


   OPEN ACCESS Asian Journal of Crop Science

ISSN 1994-7879
DOI: 10.3923/ajcs.2016.60.65

Research Article
Improvement in the Branching Mutant of Helianthus annuus by
Mass Selection

Gehan G. Mostafa

Department of Horticulture (Ornamental Plants), Faculty of Agriculture, Beni Suef University, Egypt

Abstract
Background: Sunflowers are widely grown commercially for the oil and they are good lasting as cut flowers. The study aimed to improve
the branching mutant of  Helianthus annuus  for their No. of inflorescences per plant as ornamental plant. Methodology: Three cycles
of mass selection were applied from 2011 to 2013. Evaluation of their performance during two seasons was done during 2014 and 2015.
Results: A gradual increase was found during the three cycles of mass selection (C1, C2 and C3) for most studied traits in both seasons
as well as in combined analysis. No significant differences were found in the No. of florets per inflorescence, while a slightly increase was
obtained. Mass selection had negative effect in the earliness of flowering. Number of inflorescences per plant was increased by 16.3, 19.7
and 61.4% for C1, C2 and C3, respectively. Positive and high correlation coefficients were found between the No. of inflorescences per
plant and other traits except for the No. of seed per main head where moderate correlation was extended (0.66). Conclusion: Mass
selection was a successful method to improve the branching mutant of Helianthus  annuus  and produce a new cultivar with better
characteristics as ornamental plants.
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INTRODUCTION

Sunflower (Helianthus annuus) is one of the most
important species belongs to the family Asteraceae
(Compositae). Sunflowers are widely grown commercially for
the oil that is extracted from the seeds. Seeds are also used to
feed birds. All sunflowers are good and long lasting as cut
flowers1,2. Induced mutations have been applied for the past
40 years to produce mutant cultivars in sunflower by changing
plant characteristics for significant increase in plant
productivity3,4. Genetic variability was induced by mutagens
treatments5.
Sodium azide treatments produced branched- mutant in

Helianthus annuus in the previous studies2. Branching is
initiated from axillary meristems in leaf axils on the primary
shoot. These meristems give rise to axillary buds which remain
dormant or grow out into a branch. Three phytohormones
(auxin, cytokinen and strigolacton that is carotenoid-derived
and inhibit bud outgrowth) and genes are associated with
their homeostasis and signaling are thought to be largely
responsible for the regulation of branching. Additionally,
genes related to gibberellic acid and polyamine metabolism
and genes encoding transcription factors play important roles
in branch growth. Shoot branching is a major characteristic
which can affect phenotypes such as flowering6.
Mass  selection has been used for cultivar improvement

in  sunflower  for many years and it was effective in
developing  cultivars with early maturity, higher oil percentage
and  resistance  to  diseases.  The   efficiency   of  mass
selection  depends  on  gene  effects of the selected traits,
their heritability, sample size and genotype-environment
interaction. Mass selection is effective for characters controlled
by additive genes7.

The present study was carried out to improve the number
of inflorescences per plant and to evaluate the performance of
three cycles of mass selection in the branching mutant of
sunflower that having many inflorescences per plant.

MATERIALS AND METHODS

The study was carried out at the Nursery of Ornamental
Plants, Faculty of Agriculture, South Valley University, Qena,
Egypt from 2011 to 2015.

Plant materials and procedures: The branching mutant of
Helianthus   annuus   which   have   many  inflorescences/plant
was used in this study. The mutant was obtained from
previous study  on  the  cv. Giza 102 after sodium azide
treatment  at  100  ppm  in  the  M2  generation2.  Seeds  of  the

selected mutant  as  a  base  population  were  sown  in the
field on May, 2011 in a non-replicated area. The procedure of
mass selection was done. Fifty plants with many
inflorescences at axisymmetrical form along the stem and with
largest stem diameter were selected (5% selection intensity).
While, the other plants were discarded before inflorescences
was opening. Equal parts of the seeds from the selected plants
were bulked together. Seeds were sown on May, 2012. The
same procedure of mass selection was done to form the
second cycle (C2) which was sown in May, 2013. The same
procedures of mass selection repeated to produce the third
cycle of mass selection (C3).
On 15 May, 2014 and 2015, seeds of unbranched parent

