View metadata, citation and similar papers at core.ac.uk

Pak. J. Bot., 47(2): 413-416, 2015.

brought to you by .{ CORE

RESPONSE OF SUNFLOWER TO VARIOUS PRE- GERMINATION
TECHNIQUES FOR BREAKING SEED DORMANCY

SYEDA NASREEN!, M. AYUB KHAN!, MUHAMMAD ZI1A?, MEHWISH ISHAQUE?S,
SALEEM UDDIN?!, M. ARSHAD! AND ZARRIN FATIMA RIZVI¥

'Oilseed Program, Crop Sciences Institute, National Agricultural Research Centre Islamabad Pakistan
?Department of Biotechnology, Quaid-i-Azam University, Islamabad Pakistan 45320
®Department of Biosciences, COMSATS Institute of information technology, Islamabad Pakistan
*Department of Plant Sciences Faculty of Biological Sciences, Quaid-i-Azam University Islamabad Pakistan
“Corresponding author e-mail: zarrinrizvi@yahoo.com , Cell Ph No. + 923343182285

Abstract

Seed dormancy is considered to be a serious constraint in sunflower seed production. Viable seeds sometimes do not
germinate even in the presence of favorable environmental conditions. Such seeds are suspected to be dormant. The study
was conducted under controlled/laboratory conditions during spring 2010 at National Agricultural Research Centre,
Islamabad. The objective of the study was to evaluate some techniques to convert a seed from dormant to non-dormant
germinable state. Dormant seeds of 21 sunflower hybrids were treated with three hot water treatments (100°/80°C) and four
chemicals potassium nitrate, 0.2%, thiourea, 0.5%, ethanol, 25%, acetone, 25% for breaking seed dormancy .The untreated
seed was taken as control. Soaking seeds in hot water (80°C) for 15 minutes followed by one day dry and seed treatment
with acetone were found to be the most effective and successful techniques in converting the seed from dormant to non-

dormant state.
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Introduction

Seed dormancy is one of the limiting factors for
efficient seed production in sunflower as it delays
immediate sowing of the crop. Various dormancy
breaking techniques have been found to minimize the
period of seed dormancy favoring maximum seed
production in shortest possible time.

Sunflower is an important oilseed crop having a wide
range of adaptability. It contains a high percentage of oil
(40-50%) and low quantity of saturated fatty acids
palmitic (4.32-9.16%) and stearic (0.20-6.64%) acids. It is
a rich source of unsaturated fatty acids such as oleic acid
(10.34-17.41%), linoleic acid (20.18-81.10%) and
linolenic acid (0.09-20.96%) with crude protein content of
27% (Andrich et al., 1985; Fernandez &Alba, 1984).

Sunflower is a source of high quality edible oil.
Therefore, there is a need to increase its seed production
(Awais et al., 2013). Seed production and vigor is highly
influenced by environmental factors such as temperature,
water stress and depth of seed sowing. The seed shape
and size also affect seedling emergence (Connor & Hall,
1997; Semerci, 2013). During the process of germination,
sunflower faces the problem of seed dormancy which is
one of the most important constraints to its production.
Such seeds do not germinate until some particular
requirement (either endogenous or exogenous) is
satisfied. Dormancy is a state in which there is a block to
germination due to some inherent inadequacy of the
mature embryo. Generally, the sunflower seed remains
dormant for more than 40 days after harvest. The seed has
able to germinate about 06 days after pollination and
becomes dormant again 16 days after pollination. The
seed germination percentage varies with the age of
developing kernel. In previous study, the highest
germination percentage (97%) was observed 40 days after
anthesis (DAA) and lowest (86%) for 36 (DAA) (Ahmed,

2002). The dormancy mechanism is not fully understood.
However the abscisic acid (growth inhibitor) is
considered to be involved in seed dormancy (Le Page-
Degivery & Garello, 1991; Garello et al., 2000). Maiti et
al. (2005) reported an association of dormancy with the
accumulation of Abscisic acid in seeds after harvest.
Other dormancy causing agents are hard seed coat and
enclosing tissues as well as genotypic variability (Maiti et
al., 2005; Subrahmanyam et al., 2002).

