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Abstract

The effect of aqueous smoke extract, derived from Tanacetum parthenium, on
in vitro plantlet regeneration from rapeseed (Brassica napus L. cv. Topas)
microspore-derived embryos (MDEs) was evaluated in this study. Inoculation of
rapeseed MDEs with the smoke-extract dilutions (1:250, 1:500, 1:1000 and 1:2000)
for various times (5, 10 and 15 min) significantly enhanced the percentage of
regenerated plantlets from these embryos and also decreased the callogenesis
percentage in these explants. The root length and shoot length of inoculated MDEs
were significantly improved with all smoke-extract dilutions except for dilutions of
1:100 and 1:10. Application of smoke-extract solutions (1:1000, 1:500, 1:250 and
1:100) in Bs regeneration medium significantly enhanced the plantlet regeneration
from rapeseed MDEs compared to control cultures. Furthermore, use of smoke-
extract solutions in combination with GA; (0.1 and 0.15 mgl™") significantly
improved the root length and shoot length of rapeseed MDEs compared to separate
use of smoke-extract solutions. Use of filter paper saturated with aqueous smoke
extract (1:250) on top of the Bs regeneration medium was the best smoke treatment
method improving the plantlet regeneration percentage, root length and shoot
length of rapeseed MDEs compared to other treatment methods. The conversion
frequency of rapeseed MDEs pretreated with smoke extract dilution of 1:500 was
improved up to 50% compared with the control MDEs (26.67%), whereas the use
of smoke extract (1:100) in Bs regeneration medium enhanced the conversion
frequency of these MDEs up to 62% compared with the control cultures (26.67%).

Keywords: Brassica napus L.; Plant-derived smoke; Plantlet regeneration; Microspore-
derived embryo.
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Abbreviations

MDE Microspore-derived embryo, GA Gibberellic acid, PGR Plant
growth regulator

Introduction

Plant-derived smoke generated by burning is widely recognized as an
important germination stimulant. After the discovery by De Lange and
Boucher (1990) that seeds of Audouinia capitata Brongn. germinate well at
sites with smoke-fumigated soils, but not at smoke-free (control) sites,
numerous studies have revealed the potential of plant-derived smoke in
many aspects of plant biology such as seed germination, seedling growth
(Kulkarni et al., 2005; Kulkarni et al., 2007; Kulkarni et al., 2008; Abdollahi
et al., 2011), plant flowering (Keeley, 1993), root initiation and
development (Taylor and Van Staden, 1996), somatic embryogenesis and
embryo development (Senaratna et al., 1999; Ma et al., 2006, Malabadi and
Nataraja, 2007). The active germination stimulant in smoke, now known as
karrikinolide (Nelson et al., 2009), was identified to be the butenolide,
3-methyl-2H-furo [2, 3-c] pyran-2-one (Flematti et al., 2004). It was
suggested that the active compound (s) in smoke could behave in a manner
similar to that of other plant growth regulators (PGRs) (Senaratna et al.,
1999; Ma et al., 2006) and affect the plant processes through interaction
with endogenous PGRs such as gibberellins, cytokinins, abscisic acid and
ethylene in photoblastic and thermodormant seeds (Van Staden et al., 2000).

Brassicaceae is a plant family that showed positive response to smoke
treatment (Brown et al., 2003), and Brassica napus known as rapeseed is a
flowering member of this family. In Iran, rapeseed is edible oil crop and has
recently been exploited to boost its production (Amiri-Oghan et al., 2009).
There is a little or no information about the impact of plant-derived smoke
on germination and growth of rapeseed plants in vitro and in vivo. Thornton
et al. (1999) only described the promotive effect of combustion products
from plant vegetation on the release of rapeseed seeds from dormancy. In
the study of these researchers, the combustion product solution (1:100
dilution) from willow (Salix viminalis), Themeda triandra leaves and wheat
(Triticum sativum) broke dormancy of rapeseeds in the dark at 20 °C and
also enhanced the seedling growth of rapeseed in comparison to that of the
dark water controls.

Microspore-derived embryos (MDEs) are important materials for plant
breeders to generate haploid and doubled haploids plants, which have
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considerable value in plant breeding (Evans et al., 1990). Microspore culture
and plant regeneration of rapeseed (B. napus) has been investigated
extensively because of its high frequency of androgenesis (Pechan and
Keller, 1988). However, one problem with the practical application of
MDEs in B. napus breeding is that these androgenic embryos convert to
plantlets directly but only at low frequencies (1-47%) (Kott and Beversdorf,
1990). Generally, all plant materials are suitable for preparation of smoke
extracts with stimulatory effects in plant growth process (Jager et al., 1996).
As the smoke derived compounds stimulate seed germination, it was
questioned whether they are equally effective in enhancing B. napus plantlet
regeneration from MDEs. Thus, in the present study, the effects of aqueous
smoke extracts derived from burning leaf material of Tanacetum parthenium
(a traditional medicinal herb), alone or in combination with GA; was tested
for in vitro plantlet regeneration and growth properties of rapeseed MDEs.

