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ABSTRACT 
Objectives: This study that was carried out from 2006 to 2009 in northern Burkina Faso, in Sudano-
Sahelian climatic zone aimed to measure how the seasons of bulbs and seed production can affect early 
bolting of onion plants. 
Methodology and results: The effects of three seasons of bulb production and two seasons of seed 
production are assessed with five types of onion seed produced by bulbs. Two variables (seed sensitivity 
and their average time to bolt) were used. When producing seeds in normal season, we recorded 75.3 ± 
6.4 % of bolting and 133.6 ± 2.9 days as time to bolt if the bulbs used were produced in normal season. If 
the bulbs were produced in the late season, 93.3 ± 2.9 % of bolting and 134.1 ± 1.8 days of time to bolt 
were recorded. 
Conclusions and application of findings: This study shows that low temperatures lead to plant bolting by two 
ways. The first one is the result of a direct effect of low temperatures when growing plants in cool season. 
As the best yields are obtained both for bulbs and seeds in cool seasons, it is advice to produce at this 
time. The second way concerns the bulbs used for producing seeds. The cooler the season of bulbs 
production, the more resistant to bolt will be the seeds produced from these bulbs. So, we advise onion 
seed producers to sow in very cool season for obtaining bulbs. This approach will allow a better selection of 
bolting resistant bulbs before producing seeds. Thus, the results of this study permit to foresee the 
possibility of breeding bulbs by an artificial and very cold treatment for onion seed production. 
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INTRODUCTION 
Onion holds a predominant place among 
vegetables in West African countries. It is 
equivalent to 10 to 25 % of the consumption of 
vegetables in this region but the entire production 
cannot meet demand (Faivre-Dupaigre et al., 
2006). Between 2004 and 2005, Burkina Faso 
recorded a production of 54 959 tons (t) of onions 
versus 31 637 t between 2002 and 2003 (INSD, 
2008). This increase of production must be due to 
the extension of area of sowing. As regards the 
national average yields, they remain poor with 19 

t/ha in 2003 and 15 t/ha in 2005 (DGPSA, 2005). 
This big disparity in yield is due to, on the one 
hand the non mastery of technical production 
procedures and on the other hand to the poor 
quality of seeds used. It is known that most 
varieties of West Africa have a major handicap 
which is the emission of floral stalks in the first 
year of cultivation. This phenomenon would greatly 
contribute to the reduction of yields in sensitive 
varieties (Rouamba, 1993; Sanders & Cure, 1996). 
Several works have shown that the emission of 
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floral stalks of the onion plant in the first year of 
cultivation, widely known as early flowering or 
bolting is due to climatic factors notably low 
temperatures (Brewster, 1985; Rouamba, 1993; 
Brewster, 1994; Sanon, 1999) and long-day 
photoperiod (Brewster, 1983; Khokhar, 2008b). 
The importance of early flowering would depend 

on the mode of seed production and on the 
consequence of poor technical procedures 
(Rouamba, 1993).Besides the temperature, the 
study dwells to measure the effects of seasons of 
both “mother bulbs” and seed production on the 
bolting of onion cv. ‘Violet de Galmi’. 