(cv. Giza 102), base population (branched mutant) and three
cycles of mass selection (C1, C2 and C3) were sown to evaluate
the selected mutant and estimate the response to selection.
The seeds were sown in three replications. Each one contained
three ridges and ten holes with a distance of 30 cm between.
In each hole there were two seeds. After two weeks, thinning
was made to maintain one plant/hole. The cultural practices
were applied as recommended.

Recorded data: At flowering stage: Plant height, No. of leaves,
stem diameter, leaf area, fresh weight of vegetative growth, 
flowering  date  (days  from  sowing  seeds to showing  color 
of  the  first inflorescence per plant), No. of inflorescences per
plant, number of ray florets per inflorescence and
inflorescence diameter were recorded. Chlorophyll content
(SPAD unit) was estimated8. Number of seeds per main head
and twenty seeds weight were recorded at the maturity stage.

Statistical analysis: Data were statistically analyzed using
analysis of variance for Randomized Complete Block Design
(RCBD) for separate analysis. Combined analysis for the two
years was analyzed using split plot analysis. Comparison
among means was done using least significant differences
(LSD) at 0.05% and simple correlation coefficient between
traits were done9. Realized gain% was estimated from
combined means10 as follow:

Realized   gain%   for   C1  =  COX  100,  for  C2  =  COX100, for
C3 = COX100

RESULTS

Significant differences were observed among populations
(parent, base population, C1, C2 and C3 mass selections) in
both seasons for all traits except for the number of florets per
inflorescence as shown  in  Table  1.  The  differences  between
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Table 1: Analysis of variance for separate and combined of the two evaluated seasons for all studied traits in the parent, base population and three cycles of mass
selection in the branching mutants of  Helianthus  annuus

First season Second season Combined
--------------------------------- ---------------------------------- ---------------------------------------------------------------------------

Source of variation1 Rep. Pop. Error Rep. Pop. Error Year Error (a) Pop. YearXPop Error (b)
Degrees of freedom 2 4 8 2 4 8 1 4 4 4 16

Mean squares
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Traits Pop. Error Pop. Error Year Error a Pop. Y X P Error b
Plant height (cm) 887.55* 149.40 737.83* 119.06 525.00NS 156.85 1585.69** 39.69NS 103.42
Stem diameter (cm) 0.34** 0.01 0.39** 0.01 8.3×10-3NS 0.06 0.61** 0.01NS 0.04
No. of leaves 25.18* 5.35 122.98** 11.74 43.20NS 23.36 122.94NS 12.66NS 42.01
Leaf area (cm2) 36636.77** 1854.12 22636.26** 3053.97 0.31NS 6137.90 55312.02 ** 3961.01NS 5129.91
Fresh weight (g) 44894.37** 1428.74 46703.35** 1845.82 1147.00NS 8833.26 90339.94** 1257.78NS 5808.66
Chlorophyll content (SPAD unit) 10.74* 2.74 31.24* 5.82 28.75NS 8.88 14.71NS 29.05NS 18.40
No. of inflorescence/plant 244.76** 1.36 356.76** 6.11 44.40NS 46.54 594.33** 0.36NS 2.60
Flowering time (days) 47.80** 0.82 54.63** 6.44 0.90NS 4.32 93.30** 9.13NS 9.30
Inflorescence diameter (cm) 1.84* 0.38 2.41** 0.09 0.05NS 0.54 4.17** 0.08NS 0.69
No. of florets/inflorescence 10.85NS 3.42 17.89NS 7.47 0.45NS 9.06 27.37NS 1.38NS 22.27
No. of seeds/main head 6902.33* 1747.44 11157.85** 2190.15 9030.67NS 3945.52 13435.53NS 4624.80NS 8307.88
100 seeds weight (g) 3.72** 0.14 2.80** 0.03 3.36NS 0.6 5.80** 0.72NS 0.32
1Rep: Replication, Pop: Populations, YXP: Interaction between year and population, NS,*,**: Not significant and significant at p = 0.05 and 0.01, respectively