Material and Methods
Plant material and growth condition

A spring cultivar of rapeseed (Brassica napus cv. Topas), competent for
microspore embryogenesis was used in this study. Seeds were kindly
provided by Dr. J.M. Segui-Simarro (institute of COMAYV, Spain). The
donor plants for microspore culture were grown under growth cabinet
conditions with a 16 h photoperiod, a day/night temperature of 15/10 °C and
a light intensity of 300 pmol m™.

Microspore culture

The microspore culture was based on protocol of researchers (Haddadi
et al., 2008; Abdollahi et al., 2009). About 50-100 flower buds (2.5 to 3.5
mm) at the late uninucleate stage and early binucleate stage of microspore
development were selected. The buds were surface sterilized in
approximately 100 ml of 5.25% sodium hypochlorite for 10 min with
agitation prior to washing three times (5 min for each time) with sterile
water. The buds were then macerated in a cold microspore isolation solution
(Fletcher et al., 1998), distilled water containing 13% sucrose and buffered
at pH 6.0. This microspore suspension was filtered through a 106 um metal
sieve followed by a 53 pm metal sieve. The crude microspore suspension



312 P. Ghazanfari et al. / International Journal of Plant Production (2012) 6(3): 309-324

was centrifuged at 181 g for 5 min, the supernatant was decanted, and 5 ml
cold microspore isolation medium was added to resuspend the pellet. This
procedure was repeated twice for a total of three washes. Before the last
centrifuge spin, the number of microspores was determined using a
hemacytometer, and then microspores were resuspended in NLN-13
medium (Lichter, 1982) with 13% sucrose, pH 6.0. A microspore density of
about 4x10* per ml was used in this study. The microspore suspension was
then dispensed into 100x15 mm Petri dishes, 10 ml in each. The dishes were
sealed with double layers of Parafilm, incubated at 30+0.5 °C in the dark for
14 days and then moved to 25 °C still in the dark on a shaker (40 rpm). After
35 days, MDEs at cotyledonary stage were transferred to Bs regeneration
medium (Gamborg et al., 1968), containing 0.1 mgl' Gibberellic acid
(GA3), 20 mgl™" sucrose and 8 gl agar, pH 5.7.

Smoke-extract solutions

In this study, the dry leaf material of 7. parthenium (5 kg) was burnt in a
20-L metal drum, and smoke generated was passed through a glass column
containing 500 ml of tap water for 45 min (Baxter et al., 1994). This smoke
water was filtered through Whatman No. 1 filter paper. A neutral fraction of
smoke water, without the weaker acids, phenols and stronger acids was
prepared by a protocol involving the ether, NaOH soluble and NaHCO3
soluble (Flematti et al., 2007) and used as stock solution. The test solutions
were prepared by diluting 1 ml of this neutral smoke-extract with different
volumes (v/v) of distilled water or culture media. Smoke-extract solutions
were sterilized using an autoclave (121 °C and 1.2 bar) for 20 min.

Plantlet regeneration experiments with rapeseed MDEs

Three separate experiments were conducted to examine the effect of
plant-derived smoke solutions on in vitro plantlet regeneration and growth
properties in rapeseed MDEs. In the first experiment, rapeseed MDEs
(35-day-old) were inoculated with smoke-extract dilutions of 1:10, 1:100,
1:250, 1:500, 1:1000, 1:2000 and control distilled water for 5, 10 and 15
min. Inoculated MDEs were rinsed two times (5 min) with sterile distilled
water and dried on a sterile filter paper. Rapeseed MDEs were then
transferred to Bs regeneration medium, containing 0.1 mgl™" GAj, 20 mgl™
sucrose and 8 gl agar, pH 5.7. The experimental design was a completely
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randomized factorial (7x3) with three replications, each consisting of one
Petri dish (100x15 mm) with 10 explants (MDEs). In second experiment,
the combined effect of smoke-extract dilutions and GAj3 on the plantlet
regeneration and growth of rapeseed MDEs was investigated. In this
experiment, smoke-extract dilutions were made using the crude smoke
extracts in the Bs medium and sterilized using an autoclave. This
experiment was arranged in a completely randomized design, in a factorial
7x4. Six concentrations of smoke extracts (1:10, 1:100, 1:250, 1:500,
1:1000, 1:2000) and distilled water as control were used with four levels of
GA; (0, 0.1, 0.15 and 0.2 mgl"). Each experimental unit (Petri dish)
consisted of 10 explants (MDEs) with three replicates. The final test
compares the effect of different treatment methods of rapeseed MDEs with
smoke extract dilution on plantlet regeneration and growth. Inoculation of
rapeseed MDEs with smoke-extract dilution of 1:250 for 15 min, use of
smoke extract (1:250) in Bs regeneration medium, use of filter paper
saturated with or without aqueous smoke extract (1:250) on top of the Petri
dishes containing the Bs medium were compared to control (untreated
MDEs were transferred to Bs regeneration medium without any smoke
extract). A completely randomized design with three replications was used
in this experiment

Data analysis

All data was analyzed using SPSS statistical package (version 16, SPSS
Inc., an IBM Company, USA) and means using Duncan’s test at P<0.05
were compared. Three replicates were used for each treatment, in which 10
MDEs placed in a Petri dish containing the Bs regeneration medium was
considered as a replication. All experiments were repeated thrice and the
results were presented based on the average of the three experiments.