 
METHODOLOGY 
Materials: Trials were conducted at Ouahigouya, a 
region located 180 Km from Ouagadougou (BF). It is 
situated in the North of the country, in Soudano-
sahelian climate zone. The coordinates of the 
experimental site are 13°33’ N and 2°26’ W with an 
average altitude of 332 m. The soil is characterized by 
a pH of 5.7 and silty clay texture. The experiment was 
conducted with seed of cv. ‘Violet de Galmi’, a short-
day onion, using a line produced by the Environment 
and Agricultural Research Institute (INERA) in Burkina 
Faso and named 12 BF. It showed percentage of 
bolting within 10-15 %. Five types of seeds were 
produced from this cultivar and according to the 
treatment described in the methodology. A recording 
device of air temperature and humidity (Testo 177-H1) 
was used to record climatic data on the experimental 
site. Plots irrigation was done based on low pressure 
drip irrigation system. 
Methods: The experimental approach was based on 
the sowing dates for bulb and seed production. This 
step aims at obtaining contrasting climatic conditions 
for both bulb production and seed production. Climatic 
factors having sure effect on onion bolting are air 
temperature and long-day photoperiod. However, at the 
zonal latitude of this study, only short-day photoperiod 
was recorded to all seasons. In Burkina Faso, the 
season recommended for onion planting is between 
mid October and mid December. In this study, we will 
refer to this period as the “normal” season. To obtain 
relative contrasting periods of temperature, two other 
sowing periods have also been defined. That is an 
“early” season between mid August and early 
September, and a “late” season from mid December to 
mid January. During this period producing bulbs and 
then producing seed are possible. The procedure of the 
study had three main parts:  the production of bulbs, 
the production of seeds from the bulbs obtained, and 
the agronomical assessment of produced seeds by 
measuring the percentage of bolting and the time to 
bolt. All the stages of the study were carried out on the 

same experimental site, from August 2006 to June 
2009. 
Bulb production: Three growing periods (early, normal 
and late seasons) were selected. The climatic features 
of these periods were recorded and they cover the 
period of transplanting to harvesting bulbs (table 1). 
Tillage was done using oxen drawn plough, then the 
soil was leveled and the plot delimited. Fertilizer N.P.K 
(14-23-14) at 90 g/m2 and organic matter at 5 kg/m² 
were incorporated in the soil. One month after 
transplanting nitrogen in urea form was applied by 
fertigation, at 500 g per week for a total quantity of 2 kg. 
Transplanting was done in three double rows per plots. 
The spacing was 0.30 m between double rows, 0.12 m 
between plants in the same row and 0.20 m between 
plants on twin rows. The plant density was 50 
plants/m². Plants were obtained from a nursery sown 
for that purpose on the experimental site. The irrigation 
doses were according to the season and the 
phenological stage of plants. It was stopped at the 
beginning of maturity, when 50% of the plants had their 
leaves fallen over. Harvesting was done only on plants 
with no floral stalks, with closed neck, and with their top 
totally fallen over. Further details of specific crop 
management methods for each production season 
were recorded (table 2). The harvested bulbs were kept 
in shade for 9 to 18 days for a complete dehydration of 
leaves. Damaged and rotten bulbs as well as bulbs with 
non closed neck were discarded. Observations were 
made at intervals of 14 days. Rotten, dried and 
sprouting bulbs were removed.  
Seed production: The second stage of the procedure 
consists of producing seeds from the obtained bulbs. 
We selected two seasons (normal and late) to produce 
seeds. The average values of the climatic factors 
recorded on the duration of trials are shown in table 1. 
Tillage was done using oxen drawn plough, then the 
soil was leveled and the plot delimited. Fertilizer N.P.K 
(14-18-18) at 100 g/m2 and organic matter at 5 kg/m² 
were incorporated in the soil. Bulb planting and seed 
harvesting were done according to dates shown in table 
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2. The planting density was 5 bulbs/ m². Seed 
production was done through open pollination, without 

isolation of plots. 
 

 
Table 1: Climatic characteristics of the different stages of the procedure from 2006 to 2009 

 Seasons of bulbs 
production 

Seasons of 
seed 
production 

Assessment seasons 
 of seed 

Parameters Early Normal Late Normal Late Early Normal Late 

Average daily minimum temperature 
(°C) 

17.33 14.17 19.17 14.44 17.19 15.57 12.54 20.83 

Average daily maximum temperature 
(°C) 

34.39 36.04 41.39 37.73 38.94 37.18 34.87 41.62 

Average daily minimum relative 
humidity (%) 

15 9.50 9.82 12.15 12.88 16.74 12.76 13.33 

Average daily maximum relative 
humidity (%) 

