recorded.
The lowest quality bulb recovery, highest sprouting, rotting,
physiological loss of weight and total loss were recorded in
farmer’s storage structure. Apart from these, NHRDF
improved onion storage structure has several advantages
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over cold storage structure, conventional ventilated storage
structure and farmer ’s storage structure.
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Introduction

Onion is a widely consumed spicy vegetable used
throughout the year in almost every kitchen of the
country. It is highly valued vegetable as compared to
other fresh vegetables due to its pungency, flavour and
nutritional value in supplying minor constituents of
minerals and trace elements (). It also contains phenolics
and flavonoids that have potential anti-inflammatory, anti-
cholesterol, anticancer and antioxidant properties. India
contributes about 20% of total world onion production,
which is next only to China. The country annually
produces around 233 lakh ton of onion out of which
about 70% of onion is used for domestic consumption,
5% is used for export, 3% is for processing, 1% for
bulb to seed production and the remaining 22% is going
to waste as loss during the storage period. Maharashtra
is the state which contributes about 38.06% of total
Indian onion production and the area under onion crop
is approximately 5.07 lakh ha with production of about
88.54 lakh MT and contributes 80-85% in the total Indian
export (Database NHRDF 2017).

Importance of storage: In India, production of onion
contributes as 10-15%, 30-40% and 50-60%, in three
seasons i.e. kharif, late kharif and rabi respectively in
annual production. The kharif produced onion does not
have keeping quality, however, late kharif produced
onion have medium keeping quality. Therefore, these
onions are not suitable for storage for longer period.
Hence, farmers immediately bring the produce to the
market for sale after harvests. The rabi onion is harvested
in the month of April-May and the produce is in very
huge quantity countrywide. Due to maximum availability
as well as supply to the market, onion rates lowers down
from April to July month every year. Over a period, the
stored onion gains three to four times more profit due to
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non- availability in the market because there is no next
harvest till October to December and high consumer
demand during the period. Hence, the storage of onion
bulb is very essential to maintain regular supply to the
consumer till November, and further till February also,
if kharif crop fails due to abnormal monsoon vagaries.

Reasons for losses: Onion is a perishable commodity
and deteriorates very fast due to desiccation and various
vital activities even after harvest. Like other vegetables,
onion cannot be stored for longer period. Due to various
factors about 30-40% of the crop gets lost during the
storage which may go up to 70-80% due to inappropriate
and inadequate storage facilities. The losses arise during
storage period is due to sprouting, rotting, root growth,
physiological loss in weight, diseases, accumulation of
sugars and loss of pyruvic acid which leads to heavy
stress on both demand and supply. This results in a
steep rise in the price of onion and eventually affect the
consumers end. Bulb respiration continues after harvest
and gives off water. More the respiration, more the
water loss from bulb resulting in weight loss during the
storage (Brewster, 1; Wang et al., 3). The storage quality
of onion is an inherent character which varies from
variety to variety. The bulb dormancy is the main factor
which determines that how long the bulbs can be stored.
Externally, the climatic factors like temperature and
humidity also influence the storage of bulb during longer
period. Variation in temperature and relative humidity
drastically influences bulb keeping quality due to
sprouting, rotting and physiological loss in weight. Under
low temperature condition (0-4°C) in cold storage, the
dormancy can be enhanced which leads to cease
initiation of sprouting and rotting and it could be possible
to keep the bulb healthy and suitable for storage up to
12 months. As the temperature increased (> 30°C), the
dormancy breaks resulting in sprouting and rotting. The
high temperature accompanied with high humidity
reduces water loss, while higher humidity increases the
sprouting and rotting. Therefore, for equilibrium of
temperature and relative humidity, sufficient aeration and
ventilation is essential in storage environment for longer
period in onion storage structures.

