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ABSTRACT

Simple and low cost farm technologies are required for small-scale farmers
in developing countries to improve marketability and reduce postharvest
losses of onion (Allium cepa L.) bulbs. Two experiments were conducted to
evaluate the effect of curing and storage temperature on shelf life of onion
bulbs. In the first experiment, the cured bulbs of yellow onion ‘Shippo’ were
stored at five different temperature levels: 15 °C, 20 °C, 25 °C and 30 °C,
and room condition (Rc) for 11 weeks from May to August 2015. It was
arranged in a completely randomized design with twelve replications. In
the second experiment, cured and non-cured red onion bulbs ‘Shonan Red’
were stored at four different temperature levels: 15 °C, 20 °C, 25 °C and 30
°C, for eight weeks from June to August 2015. It was arranged as a two
factorial experiment with 10 replications. Onion shelf life was measured by
recording weight loss, sprouted, rotten, and mould infected bulbs, as well as
general appearance. The results indicated that curing treatment significantly
reduced weight loss and rotting percentage, while maintaining high score
of the general appearance. The non-cured bulbs stored at 30 °C showed
higher percentage of rotten bulbs (40%) after eight weeks of storage. On the
other hand, in case of the cured onion bulbs, rotting and mould infection
(%) were recorded only at 15 °C. Sprouting of 8.3% bulb was observed only
when stored at 20 °C in the first experiment after nine weeks of storage.
The obtained results suggest that onion bulbs should be cured and stored at
25−30 °C for better marketability and longer shelf life. Further experiments
can be conducted to evaluate the performance of cured bulbs for different
onion cultivars stored in ambient conditions of Rwanda.
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1 Introduction

Onion (Allium cepa L.) is a bulbous crop of great eco-
nomic and nutritional importance worldwide and
can be grown under a wide range of climates from
temperate to tropical (Lawande, 2018). The world
production of dried onions was 97.9 million tonnes
during the year 2017 (FAOSTAT, 2020). According
to the same source, the top major onion producing
countries are China, India, the United States, Iran,
and Egypt. Though onions are known to be less per-

ishable, postharvest losses in the tropics could be still
as high as 66% (Biswas et al., 2010). These losses from
farms to retailers are due to physiological processes:
water loss, rooting, sprouting, and pathological de-
velopment where different pathogens lead to rotten
bulbs (Petropoulos et al., 2016).

Temperature has been reported as an important
factor that affects the shelf life and quality of stored
onions (Biswas et al., 2010; Nega et al., 2015; Lawande,
2018). Storage temperature can be manipulated to
control or minimize water loss, rotting, sprouting,
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and mould infection of onion bulbs (Yoo et al., 2012;
Petropoulos et al., 2016). Lawande (2018) reported
that longer onion shelf life is easily achieved at low
temperature (0−2 °C) because it keeps onion bulbs in
almost dormant state, which significantly decreases
sprouting, rooting, decay and weight loss. However,
most small scale farmers in developing countries, in-
cluding Rwanda, cannot afford to store onions under
cooling systems (Clay and Turatsinze, 2014). They
try to sell onions immediately after harvest in order
to avoid the risk of losses at their farms. However,
the market price of onion during the peak harvesting
period is usually low.