Results and Discussion

Interaction between smoke-extract dilutions and inoculation times on
plantlet regeneration and growth properties of rapeseed MDEs

The interaction between different smoke-extract dilutions and inoculation
times of rapeseed MDEs was not statistically significant (P<0.05) for
plantlet regeneration and callogenesis percentages, while there was a
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significant differences between various smoke-extract dilutions for
percentages of plantlet regeneration and callogenesis (Table 1). The smoke-
extract dilutions of 1:250, 1:500 and 1:1000 significantly enhanced the
percentage of plantlet regeneration compared to control and other smoke-
extract treatments. These smoke-extract dilutions showed the highest
percentages of plantlet regeneration compared to control and other dilutions
of smoke extract (Table 2, Figure 1A).These concentrations of smoke
extract significantly reduced the percentage of callogenesis in MDEs
compared with the higher concentrations (1:100 and 1:10), but not control
cultures (Table 2). The smoke-extract dilutions of 1:10 and 1:100 had a
significant negative effect or no significant effect on the percentage of
plantlet regeneration compared to control distilled water (Table 2).

Table 1. Analysis of variance summary for plantlet regeneration traits of rapeseed MDEs
inoculated with smoke-extract dilutions for various times.

Mean Square

Source of Variation  Df Plant Callogenesis Root Shoot
regeneration (%) (%) length length

Smoke-extract 6 1575.661°" 106.878"  40.714""  4.937"

concentration (A)

Inoculation time (B) 2 68.254™ 0.000"™ 33987 1.764™

AxB 12 58.995"™ 20.370™ 1.346™"  0.896™"

Error 42 44444 28.571 0.051 0.058

"P<0.01; 7" P<0.001; ™ Non significant.

Table 2. The effect of different smoke-extract dilutions (used at explant) on plantlet
regeneration and callogenesis percentage in rapeseed (Brassica napus L.cv. Topas) MDEs
after 4 weeks of culture in Bs regeneration medium under 16:8 h light/dark period at
2540.5 °C.

Smoke extract dilutions Mean = 8D (%) -

Plantlet regeneration Callogenesis

Control 26.67 +5.00° 20.00 + 0.00™®

1:2000 33.33 + 8.66" 20.00 + 5.00®

1:1000 46.67 +7.07° 15.56 £5.27°

1:500 50.00 = 5.00° 16.67 + 5.00°

1:250 48.89 + 7.82° 16.67 + 5.00°

1:100 25.56+5.27° 24.44 £ 527"

1:10 16.67 + 8.66° 2333+ 7.07°

Means with the same letter (s) are not significantly different from each other.
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Interaction between smoke-extract dilutions and inoculation times of
rapeseed MDEs was statistically significant (P<0.001) for root length and
shoot length (Table 1). Inoculation of rapeseed MDEs with smoke-extract
dilution of 1:250 for 15 min was the best treatment for improvement of root
length in regenerated plantlets (Table 3, Figure 1B). Concerning the shoot
length of regenerated plantlets, inoculation of MDEs with smoke-extract
dilution of 1:250 (10 min) and dilutions of 1:500 and 1:250 (15 min) were
the best smoke treatments and showed the highest shoot length compared to
control and other smoke treatments (Table 3, Figure 1B). Inoculation of
rapeseed MDEs with smoke-extract dilution of 1:10 for 15 min showed a
negative effect on root length compared to control.

Control

Control 1:2000 1:1000 1:500

Figure 1. Improvement of plantlet regeneration percentage in rapeseed (B. napus L. cv.
Topas) MDEs inoculated with smoke-extract dilution of 1:500 (A), and the effect of different
smoke-extract dilutions on root length and shoot length of regenerated plantlets from rapeseed
(B. napus L.cv. Topas) MDEs after 4 weeks of culture in Bs regeneration medium under
16:8h light/dark period at 25+0.5 °C (B). The surface dried MDEs of rapeseed were
inoculated with smoke-extract dilutions for various periods (5, 10 and 15 min).
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Table 3. The interaction between smoke-extract dilutions (used at explant) and
inoculation times on root and shoot length of rapeseed (Brassica napus L.cv. Topas)
MDE:s after 4 weeks of culture in Bs regeneration medium under 16:8h light/dark period

at 25+0.5 °C.

