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Abstract: The objective of this research was to investigate the effect of
storage conditions of different onion set sizes on plant growth, yield and
quality of the bulb crop. Treatments comprised two cultivars (Kamlin and
Saggai), two storage conditions (refrigeration at 2-4 “c and room temperature
around 32°c) and three set sizes (large-bulb diameter 2.2-2.7 c¢cm, medium
1.6-2.1cm and small 1-1.5 cm). Experimental design was split-split plot
design with three replications. Cultivars were in the main plots, set sizes in
the sub-plots and storage conditions in the sub-sub plots. Sets were stored in
the cold storage for 8 weeks; the other set lot was kept at room temperature in
the shade for the same period. Results indicated that refrigerated storage of
sets resulted in significantly higher plant fresh and dry weights than room
storage. Large set size gave significantly more vegetative growth than
medium and small set size. Response of cultivars was not consistent in both
seasons for vegetative growth. Set size and set storage temperature did not
significantly affect average bulb weight, total and marketable yields, bulb
shape index and dry matter. Yet, refrigerated storage of sets resulted in an
increase in average bulb weight ranging from 5 % to 13 % and in total yield
from 9 % to 18 %. Large sets resulted in increase in total yield ranged from
21 % to 23 %. The proportion of marketable yield to the total yield ranged
from 67 % to 90 % in Kamlin and from 51 % to 84 % in Saggai cultivar.
Regarding bulb quality, cultivars were not significantly consistent in their
effect on bulb diameter and shape index in both seasons. Bulb dry matter was
significantly higher in Kamlin than Saggai. Pre-mature bolting was
negligible, if not at all, in the first season. Refrigerated storage of planted sets
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did not significantly affect bulb attributes in the first season. In the second
season, however, it significantly affected bulb diameter, splitting and bolting
such that it was more promotive than room temperature storage. Set size
significantly affected bulb splitting and bolting such that large sets gave the
highest percentage (undesirable) and the small size sets gave the lowest
(desirable). It is concluded that refrigerated storage of onion sets significantly
enhanced early vegetative growth, increased total and marketable yields, but
also increased bulb splitting and bolting.

Key words: onion set, bulb splitting, bulb doubling, pre-mature bolting,
Allium cepa L., onion.

INTRODUCTION

Onion bulb crop production can be done using three planting materials i.e.
transplants, direct seeds and onion sets. Use of the former two has been the
norm I the tropics, including Sudan, while the latter has been rarely used.
Yet, production of onion using sets is of substantial commercial importance
in many onion growing areas in the world. One of the problems experienced
with set use, however, has been bulb splitting and pre-mature (annual)
bolting, where plants produce seed stalk (flowering) before bulbs reach
marketable size thereby negatively affecting bulb quality. Such bolting has
been attributed to many factors such as large sets, storage conditions of sets
prior to planting and to the prevailing weather condition during vegetative
growth stage of plants. Thompson and Smith (1983) studied the effect of
storage temperature of sets on pre-mature bolting and found that the highest
percentage and the earliest development of seed-stalk was obtained from sets
that had been stored at 40°F followed by those kept at 60°F and 32°F.The
least amount of bolting was obtained from sets stored at 60-70°F. Moreover
bolting has been reported to be eliminated by storing the sets at 30°c for a
period of 8 weeks(Lackman and Michelson 1960) or significantly decreased
(Lackman and Uphan 1954) compared by to storage at 0°c. Not only that but
bolting was delayed more in plants produced from sets given warm than cold
storage. Size of sets were also reported to determine bulb quality attributes
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such that large sets were more effective in inducing bolting and splitting (El-
Murabaa ef al. 1974; Robinowitch 1979; Shalaby ef al. 1991)

More recently, using sets as planting material to produce bulb crop has
become increasingly popular because of its convenience to handle in the field
and to its flexibility and adaptability to the changing environments in the
main growing areas in northern and central Sudan. Such sets, however, must
be produced in the preceding season, which necessitates their storage for at
least about 2-3 months before use. The objective of this research was to
investigate the effect of storage conditions of different set sizes on growth,
yield and quality of the bulb crop using sets.

MATERIALS AND METHODS

This research was carried out at the Research Farm of the Faculty of
Agriculture at Shambat, University of Khartoum for two consecutive seasons
2010/11 and 2011/12. Shambat lies at 15° 40'N and 32° 32'E; its climate is
semi-arid tropical with mean maximum and minimum temperature as high as
41.6° ¢ in summer and as low as 14.1°c in winter (Adam 1996). One lot of
three set sizes (large, medium and small) of two cultivars (Kamlin and
Saggai) was stored at a commercial cold store (set at 2-4°¢) for 8 weeks. The
second lot of the same set sizes and cultivars was stored at ambient room
temperature, around 30°c- representing farmers’ traditional storage. Set sizes
were large with bulb diameter 2.2-2.7cm, medium 1.6-2.1 cm and small 1-1.5
cm. Treatments were arranged in a split-split plot design with three
replications, where cultivars were in the main plots, set sizes in the sub plots
and storage in the sub-sub plots. The experiment was planted in July 15 in the
first season and in August 15 in the second season because of the prevailing
extremely high temperature in July. Sets were planted on both sides of the
ridge at 10 cm spacing. Experimental plots comprised 4 ridges, 3 meter long
and 0.7 m wide. Plots were irrigated immediately after planting and thereafter
at regular interval of about one week. Other necessary cultural practices were
carried out as needed. Two months after planting, data on plant height (cm),
number of leaves per plant, plant fresh and dry weights (g) were recorded
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from 10 randomly selected plants from each experimental plot. Harvesting
was done when 50 % of the plants in the plot have shown neck breaking
(bending to the ground). After curing for 10 days plants were topped and
data were calculated for total and marketable yields (t/ha.), average bulb
weight(g), percentage bulb splitting and bolting, bulb diameter (cm), bulb
shape index (ratio of bulb length to diameter) and bulb dry matter content
(%).