Curing of onion bulbs is also recognized as a use-
ful practice to avoid postharvest losses. It is a drying
process intended to dry off the necks and outer scale
leaves of the bulbs to prevent moisture loss and attack
by decay pathogens during storage (Ghulam et al.,
2013). It allows healing of harvesting wounds and
formation of new protective layers against pathogens
and water loss (Cardoso et al., 2016; Nega et al., 2015;
Lawande, 2018). According to Agblor and Waterer
(2001), Botrytis neck rot, black mould (Aspergillus
niger), blue mould (Penicillium) and bacterial soft
rot (Erwinia) are triggered by mechanical damage of
onion bulbs at harvesting and storage in humid con-
ditions. Incidence of these diseases can be reduced
effectively by curing treatment (Wright and Triggs,
2005). Schroeder and du Toit (2010) reported that the
susceptibility to fungal decay decreased in the cured
onion bulbs as compared to the non-cured bulbs. Be-
sides, curing improves the external appearance of
onion bulbs, which may result in better market price
(Cardoso et al., 2016). However, most small scale
farmers in Rwanda do not practice curing partly due
to lack of information on affordable way of bulb cur-
ing. Non-curing practice and inappropriate storage
temperature lead to losses of weight, external ap-
pearance, and internal quality parameters (Sharma
et al., 2015; Petropoulos et al., 2016). When analyz-
ing the adoption of specific postharvest technologies
by small-scale horticultural farmers in Sub-Saharan
Africa and South Asia, Kitinoja and Kitinoja and Al-
Hassan (2012) found that simpler postharvest tech-
nologies have higher chance for being used over the
long term. Affordable and effective postharvest tech-
nologies are required to be developed at farm level
to extend the shelf life of onion and to increase its
marketability. Specifically, there is a need to find out
the optimum temperature to keep shelf life of cured
onions for a longer period. Therefore, this study was
aimed to evaluate the effect of curing and storage
temperature on shelf life of onion.

2 Materials and Methods

Two experiments were conducted to study the ef-
fect of curing and storage temperature on shelf life

of onion bulbs, as a part of technical training cur-
riculum at Tsukuba International Centre (TBIC) of
the Japan International Cooperation Agency (JICA).
Bulbs of yellow onion ‘Shippo’, collected from Japan
Agricultural Cooperatives (JA) Group’s market and
had been cured at the production area, were stored
under five different temperature levels: 15 °C, 20
°C, 25 °C, 30 °C, and room conditions for 11 weeks
from 25th May to 10th August 2015. These treatments
were set as the ambient temperature in Rwanda could
range around 15 °C in the western mountainous high-
lands and around 25 °C in the eastern lowlands in the
country. Four incubators were used to control the con-
stant storage temperature at 15 °C, 20 °C, 25 °C, and
30 °C. The storage temperature in room conditions
(Rc) varied as shown in Fig. 1. Within each treatment,
twelve onion bulbs were stored and considered as
replications of the treatment in a completely random-
ized design.
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Figure 1. Temperature variation in room conditions
during storage of yellow onion bulbs

Bulbs of red onion ‘Shonan Red’ were harvested
from TBIC field, at Tsukuba City, Ibaraki Prefecture,
Japan on 11th June 2015 when the tops have fallen
down. The study was carried out as a factorial exper-
iment with two factors: curing and storage temper-
ature arranged in a completely randomised design.
Curing had two levels: cured and non-cured. Curing
was achieved using air blown by an electrical ventila-
tor under room condition for 10 days before storage.
Storage was carried out for 8 weeks from June to Au-
gust 2015 at four different temperature levels: 15 °C,
20 °C, 25 °C and 30 °C. The constant storage tem-
perature levels were attained using four incubators.
By combining curing and storage temperature, eight
treatments were used in a factorial completely ran-
domized design (Table 1). Within each treatment, ten
onion bulbs were stored and considered as replica-
tions of the treatment

Data were collected on weight loss, scoring of
general appearance, and the percentage of sprouted,
rotten, and mould infected bulbs. These parame-
ters were taken as determinants of onion shelf life.
Weight loss was expressed as the percentage obtained



Ndereyimana et al. Fundam Appl Agric 5(2): 235–242, 2020 237

Table 1. Treatments used in the experiment

Factor 1: Curing Factor 2: Storage temp. Treatment combinations

Non-cured (C0) 15 °C C0T15
20 °C C0T20
25 °C C0T25
30 °C C0T30

Cured (C1) 15 °C C1T15
20 °C C1T20
25 °C C1T25
30 °C C1T30

through dividing the difference between the initial
weight and the weight measured at every week of
storage by the initial bulb weight. The weight of rot-
ten and sprouted bulbs was recorded as zero. The per-
centage of sprouted, rotten and mould infected bulbs
was calculated by dividing the number of sprouted,
rotten, and mould infected bulbs into the total num-
ber of stored bulbs per treatment. General appearance
was estimated using five scores as follow: 5 = As har-
vested, 4 = Excellent, 3 = Still marketable, 2 = Edible,
1 = Not edible. Analysis of variance was performed
for the data on weight loss using the Statistical Anal-
ysis System package, SAS software version 9.2 (SAS
Institute 2010) where the level of significance was set
at p<0.05. Means of significantly different treatments
were separated using Tukey’s honestly significant dif-
ference (HSD) test.