Smoke extract

Inoculation times

dilutions (v/v) (min) Root Length (cm) Shoot Length (cm)

5 5.13+£0.218 2.07 +0.15¢

Control 10 5.00 £0.17¢ 2.03 +0.31¢
15 6.10 £ 0.26" 3.07+0.15°

5 5.97+0.12° 3.03+£0.21°

1:2000 10 7.03+0.21¢ 3.00 + 0.26°
15 7.07 £0.32° 4.07+0.15°

5 7.07 £0.15° 4.03+021°

1:1000 10 7.93 +0.25¢ 3.03+0.21°
15 8.20+0.17¢ 4.07+0.15°

5 7.97 +0.32¢ 4.03+0.31°

1:500 10 8.10+0.26% 4.07+0.35°
15 8.03+0.21¢ 5.03 +0.31°

5 9.03+£0.21° 4.07 +0.25°

1:250 10 11.07 £0.25° 5.07+0.15%
15 12.03 +£0.31* 4.97 +0.38°

5 5.17£0.128 3.07 £0.25°¢

1:100 10 4.93 +£0.15% 4.03+0.21°
15 5.20 +0.108 4.07+0.25°

5 4.83 +0.328 4.23+0.06°

1:10 10 5.10 £ 0.208 3.97+0.32°
15 3.97+0.21" 3.07 £0.15°

Means with the same letter (s) are not significantly (P<0.001) different from each other.

The stimulatory effect of plant-derived smoke on seedling growth
properties and rooting was previously proved by other researchers (Taylor
and Van Staden, 1998; Ma et al., 2006; Abdollahi et al., 2011).

In a previous study, incorporation of butenolide into the culture medium
reduced the period of embryo development and improved the frequency of
root formation in Baloskion tetraphyllum (Ma et al., 2006). Aqueous
smoke extracts derived from both Themeda triandra and Passerina
vulgaris had also a significant promotive effect on the growth of roots
in cuttings of Vigna radiata (Taylor and Van Staden, 1996). The extracts
used in the last study, stimulate rooting over a wide range of dilutions,
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and there is no significant inhibition of rooting except for very
concentrated applications of the crude extract. These findings support the
results of our study that high concentrations of smoke extracts (1:10 and
1:100) showed a negative effect on root length of regenerated plantlets
from rapeseed MDE:s.

Combined effect of smoke-extract solutions (used in culture medium) and
GA; on plantlet regeneration and growth properties of rapeseed MDEs

In this experiment, the interaction between the smoke-extract solutions
used in Bs regeneration medium and GAj3 was not statistically significant
(P<0.05) for percentages of plantlet regeneration and callogenesis (Table 4).
Different smoke-extract dilutions used in Bs regeneration medium
significantly (P<0.001) enhanced the percentage of plantlet regeneration
from rapeseed MDEs (Table 5). Use of smoke-extract dilution of 1:100 in
culture medium resulted in highest percentage of plantlet regeneration
compared to control and other smoke treatments (Table 5). The effect of
GA; on percentage of plantlet regeneration from rapeseed MDEs was
statistically significant (P<0.01, Table 4). Use of 0.lmgl' GA; in Bs
regeneration medium showed the highest percentage of plantlet regeneration
compared to control and other levels of GAj; (Table 5). Different
concentrations of smoke-extracts and various levels of GAz did not show
significant effect (P<0.05) on percentage of callogenesis in rapeseed MDEs
(Table 4).

Table 4. Analysis of variance summary for plantlet regeneration traits of rapeseed MDEs
treated with different concentrations of smoke-extract and GAj; in Bs regeneration
medium.

Mean Square

Source of Variation ~ Df Plant Callogenesis Root Shoot
regeneration (%) (%) length length
GA; concentration (A) 3 241.667" 10.556™  18.530 10.713"
Smoke-extract 4 2154.167" 106.667"  27.983""  9.969""
concentration (B)
AxB 12 54.167™ 24.444" 1.533"™  0.929™
Error 40 43.333 46.667 0.140 0.124

"P<0.01; " P<0.001; ™ Non significant.
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Table 5. The effect of different concentrations of smoke-extracts and GA; (used in Bs
regeneration medium) on plantlet regeneration (%) from rapeseed (B. napus L.cv. Topas)
MDEs after 4 weeks medium under 16:8h light/dark period at 25 + 0.5 °C.

Mean + SD (%)

Treatment Plantlet regeneration

Control 26.67 £ 4.92°

1:1000 45.83 +9.00°

Smoke-extract solution (v/v) 1:500 47.50 + 6.22°
1:250 55.00 + 10.00°

1:100 62.50 + 6.22°

0 44.00+13.52°
Gibberellic acid (mgl™) 010 ey iy
0.20 44.67 +11.87°

Means with the same letter (s) are not significantly different from each other.

In this experiment, smoke-extract (concentration of 1:100) showed the
highest percentage of plantlet regeneration (62.50%) compared with the
control (26.67%) and with respect to other concentrations of the smoke-
extracts (Table 5), whereas in the first experiment, when the rapeseed MDEs
inoculated with smoke-extract dilutions, this concentration (1:100) reduced
the percentage of plantlet regeneration (25.56%) compared to the control
and other concentrations of smoke-extract except for 1:10 (Table 2). These
facts are suggesting that smoke extracts may also include toxic substances
with detrimental effects on plant growth process, as also proposed by
several authors (Senaratna et al., 1999; Light et al., 2002; Light et al., 2009).
This way, when smoke extracts are applied as a pretreatment (inoculated
MDEs), the stimulating effects would be evident, but so would be the
negative, deleterious effects (concentrations of 1:100 and 1:10). When
smoke extracts are added to the culture medium, the rest of compounds
would somehow avoid such effects, possibly inactivating or buffering
potentially toxic substances. Thus, regeneration medium would allow for the
use of higher extract concentrations with no detrimental effects (Table 5).

