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ABSTRACT

Onion is one of the most important vegetable crops in the Sudan. Nitrogen fertilization and
cultivars are crucial factors for onion production and storability in the River Nile State. Therefore,
the objective of this study was to determine the effects of nitrogen rate and cultivar on vegetative
growth, yield and storability of onion (Allium cepa L.) in the River Nile State, Sudan. Experiments
were carried out at Shendi Research Station farm during two consecutive seasons of 2014/15 and
2015/16. Treatments consisted of three nitrogen rates, 0, 43 and 86 kg N ha* applied in the form of
urea and two cultivars, Baftaim and Abufrewa. Treatments were arranged in a randomized complete
block design with three replicates. Results showed that application of nitrogen at 86 kg N/ha
significantly resulted in the most vigorous vegetative growth and the highest total yield for both
cultivars in both seasons. However, the highest values of doubles and bolters were recorded for the
highest nitrogen rate and the lowest values were recorded for the unfertilized control for both
cultivars in both seasons. The cultivar Baftaim had more vigorous vegetative growth, larger bulb
size and higher total yield than the local cultivar Abufrewa in both seasons. However, Abufrewa
cultivar had higher dry matter content and better storability than Baftaim. The highest values of
weight loss were recorded for Baftaim cultivar with the highest nitrogen rate (86 kg N/ha) and the
lowest values were recorded for unfertilized Abufrewa in both seasons. Application of nitrogen at
the higher rate generally resulted in higher postharvest losses than the unfertilized control in both
cultivars and seasons. It is recommended to apply 86 kg N/ha to both cultivars, grow Baftaim cultivar
for immediate marketing and Abufrewa for long term storage.
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INTRODUCTION

Nutrients play a significant role in improving productivity and quality of vegetable crops.
Therefore, increasing the productivity of good quality onion is an important target for production.
Nitrogen is the primary macronutrient taken up in large quantities by plants from the soil relative to
other nutrients (Nourai, 1992). It comprises 1.5 % to 2.5 % of total dry matter of plants and is a
constituent of many fundamental biomolecules The beneficial effect of nitrogen application on onion
yield was well documented (Abdel-Mawgoud et al., 2005).

It has been found that the highest values for plant height and bulb diameter were obtained at N
rates of 180 and 240 kg N/ha, respectively (Nourai, 1992). Increasing nitrogen application rates
significantly enhanced plant height, number of leaves / plant, fresh weight of plants, bulb weight,
marketable and total yields. However, N application increased percentage of doubles and bolters
and decreased total soluble solids (Nasrdeen et al., 2007). Abdissa et al. (2011) concluded that
number of leaves increased by 8% in response to the application of 92 kg N/ha, whereas, leaf
diameter and bulb length were not influenced by N fertilization rates. Regardless of the rate of
application, N fertilization increased bulb diameter and average weight of bulbs by 12%-21.5%,
respectively, over the control. Increasing N application rates generally increased vegetative growth
parameters of onion and significantly increased yield (Nasrdeen et al., 2007).

Excessive Nitrogen has been reported to have adverse effects on storability of onion. The crop
grown with high doses of nitrogen tended to mature late in the season and rot and sprout earlier
during storage (Kumar et al., 2007). Early applications of moderate amounts of N can hasten crop
maturity while low N levels can advance maturity (Brewster, 2008). He also found that late season
applications of N or high residual N concentrations in the soil encouraged vegetative growth and
delayed or prevented bulbing.

The onion cultivar Baftaim has been recently introduced in the Sudan. It is a high yielder with
low dry matter content and poor storability. Generally, cultivars with high total soluble solids (TSS)
and dry matter content and high pungency have longer shelf lives compared to mild cultivars with
low TSS (Elkashif et al. 2006). Ahmed et al. (2015) reported highly significant differences among
onion cultivars in weight loss. The least weight loss was recorded for Fadasi, while the highest
weight loss was recorded for Baftaim. These results were explained by the fact that Fadasi had higher
dry matter and total soluble solids contents compared to Baftaim. Despite the achievements in post-
harvest technology, losses during storage still pose a great problem (Kukanoor, 2005). Therefore,
the objective of this study was to determine the effects of nitrogen rate and cultivar on vegetative
growth, yield and storability of onion (Allium cepa L.) in the River Nile State, Sudan.

