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ABSTRACT

Texas Early Grano onion cultivar is very popular in Sudan and is used mainly as a salad
vegetable. Unfortunately, this cultivar does not flower and produce seeds under Sudan conditions
and seeds should be imported from abroad. Attempts to produce seeds of this cultivar under
Gezira conditions have failed. Therefore, the objective of this research was to study the effects of
bulb size and vernalization on the induction of flowering of Texas Early Grano onion cultivar.
Experiments were conducted at the research farm of the Faculty of Agricultural Sciences,
University of Gezira, Wad Medani, Sudan, during the winter seasons of 2008/09 and 2009/10.
Treatments consisted of vernalization periods ranging from 45 to 180 days, storage temperatures
of 4 to 5°C, and bulb size which was small and medium. Treatments were arranged in a
randomized complete block design with three replicates. Results indicated that vernalization
duration significantly affected emergence percentage. As vernalization duration increased,
emergence percentage increased in both seasons. Bulb size had no significant effects on
emergence percentage. Vernalization temperatures of 4 to 5°C for 90 days or more was the key
factor for the induction of bolting of Texas Early Grano cultivar. To obtain the highest bolting
percentage and seed yield, a combination of venrnalization at 4 to 5°C for 180 days and medium-
sized bulbs should be recommended.

INTRODUCTION

Onion (Allium cepa L.), which belongs to the family Alliaceae, is one of the most important
monocotyledonous, cross-pollinated, cool season vegetable crops. In Sudan, onion is one of the
most important and popular vegetable crops. Variation in production seasons in the different
regions of Sudan makes it available throughout the year. The main production areas are Gezira,
Shendi and Kassala. Total production of onion in Sudan is around 1.12 million tons (F.M.A,
2011).

The introduced cultivar “Texas Early Grano” is widely grown and consumed in Sudan as a
salad vegetable crop due to its mild and pleasant taste and low pungency. While seeds of all
landraces 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
Sudan (Abu-Sarra, 2003). The bulbs need to be stored under low temperatures for a long time to
initiate seed stalk formation. The low temperature requirement for bolting of this cultivar cannot
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be satisfied due to the mild winter of Sudan. Some studies have shown that induction of bolting
can be achieved by storage under low temperatures (Aura, 1963; Krawiec, 2002). Brewster
(1982), analyzing the physiology of onion plant flowering, found out that floral initiation takes
place at low temperatures. Therefore, the objective of this study was to investigate the effects of
vernalization duration, bulb size and their combinations on seed production of “Texas Early
Grano” cultivar under Gezira State conditions, Sudan.

MATERIALS AND METHODS

Experiments were conducted during 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). They were carried out to study the effects of two bulb sizes: small
size (20-59 mm diameter) and medium size (60—-90 mm diameter) and vernalization periods 45,
90, 135 and 180 days, on sprouting, growth and induction of the seed stalk of onion cultivar
Texas Early Grano.

Bulbs of the onion cultivar Texas Early Grano were harvested in the last week of April in both
seasons of 2008/09 and 2009/10. They were divided into two sizes: small (20-59 mm diameter) and
medium (60-90 mm diameter). They were then stored at 4- 5°C and 80% RH for 45, 90, 135 and
180 days.

The land was plowed, harrowed, leveled and made into plots 2 x 4 m. Bulbs, after removal
from storage, were planted at an inter and intra-row spacing of 80 cm and 30 cm, respectively,
in both seasons. Treatments were arranged in a randomized complete block design with three
replicates. Bulbs were planted in the first week of November in both seasons. Cultural practices
were carried out as recommended by the Agricultural Research Corporation.

Data recorded consisted of emergence percentage, number of days to the appearance of

the seed stalk, number of florets per umbel, number of seed stalks per plant, length of the seed
stalks (cm), bolting percentage, number of days to harvest the seeds, weight of 1000 seeds (Q)
and seed yield (kg/ha).

Statistical analysis

Data were subjected to analysis of variance procedure using MSTAT-C program. Means were
separated using Duncan Multiple Range Test at 5% level of significance.

RESULTS AND DISCUSSION

Effects of vernalization period and bulb size on emergence percentage during seasons 2008/09 and
2009/10

The main effects of vernalization and bulb size on emergence percentage of onion cultivar
Texas Early Grano during seasons 2008/09 and 2009/10 are presented in Table 1. Vernalization
period resulted in significant effects on emergence percentage in both seasons. Long
vernalization periods (135 and 180 days) showed higher emergence percentages in both
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seasons. The chilling effect of vernalization broke bulb dormancy and, hence, increased
emergence percentage. Bulb size had no significant effects on

emergence percentage in both seasons. Generally, bulb size of onion affects number of seed
stalks rather than emergence percentage.