Interaction effect between the smoke-extracts and GAj; in Bs regeneration
medium on root and shoot length of regenerated plantlets from rapeseed MDEsf
was significant (Table 4). Combined use of smoke extract (1:100) and 0.1 mgl
GAj; in Bs regeneration medium was the best treatment for improvement of root
length and shoot length compared to control and other treatments (Table 6).

There are several studies that show that smoke extracts exhibit hormone-
like responses and shows interaction with PGRs. For example, there is an
increase in putative GA measured using the dwarf rice microdrop assay in
smoke-treated lettuce seeds compared to red light-treated seeds (Gardner
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et al., 2001). Kepczynski et al. (2006) showed that separate application of
smoke solution (1:1000 dilution) or GA3; had no significant effect on
germination of Avena fatua caryopses after 24 h of incubation in comparison
to the control (P<0.05). However, combining the GAs (10™ and 10™* M) with
the smoke solution significantly increased the germination rate and resulted in
germination levels of about 80% after 24 h. In light-sensitive Lactuca sativa
seeds, Van Staden et al. (1995) observed a similar synergism between GA3;
and smoke. It was concluded that gibberellin synthesis could be considered as
a possible component of the mechanism involved in smoke-stimulated
germination. Furthermore, it was also shown in Nicotiana attenuata that
smoke exposure increased the sensitivity of the seeds to exogenous GAj;
treatment (Schwachtje and Baldwin, 2004). However, gibberellins, if applied
simultaneously with liquid smoke, achieved their maximum effectiveness at
concentrations that were several times lower than those where gibberellins
were applied alone (Todorovic et al., 2005). These finding are consistent with
the results obtained in our study.

Table 6. The interaction between smoke extracts and GAj; (used in Bs regeneration
medium) on root length and shoot length of regenerated plantlets from rapeseed (B. napus
L.cv. Topas) MDEs after 4 weeks of culture under 16:8h light/dark period at 25+0.5 °C.

GAs (mgl'l) Smoke—;xtract Mean + SD
solutions Root Length (cm) Shoot Length (cm)

Control 5.40 £ 0.702 2.53+0.67°¢

1:1000 6.03 +0.21% 1.93 +0.25"

0 1:500 6.07 £ 0.32% 2.13 +0.25¢"
1:250 6.07 +0.15% 3.17 £ 0.25%

1:100 8.07+0.159 4.03+031°

Control 5.37 +0.76% 2.60 + 0.70®

1:1000 8.97 +0.32° 5.00 + 0.26°

0.10 1:500 8.97+0.31° 5.07+0.15°
1:250 9.00 + 0.26° 5.03+0.31°

1:100 12.07 £0.32° 6.07 £0.15°

Control 570+0.61% 2.57+0.47

1:1000 7.00 £ 0.26° 3.87+£0.21°

0.15 1:500 7.13+£0.21° 4.07+0.15°
1:250 6.97 +0.32° 3.97+£021°

1:100 9.90 + 0.26° 5.07+0.15°

Control 5.53+£0.58® 247 +0.72%

1:1000 6.13+0.21F 3.20+0.17¢
0.20 1:500 6.07 £ 0.32% 3.00 + 0.26%f
1:250 7.17 +0.06° 3.03+0.21%f

1:100 8.93+0.15° 5.17 +0.06°

Means with the same letter (s) are not significantly (P<0.001) different from each other.
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Effect of different treatment methods of rapeseed MDEs with aqueous smoke
extract on plantlet regeneration (%) and growth properties

Different treatment methods of rapeseed MDEs with aqueous smoke
extract (1:250) were significantly (P<0.05) different for percentage of
plantlet regeneration (Table 7) while had no significant effect on
callogenesis percentage (Table 7). Use of filter paper saturated with aqueous
smoke extract (1:250) on top of the Bs regeneration medium and inoculation
of rapeseed MDEs with smoke extract dilution of 1:250 were the best
treatment methods and showed the highest percentages of plantlet
regeneration compared to control and other treatment methods (Table 8).

Different treatment methods of rapeseed MDEs with smoke-extract
dilution of 1:250 also showed significant (P<0.001) differences for root length
and shoot length (Table 7). Use of filter paper saturated with aqueous smoke
extract (1:250) on top of the Bs regeneration medium was the most effective
method improving the root length and shoot length of rapeseed regenerated
plantlets compared to control and other treatment methods (Table 8).

Table 7. Analysis of variance summary for plantlet regeneration traits of rapeseed MDEs
treated with smoke-extract dilution of 1:250 through different methods.

Mean Square

Source of Variation Df Plant Callogenesis Root Shoot
regeneration (%) (%) length length

Smoke treatment method 4 223.3337 56.667™  11.156 2487
Error 10 40.000 66.667 0.383 0.237

" P<0.05; " P<0.001; ™ Non significant.