Several techniques have been adopted with little
success to break dormancy including hot water
treatment and the use of phytohormones. A simple
technique of hydro-priming to break seed dormancy
was effectively utilized to break seed dormancy in
sunflower genotypes, i.e. VSF 1006, VSF 1008 and
Teja. (Maiti et al., 2006). Various chemicals including
growth regulators (gibberellic acid) have been evaluated
for breaking seed dormancy in sunflower. Treatment of
seed dormancy in wild sunflower with 1m M solution of
gibberellic acid (GAs3) have been reported to double
germination percentage over a non-treated control
(Seiler, 1994). Germination of Helianthus petiolaris
was enhanced upto 60% when treated with GA; (Seiler,
1998). Dormancy can also be broken down by ethylene
and its precursors (Corbineau et al., 1990; Corbineau &
Come, 2003; Oracz et al., 2008). Among chemicals,
Ethrel is the most effective and expensive technique
which is commercially employed to break seed
dormancy in sunflower. The protease activity is
enhanced by Ethylene resulting in the breakage of seed
dormancy and successful seedling emergence (Borghetti
et al., 2002). Several techniques have been evaluated
using treatments such as growth regulators, ethrel,
hydro-priming, acetone and potassium nitrate which
were found to be effective in breaking seed dormancy in
sunflower (Maiti et al., 2006). Breaking of sunflower
seed dormancy upon 1% Potassium Nitrate has been
reported by Mehar-un-Nisa et al., 2012.
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It is well known fact that seed dormancy after harvest
delays immediate sowing of the crop. The date of sowing
has to be adjusted by seed producers to get enough time to
break seed dormancy under natural conditions. There is a
need for evaluation of various dormancy breaking
techniques as well as genotypic response to those
techniques in order to minimize the period of seed
dormancy favoring maximum seed production in shortest
possible time. The purpose of the study was to evaluate
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the effects of some pre- germination dormancy breaking
techniques on sunflower genotypes.

Materials and Methods

The study conducted during Spring 2010 at National
Agricultural Research Center (NARC), Islamabad. The
seeds of 21 newly harvested genotypes were obtained
from Oilseeds Programme, NARC, Islamabad. The
genotypes and their source are mentioned as below:

S. No. Genotypes Origin/Country S. No. Genotypes Origin/Country
1. Hysun 33 Australia 12 AUSI GOLD 8 Australia
2. 64A-57 USA 13 AG SUN 5383 South Africa
3. 64A-41 USA 14 SA-202 Pakistan
4. MG-2 USA 15 AUSI GOLD 62 Australia
5. JK-CHITRA India 16 PAN-3071 Turkey
6. LG-54-15 France 17 AUSI GOLD 61 Australia
7. XIPA-4 China 18 PAC-Arg-206 Argentina
8. NOVA Pakistan 19 M-3272 USA
9. LG-TREGOR France 20 M-2454 USA

The genotypes were treated with 10% sodium The control as well as treated seeds of all

hypochloride (Sigma) solution to avoid disease
infestation. The seeds were subjected to standard
germination test (ISTA-rules) without giving any pre-
germination treatment. The untreated seeds were taken
as control. Seeds of each genotype were given pre-
germination treatment with various chemicals and hot
water. Dormancy breaking treatments were: soaking the
seeds in (1) boiling water (100°C) for 15 minutes, (2)
hot water (100°C) for 15 minutes followed by 01 day
dry and (3) hot water (80°C) for 15 minutes followed by
01 day dry. The chemical treatments included soaking
the seed in: (1) ethanol, 25% (E-Merck) for 15 minutes
and rinsed with distilled water, (2) potassium nitrate,
0.2% (Riedel-de Haen, Germany) for 15 minutes, (3)
thiourea, 0.5% (Riedal-de Haen, Germany) for 15
minutes and (4) acetone, 25% (E-Merck) for 15 minutes.
The glassware used in this study was of analytical grade
from Iwaki, Japan. The pre-germination treatments were
evaluated for breaking seed dormancy after 8 days of
incubation (25°C). The treated seeds along with control
were subjected to standard germination test. Seeds were
selected randomly. Three replications of 50 seeds each
from all genotypes were subjected to germination test as
described by ISTA-rules (1985). The treated seeds were
rolled in wet paper and placed at 25°C in darkness in an
incubator for 7 to 8 days. The germination percentage
was calculated and the germination data was subjected
to statistical analysis (Steel & Torrie, 1997).