The interaction effects of vernalization period and bulb size on emergence percentage of onion
cultivar “Texas Early Grano” during seasons 2008/09 and 2009/10 are shown in Table 2. There
were significant differences in emergence percentage in both seasons.The highest emergence
percentages (83.2% and 94.7%) were obtained when medium bulb size was
coupled with a vernalization period of 180 days at season 2008/09 and with medium and small
bulb sizes when coupled with vernalization periods of 135 and 180 days, respectively for season
2009/10. This data indicates that a vernalization period of 135 days was also sufficient for
breaking of bulb dormancy. These results were in line with those reported by Moslehuddin
(2008).

Table 1. The main effects of vernalization period and bulb size on emergence percentage of onion cultivar
“Texas Early Grano” during seasons 2008/09 and 2009/10.

Vernalization period Emergence (%)

(days)

2008/09 2009/10

45 65.0b 67.1b

90 68.4 b 65.8b

135 74.3a 933a

180 745a 940a

Sig. level * *
Bulb size

Medium 67.5 80.9

Small 64.6 79.2

Sig. level NS NS

C.V (%) 18.84 5.28

Means in 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 and not significant, respectively.
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Table 2. Interaction effects of vernalization period and bulb size on emergence percentage of onion
cultivar “Texas Early Grano” during seasons 2008/09 and 2009/10.

Verbalization period (days) Bulb size Emergence (%)
2008/09 2009/10

45 Medium 70.0c 68.3b

Small 53.3d 65.8b

90 Medium 76.1abc 66.7b

Small 53.6d 65.0b

130 Medium 76.7abc 94.2a
Small 78.9ab 92.5a

180 Medium 83.2a 94.7a
Small 72.6bc 93.3a

Sig. level * *
CV% 18.84 5.28

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

Effects of vernalization period and bulb size on bolting of onion during seasons 2008/09
and 2009/10

The main effects of vernalization period and bulb size on bolting of onion cultivar “Texas
Early Grano” during seasons 2008/09 and 2009/10 are shown in Tables 3 and 4, respectively.
Vernalization period manifested highly significant effects on number of days to the 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. It 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 a 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 the seed stalk (40.8 and 34.7 in both
seasons, respectively), the smallest 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). De Mille and Vest
(1975), Hesse et al. (1979), Hwang (1982), Khokhar et al. (2007a; 2007b) and Khokhar (2009)
obtained similar results. They showed that onion bulbs stored at 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.
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Table 3. The main effects of vernalization period and bulb size on bolting of onion cultivar “Texas
Early Grano” during season 2008/09.

VP DF SSP FMU DHS LSS B TSW SY

(days) (m (%)  (9) (kg/ha)

45 0o 0 0 0 0 0 0 0
1493

90 58.9a 14b . 836a563c 384c 38b 87c
153.2

135 48.6Db 1.7b 71.3b 62.2b 823b 38b 390D

b

180 408c 22a 170': 721b 660a 948a 4la 7l4a
Sig. level *x * ** *k ** *k * *x
Bulb size

Medium  47.6 1.8 1674 776 613 716 3.8 45.2
Small  51.3 1.7 1476 738 617 721 3.9 34.3
Sig. level ** NS ** ** NS NS NS **

Means in columns followed by the same letter(s) are not significantly different according to Duncan’s Multiple
Range Test.

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

VP=vernalization period, DF=days to flowering, SS/P=seed stalks per plant, F/U=florets per umbel, DHS=days to
harvest seeds, LSS=length of seed stalk, B=bolting, TSW=thousand seed weight and SY=seed yield.

Table 4. The main effects of vernalization period and bulb size on bolting of onion cultivar “Texas Early
Grano” during season 2009/10.

VP DF F/U DHS LSS B TSW SY
(days) SS/P (cm) (%) (9) (kg/ha)
45 0 0 0 0 0 0 0 0

90 58.7a 15b 1178c 1488a 559c 423c 38b 90c
135 471b 22a 1448b 126.2b 657b 822b 39b 458D

180 347c 26a 2429a 1059c 67.8a 938a 43a 76.0a

Sig. level fall * fale fal fale fal * fala

Bulb size

Medium 46.5 22 1722 1254 627 720 4.0 495
Small 47.2 19 1648 1286 635 735 3.9 37.8

Sig. level NS NS * * NS NS NS **

Means in columns followed by the same letter(s) are not significantly different 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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VP=vernalization period, DF=days to flowering, SS/P=seed stalks per plant, F/U=florets per umbel, DHS=days to
harvest seeds, LSS=length of seed stalk, B=bolting, TSW=thousand seed weight and SY=seed yield.