3 Results

3.1 Effect of storage temperature

Storage temperature significantly (p<0.05) affected
the weight loss of yellow onion bulbs (Table 2). The
onion bulbs stored at 15 °C showed the highest
weight loss among the treatments throughout the
storage period; while there was no significant differ-
ence in weight loss of onion bulbs stored at 20 °C, 25
°C, 30 °C, and room conditions. The highest weight
loss was largely due to rotten and mould infected
bulbs observed at 15 °C from the second week of
storage. Only one onion bulb was sprouted at 20 °C
after the 9th week of storage (Fig. 2). The general
appearance deteriorated during the storage (Fig. 3).
The onion bulbs stored at 15 °C turned into unmar-
ketable (below score 3.0) in the second week of the
storage; while the onion bulbs stored at 20 °C, 25 °C,
30 °C, and room condition remained good and still
marketable up to the 8th week of storage.

3.2 Effect of curing

Curing, storage temperature, and their interaction
significantly (p<0.05) influenced weight loss of onion

bulbs during the storage period (Table 3). The non-
cured bulbs (C0) generally showed higher weight loss
as compared to the cured bulbs (C1) under the same
storage temperature. The non-cured onion bulbs
stored at 30 °C (C0T30) resulted in the highest weight
loss (43.8%) among the treatments at the end of stor-
age period. Apart from the normal physiological
weight loss, there was also loss due to rotten bulbs
in the non-cured bulb treatments. Weight loss was
significantly lower in the cured onion bulbs stored
at higher temperature levels (20 °C, 25 °C and 30 °C)
(Fig. 4).

3.3 Effect of temperature and curing

Sprouted and moulds infected onion bulbs were not
observed during the second experiment. However,
rotten bulbs were observed after the 2nd week of
storage and increased continuously up to the end
of experiment (Fig. 4). The non-cured onion bulbs
started rotting earlier as compared to the cured bulbs.
The higher storage temperature resulted in the higher
percentage of rotten bulbs in the non-cured onions
(C0T30 > C0T25 > C0T15). The score of general ap-
pearance was largely affected by the number of rotten
onion bulbs (Fig. 5). The score started declining from
the 2nd week of storage and gradually declined more
in the non-cured bulbs stored at higher temperatures
of 25 °C and 30 °C. However, the cured onion stored
at these higher temperatures maintained the highest
score 5.0 throughout the storage period.

4 Discussion

In experiment one, higher weight loss was observed
in yellow onion bulbs stored at 15 °C. In addition to
physiological weight loss, other major causes for the
high weight loss were rotting and mould infection,
which implied that the temperature at 15 °C favoured
the development of decay pathogens. Sprouting was
noticed only at 20 °C. These results agree with the
findings of Krawiec (2002) and Ko et al. (2002) who
reported that storage temperatures of 10 °C and 20 °C
significantly increased sprouting, decay, and weight
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Table 2. Cumulative weight loss (%) of yellow onion bulbs weeks after storage at different levels of
temperature

Storage temp. Cumulative weight loss (%)