Need of scientifically developed storage structures:
There is an urgent need to develop a scientifically
constructed storage structures for long term storage of
onion that can help in maintaining the temperature,
relative humidity and ventilation required for reducing
storage losses of onion. Scientifically developed storage
facility will help in checking the supply volatility and
steep rise in onion prices. NHRDF has developed a
ventilated conventional onion storage structure providing
proper aeration and ventilation without any control of

temperature and relative humidity (Fig. 1). Under existing
normal climatic conditions, these storage structures
were popularized among the onion farming community
in major onion growing states like Maharashtra, Gujarat,
Karnataka etc. The NHRDF is promoting scientifically
developed onion storage structures to onion growers
for adoption and implementation of proper storage with
minimum expenditure which will minimize the storage
losses and quality deterioration of the onion, which will
in turn help the farmers to fetch better price of their
produce. In India most of the onion grower’s store their
produce in small scale traditional storage structures
resulting in substantial losses during storage. To avoid
such problems, the NHRDF is popularizing the
technologies through its extension centers which are
located in almost every state all over the country.

Improved onion storage structure modulated by
NHRDF: Recently, the NHRDF has developed an
improved storage structure with an objective to minimize
the storage losses under affordable cost which is suitable
for every small-scale onion producer. The structure was
designed to maintain the constant temperature and relative
humidity throughout the storage period under sub-
tropical climatic conditions.

Design of Storage Structure with capacity 25 metric
tons: The improved NHRDF onion storage structure
with 25 MT capacity was constructed under well
ventilated, well drained and easily accusable location at
an altitude of about 560 m above mean sea level, latitude
of 19 °72’° N and has longitude of 74° 05 E at Regional
Research Station, Sinnar, National Horticultural Research
and Development Foundation, Nashik (Maharashtra).
For this purpose, rectangular shape room was
constructed with an interior area of 35°x14' length and
width storage room with concrete roof, and the walls
were well plastered with cement and the interior
foundation area of structure was about 2' from the
ground level. At a height of 6 inches, iron angle battens
were fixed with welding over floor of the structure with
an area of 30°x14', the remaining area of 5.0’x14' was
used as working place for loading and unloading of
onion. The iron mesh wire panels with hole size 20 X
20mm frame was fixed on iron battens already placed
with an area of 30'x14', the iron mesh facilitates to avoid
the fall down of small onion bulbs from the wire mesh
frame and circulate the air from the bottom side of the
structure to all directions (Fig. 2 & Plate. 1). The height
of roof of onion storage structure was kept on 6' above
the onion bulb, which have already been stored at the
height of 4'. For aeration and ventilation eight holes have
been made four on each side of the wall of size 6 inches
for two sides from West and East for flow of wind and
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in the direction of storage structure right angle to the
wind direction. Four exhaust fans were fixed on four
cylindrical shaped plastic frames and placed on wire
mesh frame at 6 feet distance from each other. Fans
were connected with power supply to rotate and blow
the air towards the bottom direction of the wire mesh.
The continuously rotating fans throughout the day
maintained the relative humidity of the room constantly.
The two mercury lamps were fixed in structure to
maintain the constant temperature as low as enough in
storage structure during the entire storage period.
However, under conventional storage structure, the
ambient temperature and relative humidity is not
constant. The economics for construction of NHRDF
improved onion storage structure having 25MT capacity
with a life time of 25 years is given in Table 1 and the
construction of 25MT capacity NHRDF conventional
storage structure with a life time of 25 years is given in
Table 2. The temperature and relative humidity were
recorded daily and the average monthly temperature and
relative humidity in both i.e. NHRDF conventional
storage structure under ambient conditions as well as
NHRDF improved onion storage structure are given in
Table 3 and Table 4, respectively.

