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Abstract: Field experiments were conducted at the research farm of the Faculty of Agricultural Sciences, University of Gezira,
Wad Medani, Sudan, during seasons of 2008 to 2010. Treatments consisted of vernalization periods, which ranged from 30 to 180
days, vernalization temperatures of zero to 14° C and gibberellin concentrations ranging from zero to 600 ppm. Results indicated that
vernalization temperatures of 4 to 5° C for 90 days or more was the key factor for the induction of flowering in Texas Early Grano
cultivar. Application of GA3 alone, without vernalization, at all concentrations tested failed to induce flowering. However, the highest
bolting percentage and seed yield were obtained by a combination of vernalization at 4 to 5° C for 180 days and the application of
GAZ3 at the rate of 600 ppm. It is recommended to vernalize bulbs of “Texas Early Grano” cultivar at 4 to 5° C for 180 days with the
application of GA3 at the rate of 600 ppm for seed production under Gezira conditions.

Index Terms: Onion, bolting, vernalization and gibberellin acid.

l. INTRODUCTION

olting, or seedstalk development, of onion (Allium cepa L.) is important for both bulb and seed production. Plants which bolt do not
produce marketable bulbs, but seed yields are directly dependent on flower induction and bolting. Onion requires low temperatures or
vernalization for flower induction. In most regions, the mother bulbs of spring-sown cultivars are held in cold storage to
fulfill their chilling requirement and then planted in the spring to produce the seed crop. Several workers have reported
that optimum duration to fully vernalize onion cultivars at low temperatures (3-11° C) are in the range of 7-90 days [17];
[11]; [24]; [13]; [1]; [12]; [15]). Flowering in bolting resistant cultivars may be particularly difficult and long treatment at low
temperature or large bulb size may be required [16]. Although a great deal of work has been reported on the incidence of bolting, no
work appears to have been carried out to study the relation between seed yield in onion sets and their chilling requirements.

The introduced cultivar “Texas Early Grano” is widely grown and consumed in the Sudan as a salad crop due to its mild and
pleasant taste and low pungency. While seeds of all land races are produced locally, seeds of “Texas Early Grano” have to be imported
from western seed companies. Bulbs of “Texas Early Grano” failed to bolt when grown for seed production in the Sudan. The bulbs
need to be subjected to low temperatures (vernalization) to initiate seed stalk formation. The vernalization requirements cannot be
satisfied due to the mild winter of the Sudan. Therefore, there is an urgent need to look for other methods that can mimic the effect of
low temperature for floral induction of “Texas Early Grano”. The present study aims to test the effects of vernalization, Gibberellic
acid and their combinations on seed production of “Texas Early Grano” onion cultivar under Gezira State conditions, Sudan.

1. MATERIALS AND METHODS

Field experiments were conducted during the winter seasons of 2008/09 and 2009/10 in the research farm of the Faculty of
Agricultural Sciences, University of Gezira, Wad Medani, Sudan (lat. 14° 25~ N, longitude 33° 30™ E). The soil is a heavy cracking
clay with a pH of 8.3 and low soluble salts (EC = ds/m). The climate is tropical with hot summers (21 — 41°C) and mild winters (14 -
33°C). Day length is about 11 hours during the winter season and vernalization temperature ranged from zero to 14°C. Two
experiments were conducted to study the effects of vernalization periods 45, 90, 135 and 180 days, and/or application of different
concentrations of gibberellic acid (0, 150, 300, 450 and 600 ppm) on the growth and development of the seed stalk of onion cultivar
Texas Early Grano during autumn and winter seasons of 2008/09 and 2009/10.