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11

15 °C 0.5 b 33.7 a 33.9 a 34.0 a 34.1 a 34.3 a 34.4 a 34.5 a 34.8 a 43.1 a 43.2 a
20 °C 0.3 c 0.5 b 0.6 b 0.8 b 0.9 b 1.1 b 1.2 b 1.4 b 1.5 b 1.6 b 1.8 b
25 °C 0.4 bc 0.8 b 1.0 b 1.1 b 1.3 b 1.5 b 1.6 b 1.7 b 1.9 b 1.9 b 2.1 b
30 °C 0.7 a 1.3 b 1.5 b 1.8 b 2.0 b 2.4 b 2.7 b 2.8 b 3.0 b 3.4 b 3.6 b
Rc 0.4 bc 0.7 b 1.0 b 1.3 b 1.5 b 1.7 b 1.8 b 2.0 b 2.3 b 2.4 b 2.6 b

Mean values followed by the same letter(s) within the column are not significantly different at 5% level of
Tukey’s test; W = weeks after storage; Rc = Room condition.
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Figure 2. Percentage of sprouted, rotten and mould infected yellow onion bulbs after the 11th week of storage
at different temperature levels
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Table 3. Effect of curing and storage temperature on cumulative weight loss (%) of onion bulbs

Treatment Cumulative weight loss (%)

W1 W2 W3 W4 W5 W6 W7 W8

Curing (C)
Non-cured (C0) 2.9 a 6.0 a 15.9 a 18.5 a 18.7 a 23.6 a 23.6 a 23.9 a
Cured (C1) 0.4 b 0.8 b 1.0 b 1.2 b 1.4 b 1.5 b 1.9 b 7.1 b

Storage temperature (T)
15 °C (T15) 1.6 b 2.1 a 2.5 a 2.8 b 3.2 b 12.6 a 12.8 a 23.0 a
20 °C (T20) 1.2 c 1.4 a 1.7 a 2.0 b 2.2 b 2.4 a 2.6 a 2.9 a
25 °C (T25) 1.6 b 2.1 a 11.9 a 12.1 ab 12.3 ab 12.5 a 12.7 a 12.9 a
30 °C (T30) 2.3 a 7.8 a 17.6 a 22.4 a 22.6 a 22.8 a 23.0 a 23.2 a

Interaction (C x T)
C0T15 2.8 b 3.5 a 4.1 ab 4.5 b 4.9 b 23.7 ab 23.8 ab 24.2 a
C0T20 2.1 b 2.5 a 2.9 b 3.2 b 3.5 b 3.7 b 3.8 b 4.1 a
C0T25 2.8 b 3.4 a 22.9 ab 23.2 ab 23.2 ab 23.4 ab 23.5 ab 23.7 a
C0T30 3.9 a 14.5 a 33.7 a 43.2 a 43.3 a 43.6 a 43.6 a 43.8 a
C1T15 0.4 c 0.8 a 1.0 b 1.1 b 1.4 b 1.6 b 1.9 b 21.7 a
C1T20 0.2 c 0.4 a 0.6 b 0.8 b 1.0 b 1.0 b 1.5 b 1.8 a
C1T25 0.4 c 0.8 a 1.0 b 1.1 b 1.5 b 1.5 b 1.9 b 2.1 a
C1T30 0.6 c 1.1 a 1.5 b 1.7 b 1.9 b 2.0 b 2.3 b 2.6 a

Mean values followed by the same letter(s) within the column are not significantly different at 5% level of
Tukey’s test; W = weeks after storage.
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Figure 5. Change in general appearance scoring of the cured and non-cured red onions bulbs stored at different
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Score: 5 = As harvested, 4 = Excellent, 3 = Still marketable, 2 = Edible, 1 = Not edible

losses. According to Abdalla and Mann (1963), the
rate of elongation of sprouts within the bulb and
the rate of leaf initiation were much faster at 15 °C
than at 0 °C or 30 °C, indicating that the state of dor-
mancy becomes low at around 15 °C. Some long-
lasting dormancy-enhancing process is engendered
by storage of onion bulbs at 25−30 °C (Brewster,
2008). Yoo et al. (2012) also reported that temper-
ature higher than 27 °C inhibits sprouting and root-
ing. In accordance with Nega et al. (2015), sprout-
ing was observed later during the storage period of
yellow onion. Onion sprouting is undesirable be-
cause it results into transfer of dry matter and water
from the edible fleshy scales to the sprouts, leading to
shrivelling and loss of appearance as well as market
value for these bulbs (Nega et al., 2015). The cured
onion bulbs stored at 25 °C, 30 °C and room condition
(22−38 °C) maintained better quality at the end of the
experiment. Lawande (2018) also reported the possi-
bilities to store onion bulbs at high temperatures of
25−35 °C for three to six months without sprouting
or rotting. This gives an idea that in areas where the
ambient temperature reaches more than 25 °C, like in
lowlands of Rwanda, the possibilities exist for small
scale farmers to store successfully onion bulbs under
ambient conditions.