The storage loss of onion during the storage period
depends on pre-harvest as well as post-harvest factors.
The pre-harvest cultural operations followed as per
recommendations and the crop was harvested after
maturity. After proper drying, curing, sorting and grading
of onion variety NHRDF Red 3 was kept for storage in
the month of April for a period of six months storage
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during rabi, 2017-18 and rabi, 2018-19 in three different
storage structures. The two years storage data were
combined and presented in Table 5. The data revealed
that, after six months storage, the highest quality bulb
recovery (85.50%& 21.40 ton), with least rotting
(0.69%), PLW (13.83%) and total loss (14.52%) were
recorded in NHRDF improved onion storage structure.
The lowest losses are due to the temperature and relative
humidity maintained constantly during day and night
during the entire storage period. The maintained average
temperature of two seasons for six months was 28.86°C
during day time and 26.64°C during night time, while
the relative humidity maintained during day time was
76.93% and night time 79.29%. During the entire storage
period, due to constant temperature, relative humidity
and continuous aeration, the sprouting was not initiated
even after six months of storage (Plate 1&2). Based on
results, it can be concluded that combination of
temperature and relative humidity are two important
factors which reduces losses during storage in onion
and hence, these factors must be taken into consideration
for prolonged storage successfully. Islam et al. (2) also
proved that relative humidity and temperature combined
effect influences storage of onion for longer period
successfully. In NHRDF Conventional ventilated storage
structure, the good bulb recovery, sprouting, rotting,
PLW and total losses were recorded as 66.60% & 16.70
ton, 2.50%, 10.10%, 20.80% and 33.40%, respectively
(Table 5). In this structure during the entire storage
period the average temperature of two seasons during
day time was 30.19°C and at night time 20.99°C, while

Table 1: A detailed economic analysis for construction of 25MT capacity NHRDF improved onion storage structure.

S. No. Description Amount (Rs.)
1 Construction of room with length 35°, width 14’ and height 10’ 2,50,000
2 Wire meshes panels for bottom: Galvanized weld mesh (Size 20 x 20 mm) 16,000
3 Exhaust fans (4) with size (1400 RPM 410 W, 18 inch) 4500
4 Mercury lamps (2) 1500
5 Palates: Fabricated square pipe (Size = 3m x Im x 0.152 m) 5000
6 Exhaust fans fixing columns (4) 2000
7 Plywood for walls covering 4000
8 Power connection to the structure 3500
9 Power charges for six months throughout storage period 11280

Total 2,97,780/-

Table 2: A detailed economic analysis for construction of 25SMT capacity NHRDF conventional onion storage structure.

Total

S.No Description ate(Rs.) Unit otal quantity Amount (Rs.)

1 Excavation for foundation m? 35.64 4455

2 P.C.C. 1:4:8 in foundation m? 5.346 25660.8

3 R.C.C. 1:2:4 for column’s and footings m? 7.07 14,140

4 Nominal Reinforcement to columns kg 320 24,000

5 Structural steel works kg 1200 1,08,000

6 A/C Sheet Roofing SqM 83.2 20,800

7 A/C Sheet Ridge Rmt 13.0 3250

8 2” Dia 1/2 Bamboo strips @ 3” C/C Rmt 14,54.4 29,088

2,29,394/-
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Table 3: Temperature data of ambient conditions and NHRDF improved onion storage structure conditions at NHRDEF, RRS,
Sinnar during rabi, 2017-18 and 2018-19.

Conventional storage structure Improved storage structure
Months Ambient temperature (°C) Temperature (°C)
2017-18 2018-19 Average 2017-18 2018-19 Average

Day Night Day Night Day Night Day Night Day Night Day Night
May 34.29 21.84 35.70 22.09 35.00 21.97 31.16 26.12 32.6 28.7 31.88 27.41
June 28.62 21.84 29.71 21.25 29.17 21.55 28.14 26.04 29.5 26.1 28.82 26.07
July 28.88 20.94 27.99 20.72 28.44 20.83 26.74 26.11 27.21 25.74 26.98 25.93
August 29.56 21.26 30.50 21.10 30.03 21.18 29.52 27.62 30.0 27.0 29.76 27.31
September 30.12 2225 28.98 20.82 29.55 21.54 28.62 25.84 27.8 26.8 28.21 26.32
October 28.24 18.76 29.65 19.01 28.95 18.89 27.82 27.02 27.26 26.55 27.54 26.79
Average 29.95 21.15 30.42 20.83 30.19 20.99 28.67 26.46 29.06 26.82 28.86 26.64

Table 4:Relative humidity data of ambient conditions and NHRDF improved onion storage structure conditions at NHRDF,
RRS, Sinnar during rabi, 2017-18 and 2018-19.