Collected data were statistically analyzed using SAS soft ware version 9.00
(SAS 2000).

RESULTS AND DISCUSSION

Vegetative growth:

Cultivars were not consistent in their effect on vegetative growth in both
seasons; but large set size resulted in significantly more vegetative growth
than medium and small set size (Table 1). Similar results for set size were
reported by Nourai (1993) and Ali (1998). Refrigerated storage of sets
resulted in significantly higher plant fresh and dry weight in both seasons.
This could be attributed to the fact that cold storage conserved carbohydrates
and other nutrient reserves in the sets till planting, which helped enhance
vegetative growth vigour more than those kept in traditional storage that
increased depletion of reserves in sets due to high respiration resulting from
ambient warm temperature. Contrarily, however, Mohamed (1979) reported
that storage temperature of sets had no significant effect on plant fresh and
dry weights. This discrepancy might be due to the different range of storage
temperatures and different cultivars used.
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Table 1. Effect of storage conditions of three set sizes on plant height(cm),
number of leaves per plant, plant fresh and dry weights (g) of cultivars
Kamlin and Saggai two months after planting for seasons 2010/11 and

2011/12.

Treatment Plant height  Leaves/plant Fresh Dry
weight weight

Cltivars First season 2010/2011
Kamlin 41.7 6.3 37.0 3.0
Saggai 38.9 5.8 33.0 3.6
SE+ 0.56 0.28 0.98 1.80
Set sizes
Large 42.9° 6.4 38.6" 4.0
Medium 39.5° 5.8 32.5a 3.6
Small 38.4° 5.9 24.1° 3.5
SE+ 0.75 0.15 1.30 1.40
Storage condations
Refrigerated 39.8 6.1 38.3° 4.1°
Traditional 40.7 5.9 31.8° 3.a"
SE+ 0.82 0.18 3.20 2.80
Cultivars Second season 2011/2012
Kamlin 39.8 8.2 50.0° 5.2°
Saggai 41.1 5.8 62.7° 7.1%
SE+ 0.83 0.24 1.20 0.09
Set sizes
Large 42.1° 7.9 71.6 6.9
Medium 40.5a 8.5 55.5b 6.6
Small 38.8b 8.6 42.0c 49
SE+ 0.50 0.23 0.94 0.23
Storage condations
Refrigerated 40.7 8.3 61.6" 7.0°
Traditional 40.3 8.4 51.2° 5.4°
SE+ 0.72 0.17 0.74 0.16

Means within columns followed by the same letter(s) are not significantly
different at P < 0.05 according to Duncan’s Multiple Range Test.
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Yield and yield components:

Set size and storage conditions did not significantly affect average bulb
weight, total and marketable yields (Tables 2); yet refrigerated storage of
sets resulted in increase in average bulb weight ranging from 5 % to 13 %
and in total yield ranging from 9 % to 18 % in both seasons. Refrigerated
large set storage resulted in increase in total yield ranged from 21 % to 23 %
in both seasons over medium and small sets. The proportion of marketable to
total yield ranged from 67 % to 90 % in Kamlin and from 51 % to 84 % in
Saggai cultivars in both seasons. It also ranged from 54 % to 86 % in
refrigerated storage and from 63 % to 87 % in traditional storage in both
seasons (Table 2). The insignificant effect of storage temperature of sets on
average bulb weight and total yield was reported in earlier research by
Mohamed (1979); furthermore, Aura(1963) and Lackman and Uphan (1954)
indicated that ambient temperature storage of sets increased yield over 0°c
storage of sets. This can be understandable since these two researches were
carried out in high temperate zone where ambient temperature may well be
lower than 0 “c. Such discrepancies in reported research could be attributed to
differences in storage temperature ranges used, environmetal conditions and
cultivars used.