In experiment two, higher weight loss obtained
at higher storage temperature (30 °C) as compared
to lower temperature could be because the higher
temperature resulted into higher respiration and
higher water release (Kitinoja and Al-Hassan, 2012;
Lawande, 2018). Higher weight loss observed in non-
cured onion bulbs as compared to cured bulbs may
be associated with the absence of dry outer scales
which would act as a barrier to water loss and isolate
the inner part of cured bulbs from outside environ-

ment preventing free exchange between bulbs and
its environment (Nega et al., 2015). Higher rotting
percentage recorded in non-cured red onion bulbs as
compared to cured bulbs demonstrates the positive
effect of curing on preventing bulbs rotting during
storage, as also reported by other researchers (Wright
and Triggs, 2005; Schroeder and du Toit, 2010; Car-
doso et al., 2016). The curing process reduced bulb
weight by 4.2% before the commencement of storage,
which is comparable to the findings of Bahnasawy
(2000) who reported a weight reduction of 4% in the
curing process. Though curing treatment results in
loss of some weight, it pays back by prolonging shelf
life of stored onions and fetching better price during
off-season of onion marketing. Our results confirm
that onion curing is important to avoid weight loss
and rotting during storage. The obtained results con-
cur with Kitinoja and Al-Hassan (2012) and Ghulam
et al. (2013) who reported that provision of optimum
curing enhances the storage performance of onion
bulbs by reducing weight loss, rotting, and sprouting.

Baloch et al. (2012) reported that proper curing
and adequate storage temperature can delay rooting
and sprouting of onion bulbs. Rotting was low in
cured red onion bulbs stored at higher temperature
levels in comparison to lower temperature. Thus, if
onion bulbs are cured and stored at the temperature
between 20 and 30 °C, rotting can be controlled. Small
scale farmers can practice field curing by spreading
onions on a flat surface in full sun and allow them
to dry for a few days until the onion roots and the
plant itself are dry and brown. Then, cut off the tops
to about 2.5 cm from the bulb and trim off dried roots.
Continue to cure the onion bulbs out of direct sun
light in a warm and well ventilated area for addi-
tional two to three weeks after which the bulbs will
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be ready for long term storage. Apart from curing
and storage temperature, the type of cultivar also
affects shelf life of onion bulbs. For instance, long
day cultivars reportedly have longer storage life than
short-day cultivars (Petropoulos et al., 2016). Other
factors affecting onion shelf life include: fertilizers, ir-
rigation, harvesting stage and method, store manage-
ment, and storage environment among others (Biswas
et al., 2010; Petropoulos et al., 2016; Lawande, 2018).

5 Conclusion

Affordable and effective technologies are needed to
reduce postharvest losses and to increase income of
small scale farmers in developing countries, includ-
ing Rwanda. This study demonstrated that curing
and storage temperature have effect on onion bulbs
shelf life, which can be kept longer by curing and
storing at high temperatures of 25−30 °C. Thus, in
areas with the temperature range of 25−30 °C, like
most parts of Rwanda, possibilities exist to store suc-
cessfully cured onion bulbs in ambient conditions.
Further experiments should be conducted to evaluate
the performance of cured bulbs for different onion
cultivars stored in ambient conditions of Rwanda.
This would provide tangible results which can con-
vince small scale farmers to store their onion bulbs
until market price becomes better, and therefore, con-
tribute to consistent supply of onion throughout the
year.
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