MATERIALS AND METHODS

Study site

This experiment was carried out at Shendi Agricultural Research Station Farm during two
consecutive seasons (2014/15 and 2015/16). Shendi is located at 16° 42'N and 33° 62'E and altitude
of 366 masl. It lies close to the eastern bank of the river Nile, River Nile State, Sudan. The soil is
classified as Entisol. The parent material of the soil is river Nile alluvium deposits. It is very deep
(more than 2 meters), well drained, leveled and uniform. It has dark grayish brown color on the top
(0 — 40 cm) to dark yellowish brown in the sub-soil while the structure is clay loam.

Treatments
Treatments consisted of three nitrogen rates; 0, 43 and 86 kg N ha* applied in the form of urea
and two cultivars, Baftaim and Abufrewa. Baftiam was obtained from Shendi Agricultural Research
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Station and Abufrewa was bought from farmers in Shendi area. Baftiam was chosen because it is a
popular cultivar which has been recently introduced in the area. Abufrewa is the local cultivar which
has been cultivated for a long time and has a good storability.

The land was disc plowed, harrowed and made into plots of 3x4 m. Seeds of the two cultivars
were sown in the nursery and seedlings were transplanted on flat plots. Inter- and intra- row spacing
was 15 and 10 cm, respectively. Cultural practices of irrigation, pest and weed control were carried
out as recommended by the Agricultural Research Corporation (ARC), Sudan. Treatments were
arranged in a randomized complete block design with three replicates.

Data collected
Plant height

Plant height (cm) was measured from the ground level to the tip of the longest leaf of five plants
randomly selected from the middle rows in each plot, using a meter ruler, starting at one month after
sowing and at monthly intervals until maturity.

Bulb diameter
Bulb diameter (cm) was measured using a vernier caliper.
Bulb dry matter content
A random sample of sliced fresh onion (five onion bulbs) from each treatment was weighed and
then placed in an oven at 80°C for 48 hours. The sample was weighed several times till a constant
weight was obtained. Dry matter content of bulbs (%) was calculated using following equation
(Elkashif et al. 2006).

Dry matter (%) = —yweisht

X
Fresh weight 100

Bulb yield

One square meter from the middle rows of each treatment was harvested and total yield (ton/ha)
was determined.
Bulb sorting

The percentages of doubles and bolted bulbs were determined for each treatment.

Storability of onion bulbs

Samples of 5 kg of bulbs were taken randomly from each treatment after harvest , packed in jute
bags and stored in a well-ventilated store. Bulbs were weighed monthly for a period of 4 months.
Cumulative weight loss of onion bulbs was calculated using the following formula:

Weight loss (%) = Initial weight — weight at designated time x 100
Initial weight

Statistical analysis
Data were statistically analysed using the standard analysis of variance procedure. Treatment
means were separated using Duncan's Multiple Range Test at 5% level of significance.
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RESULTS AND DISCUSSION

Growth parameters

Table 1 shows significant effects of nitrogen rate on growth parameters of onion in both seasons.
The highest values of plant height and bulb diameter were recorded for the high rate of nitrogen and
the lowest values were recorded for the unfertilized control. However, the dry matter content was
highest in the unfertilized control and lowest in the highest nitrogen rate in both seasons. This was
probably due to the fact that nitrogen application at the higher rate increased bulb size and water
content which adversely affected dry matter percentage. Abdissa et al. (2011) indicated that the high
supply of nitrogen by organic and inorganic fertilizers promoted vegetative growth. Nourai (1992)
reported that increasing N application rates significantly increased vegetative growth parameters of
onion and increased yield but resulted in lower dry matter content.

Table 1. Main effects of nitrogen rate on growth parameters of onion during both seasons.