1. RESULTS
Effects of vernalization period and levels of GA3 on bolting of onion during seasons 2008/09 and 2009/10.

The main effects of vernalization period and levels of GA3 on bolting of onion cultivar “Texas Early Grano” during seasons
2008/09 and 2009/10 are shown in tables 1 and 2. Vernalization period manifested highly significant effects on number of days to the
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appearance of the seed stalk, number of florets per umbel, number of days to harvest seeds, length of the seed stalk, percentage of
bolting and seed yield. Vernalization period also showed significant effects on number of seed stalks per plant and weight of one
thousand seeds in both seasons. Our results indicated that the highest values of these parameters in both seasons were obtained with
the vernalization period of 180 days followed by 135 days. Vernalization period of 180 days in both seasons markedly resulted in the
lowest number of days to the appearance of seed the stalk (40.8 and 34.7 in both seasons, respectively), the lowest number of days to
harvest seeds (71.3 and 105.9 in both seasons, respectively) and the longest seed stalks. Moreover, it recorded the highest values of
seed stalks per plant, number of florets per umbel, percentage of bolting, weight of one thousand seeds and seed yield per hectare as
compared with other vernalization periods (45, 90 and 135 days). [5], [6], [7], [9], [10] and [8] obtained similar results. They showed
that onion bulbs stored in temperatures of 2 to 7 °C for 90 to 180 days resulted in earlier flowering, highest number of seed stalks per
plant, largest seed stalks, highest number of florets per umbel, highest percentage of bolting and the highest seed yield.

Different levels of GA3 showed highly significant effects on number of days to the appearance of the seed stalks, number of
seed stalks per plant, number of florets per umbel, number of days to harvest seeds and percentage of bolting, and showed significant
effects on length of seed stalk and one thousand seed weight during season 2008/09. During season 2009/10 it showed significant
effects on number of days to the appearance of the seed stalk, number of seed stalks per plant, and showed highly significant effects
on number of florets per umbel, number of days to harvest seeds, percentage of bolting and one thousand seed weight, and showed no
significant effects on length of seed stalk. The results indicated that the highest responses of these parameters, in both seasons, were
obtained with the application of GA3 at the levels of 300, 450 and 600 ppm. Similar results were obtained by [2] who studied the
effect of three growth regulators including GA3 at 25, 50 and 75 ppm on seed production of onion. They found that GA3 increased
length of flower stalks, number of flowers per plant and seed yield per plant but the highest seed yield was obtained with the
application of GA3 at 75 ppm.

Table 1. The main effects of vernalization period and levels of GA; on bolting of onion cultivar “Texas Early Grano” during
season 2008/09.

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

*, ** and NS indicate significance at P<0.05, 0.01 and not significant, respectively.

No of days No of Length
Vernalization period to the No of seed No of days to of seed Bolting Weight of Seed yield
appearance florets/ 1000 seeds
(days) stalks/ plant harvest stalk (%) (kg/ha)
of the seed umbel seeds (cm) )
stalk
45 0 0 0 0 0 0 0 0
90 58.9a 14(14)b  1493c  836a 56.3 ¢ 38.4c¢ 3.8b 8.7¢
135 48.6 b 1.7(15)b  153.2b  713b 62.2b 82.3b 3.8Db 39.0b
180 40.8 ¢ 22(16)a  170.0a  72.1b 66.0 a 94.8a 41a 7l4a
Significant level *x * ** *x *x *x * >
GA; level (ppm)
0 53.0a 1.7(14)bc  137.2¢ 80.7a 59.9 ¢ 64.4d 3.8ab 41.5b
150 51.1b 1.4(1.3)c  1645b 77.1b 60.9 bc 72.3¢ 3.7b 43.4a
300 48.9¢ 22(1.6)a  146.3d 75.8¢C 63.6a 7l4c 40a 39.1¢
450 46.7 d 1.7(15)bc  156.3¢ 72.0d 61.4b 77.1a 41a 31.6d
600 47.6d 1.9(1.6)ab  183.1a 72.9d 61.8 b 74.1b 39a 42.8a
Sig. level *x *x *x *x * *ox * WWWEHSID.Or'g

C.V %) 12.11 20.97 23.91 7.02 11.77 9.99 8.43 11.92
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Numbers between two brackets indicate transformed data.

Table 2. The main effects of vernalization period and levels of GA; on bolting of onion cultivar “Texas Early Grano” during

season 2009/10.