Conventional storage structure Improved storage structure
Months Ambient relative humidity (%) Relative humidity (%)
2017-18 2018-19 Average 2017-18 2018-19 Average

Day Night Day Night Day Night Day Night Day Night Day Night
May 87.23 59.84 89.33 60.30 88.28 60.07 76.62 83.66 77.47 85.2 77.05 84.43
June 94.55 83.22 92.16 79.03 93.36 81.13 78.74 81.69 80.42 87.48 79.58 84.59
July 84.26 84.38 87.13 85.58 85.70 84.98 76.92 79.88 77.03 80.45 76.98 80.17
August 91.15 78.66 92.00 74.00 91.58 76.33 72.24 75.62 76.0 72.0 74.12 73.81
September 88.92 81.39 89.53 83.17 89.23 82.28 76.82 74.26 75.8 76.07 76.31 75.17
October 87.74 73.88 90.26 79.26 89.00 76.57 78.82 77.92 76.32 77.26 717.57 77.59
Average 88.98 76.90 90.07 76.89 89.52 76.89 76.69 78.84 7717 79.74 76.93 79.29

Table 5: Comparison of storage losses of onion in different onion storage structures at NHRDF, RRS, Sinnar during rabi,
2017-18 and 2018-19.

Rabi, 2017-18 (six months after storage)

uantity of stored Sprouting Rotten Total loss Good bulb recove Good bulb
Type of storage structures Q bulbys (ton) P %) g %) PLW (%) %) %) Yy recovery (ton)

NHRDF Conventional ventilated storage 25.0 2.0 10.0 20.00 32.00 68.00 17.00
NHRDF improved onion storage 25.0 0.0 0.90 13.70 14.60 85.40 21.36
Farmers storage 25.0 3.0 12.0 22.50 37.50 62.50 15.63
Rabi, 2018-19 (six months after storage)

NHRDF Conventional ventilated storage 25.0 3.0 10.20  21.60 34.8 65.20 16.30
NHRDF improved onion storage 25.0 0.0 0.50 14.00 14.50 85.60 21.39
Farmers storage 25.0 4.0 12.60  22.80 39.40 60.60 15.15
Mean average of rabi, 2017-18 and rabi, 2018-19

NHRDF Conventional ventilated storage 25.0 2.50 10.10  20.80 33.40 66.60 16.65
NHRDF improved onion storage 25.0 0.00 0.69 13.83 14.52 85.50 21.37
Farmers storage 25.0 3.50 1230  22.65 38.45 61.60 15.39

Rabi, 2017-18 (six months after storage)
PLW - Physiological loss in weight

Table 6. Comparison of economics between different onion storage structures.

Market ~ Market value  Good bulb Market price  Market value ~ Mean average of

Name of onion Year Date of  prices (Rs./q)(Rs.) of 25 MT recovery after 6 (Rs./q) atsix  (Rs.) of stored market value(Rs.) of
storage structure Storage at storage  at thetime of  months of months after bulb after six  stored bulb after six
time storage storage (ton) storage months months
NHRDF 2017-18  17.04.2018 600 1,50,000 17.00 1600 2,72,000
Conventional 4,53,850
ventilated storage 2018-19  24.04.2019 800 2,00000 16.30 3900 6,35,700
NHRDF  improved 2017-18  17.04.2018 600 1,50,000 21.36 1600 3,41,760 5.87.085
onion storage 2018-19  24.04.2019 800 2,00000 21.39 3900 8,34,210 Y
Farmers storage 2017-18  17.04.2018 600 1,50,000 15.63 1600 2,50,000 420,425

2018-19  24.04.2019 800 2,00000 15.15 3900 5,90,850
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the relative humidity was 89.52% at day time and
76.89% during night time. In farmers storage structure
lowest quality bulb recovery, highest sprouting, rotting,
PLW and total loss were recorded as 61.60% & 15.40
ton, 3.50%, 12.30%, 22.65% and 38.45%, respectively,
which is due to improper storage condition. In NHRDF
improved onion storage structure, the bulbs can be
stored for a longer period with lowest sprouting, rotting
and PLW and total loss, while the cost of storage is
high over NHRDF conventional ventilated storage
structure as well as farmer storage structures. However,
after six months of storage due to highest good bulb
recovery, the highest net return was recorded in NHRDF
improved onion storage structure (Table 6).

