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Abstract 

Smoke extracts are being increasingly investigated to determine if they can be used to reduce the 

demand on agrichemicals. Wood vinegar, a similar extract, is used across Asia as a supplement to 

assist with the growth and protection of cultivated plant species. In Australia the use of different 

pyrolysis extracts has been successfully used to improve germination in Australian natives, and 

increase the carbon content in farm soils, however, the use of other extracts from liquid smoke 

condensate is uncommon. This study sets to examine the effects of highly concentrated liquid smoke 

extract Regen Shield and its application within the production nursery, with particular focus on the 

plant safety and growth benefits that have been reported in the literature on other similar smoke 

extracts. 

High concentration doses (25% v/v) of Regen Shield diluted with water were applied to a variety of 

plant species in a wholesale production nursery. Doses higher than usually recommended for wood 

vinegar were examined to determine if there was any observable negative impact on the tested plants. 

The application was conducted weekly by spraying, with long term subjects exposed to the mixture 

for a period of up to 4 months to evaluate any long term effect.  

The trials concluded that even at high concentrations the solution was safe for the vast majority of   

tested species. Only one cultivated species seemed to show signs of damage. Camelia Buttons n Bows 

(Camellia japonica) showed potential damage to the newly flowering buds. No other damage was 

recorded on any of the other cultivated species. Liverwort, typically known as a horticultural pest that 

thrives in production nursery conditions, was shown to be significantly impacted by the smoke extract 

applications. After spraying pots and trays of tubes, the highly entrenched liverwort was eradicated 

within two once-weekly applications. This study also showed that it may prevent the emergence of 

liverwort on freshly potted soils. If members of the Bryophyte family are desirable, the application 

of Regen Shield may be unsuitable. 

 The long term subjects that repeatedly received smoke extract exposure over the 4 month period, 

showed a significant growth benefit over the control plants. This aligns with the application 

advantages reported in documented literature.  

Smoke extract applications, even at high dosages, show that the product is safe for use on many 

cultivated plant varieties. The effects observed through Regen Shield applications show it may be a 

useful natural alternative for the production nursery industry.  



1 Introduction 

Liquid smoke condensates are produced by the process of pyrolysis, the thermal decomposition of 

organic material under anoxic conditions (Souza, Re-Poppi, & Raposo, 2012).  Rather than 

proceeding to material combustion, the larger molecules that compose the feed material (usually 

wood) are broken down producing char, tars and gaseous products (Mmojieje & Hornung, 2015). The 

liquid condensates produced by the process undergo fractionation to yield the desired products. The 

processes and systems used in pyrolysis and fractionation vary, and as such, result in producing 

products with varying chemical compositions and properties (Montazeri, Oliveira, Himelbloom, 

Leigh, & Crapo, 2013). The average chemical composition of liquid smokes extract is highly complex 

but is generally a mix of water, organic acids, ketones, alcohols, esters, phenols and other similar 

organic compounds (Mungkunkamchao, Kesmala, Pimratch, Toomsan, & Jothiyangkoon, 2013). The 

extracts out of pyrolysis have been utilised in a number of ways from a food additive for flavouring 

and antimicrobial purposes (Montazeri, Oliveira, Himelbloom, Leigh, & Crapo, 2013) to fuel, and as 

a growth enhancement and sanitation product in horticulture (Souza, Re-Poppi, & Raposo, 2012). 

Liquid smoke extracts have been found to be an important tool in the germination of many Australian 

native species. While the mechanism is unclear, the chemical signature of smoke (aqueous or 

otherwise) interacts with the seed structure to stimulate germination, possibly by signal molecules or 

by hormones (Vigilante, Dixon, Sieler, Roche, & Tieu, 1998). Some plant varieties remain dormant 

until exposed to smoke based stimuli; a study by Morris indicated that smoke signatures are the single 

most important trigger to the germination rate and cumulative germination of several varieties of 

Grevillea seeds (Morris, 2000).  

The products and processes of thermal decomposition have been employed by many cultures as part 

of normal agricultural activity to clear land and enrich soil (Kulkarni, Light, & Staden, 2011). 