populations in the combined analysis were significant for all
traits except for the No. of leaves, florets per inflorescence and
No. of seeds per main head. No significant differences were
found for mean square of seasons and the interaction
between seasons and populations for all studied traits.
Mean values of the studied traits for the parent, base

population and three cycles of mass selection populations are
illustrated in Table 2 and 3.
For all vegetative growth traits, a gradual increase was

found from the first cycle of mass selection to the second and
third one in both evaluation seasons as well as the combined
analysis.
Realized gain% for the C1, C2 and C3 of mass selection

relative to the base populations was 5.0, 8.1 and 12.6,
respectively for plant height, 8.0, 32.0 and 40.0 for stem
diameter, 6.6, 10.0 and 32.6, respectively for No. of leaves, 16.4,
54.0 and 121.9 for leaf area and 9.4, 56.0 and 59.8%,
respectively for fresh weight.
With respect to chlorophyll content, no significant

differences were found in the combined analysis, while
significant differences were found in both seasons. Mean
values of chlorophyll were decreased in the three cycles of
mass selection compared to base population in the first
season but an increase was found in the first cycle only in the
second season. Response of the third cycle to selection relative
to base population was 6%.
Number of inflorescences per plant was increased

gradually during cycles of mass selection in both seasons and
their combined as shown in Table 3. Mass selection improves

No.   of    inflorescences   per   plant   by  16.3,  19.7  and  61.4%,
respectively. It had a negative effect on the earliness of
flowering. Mass selection delayed flowering by 5.8, 10.0 and
12.9% as compared to base population. The latter recorded a
significant decrease on the inflorescence diameter compared
to their parent for both seasons and their combined values.
However, mass selection cycles improve this trait with a
realized gain 18.3, 30.6 and 40.8% compared to base
population.
No significant differences were found in the No. of florets

per inflorescence in both seasons and their combined values.
Thus, a slightly increase was found. Where, realized gain% that
estimated from combined analysis was 5.9, 7.2 and 11.6 for C1,
C2 and C3, respectively.
The third cycle of mass selection increased significantly

the No. of seeds per main head in the second season. No
significant differences were found in the combined analysis.
However, a slight increase was found. Response to selection
was 17.8, 19.8 and 35.4% in the three cycles from C1-C3,
respectively.
Mean values of 100 seeds weight were increased

significantly during three cycles ranged from 3.49 g in the C1
to 4.63 g in the C3 of the combined analysis. Responses to
selection compared to base population were 49.7, 84.5 and
98.7 for C1, C2 and C3, respectively.
Table 4 presents simple correlation coefficient between

the studied traits calculated in the combined analysis for the
two evaluation seasons of the three mass selection cycles,
base population and the parent. Positive and high correlation 
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Table 2: Mean performance for separate and combined of the two evaluated
seasons for plant height, stem diameter, No. of leaves, leaf area, fresh
weight and chlorophyll content in the parent, base population and
three cycles of mass selection in the branching mutant of Helianthus
annuus

Seasons
------------------------

Populations1 2014 2015 Combined Realized gain (%)
Plant height (cm)
Parent 118.3b 115.6c 117.0d

C0 149.3a 133.1bc 141.2c

C1 153.5a 143.3ab 148.4bc 5.0
C2 155.5a 15.0ab 152.7b 8.1
C3 162.6a 155.3a 159.0a 12.6
LSD0.05 23.0* 20.5* 12.3**
Stem diameter (cm)
Parent 0.9c 1.0e 0.95c