Bulb size showed highly significant effects on number of days to flowering, number of florets
per umbel, number of days to harvest seeds and seed yield (Table 3). However, it had no
significant effects on number of seed stalks per plant, length of seed stalk, percentage of bolting
and 1000-seed weight in season 2008/09, whereas it showed significant effects on number of
florets per umbel, number of days to harvest seeds and highly significant effects on seed yield.
However, it had no significant effects on other parameters in season 2009/10 (Table 4). Medium
sized mother bulbs in both seasons resulted in the smallest number of days to flowering, the
largest number of florets per umbel, the largest number of days to harvest seeds and the highest
seed yield. These findings are in line with those of Toman et al.(1989), Mostafa et al. (1996), Ali
et al.(1998), Abu-Sarra (2003), Jilani (2004), Mirshekari et al. (2008) and Moslehuddin (2008)
who stated that the mother bulb size showed significant effects on seed yield parameters of
onion.

Interaction effects of vernalization period and bulb size on bolting of onion during seasons
2008/09 and 2009/10

The interaction effects of vernalization period and bulb size on bolting of onion cultivar
“Texas Early Grano” during seasons 2008/09 and 2009/10 are presented in Tables 5 and 6,
respectively. In both seasons, there were significant interaction effects on all parameters except
number of seed stalks per plant during season 2008/09 and weight of one thousand seeds during
season 2008/09 and 2009/10. The vernalization period of 180 days coupled with medium bulb
size in both seasons resulted in the earliest flowering and seed harvesting, highest values of seed
stalks per plant, number of florets per umbel, length of seed stalk, percentage of bolting and seed
yield per hectare. These results are in agreement with those of Khokhar (2009) who stated that
large bulbs produced greater seed yield, especially when they were stored at temperatures which
prevented floral initiation during storage. The vernalization period of 45 days did not induce
bolting of onion cultivar Texas Early Grano in all seasons (data not shown). This might imply
that it was too short for the induction of flowering in this onion cultivar.
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Table 5. Interaction effects of vernalization period and bulb size on bolting of onion cultivar
“Texas Early Grano” during season 2008/09.

Treatments DF SS/P F/U DHS LSS B TSW SY
VP (days) BS (cm) ) @ (kg/ha)

90 M 623a 13 1495c 904a 571c 359e¢ 39 85d

S 555b 1.5 1439d 769b 555c 409d 38  8.8d
135 M 508c 21 1494c 718cd 625b 839b 4.0 39.2¢c

S 465d 17 149.1c 709d 619b 80.7c 42 390c¢C
180 M 408e 24 19.1a 706d 66la 948a 37 87.8a

S 409e 16 1569b 736c 659a 948a 3.9 55.1b
Sig. level * NS ** o * ** NS **

C.V (%) 12.11 20.97 23.91 7.02 11.77 9.99 843 11.92

Means in columns followed by the same letter(s) are not significantly different according to Duncan’s Multiple
Range Test.

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

VP= vernalization period, BS=bulb size, M=medium, S=small, DF=days to flowering, SS/P=seed stalks per plant,
F/U=florets per umbel, DHS=days to harvest seeds, LSS=length of seed stalk, B=bolting, TSW=thousand seed
weight and SY=seed yield.
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Table 6. Interaction effects of vernalization period and bulb size on bolting of onion cultivar “Texas Early
Grano” during season 2009/10.

Treatments LSS B TSW SY

vP BS DF SS/P F/U DHS (cm) %) @ (kg/ha)
(days)

90 M 60.1a 15b 1094f 1489a 53.6d 40.4f 3.8 88e

S 573b 16b 126.3e 148.8a 58.1c 443e 3.7 9.3e

135 M 46.8c 2.2ab 153.1c 123.1c 66.1b 80.4d 40 469c

S 475c 21ab 136.5d 129.3b 65.4b 839c 39 44.7d

180 M 327e 3.0a 254.1a 104.1e 68.7a 95.3a 4.2 928a

S 36.7d 2.1ab 231.8b 107.7d 66.8b 92.3b 4.3 59.3b

S I g . I eve I ** * ** ** ** ** N S **

C.V (%) 744 2645 22.14 5.31 6.62 1453 5.50 14.30
Means within columns followed by the same letter(s) are P<0.05 not significantly different at level according to
Duncan’s Multiple Range Test.
* ** and NS indicate significance at P<0.05, 0.01 and not significant, respectively.
VP=vernalization period, BS=bulb size, M=medium, S=small, DF=days to flowering, SS/P=seed stalks per plant,
F/U=florets per umbel, DHS=days to harvest seeds, LSS=length of seed stalk, B=bolting, TSW=thousand seed
weight and SY=seed yield.

CONCLUSION

According to this study, seeds of the onion cultivar “Texas Early Grano” can be successfully
produced by using medium bulb size and vernalization at temperatures of 4 to 5° C for a period
of 5 to 6 months.
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