No of days No of Weight
Vernalization period to the seed No of No of days  Length of Bolting of 1000 S_eed
appearance florets/ to harvest  seed stalk yield
(days) stalks/ (%) seeds
of the seed umbel seeds (cm) (kg/ha)
plant (9)
stalk
45 0 0 0 0 0 0 0 0
90 58.7 a 1.5b 117.8¢ 148.8 a 55.9 ¢ 42.3¢ 3.8b 9.0c
135 47.1b 2.2a 144.8 b 126.2 b 65.7b 82.2b 3.9b 45.8b
180 34.7¢ 2.6a 24294 105.9 ¢ 67.8a 93.8a 43a 76.0a
Significant level *x * *x *x *x *x * >
GA; level (ppm)
0 49.6 a 1.8b 136.3 ¢ 135.6 a 61.6 69.8 ¢ 35¢c 46.6 b
150 46.3b 2.0ab 166.7 b 125.3b 62.3 69.7¢c 3.8b 47.7 a
300 45.7b 2.3a 179.9a 123.9c 64.2 74.4b 40b 43.0c¢c
450 46.2b 2.2a 179.6 a 124.0c 64.2 74.0b 4.4 a 34.4d
600 46.4 b 2.1ab 180.1a 126.2b 63.2 75.8a 4.4 a 46.6 b
Slg Ievel * * ** ** NS ** ** **
C.V (%) 7.44 26.45 22.14 531 6.62 14.53 5.50 14.3

s) are not significantly different at P<0.05 level according to Duncan’s Multiple Range Test.

*, ** and NS indicate significance at P<0.05, 0.01 and not significant, respectively.
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Interaction effects of vernalization period and levels of GA3 on bolting of onion during seasons 2008/09 and 2009/10.

The interaction effects of vernalization period and levels of GA3 on bolting of onion cultivar “Texas Early Grano” during
seasons 2008/09 and 2009/10 are presented in tables 3 and 4, respectively. Results showed significant interaction effects of
vernalization period and levels of GA3 on all parameters except number of seed stalks per plant in both seasons. The earliest flowering
(35.3.8 and 32.2 days) and seed harvesting (67.8 and 97.3 days), highest values of florets per umbel (203.5 and 268.7), percentage of
bolting (98.3% and 98.5%) and seed yield per hectare (86.5 and 92.9 kg) were obtained by the vernalization period of 180 days with
the application of GA3 at the level of 150 ppm in both seasons. On the other hand, the longest seed stalks (68.3 and 68.9 cm) were
obtained by the vernalization periods of 90 and 180 days with the application of GA3 at the levels of 300 ppm and 450 ppm in both
seasons, respectively. The highest weight of one thousand seeds (4.5 and 4.6 g) was obtained by the vernalization periods of 135 and
180 days with the application of GA3 at the levels of 450 and 600 ppm in both seasons, respectively. The variation in the results of
seed stalk length during both seasons could be attributed to the effect of the environment, since the genotypes used were identical. [3]
and [4] demonstrated that the seed stalk elongation rate was increased by long photoperiods and higher temperatures. Since the
photoperiod during the two seasons was the same, the differences in length of the seed stalk could only be attributed to differences in
temperature.

Table 3. Interaction effects of vernalization period and levels of GA; on bolting of onion cultivar “Texas Early Grano” during
season 2008/09.

Treatments No of
days to
the I\Slsegf No of dNaOsOtfo Length of Boltin Weight Seed
Vern. GAz  appearan stalks/ florets/ ha?lvest seed stalk %) 9 of1000 yield
period levels  ce of the ant umbel ceeds (cm) seeds (g)  (kg/ha)
(days)  (ppm)  seed P
stalk
0 60.8b 1.0(1.2) 149.3 f 91.3a 63.6d 30.3k 3.4 8.6]
150 64.2a 1.0(1.2) 153.5 def 89.8a 65.4 bcd 38.1j 3.7 8.2]
90 300 59.5b 1.5(1.4) 155.0 de 83.0b 65.6 bcd 439h 4.1 7.7]
450 51.3d 1.8 (1.5) 198.2 ab 76.7 cd 68.3a 39.21j 3.9 9.3]
600 58.8b 1.7 (1.5) 194.0b 77.3¢C 67.2 ab 40.81i 3.8 9.6]
0 52.0cd 2.1(1.6) 131.0h 74.8d 59.3 e 72.69 40D 39.6¢g
150 53.8¢ 1915 157.8d 72.0¢e 60.5¢e 80.7 e 3.9b 35.6h
135 300 4409 2.8(1.8) 126.2h 725¢e 66.4 abc 75.7f 3.9b 47.0f
450 47.8¢e 1.7(1.4) 104.8 i 715e 60.8 e 95.8b 45a 33.0i