C0 1.3b 1.2d 1.25b

C1 1.3b 1.4c 1.35b 8.0
C2 1.7a 1.6b 1.65a 32.0
C3 1.7a 1.8a 1.75a 40.0
LSD0.05 0.2** 0.2** 0.24**
No. of leaves
Parent 27.6c 28.0b 27.8a

C0 29.3bc 30.8b 30.0a

C1 32.0ab 32.0b 32.0a 6.6
C2 32.8ab 33.3b 33.0a 10.0
C3 35.0a 44.6a 39.8a 32.6
LSD0.05 4.3* 6.4** NS
Leaf area (cm2)
Parent 166.4c 108.1c 137.2c

C0 174.8bc 168.4c 171.6c

C1 205.1bc 194.5bc 199.8bc 16.4
C2 253.3b 275.6ab 264.4b 54.0
C3 435.0a 326.8a 380.9a 121.9
LSD0.05 81.0** 104.0 ** 86.8**
Fresh weight (g)
Parent 141.6c 176.6c 159.1c

C0 302.5b 266.6b 284.5b

C1 305.0b 317.8b 311.4b 9.4
C2 426.6a 461.6a 444.1a 56.0
C3 447.5a 462.3a 454.9a 59.8
LSD0.05 71.1** 80.8** 92.4**
Chlorophyll content (SPAD unit)
Parent 35.8ab 38.8ab 37.3a

C0 37.0a 32.9c 34.9a

C1 33.1bc 40.9a 37.0a 6.0
C2 32.7c 35.1bc 33.9a -
C3 33.3bc 35.2bc 34.2a -
LSD0.05 3.1* 4.3* NS
1Parent: cv.Giza102, C0: Base population, C1, C2 and C3: First, second and third
cycle of mass selection. Values in the same column not followed by the same
letter are significantly different at the 5% level of probability, NS,*,**: Not
significant and significant at p = 0.05 and 0.01, respectively

coefficients were found between No. of inflorescences per
plant and all other traits except the No. of seeds per main head
where moderate correlation was extend (0.66). The same
observation   was   obtained    between    stem    diameter   and

Table 3: Mean performance for separate and combined of the two evaluated
seasons for the No. of inflorescences per plant, flowering date,
inflorescence diameter, No. of florets/inflorescence, No. of seeds/main
head and 100 seeds weigh (g) in the parent, base population and three
cycles of mass selection in the branching mutant of  Helianthus  annuus

Seasons
-----------------------

Populations1 2014 2015 Combined Realized gain (%)
No. of inflorescence/plant
Parent 1.0d 1.0d 1.0d

C0 16.6c 17.6c 17.1c

C1 19.0b 20.8bc 19.9b 16.3
C2 19.3b 23.3b 21.3b 19.7
C3 25.0a 30.3a 27.6a 61.4
LSD0.05 2.2** 4.6** 1.9**
Flowering time (days)
Parent 61.9c 59.5c 60.7c

C0 60.0d 63.8bc 61.9c

C1 66.0b 65.1b 65.5b 5.8
C2 68.4a 67.8ab 68.1ab 10.0
C3 69.1 a 70.8a 69.9a 12.9
LSD0.05 1.7** 4.7** 3.6**
Inflorescence diameter (cm)
Parent 5.2c 5.1d 5.1c

C0 4.9c 5.0d 4.9c

C1 5.8b 5.8c 5.8bc 18.3
C2 6.5a 6.4b 6.4ab 30.6
C3 6.7a 7.1a 6.9a 40.8
LSD0.05 0.5* 0.5** 1.0**
No. of florets/inflorescence
Parent 37.7a 37.7a 37.7a

C0 38.5a 38.5a 38.5a

C1 40.9a 40.7a 40.8a 5.9
C2 41.5a 41.1a 41.3a 7.2
C3 42.0a 43.9a 42.9a 11.6
LSD0.05 NS NS NS
No. of seeds/main head
Parent 446.5a 318.0c 382.2a