Table 8. The influence of different treatment methods of rapeseed MDEs with smoke-
extract dilution of 1:250 on plantlet regeneration (%), root length and shoot length of
regenerated plantlets. Data were analyzed after 4 weeks of culture on Bs regeneration
medium under 16:8h light/dark period at 25 + 0.5 °C.

Smoke treatment Mean + SD
method Plantlet regeneration (%) Root Length (cm)  Shoot Length (cm)
T, 36.67 +5.78° 8.67 +0.45° 2.53 +0.497
T, 40.00 £ 0* 9.37 +0.67% 2.93 +0.25%
T, 53.33+5.77° 11.43 +0.68° 3.73 £0.57*
T, 50.00 + 10.00™ 10.23 + 0.45° 3.93 +0.46°
Ts 56.67 + 5.77 13.57 +0.78" 4.87 +0.59°

T;: Control (untreated MDEs with smoke-extract solutions were transferred to Bs
regeneration medium without any smoke extract); T,: Use of filter paper without aqueous
smoke extract on top of the Petri dishes containing the Bs medium; Ts: Inoculation of
rapeseed MDEs with smoke-extract dilution of 1:250 for 15 min; T,: Use of smoke extract
(1:250) in Bs regeneration medium; Ts: Use of filter paper saturated with aqueous smoke
extract (1:250) on top of the Petri dishes containing the Bs medium were compared to.
Means with the same letter (s) are not significantly different from each other.
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It was observed that use of filter paper saturated with smoke-extract
dilution of 1:250 significantly improved the plantlet regeneration and
growth of rapeseed MDEs compared to control and other treatment
methods. Use of filter paper on top of the culture medium was previously
described by Zhao et al. (1996). In study of these researchers, transferring
embryos to a filter paper placed on agar medium led to increase the normal
plant regeneration upto 60%, this was 1.5 times more than embryos placed
directly on agar medium.

Much effort has been directed at improving the techniques for efficient
plant regeneration directly from the rapeseed MDEs. Polsoni et al. (1988)
reported that, when MDEs were first transferred to liquid Bs medium with
0.1 mg I"' gibberellic acid (GA3) and 1% sucrose, and then plated on Bs
solid medium supplemented with 0.1 mg I'" GA3 and 2% sucrose for further
development 10 days later, 40-60% of embryos could develop into plants
directly from the primary shoot apex. Senaratna et al. (1991) reported that
when embryos, at the cotyledonary stage, were treated with 50 uM ABA for
7 days before they were dried to less than 15% moisture and stored dry for
at least 7 days, the conversion rates of the dry embryos into viable seedlings
was about 40-50%. In a study by Zhang et al. (2006), the highest rates of
plantlet development (58.46%) were obtained by exposing microspore-
derived embryos to chilling at 4 °C. In the present study, rapeseed MDEs
pretreated (inoculated) with smoke-extract dilutions showed a higher
conversion frequency (up to 50%) compared with the control cultures
(26.67%). Furthermore, application of plant-derived smoke extracts in Bs
regeneration medium enhanced the conversion frequency of rapeseed MDEs
up to 62% compared with untreated MDEs (26.67%). The protocol reported
in the present study was much simpler and cheaper compared with previous
studies and the conversion frequency of rapeseed MDEs was also higher
than previous studies. Furthermore, in this study, the percentage of
callogenesis was significantly reduced in rapeseed MDEs pretreated with
smoke-extract dilutions. Embryos directly converting into plantlets may
minimize possible genetic variation caused by callus formation. It will be
especially useful for gene transformation and crop improvement via
androgenesis in B. napus.

Overall, hormone-like activity of plant-derived smoke extract and having
an interaction with other PGRs indicate the potential that exists for the
utilization of plant-derived smoke in in vitro systems, but it is evident that
smoke extracts may also include toxic substances with detrimental effects.
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Direct application of 3-methyl-2H-furo [2,3-c] pyran-2-one, instead of using
smoke extract might be suggested, though it is costly. Thus, the use of
smoke-water may be a feasible and inexpensive technique for plant tissue
culture systems.

References

Abdollahi, M.R., Mehrshad, B., Moosavi, S.S., 2011. Effect of method of seed treatment
with plant-derived smoke dilutions on germination and seedling growth of milk thistle
(Silybum marianum 1.). Seed Sci. Technol. 39, 225-229.

Abdollahi, M.R., Moieni, A., Mousavi, A., Salmanian, A.H., 2009. Secondary
embryogenesis and transient expression of the bglucuronidase gene in hypocotyls of
rapeseed (Brassica napus 1.) microspore-derived embryos. Biol. Plant. 53, 573-577.

Adkins, S.W., Peters, N.C.B., 2001. Smoke derived from burnt vegetation stimulates
germination of arable weeds. Seed Sci. Res. 11, 213-222.

Amiri-Oghan, H., Fotokian, M.H., Javidfar, F., Alizadeh, B., 2009. Genetic analysis of
grain yield, days to flowering and maturity in oilseed rape (Brassica napus L.) using
diallel crosses. Int. J. Plant. Prod. 3, 19-26.