Season Nitrogen Plant Bulb diameter Bulb dry matter 2015/16
rate height (cm) (%)
(cm)
(kg N/ha)
Season 2014/15
0 355¢c 56b 226a
43 41.0b 7.3a 20.3b
86 453 a 75a 19.7c
Sig. level e * ok
0CV (%) 32.2c 159 52b 144 23.1a 13.7
Season 2015/16
43 38.5b 7.4a 21.3b
86 429 a 75a 19.4c
Sig. level * * e
CV.% 9.4 13.9 145

Means in each column followed by the same letter(s) are not significantly different according toDuncan's
Multiple Range Test.

*and** indicate significance at 5% and 1% levels, respectively.
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Table 2 shows significant effects of cultivars on growth parameters of onion in both seasons. The
maximum values of plant height and bulb diameter were recorded for Baftaim and the minimum
values were recorded for Abufrewa in both seasons. However, the dry matter percentage was highest
in Abufrewa and the lowest in Baftaim. These results indicated that the introduced cultivar, Baftaim,
had more vigorous vegetative growth which resulted in larger bulbs compared to the local cultivar
Abufrewa. Mofadal et al. (2000) reported that the local genotypes had the highest values of dry
matter content compared with introduced ones. Mohammed (2008) found that the introduced
genotypes had vigorous vegetative growth, large bulb size and high yields but low dry matter content
compared with local genotypes. Interaction effects of nitrogen rate and cultivar on growth
parameters of onion were not significant.

Table 2. Main effects of cultivars on growth parameters of onion during both seasons.
Plant height  Bulb diameter Bulb dry matter

It
Cultivar (cm) (cm) (%)
Season 2014/15
Baftaim 455 7.5 15.3
Abufrewa 38.8 6.2 22.8
Sig. level il * **
C.V (%) 15.9 12.6 11.7
Season 2015/16
Baftaim 46.6 7.4 15.4
Abufrewa 40.4 6.3 23.3
Sig. level * * *x
C.V (%) 9.4 13.9 14.8

*and ** indicate significance at 5% and 1% levels, respectively.

Table 3 shows significant effects of nitrogen rate on bulb quality and total yield of onion in both
seasons. The highest values of doubles, bolters and total yield were recorded for the highest nitrogen
rate and the lowest values were recorded for the unfertilized control, in both seasons. This was most
probably due to the fact that N encouraged vegetative growth which resulted in large bulbs and high
yields. However, large-sized bulbs were always associated with premature bolting and splitting.
These findings were in accordance with those reported by Nourai (1992) who found that the
application of nitrogen at the rate of 86 kg N/ha significantly increased total onion yield but also
increased the percentages of doubles and bolters.
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Table 3. Main effects of nitrogen rate on bulb quality and total yield of onion during both seasons

Season

Nitrogen rate Doubles .
2015/16 0
(kg N/ha) Bolters (%) (%) Total yield (t/ha)
Season
2014/15
0 48.0c 23.5¢ 33.2c
43 53.0b 26.4b 41.5b
86 64.0 a 33.0a 46.1a
Sig. level * ** *x
C.V (%) 154 12 .2 19.0
0 42c Season 30.0c
2014/15
21.5¢c
43 50b 29.0b 39.3b
86 6la 35.0a 44.7a
Slg * * sk
CV.% 16.3 19.2 20.8

Means in each column followed by the same letter(s) are not significantly different according to Duncan's Multiple

Range Test.

*and** indicate significance at 5% and 1% levels, respectively.