Results and Discussion

Germination response of 21 sunflower genotypes to
various dormancy breaking techniques is given in Table
1. The genotypes exhibited significant increase in
germination percentage in response to all kinds of
treatments (Table 2).

genotypes after 07 days of test exhibited significant
differences in the number of germinated seed as
revealed by the analysis of variance (Table 3). Among
chemicals, the acetone was found to be the most
effective in breaking dormancy followed by ethanol,
thiourea and potassium nitrate. Adkin et al. (1984)
reported that organic compounds with lipophilic
properties are effective in breaking sunflower seed
dormancy. Esen et al. (2009) also reported that
significant citric acid effect of citric acid on
germination and growth of wild cherry. Treatment
with hot water (80°C) for 15 minutes followed by one
day dry was more effective than other hot water
treatments (Table 1). Hydro-priming for 15 and 20
hours was found to be effective in breaking seed
dormancy of sunflower seeds (Maiti et al., 2005). It
has been reported that seed germination starts with
water imbibition followed by physiological changes
in the seed and is complete with the appearance of
radicle (Nonogaki et al., 2010). Results revealed that
the genotypes treated with thiourea exhibited
maximum co-efficient of variation (16.03%) after
control, which showed variable response of the
genotypes upon treating with thiourea. The genotypes
with hot water treatment (80°C + 1 day dry) exhibited
the minimum co-efficient of variation indicating more
or less the same response of genotypes for this
treatment (Tables 2, 3). Termination of dormancy by
potassium nitrate also proved effective and the
germination percentage of dormant seeds in M-3272,
NOVA and AGSUN 5383 increased by 40, 36 and
34%, respectively (Table 2). Thiourea was found to
be more effective than potassium nitrate as dormancy
breaking agent.
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Table 1. Germination response of dormancy breaking techniques applied on seeds of 21 sunflower genotypes.

No.  Treatment/Dormancy breaking agents/techniques Germination (%)