Baillie, A.M.R., Epp, D.J., Hutcheson, D., Keller, W.A., 1992. In vitro culture of isolated
microspores and regeneration of plants in Brassica campestris. Plant Cell Rep. 11, 234-237.

Baxter, B.J.M., Van Staden, J., Granger, J.E., Brown, N.A.C., 1994. Plant-derived smoke
and smoke extracts stimulate seed germination of the fire-climax grass Themeda
triandra. Environ. Exp. Bot. 34, 217-223.

Brown, N.A.C., Van Staden, J., 1997. Smoke as a germination cue. A review. Plant Growth
Regul. 22, 115-124.

Brown, N.A.C., Van Staden, J., Johnson, T., Daws, M.L., 2003. A summary of patterns in
the seed germination response to smoke in plants from the cape floral region. In: Smith,
R.D., Dickie, J.B., Linington, S.H., Pritchard, H.W., Probert, R.J. (Eds.), Seed
Conservation Turning Science into Practice. Cromwell Press, Ltd. Kew, Great Britain.
pp. 563-574.

Daws, M.I., Davies, J., Pritchard, HW., Brown, N.A.C., Van Staden, J., 2007. Butenolide
from plant-derived smoke enhances germination and seedling growth of arable weed
species. Plant Growth Regul. 51, 73-82.

De Lange, J.H., Boucher, C., 1990. Autecological studies on Audouinia capitata (Bruniaceae). J.
plant-derived smoke as a seed germination cue. S. Aftr. J. Bot., 56, 700-703.

Drewes, F.E., Smith, M.T., Van Staden, J., 1995. The effect of a plant-derived smoke extract
on the germination of light-sensitive lettuce seed. Plant Growth Regul. 16, 205-2009.

Evans, D.E., Singh, M.B., Knox, K.B., 1990. Pollen development: applications in
biotechnology. In: Blackmore, S. and Knox, R.B. (Eds.), Microspores: Evolution and
Ontogenty. E. Academic Press, London. pp. 309-338.

Flematti, G.R., Ghisalberti, E.L., Dixon, K.W., Trengove, R.D., 2004. A compound from
smoke that promotes seed germination. Science. 305, 977-977.

Flematti, G.R., Goddard-Borger, E.D., Merritt, D.J., Ghisalberti, E.L., Dixon, K.W.,
Trengove, R.D., 2007. Preparation of 2h-furo[2,3-c]pyran-2-one derivatives and
evaluation of their germination-promoting activity. J. Agr. Food Chem. 55, 2189-2194.



P. Ghazanfari et al. / International Journal of Plant Production (2012) 6(3): 309-324 323

Fletcher, R., Coventry, J., Kott, L.S., 1998. Doubled haploid technology for spring and
winter Brassica napus (revised edition). OAC, Ontario. 42p.

Gamborg, O.L., Miller, R.A., Ojiwa, K., 1968. Nutrient requirements of suspension culture
of soybean root callus. Exp. Cell Res. 50, 151-158.

Gardner, M.J., Dalling, K.J., Light, M.E., Jager, A.K., Van Staden J., 2001. Does smoke
substitute for red light in the germination of light-sensitive lettuce seeds by affecting
gibberellin metabolism? S. Afr. J. Bot. 67, 636-640.

Haddadi, P., Moieni, A., Karimzadeh, G.H., Abdollahi, M.R., 2008. Effects of gibberellin,
abscisic acid and embryo desiccation on normal plantlet regeneration, secondary
embryogenesis and callogenesis in microspore culture of Brassica napus L. cv. PF704.
Int. J. Plant. Prod. 2, 153-162.

Jager, A.K., Light, M.E., Van Staden, J., 1996. Effects of source of plant material and
temperature on the production of smoke extracts that promote germination of light-
sensitive lettuce seeds. Environ.l Exp. Bot. 36, 421-429.

Keeley, J.E., 1993. Smoke-induced flowering in the fire-lily Cyrtanthus-ventricosus. S. Afr.
J. Bot. 59, 638-638.

Kepczynski, J., Bialecka, B., Light, M.E., Van Staden, J., 2006. Regulation of Avena fatua
seed germination by smoke solutions, gibberellin a3 and ethylene. Plant Growth Regul.
49, 9-16.

Kott, L.S., Beversdorf, W.D., 1990. Enhanced plant regeneration from microspore-derived
embryos of Brassica napus by chilling, partial desiccation and age selection. Plant Cell
Tissue Organ Cult. 23, 187-192.

Kulkarni, M.G., Ascough, G.D., Van Staden, J., 2007. Effects of foliar application of
smoke-water and a smoke-isolated butenolide on seedling growth of okra and tomato.
HortSci. 42, 179-182.

Kulkarni, M.G., Ascough, G.D., Van Staden, J., 2008. Smoke-water and a smoke isolated
butenolide improve growth and yield of tomatoes under greenhouse conditions.
HortTechnol. 18, 449-454.

Lichter, R., 1982. Induction of haploid plants from isolated pollen of Brassica napus. Z.
Pflanzenphysiol. 105, 427-434.