600  455fg 2.6(L7) 139.7g 72.3¢€ 64.1 cd 86.9d  4.3ab  40.0g
0 46.3ef  18(15)  131.3h  758cd  56.9fg 90.4c  4lab  76.4c

150 353j 12(l2) 2035a 67.8 f 56.7 g 98.3a 33¢c 86.5a

180 300 4339 23(16) 2003a  753cd  58.7ef 94.6 b 400D 62.7 d
450 408h  15(14)  166.0¢C 69.0 f 552gh  96.3ab  3.9b 52.7¢e

600 38.3i 1.7 (1.5) 151.7 ef 69.0 f 54.1h 946D 3.9b 789D
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SI g X Ievel ** N S ** ** ** ** * **

C.V %) 12.11 20.97 23.91 7.02 11.77 9.99 8.43 11.9

Means within columns followed by the same letter(s) are not significantly different at P<0.05 level according to Duncan’s Multiple Range Test.
*, ** and NS indicate significance at P<0.05, 0.01 and not significant, respectively.

Numbers between two brackets indicate transformed data.

Table 4. Interaction effects of vernalization period and levels of GA; on bolting of onion cultivar “Texas Early Grano” during
season 2009/10.

Treatments No of davs
0 the 4 No of No of No of Length Weight
vern GA seed days to of seed Bolting of 1000  Seed yield
- ’ appearance stalks/ florets/ harvest stalk (%) seeds (kg/ha)
period levels  of the seed umbel g
(days)  (ppm)  stalk plant seeds  (cm) @
0 61.3a 1.0 79.21i 154.7 a 49.3¢g 28.4k 31c 6.8]
150 59.0b 1.3 107.2h 149.3b 57.6f 41.1] 3.6 bc 8.51j
90 300 57.7b 1.8 111.2h  148.2hbc 57.1f 44.4 i 39b 9.9i
450 57.8b 1.8 141.3f 145.8d 57.0f 51.7h 4.2ab 10.11i
600 57.7b 1.7 150.3e  146.2cd 58.3 f 46.0i 4.1ab 10.0i
0 48.5¢ 1.8 121.7¢g 131.0e  66.9 bcd 86.3d 3.5hc 50.8 ¢
150 47.8cd 2.2 124.3g 129.2 ¢ 63.9¢ 7489 3.7b 41.8¢g
135 300 46.3d 2.3 165.2d 1238 f 66.5 cd 87.5d 3.8b 52.9¢
450 46.7d 2.3 161.8d 1235f  67.6abc 79.3f 4.1ab 37.0h
600 46.3d 2.2 150.8 ¢ 123.7 f 63.8¢ 83.0e 4.4 a 46.6 f
0 38.8¢ 2.5 208.0c 121.0g 68.6 ab 946 b 39b 82.1b
150 32.2h 2.5 268.7 a 97.3k 65.4 de 98.5a 46a 929a
180 300 33.2¢gh 2.8 263.5a 99.8] 68.9 a 915¢ 44 a 66.0 c
450 34.21g 2.5 235.5b 102.7 i 68.2 abc 91.3¢c 45a 56.0d
600 35.2f 2.5 239.0b 108.7h  67.8abc  93.1bc 45a 83.1b
Slg |€V€| ** NS ** ** ** * * **
C.V (%) 7.44 26.45 22.14 5.31 6.62 14.53 5.50 14.3

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

*, ** and NS indicate significance at P<0.05, 0.01 and not significant, respectively.
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(AVA CONCLUSIONS

Seeds of onion cultivar “Texas Early Grano” can be successfully produced by vernalization at temperatures of 4 to 5° C for
a period of 180 days at Gezira conditions. Application of GA; alone, without vernalization, at all concentrations tested failed to
induce flowering of onion cultivar “Texas Early Grano” when planted off season but it enhanced the effect of vernalization on
bolting and seed production. Future research work is needed to test the ability of GA; to induce flowering on non-vernalized bulb

of the onion cultivar “Texas Early Grano” at the main season of onion seed production.
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