1. Control (no treatment) 6.44

2. Potassium nitrate (0.2%) 20.95

3. Thiourea (0.5%) 22.28

4. Ethanol (25%) 24.71

5. Acetone (25%) 28.73

6. Hot water (100°C) for 15 minutes 29.04

7. Hot water (100°C) for 15 minutes + 1 d dry 37.9

8. Hot water (80°C) for 15 minutes + 1 d dry 39.42

Table 2. Germination response of 21 sunflower genotypes to the dormancy breaking techniques.
No. Genotypes Control _Potassium Thiourea Ethanol  Acetone Hotwater Hotwater Hotwater
nitrate (0.2%)  (0.5%) (25%) (25%) (100°C)  (100°C+1ddry) (80°C)
1. Hysun 33 3.33C 9.33J 1466 E-H 14.00EF  14.00I-K 17.33GH 1.33N 24.00HI
2. 64 A-57 4.00C 17.00F-1 12.00F-H  14.00EF 10.00K 20.66FG 19.33LM 29.33G
3. 65A-41 4.00C 2.00K 2.66 1 0.00H 1.33L 2.00J 2.00N 23.331
4. MG-2 3.33C 24.66DE 50.66 A 36.00B 29.33F 44.66 O 24.66KL 25.33G-I
5. JK-CHITRA 6.00C 33.33B 50.66 A 74.00A 56.00B 3.331J 73.33A 64.66B
6. LG-54-15 25.33 11.33H-J 17.33D-F 17.33DE 23.33G 17.33GH 19.33LM 20.661J
7. XIPA-4 15.33 10.661J 8.00G-I1 11.33F 14.661J 16.66GH 32.66J-J 10.66K
8. NOVA 2.66C 38.00 B 11.33F-I 30.66C 30.66EF 50.66BC 23.33LM 39.33EF
9. LG-TREGOR 2.66 C 26.66CD 21.33C-E  5.33GH  15.33H-J 6.661J 50.66DE 38.00F
10. M-3255 14.6B 21.33D-F 44.66AB  78.66A 80.66A 22.66F 60.66BC 60.66B
11. 64 S-99 5.33C 20.66D-F 28.66C 12.33EF  12.66JK 84.66A 65.33B 43.33DE
12. AUSIGOLD8 2.00C 18.66E-G 11.33F-I 40.66B 53.33B 24.00F 39.33FH 28.66GH
13. AGSUN 5383  6.00C 36.66B 8.66F-I 30.66C 37.33C 16.66GH 31.33I-K 17.33]
14. SA-202 2.00C 16.00F-1 10.00F-I 37.33B  34.00C-E 30.00E 37.33G-I 51.33C
15. AUSI GOLD62 1.33B 32.00BC 47.33A 27.33C 35.33CD 54.00B 44.00E-G 44.00DE
16. PN-3071 15.3C 13.00G-J 16.66D-G  20.00D 36.66C 12.66H 64.00B 28.66GH
17. AUSIGOLD-61 2.66 C 17.00F-H 24.66CD 1.33H 19.33GH 16.00GH 38.00F-1 46.00D
18. PAC-Arg-206 1.33C 22.00D-F 16.00E-G 26.66CD  33.33C-F 30.00E 39.33F-H 54.66C
19. M-3272 2.66 C 44.00A 38.66B 30.66C  32.00D-F 84.66A 44.66EF 73.33A
20. M-2454 4.00B 17.33E-H 13.66E-H 8.66E-G  16.66H-J 48.00CD 56.66CD 77.33A
21. PAN-7351 11.3C 7.33JK 6.00H-1 2.00H 17.33HI 17.33GH 26.00JKL 29.33A
Mean 6.44 20.95 22.28 24.71 28.73 29.04 37.77 39.52
LSD (%) 3.975 5.926 7.888 5.226 4.054 4.736 6.588 4.731

LSD = Least significant difference

Numbers followed by the same letters in the same column are not significantly different according to Duncan,s Multiple range Test at p<0.05 level

Table 3. Mean squares and Co-efficient of variation for seed germination after dormancy breaking.

Chemicals Hot Water

Variable DF | Control POIBSSUM | Thiourea | Ethanol | Acetone | 100°C | 100°C+1ddry | 80°C
Genotype 20 119.11** 359.18** 721.67** 1341.5** 99555** 1710.5** 1158.7** 1039.22**
Replication 2 1.78™ 72.57** 8319 36.0* 9.97* 7.0 19.1™ 10.86*
Error 40
Total 62

CV% 27.95 12.80 16.03 9.58 6.39 7.39 7.90 5.42

F value 36.71 49.85 56.57 240.37 295.58 373.39 130.03 226.39

CV = Co-efficient of variation

The genotypes treated with 0.5% thiourea, the
maximum germination response was exhibited by JK-
CHITRA and MG-2 (27.3 and 26.0%, respectively) (Table
2). Reddy et al. (1993), Singh & Rao (1993) and Maiti et al.
(2006) reported success in breaking seed dormancy by using
potassium nitrate. Treatment of dormant seeds with certain
nitrogenous compounds such as potassium nitrate and
thiourea results in formation of free radicals which in turn
improve seed vigor (Reddy, 1993). Tang et al. (2010) also
stated that change in temperature also affect change in
germination of Lepidium perfoliatum L. seeds. Exposure of
sunflower achenes to ethanol and acetone results in changed
permeability of cell membrane leading to permanent change
which is not affected by hydration or dehydration of seed

coat (Adkin et.al., 1984). Hot water treatment affects the cell
membrane status and results in increased membrane
permeability which allows solutes and growth inhibitors to
come out of the cells (Akinola et al., 2000). It is important to
note that the plant growth regulators are effective in minute
quantities for breaking seed dormancy. Their excessive use is
not recommended as it may cause toxicity and therefore
produces negative effects on dormancy breaking.