64.27 54.46 48.36 57.16 55.49 76.25 67.13 30.16 

Average of days length (hours) 8.55 8.37 8.09 8.26 8.13 8.46 8.26 8.13 

 
Table 2: Cultural practices for the different stages of the procedure  

Growing seasons Stages Parameters 

Early Normal Late 

Date of sowing 17/08/06 10/10/06 03/12/06 

Date of planting 04/10/06 24/11/06 27/01/07 

Date of Harvesting 07/02/07 30/03/07 02/05/07 B
u
lb
s 

p
ro
d
u
ct
io
n
  

Amount of irrigation water supplied (mm) 580 680 465 

Date of planting - 15/11/07 14/12/07 

Date of harvesting - 06/05/08 20/05/08 

S
ee

d
 

p
ro
d
u
ct
io

n
 

Amount of irrigation water supplied (mm) - 930 850 

Date of sowing 29/08/08 17/10/08 05/12/06 

Date of planting 14/10/08 03/12/08 23/01/09 

Date of harvesting 10/03/09 14/04/09 15/05/09 S
ee

d
 

as
se

ss
m
en

t 

Amount of irrigation water supplied (mm) 700 740 575 

 
Assessment of produced seed: The final stage of the 
procedure consists of assessing the effect of crop 
management techniques adopted for bulbs and seed 
production on bolting of plant. This evaluation was 
carried out according to tree sowing times that 
corresponded to early, normal and late seasons. We 
used 5 types of seed, divided among two groups. The 
first group contained seed produced in the normal 
season (S12, S22 and S32) with bulbs grew 
respectively in early, normal and late season. The 
second group formed by seeds produced in the late 
season (S23 and S33) with bulbs grew respectively in 
normal and late season. The average values of the 

major climatic parameters recorded from each sowing 
time have been noted (table 1). To prepare land and 
transplanting, we used the same procedure as for stage 
of bulbs production. A fisher randomized block design 
with three repetitions was used. Specific details of the 
different seasons of seed assessment are summarized 
in table 2. 
Data Collection and statistical analysis: Forty (40) 
plants were randomly selected by treatment and by 
repetition for data collecting. The parameter noted was 
the date of bolting which corresponds to the day when 
seed stalk appeared. Observations were made every 
two days. The percentage of bolting and their average 
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time to bolt were calculated. Temperature values were 
calculated from values stored by the recorder each 
hour. Data collected were processed with statistical 
program Small Stata 10.0. Data from the late season of 
seed assessment were not enough to be processed. 
The different seed were compared according to the 
growing seasons of bulbs from which the seed were 
produced. A second comparison was based on the 

growing seasons in which seeds are assessed. 
Average values were calculated with the seeds 
produced both in normal and late seasons, whatever 
the season of bulbs used. A third comparison concerns 
the seasons in which the seeds were produced. All 
comparisons of averages were performed by Bonferroni 
multiple-comparison tests. 

 
RESULTS 
Seasons of bulbs production: We noted only for the 
assessment in early season and the seed produced in 
normal season, a significant difference (P = 0.01) of 
bolting between treatments (table 3). We recorded 75.3 
± 6.4 % of bolting for bulbs produced in normal season 
(S22) and 93.3 ± 2.9 % of bolting for the bulbs from the 

late season (S32). The bulbs produced in early season 
(S12) showed 86.0 ± 4 % of bolting. We found for the 
time to bolt, that the means did not differ significantly, 
whatever the season in which seeds were produced 
(table 3). 