C0 348.8b 359.0bc 353.9a

C1 431.1a 403.3abc 417.2a 17.8
C2 439.6a 408.8ab 424.2a 19.8
C3 477.5a 481.0a 479.2a 35.4
LSD0.05 78.7* 88.1** NS
100 seeds weigh (g)
Parent 3.51b 1.96d 2.73c

C0 2.14c 2.50c 2.32c

C1 3.89b 3.08b 3.49b 49.7
C2 4.64a 3.95a 4.30a 84.5
C3 4.98a 4.28a 4.63a 98.7
LSD0.05 0.71** 0.37** 0.68**
1Parent: cv.Giza102; C0: Base population, C1, C2 and C3: First, second and third
cycle of mass selection. Values in the same column not followed by the same
letter are significantly different at the 5% level of probability, NS,*,**: Not
significant and significant at p = 0.05 and 0.01, respectively

all other traits. Highly and significant correlation were found
between inflorescence diameter with each of number of seeds
and 100 seeds weight, indicating its importance for the
improvement of seed yield.
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Table 4: Simple correlation coefficient between all studied traits in the combined values of the two evaluated seasons after three cycle of mass selection in the
branching mutants of Helianthus annuus

Plant Stem No. of Leaf Fresh No. of Flowering Inflorescence No. of florets/ No. of 100 seeds
height diameter leaves area weight inflorescences/plant date diameter finflorescence seeds/main head weight

Plant height 1.00
Stem diameter 0.94* 1.00
No. of leaves 0.83NS 0.89* 1.00
Leaf area 0.81NS 0.92* 0.98** 1.00
Fresh weight 0.94* 0.99** 0.85NS 0.88 * 1.00
No. of inflorescence 0.99** 0.92* 0.84NS 0.82NS 0.92* 1.00
Flowering date 0.89* 0.96** 0.91* 0.93* 0.94* 0.86NS 1.00
Inflorescence diameter 0.78NS 0.90* 0.90* 0.93* 0.88* 0.75NS 0.97** 1.00
No. of florets/inflorescence 0.90* 0.94* 0.93* 0.93* 0.91* 0.88* 0.98** 0.96** 1.00
No. of seeds/main head 0.68NS 0.79NS 0.90* 0.91* 0.75NS 0.66NS 0.91* 0.96** 0.92* 1.00
100 seeds weight 0.74NS 0.88* 0.85NS 0.89* 0.86NS 0.70NS 0.96* 0.99** 0.93 * 0.94* 1.00
NS,*,**: Not significant and significant at p = 0.05 and 0.01, respectively

DISCUSSION

Through evaluation of the parent, base population, C1, C2
and C3 mass selection cycles in both evaluated seasons and
combined analysis of them showed that, seasonal differences
were insignificant for all studied traits. These results indicating
that, the selected mutant after three cycle of mass selection
was stable during seasons.
Mass selection cycles were effective in shifting the mean

values towards the positive response. This may be due to
selective random mating which might have helped in
breaking closely linked genes, gene complexes or eliminates
the deleterious recessive alleles which can be produced as a
chemical mutagen effect7. These results are in accordance
with the results of previous studies10-14.
The significant improvement in mean performance of

most studied traits indicated that, these characteristics are
under the influence of genetic control. Hence, mass selection
was effective in improving the valuable traits by increasing the
desired gene frequency and appearance of new favorable
genotypes14,15. The effective mass selection tools in improving
Helianthus annuus  is referred to that these traits are under
control of additive genes7. They observed a similar response
for  seed  yield  after two cycles of mass selection on
Helianthus annuus. The positively and highly correlation
coefficients that found between the No. of inflorescences per
plant and most other traits, led to the success of the mass
selection breeding program in improving the branching
mutant, depending on the number of inflorescences per plant
and stem diameter.

CONCLUSION

The population obtained after three cycles of mass
selection is superior  in  most  studied  traits  compared  to  the

base population and the parent. This result indicated that
mass selection was a successfull method to improve
Helianthus annuus. More evaluation seasons in different
locations were needed before registration as a new cultivar.
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