During the studies it was also observed that the
genotypes MG-2, M-3255, JK-CHITRA and AUSI GOLD
62 exhibited higher germination percentage than control in
response to all treatments. Other genotypes responded
negatively for one or more dormancy breaking treatments
(Table 2), showing that germination response is genotypic



416

dependent. For all treatments, a low to high level of
variability was observed among the genotypes as confirmed
by the co-efficient of variation (Table 3). Genotypes
exhibited variations in germination response upon chemical
treatments for breaking seed dormancy, which may be due to
difference in their genetic make-up. Other factors involved in
control of dormancy are accumulation of growth inhibitors
(Abscisic acid) at maturity (Le Page-Degivry & Garello,
1992) and hard seed coat (Corbineau et al., 1990). At present
a little success has been achieved in breaking seed dormancy
since it is genotype dependent and the exact role of the
dormancy breaking agents is not fully known. The dormancy
breaking techniques have been successfully employed for
dormancy breaking in most of the crops and in sunflower as
well. Seed dormancy breaking treatments are confined up to
seed germination level. Once the seed dormancy is released
naturally or by pre-germination treatments (In vitro), the
seedling can established itself into a new plant. However, it
is obvious that an understanding of the mechanism of seed
dormancy and role of the factors/agents responsible for the
release of dormancy may be helpful in minimizing the period
of seed dormancy in sunflower after harvest.

Treatment of seeds with hot water (80°C) for 15 minutes
followed by one day dry proved highly effective in breaking
seed dormancy. Among various chemicals used for breaking
dormancy, acetone (25%) was found to be the most effective
as a dormancy breaking agent when applied to dormant
seeds for 15 minutes before subjecting them to germination
test. All genotypes exhibited variable response to dormancy
breaking treatments showing that germination response is
genotypic dependent.

References

Adkins, SW., JM. Naylor and G.M. Simpson. 1984. The
physiological basis of seed dormancy in Avena fatua V. Action
of ethanol and other organic compounds. Physiol. Plant., 62:
18-24.

Ahmad, S., N.M. Cheema, I.A. Khan and M.A. Rana. 2002. Effect
of age of developing kernel on germination and dormancy in
sunflower. Pakistan J. Agri. Res., 17: 67-70.

Akinola, J.O., A. Larbi, G.O. Farinu and A.A. Odunsi. 2000. Seed
treatment methods and duration effects on germination of wild
sunflower. Exp. Agric., 36: 63-69.

Andrich, G., S. Baroncelli, R. Fiorentini and G.P. Vannozi. 1985.
Variability in content of oleic and linoleic acids in inbred lines of
sunflower (Helianthus annuus L.). Agrochimica, 24: 276-280.

Awais, M., A. Wajid, A. Ahmad and A. Bakhsh. 2013. Narrow plant
spacing and nitrogen application enhances sunflower (Helianthus
annuus L.) productivity. Pak. J. Agri. Sci., 50: 689-697.

Borghetti, F., F.N. Noda and C.M. de Sa. 2002. Possible
involvement of proteasome activity in ethylene-induced
germination of dormant sunflower embryos. Brazilian J. Plant
Physiol., 14: 125-131.

Connor, DJ. and AJ. Hall. 1997. Sunflower physiology. In:
Sunflower Technology and Production. (Eds.): A.A. Schneiter.
Agron. Monogr. ASA, CSSA, SSA, Madison. WI. 35: 113-182.

Corbineau, F. and D. Come. 2003. Germination of sunflower seeds
are related to ethylene synthesis and sensitivity, An overview.
NATO Science Series Sub-series 1 Life and Behavioral
Sciences, 349: 216-221.

Corbineau, F., S. Bagniol and D. Come. 1990. Sunflower seed
dormancy and its regulation by ethylene. Israel J. Bot., 39(4-
6): 313-325.

SYEDA NASREEN ET AL.,

Esen, D., N. Gunes and O. Yildiz. 2009. Effects of citric acid
presoaking and stratification on germination behavior of
Prunus avium L. Seed. Pak. J. Bot., 41(5): 2529-2535

Fernandez-Martinez, J and E. Alba. 1984. Breeding for oil and meal
quality in sunflower. Proc of Inter. Symposium on Sci. and
Bio-Technology for an Integral Sunflower Utilization, 75-97.