 
Table 3: Effects of the seasons of bulbs production of ‘cv violet de Galmi’ on the percentage of bolting and the time 
to bolt of plants 

Assessment seasons Seed Percentage of bolting (%) Time to bolt (days) 

S12 86.0a ± 4.0 131.5a ± 1.5 

S22 75.3b ± 6.4 133.6a ± 2.9 

S32 93.3a ± 2.9 134.1a ± 1.8 

S13 76.7a ± 5.5 133.7a ± 2.7 

Early 

S33 82.7a ± 2.5 127.7a ± 2.6 

S12 93.7a ± 5.1 114.3a ± 0.2 

S22 91.0a ± 6.9 115.7a ± 1.2 

S32 95.0a ± 5.0 117.0a ± 1.3 

S13 92.7a ± 4.6 114.6a ± 1.5 

Normal 

S33 96.3a ± 2.9 114.4a ± 1.1 

For the same season of seed production, the averages affected by the same letter do not differ significantly at 5 % level to 
Bonferroni multiple-comparison test 

 
Seasons of seed assessment: When comparing the 
early and the normal seasons of seed assessment, we 
found high significant differences (P = 0.00) between 
them (table 4). We note in the early season 82.8 ± 7.8 
% of bolting against 93.7 ± 4.7 % of bolting in the 
normal season. For the time to bolt, mean comparison 

test reveal also a high significant difference (P = 0.00) 
between the two seasons. The average time to bolt in 
early season was 132.1 ± 3.2 days and it was 115.2 ± 
1.5 days in the normal season (table 4). About the late 
season, we counted less than 2 % of bolting (data not 
shown). 

 
Table 4: Effect of sowing seasons of seed of ‘cv violet de Galmi’ on percentage of bolting and time to bolt of plants 

Assessment season Percentage of bolting (%) Time to bolt (days) 

Early 82.8a ± 7.8 132.1a ± 3.2 

Normal 93.7b ± 4.7 115.20b ± 1.5 

The averages affected by the same letter do not differ significantly at 1 % level to Bonferroni multiple-comparison test 
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Seasons of seeds production: We noted for the 
assessment in early season, a significant difference (P 
= 0.01) when comparing the bolting of seed produced 
in normal season (S32) and those from the late season 
(S33). The percentages of bolting were 93.3 ± 2.9 % 
for the seed S32, and82.7 ± 2.5 % for the seed S33. 
The difference between the seasons of seed production 

were also significant (P = 0.02) for the time to bolt. It 
was 134.1±1.8 days for the seed from the normal 
season and 127.7±2.6 days for the seed from the late 
season (table 5). No significant difference was found for 
the others comparisons when the assessment was 
done in normal season, whatever the type of bulbs 
used to produce the seeds (table 5). 

 
Table 5: Effect of season of seed production of ‘cv violet of Galmi’ on the percentage of bolting and time to bolt of 
plants. 

Assessment seasons Seed Percentage of bolting (%) Time to bolt (days) 

S12 86.0a ± 4.0 131.4a ± 1.5 

S13 76.7a ± 5.5 133.7a ± 2.7 

S32 93.3a ± 2.9 134.1a ± 1.8 

Early 

S33 82.7b ± 2.5 127.7b ± 2.6 

S12 93.7a ± 5.1 114.3a ± 0.2 

S13 92.7a ± 4.6 114.6a ± 1.5 

S32 95.0a ± 5.0 117.0a ± 1.3 

Normal 

S33 96.3a ± 2.9 114.4a ± 1.1 

For the same season of bulbs production, the averages affected by the same letter do not differ significantly at 5 % level to 
Bonferroni multiple-comparison test 

 
 
DISCUSSION 
Season of bulbs production: The comparisons of the 
percentage of bolting showed that statistically many 
treatments are the same. However, we noted that the 
seed from bulbs produced in normal season (S22) 
showed relatively less bolting plants (75.3 ± 6.4 %) 
than the seed from bulbs produced in the late season 
(S32). About the average temperatures prevailing 
during time of bulb production; we note that they were 
lower in the normal season (17.33 °C). As result, the 
bulbs from plants which do not bolt in such conditions 
produce seed (S22) with good resistance to bolt. 
Currah et al. (1993) suggested with a view to improve 
resistance of varieties to bolt a possibility based on this 
behavior. It consists to select bulbs from plants with no 
floral stalks following an artificial very cold treatment. 
Season of seed assessment: The averages differ 
greatly for the percentage of bolting as well as for time 
to bolt of plants, when comparing early and normal 
seasons. The temperature was the principal climatic 
factor that varied during the experiment to impact plant 
development. It was lower in the normal season 
(12.54°C) than in the early season (15.57°C). So, the 
increase in the percentage of bolting from 82.8 ± 7.8 % 