Table 4 shows significant effects of cultivars on bulb quality and total yield in both seasons.
Baftaim cultivar had the lowest values of doubles and bolters but had the highest total yield, whereas
Abufrewa cultivar recorded the highest values of doubles and bolters and the lowest total yield in
both seasons. These results indicated that the introduced cultivar Baftaim was superior to the local
cultivar Abufrewa in total yield but not in bulb quality. These results were in agreement with those
of Mofadal et al. (2000) who reported that the introduced cultivars such as Baftaim showed higher
values of bulb weight compared to the local cultivar such as Abufrewa. Ansari (2007) reported that
the doubles phenomenon was related to genetic factors and affected by specific cultural practices
such as sowing date and plant density. Interaction effects of nitrogen rate and cultivar on bulb quality

and total yield of onion were not significant.
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Table 4. Main effects of cultivars on bulb quality and total yield of onion during both seasons.
Cultivars Bolters (%) Doubles (%) Total yield (t/ha)

Season 2014/15

Baftiam 28.6b 20.0b 45.0 a
Abufrewa 45.0a 29.5a 28.4Db
Sig. level * * ok
C.V (%) 15.4 12.2 21.0
Season 2015/16

Baftaim 35b 19b 42a
Abufrewa 46a 32a 23b
Sig. level * ** **
C.V (%) 18.3 15.7 21.6

*and** indicate significance at 5% and 1% levels, respectively.

Table 5 shows significant effects of nitrogen rate on weight loss of onion during storage in both
seasons. Generally, weight loss increased with increasing nitrogen rate. The highest values of weight
loss were recorded for the highest nitrogen rate (86 kg N/ha) and the lowest values were recorded
for the unfertilized control in both seasons. This was most probably due to the fact that the high
nitrogen rate resulted in large bulbs with low dry matter and high water content which made them
more vulnerable to increased water loss. These results are in agreement with those reported by
Ahmed et al. (2015) who stated that cultivars of low dry matter content and less pungency were
grown for the fresh market for consumption and generally did not store very well. Similar results
were reported by Kukanoor (2005) who found that high levels of nitrogenous fertilizer resulted in
reduced onion storage life.
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Table 5. Main effects of nitrogen rate on weight loss (%) of onion during storage in both seasons.

Nitrogen rate Months
(kg N/ha) 1 2 3 4
Season
2014/15
0 12.0c 18.0c 24.4¢ 31.1c
43 15.7b 21.4b 28.5b 35.5b
86 21.4a 27.3a 33.7a 39.9a
Slg Ievel **k*k **k*k **k*k *k*k
C.V (%) 13.9 11.8 10.2 7.2
Season 2015/16
0 14.2¢c 21.1c 27.2b 33.7c
43 17.3b 23.2b 29.7b 36.9a
86 22.8a 28.4a 34.2a 38.7a
Slg Ievel *k*k *%* ** **
C.V (%) 11.8 11.6 8.1 6.7

Means in each column followed by the same letter(s) are not significantly different
according to Duncan's Multiple Range Test.
**and *** indicate significance at 1% and 0.1% levels, respectively.

Table 6 shows significant effects of cultivars on weight loss of onions during storage in both
seasons. Abufrewa recorded the least percentage of weight loss compared to Baftaim which recorded
the highest percentage of weight loss in both seasons. This was most probably due to the fact that
the local cultivar Abufrewa had higher dry matter content and higher pungency which resulted in
lower weight loss compared to Baftaim cultivar. These results were in line with the reports of Ahmed
et al. (2015) who found that the characteristics which enhanced superior storage quality of onion
were high total soluble solids, high dry matter content and pungency. They also reported that the
introduced genotypes had poor keeping quality while the local genotypes had good storability.
Interaction effects of nitrogen rate and cultivar on weight loss of onion during storage were not
significant.

In conclusion, it is recommended to apply 86 kg N/ha to both cultivars, grow Baftaim cultivar for
immediate marketing and Abufrewa for long term storage.
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Table 6. Main effects of cultivar on weight loss (%) of onion during storage (seasons 2014/15 and 2015/16).

Cultiva Months
r 1 2 3 4
Season 2014/15
Baftaim 17.3 22.5 29.9 46.1
Abufrewa 10.6 16.3 17.8 21.7
Sig. level * * * *
C.V (%) 13.9 11.8 10.2 7.2
Season 2015/16

Baftaim 25.3 38.0 50.6 57.5
Abufrewa 11.6 14.7 18.9 27.3
Sig. level * * * *
C.V (%) 11.8 11.6 8.9 6.8

* indicate significance at 5% level.
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