Garello, G., P. Barthe, M. Bonelli, J. Bianco-Trinchant, J. Bianco
and M. Le.Page-Degivry. 2000. Abscisic acid-regulated
responses of dormant and non-dormant embryos of Helianthus
annuus: role of ABA-inducible proteins. Plant Physio. and
Biochem. Paris, 38(6): 473-482.

International Seed Testing Association, 1985. Seed Sci. & Technol.,
13: 299-355. Zurich, Switzerland.

Le Page-Degivry, M., T. Barthe, J. Bianco and G. Garello. 1992.
Involvement of abscisic acid in hormonal regulation of
sunflower embryo dormancy. In: (Eds.): D. Come and F.
Corbineau . Proc 4™ Int. Workshop Seeds, Angers, France, 20-
24 July, Paris. pp. 615-623.

Maiti, R.K., P. Vidyasagar, S.C. Shahapur and G.J. Seiler. 2005.
Genotypic variability in seed dormancy in sunflower
(Helianthus annuus L.) genotypes and the effects of periods of
priming in breaking dormancy and improving seed vigour.
Crop Res. Hisar., 30(2): 291-298.

Maiti, R.K., P. Vidyasagar, S.C. Shahapur and V.P. Singh. 2005.
Research trends on seed development, dormancy, germination,
emergence and seedling vigour of sunflower (Helianthus
annuus L.) a review. Res. on Crops, 2005. 6(1): 1-13.

Maiti, R.K., P. Vidyasagar, S.C. Shahapur, S.K. Ghosh and G.J.
Seiler. 2006. Development and standardization of a simple
technique for breaking seed dormancy in sunflower
(Helianthus annuus L.) Helia., 29(45): 117-126.

Maiti, R.K., P. Vidyasagar, S.C. Shahapur, S.P. Doddagoudar and
K.H. Prasad. 2006. Using a very simple technique of hydro-
priming to break seed dormancy and to maintain keeping
quality and seed viability of some sunflower hybrids obtained
from different localities. Crop. Res. Hisar., 31(3): 456-459.

Mehar-un-Nisa Najero, Mohammad Ibrahim, Vajanti Mala and
Aisha Najero. 2012. Effects of different methods of breaking
seed dormancy in sunflower (H. annuus L.). Sci. Int. (Lahore),
24(4): 471-474.

Nogonaki, H., G. Bassel and J. Bewly. 2010. Germination still a
mystery. Plant Sci., 179: 574-581.

Oracz, K., H. El. Maarouf Bouteau, R. Bogatek, F. Corbineau and
C. Bailly. 2008. Release of sunflower seed dormancy by
cyanide: cross-talk with ethylene signaling pathway. J. Exper.
Bot., 59(8): 2241-2251.

Reddy, B.M. 1993. Studies on seed dormancy in sunflower. Journal
of Research APAU., 21(3): 142-146.

Seiler, G.J. 1994. Dormancy and germination of wild Helianthus
species. In: Compositae Biol. Utilization Proc. (Eds.): P.D.S.
Calligan and D.J.N. Hind. Int. Compositae Conf. Kew, 1994.
Royal Botanic Garden, Kew. 2:213-222.

Seiler, G.J. 1998. Seed maturity, storage time and temperature and
media treatment effect on germination of two wild sunflowers.
Agron J., 90: 221-226.

Semerci, A. 2013. The effects of agricultural subsidies on sunflower
cultivation and farmers’ income: evidence from Turkey. Pak.
J. Agri. Sci., 50: 139-145.

Singh, H.G. and G.R. Rao. 1993. Effect of chemical soaking of
sunflower (Helianthus annuus) seed on vigour index. Indian J.
Agric. Sci., 63: 232-233.

Steel, T.G.D. and J.H. Torrie. 1979. Principles and procedures of
statistics. McGram Hill Book Co., New York.

Subhrahmanyam, S.V.R., S.S. Kumar and A.P.G. Ranganatha.
2002. Genotypic differences for seed dormancy in sunflower
(Helianthus annuus L.) seed Re. (New Dehli), 30: 325-327.

Tang, AT., M.H. Tian and C.L. Long. 2010. Dormancy and
germination in  short-lived Lepidium perfoliatum L.
(brassicaceae) seeds. Pak. J. Bot., 42(1): 201-211.

(Received for publication 18 December 2013)