in early season to 93.7 ± 4.7 % in normal season 
confirms results of previous works. These studies 
showed an inducing effect of low temperature on 
bolting (Brewster, 1985; Brewster, 1994; Sanon, 1999; 
Khokhar, 2008a). The rarity of bolting during the late 
season would be the consequence of warm 
temperature during this period. These results confirm 
those of Sanon et al. (1998), Sanon (1999) and 
Khokhar (2008a). 
There was a shortening of time to bolt in the normal 
season (115.2 ± 1.5 days) compared to the time in 
early season (132.1 ± 3.2 days). So, low temperatures 
would increase the scale of bolting and also the speed 
of the phenomenon. According to Brewster (1983), 
plants to bolt require a certain amount of low 
temperatures below a critical value. When sowing in the 
normal season, this amount of low temperatures 
reached earlier than to the other sowing time. 
Shortening of time to bolt in the cool season supports 
results of Khokhar et al. (2007a). They found that this 
time shortened by increasing the duration of the low 
temperature treatment on onion sets. 
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It appears from this study that in normal season, bolting 
seems to affect all of the population of the ‘cv violet de 
Galmi’ (93.7 %). However, Rouamba (1993) observed 
for this cultivar and to the same time of sowing, 13.6 % 
of bolting. Sanon et al. (2001) recorded a maximum of 
35.1 % of bolting. The cv “Violet de Galmi” showed not 
more than 10-15 % of bolting. Since low temperatures 
influence the phenomenon, maybe our climatic 
conditions were more favorable than those of previous 
works, therefore resistance to bolt would have been 
overcome. The high percentage of bolting in this study 
can also be explained by a loss of quality of cv “Violet 
de Galmi” over the years. Currah et al. (1993) 
emphasized that any laxity in the pressure of breeding, 
when improving onion cultivars leads to the appearance 
of ‘defects’. The defect here would be the sensitivity to 
bolt when plants grew for bulbs. 
Season of seed production: Seeds produced in late 
season (S33) showed a decline of bolting by 10.6 % 
compared to those produced in normal season (S32). 
However, it seems risky to draw conclusions based on 
this result. By shortening of the time to bolt of the seeds 
S33 plants bolting would be accelerate by sowing 
seeds produced in late season. So, this result shows 
that the best time for seed production is the season that 

allows plants to benefit the lowest temperatures. 
Several studies showed that this precaution enables to 
avoid flower abortion and to increase yield and seed 
quality (Brewster, 1994). 
It is clear with this study that the low temperatures lead 
to plants bolting by two ways: the first and the main one 
is a direct effect of low temperatures when growing 
plants in cool season. The best yields both for bulbs 
and seeds are obtained in cool seasons. We advise to 
produce at this time. The second way is the effects of 
low temperatures for bulbs used to produce onion 
seeds. The development of these seeds is affected by 
the choice of seasons for growing bulbs. The cooler the 
season for bulbs production, the more resistant to bolt 
will be the seed produced from these bulbs. So, we 
advise onion producers to sow in very cool season for 
bulb production followed by a replanting in cool season 
to get seeds. This approach will allow a better selection 
of bolting resistant bulbs before producing seeds. 
Results of this study permit to foresee the possibility of 
bulbs breeding in an artificial and very cold treatment 
for onion seed production. However, genetic 
determinism of resistance to bolt remains to be 
investigated. 
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