Bulb quality attributes:

Table 3 shows bulb quality attributes as affected by treatments. Cultivars
were not significantly consistent in their effect on bulb diameter and shape
index. Bulb dry matter was significantly higher in Kamlin than in Saggai.
Yet, bulb splitting was significantly higher in Saggai than Kamlin in both
seasons. Bolting was negligible in the first season in all treatments.
Refrigerated storage did not significantly affect bulb quality attributes in the
first season. In the second season, however, it significantly increased bulb
diameter, splitting and bolting such that it was more effective than traditional
storage i. e. more adversely affected bulb quality. Set size significantly
affected bulb splitting and bolting in both seasons such that large set size
gave the highest value (undesirable) and small size gave the lowest
(desirable). Of all bulb quality attributes, splitting and bolting are the most
important from consumption and marketable point of view. Reduction of
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bolting at traditional storage (high temperature) reported above was also
reported by Lackman and Michelson (1960) and by Smith (1961) who found
that bolting incidence was completely eliminated by storing onion sets at
warm temperature of 30°c for a period of 8 — 17 weeks. Bulb splitting which
is shown above to be increasing with increasing set size ( Table 3) was also
reported by Shalaby et al. (1991); Pandey et al. (1992) and by Nourai (1993).
While cold storage of sets significantly affected bulb splitting in this study,
Lackman and Michelson (1960) reported that storage temperature of set did
not significantly affect splitting. Increasing of splitting reported in this
research could be because it enhanced vegetative growth (Table 1). After all,
splitting is a function of early vigorous vegetative growth.
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Table2. Effect of storage conditions of three set sizes on average bulb weight
(g), total and marketable yields (t/ha.) of Kamlin and Saggai cultivars
in 2010/11 and 2011/12.

Treatments Average bulb weight Total yield Marketable
yield

Cltivars First season 2010/2011

Kamlin 24.0 (+3) 6.1 (+20) 5.5 (90 %)

Saggai 23.4 1.5 4.3 (84 %)

SE+ 0.60 0.29 0.22

Set sizes

Large 25.5 6.3 (+21) 4.8 (76 %)

Medium 24.6 54 4.8 (89 %0

Small 21.1 5.2 5.1 (98 %)

SE+ 1.00 0.41 0.42

Storage condations

Refrigerated 24.3 (5) 5.9 (+9) 5.1 (86%)

Traditional 23.2 54 4.7 (87%)

SE+ 1.60 0.31 0.19

Cultivars Second season 2011/2012

Kamlin 18.6 12.1 8.1 (67 %)

Saggai 17.3 13.3 (+10) 6.8 (51 %0

SE+ 0.28 0.15 0.25

Set sizes

Large 65.1 14.7 (+23) 8.1 955 %)

Medium 64.3 11.9 7.3 (61 %)

Small 64.8 12.0 6.9 (58 %)

SE+ 3.80 0.33 0.51

Storage condations

Refrigerated 68.6 (+13) 13.8 (+18) 7.5 (54 %)

Traditional 60.9 11.7 7.4 (63 %)

SE+ 3.10 0.26 0.23

Means within columns followed by the same letter(s) are not significantly
different at P < 0.05 according to Duncan’s Multiply Range Test.

Values in parentheses are percent increase of the parameter in the treatment
(+ ) or proportion of marketable to total yield ( %).
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Table 3. Effect of storage conditions of three set sizes on bulb dry matter (%),
diameter (cm), shape index, splitting and bolting percentage of cultivars

Kamlin and Saggai in 2010/11 and 2011/12.

Treatments Dry Diameter Shape Splitting Bolting
matter index

Cltivars First season 2010/2011

Kamlin 19.5° 3.1 1.16° 9.9 0.00

Saggai 17.2° 3.2 1.22 14.2° 0.00

SE+ 0.23 0.07 0.05 0.70

Set sizes

Large 17.9 3.2 1.16 24.4* 0.00

Medium 18.5 3.2 1.16 9.5b 0.00

Small 18.7 3.2 1.20 1.3¢ 0.00

SE+ 0.24 0.06 0.03 1.50 0.00

Storage

condations

Refrigerated 18.4 3.1 1.16 12.9 (+) 0.00

Traditional 18.4 3.2 1.20 11.2 0.00

SE+ 0.33 0.09 0.20 2.20 0.00

Cultivars Second season 2011/2012

Kamlin 18.6 4.4 1.1 14.3° 15.1°

Saggai 17.3 4.6 1.2 30.9° 17.8°

SE+ 0.28 0.03 0.02 0.18 0.45

Set sizes

Large 17.5 4.4° 1.1 25.4° 20.2°

Medium 18.3 4.4° 1.2 23.6° 16.6°

Small 18.3 4.7 1.2 18.8° 12.6°

SE+ 0.26 0.07 0.02 0.29 0.16

Storage

condations

Refrigerated 18.6 4.6 1.2 26.9 % (+46)  19.1°(+38)

Traditional 17.3 4.3° 1.15 18.4° 13.8°

SE+ 0.26 0.05 0.02 0.26 0.32

Means within columns followed by the same letter(s) are not significantly
different at P < 0.05 according to Duncan’s Multiple Range Test.
Values in parentheses are percent increase of the specific parameter in the

treatment.
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CONCLUSIONS

= Refrigerated storage of onion sets significantly enhances early
vegetative growth of onion plants of cultivars Kamlin and Saggai, and
increases total yield by about 9-18% over traditional storage.

= Refrigerated storage also increases bulb splitting by a range of 15 —
46 % and bolting by 0 — 38 % over traditional storage.

* To minimize bulb splitting and bolting , it is advisable to use medium
and small sets after refrigerated storage.
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