Advantages of NHRDF improved onion storage structure
(temperature 28 + 2°C and relative humidity 78.0% =+
2.0%) over cold storage, conventional ventilated storage
developed by NHRDF and farmers storage are; In
NHRDF improved onion storage structure, after six
months of storage, the highest onion bulb recovery was
noted over other storage structures, while construction
cost is comparatively a little higher over conventional
and farmer storage structures, except cold storage, in
which the losses were very low but its construction
cost is very high over NHRDF improved onion storage
structure. NHRDF improved onion storage structure
can be constructed with minimum storage quantity even
for 5 ton, whereas the same is not feasible in cold
storage. It is also possible in conventional ventilated
storage structure. NHRDF improved onion storage
structure can be constructed by farmers in their home
premises with low to high capacity to avoid distress
sale during main season in the May and June months,
especially where temperature reaches e” 40°C and
storage of onion is extremely difficult, however, the
use of above ground metal ventilation is an affordable
and very effective way of ventilating to the stored onion
by maintaining optimum temperature and relative
humidity. During the lean period i.e. November to April,
it is possible to remove metal frames of NHRDF
improved onion storage structure and the complete floor
of the storage structure can be utilized for some other
agricultural activities, which is not possible in other
storage structures.

RIS

YR H QST &7 STed diF HaHi— ERIh, X W% 31K
&1 # faar S &, foH [ # 8] U & HRT SATE]
STe fhar SraT ® 3R 39 @Y 9HT (5-6 HEM dd) ddb
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HUTRT faw ST et 2 | MUSROT 3afy # =TSt oY STgucterdm
@ BRI GIR H 3—4 AT 31 A U BT | gafery,
AR 6 SydIad @ Frafia smafd R em & foyg
TS BT IOSRYT G980 ATLAD B | T ISR & PBIRV]
o H AP SfERUT, WA 3R <fed JHAM & HRU Ud
wrEe e # srfdre Jear srar 8, Ry /i iR syl
SFI IR 4RI TG ISl 8, ROy A # ol F gy
B B | A9 w0 § AR wosRor gfensit & smyft @t
FReRAT 3R =Te B Pl J ghg B Sifa IR H ASS
fArerf | AisgaT uRaer @1 aRRerferdl 3 i amrar srgwa
vd e ufe™ (TI.TaRIITE) 7 Udh gAGR URURE
TS HUSRYT IRAAT fAwfid @ €, S arowre SR edar &
oo & a7 Sfad araree &R garer Rufy (@feere )
U PRAT 2| I§ WUSRYT el WISl S Tl THE
I H SATET BT € | BTl 8 H ML aRTa] SrHer
Td e IfteT™ 7 Ueh d8ay HUSRYT ST fAaRid & 2
R 9oeRT Srafy & SR FARAR a3k AT 3rred]
AT Eq B fog Iomr ((oirss) GuR fear T 2
HUSRY & B: HelM d[q a9 S Yohdha (dod) B
gfrem™ / Rebadt (2140 <) I HF T & A1 (0.69
gfcrerd), a9 &1 afdd JHad (13.83 ufoEd) iR @
JHA (14,52 Ucrerd) IS GITE SFFHEE U AT
A # &S fohar wan, RORA qUSROT &1 HRaT § guR
BT 3R IeaaH g UIIhel UTST 83Tl | STafch, IR ITaril
AT T fIdra dfter™ # URuUR® garqR YUSRYT EREHT,
ALgH ] Yedhde (ded) Ufdam™ /Readl (16.70 ),
JfHRT (2,50 uferer), Fei (10.10 URIEE), a9 &1 <fed
JHE (20.80 Uferera) iR Gt JHAM (33.40 Wfderd) urn
T | fHAE & MUSRYT gl # He HH BT ded, ITaaH
BRI iy, afed JHa IR Bt Joa Toi g 17|
STd AT, TE IETA JgHAE U faer ufer A
MNATE ARET (Ples FTRS), TRIRG §ATER HSROT H]
IR fHAM B WUSRYT WREAT TR WIS HUSRYT WRAAT H
P GuR fHar|
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