Light, M.E., Daws, M.I., Van Staden, J., 2009. Smoke-derived butenolide: Towards
understanding its biological effects. S. Afr. J. Bot. 75, 1-7.

Light, M.E., Gardner, M.J., Jager, A.K., Van Staden, J., 2002. Dual regulation of seed
germination by smoke solutions. Plant Growth Regul. 37, 135-141.

Ma, G.H., Eric, B., Dixon, K.W., Gavin, R.F., 2006. Comparative enhancement of
germination and vigor in seed and somatic embryos by the smoke chemical 3-methyl-
2h-furo [2,3-c] pyran-2-one in Baloskion tetraphyllum (Restionaceae). In Vitro Cell.
Dev. Biol. Plant. 42, 305-308.

Maga, J.A., 1988. Smoke in Food Processing. CRC Press, Boca Raton FL, USA. ISBN:
0-8493-5155-3, pp. 1-160.

Malabadi, R.B., Nataraja, K., 2007. Smoke-saturated water influences somatic
embryogenesis using vegetative shoot apices of mature trees of pinus wallichiana a.b.
jacks. J. Plant Sci. 2, 45-53.

Nelson, D.C., Riseborough, J.A., Flematti, G.R., Stevens, J., Ghisalberti, E.L., Dixon,
K.W., Smith, S.M., 2009. Karrikins discovered in smoke trigger Arabidopsis seed
germination by a mechanism requiring gibberellic acid synthesis and light. Plant
Physiol. 149, 863-873.



324 P. Ghazanfari et al. / International Journal of Plant Production (2012) 6(3): 309-324

Pechan, P.M., Keller, W.A., 1988. Identification of potentially embryogenic microspores of
Brassica napus 1. Physiol. Plant. 14, 377-384.

Polsoni, L., Kott, L.S., Beversdorf, W.D., 1988. Large-scale microspore culture technique
for mutation-selection studies in Brassica napus. Can. J. Bot. 66, 1681-1685.

Schwachtje, J., Baldwin, 1.T., 2004. Smoke exposure alters endogenous gibberellin and
abscisic acid pools and gibberellin sensitivity while eliciting germination in the post-fire
annual, nicotiana attenuata. Seed Sci. Res. 14, 51-60.

Senaratna, T., Dixon, K., Bunn, E., Touchell, D., 1999. Smoke-saturated water promotes
somatic embryogenesis in geranium. Plant Growth Regul. 28, 95-99.

Senaratna, T., Kott, L., Beversdorf, W.D., Mckersie, B.D., 1991. Desiccation of microspore
derived embryos of oilseed rapa (Brassica rapa L.). Plant Cell Rep. 10, 342-344.

Sparg, S.G., Kulkarni, M.G., Light, M.E., Van Staden, J., 2005. Improving seedling vigour
of indigenous medicinal plants with smoke. Biores. Technol. 96, 1323-1330.

Sparg, S.G., Kulkarni, M.G., Van Staden, J., 2006. Aerosol smoke and smoke water
stimulation of seedling vigor of a commercial maize cultivar. Crop Sci. 46, 1336-1340.

Taylor, J.L.S., Van Staden, J., 1996. Root initiation in vigna radiata (1) wilczek hypocotyl
cuttings is stimulated by smoke-derived extracts. Plant Growth Regul. 18, 165-168.

Taylor, J.L..S., Van Staden, J., 1998. Plant-derived smoke solutions stimulate the growth of
Lycopersicon esculentum roots in vitro. Plant Growth Regul. 26, 77-83.

Thornton, M.A., Thomas, T.H., Peters, N.C.B., 1999. The promotive effect of combustion
products from plant vegetation on the release of seeds from dormancy. Plant Growth
Regul. 28, 129-132.

Todorovic, S., Giba, Z., Zivkovic, S., Grubisic, D., Konjevic, R., 2005. Stimulation of
empress tree seed germination by liquid smoke. Plant Growth Regul. 47, 141-148.

Van Staden, J., Brown, N.A.C., Jdger, A.K., Johnson, T.A., 2000. Smoke as a germination
cue. Plant Species Biol. 15, 167-178.

Van Staden, J., Jager, A.K., Light, M.E., Burger, B.V., 2004. Isolation of the major
germination cue from plant-derived smoke. S. Aftr. J. Bot. 70, 654-659.

Van Staden, J., Jager, A.K., Strydom, A., 1995. Interaction between a plant-derived smoke
extract, light and phytohormones on the germination of light-sensitive lettuce seeds.
Plant Growth Regul. 17, 213-218.

Zhang, G.Q., Zhang, D.Q., Tang, G.X., He, Y., Zhou, W.J., 2006. Plant development from
microspore-derived embryos in oilseed rape as affected by chilling, desiccation and
cotyledon excision. Biol. Plant. 50, 180-186.

Zhao, J.P., Simmonds, D.H., William, N., 1996. High frequency production of doubled
haploid plants of Brassica napus cv. topas derived from colchicines-induced microspore
embryogenesis without heat shock. Plant Cell Rep. 15, 668-671.