Aboriginal Australians traditionally used fire as a tool in promoting the growth of desirable plant 

species and it remains common place in South Africa to use smoke to contact grain seeds for the 

promotion of germination and as a disease preventative (Kulkarni, Light, & Staden, 2011). Wood 

vinegar, a mixture of acidic and volatiles derived from the liquid smoke condensate, has a long history 

of use in Japan were it is referred to as mokusaku (Tiilikkala, Fagernas, & Tiilikkala, 2010). Since its 

introduction in the 1930’s it has been marketed as a fertiliser and agent to promote plant growth 

(Tiilikkala, Fagernas, & Tiilikkala, 2010). Claims of improved plant vigour and growth rate have 

been studied; wood vinegar applications on tomato crops showed improvements in plant weight, fruit 

weight and number of fruit (Mungkunkamchao, Kesmala, Pimratch, Toomsan, & Jothiyangkoon, 

2013). Similarly, another study using smokewater on tomatoes showed improvements in plant height, 



stems and leaves as well as an improvement in fruit quantity and quality in greenhouse conditions 

(Kulkarni, Ascough, & Staden, 2008). Growth improvements have also been recorded through wood 

vinegar applications on celery where 300 times diluted mixtures sprayed onto the test subjects 

resulted in a higher yield and better quality product (QuanYuan, et al., 2009). While the study of the 

effects of smoke extracts on crop plant varieties has been undertaken, the effects on Australian 

ornamental varieties grown at nurseries have not been addressed. It is the purpose of this study to 

determine what effect (with regard to the plant’s health and growth) the applications of acidic smoke 

extracts have in a production nursery setting.  

2 Method 

The study was conducted at a wholesale nursery in Monbulk, Victoria, between February and June 

2016. The site was deliberately selected to determine the effects of liquid smoke extract applications 

while operating under actual nursery conditions. The plants studied were kept in a multispan 

greenhouse, and regularly watered by sprayers for approximately 20 min every day. The varieties that 

were tested are outlined in Appendix A, and were a mix of potted and tube stock at various 

development stages. 

The applied mixtures were made up immediately prior to spraying. A mix of 25 % concentration by 

volume of Regen Shield was made diluted with water sourced from an untreated local bore water 

supply. Specifications of Regen Shield used in this study are provided in Appendix B.   

The solution was made up in a 15 L spray pack with 3.75 L of Regen Shield and 11.25 L water. This 

mix was applied ensuring contact of the mix with the soil surface, foliage and stems of the plants.  

Average application was ~0.13 L.m-2 of planted area.  

The species Syngonium podophyllum, Murraya paniculata and Loropetalum chinense rubrum were 

selected to be subjected to intensive applications of the trial solution, sprayed weekly over the entire 

period. Pots were chosen from stock, leaving the remainder to act as a control. Between mid-April 

and end of May, widespread indiscriminate spraying of the entire greenhouse stock occurred to 

determine the safety of the applications of liquid smoke extract across the cultivated species grown 

at this site. Plant size was determined by the length from stem at soil surface to the furthest plant 

point. 

3 Results 

3.1 Plant safety 

Through the regular applications of the smoke extract across the greenhouse stock, there were no 

recorded fatalities to the cultivated species that could be attributed to the products use. Minor plant 

damage was only recorded on one event; after a regular spraying with smoke extract it was noticed 



that the newly emerging flowers of the Camelia Buttons n Bows (Camellia japonica) showed 

evidence of slight damage resulting in brown marks appearing on the flowers as shown in Figure 1. 

The damage was not recorded on any of the other Camelia flowers under similar circumstances. None 

of the long-term, intensive application subjects were shown to be negatively impacted by the 

applications.  

 

 

 

 

 

 

 

 

 

 

Like many production nurseries, the horticultural pest liverwort (Marchantia polymorpha) was in 

abundance on the open soil surface of the pots and tubes of the targeted plants. While the ornamental 

varieties deliberately grown showed little to no negative response to the applications, the liverwort 

was significantly impacted. The liverwort beds were eradicated within two of the spray applications 

of Regen Shield mixture when contact with the solution over the plant surface was undertaken. A 

comparison prior to and after the smoke extract applications is shown in Figure 2. Sprayings over 

bare soil also resulted in liverwort not re-emerging, as would have been previously experienced in 

the nursery operation.  

Figure 1: Camelia Buttons n Bows (Camelia Japonica) showing burning on the flower petals 

potentially as a result of the smoke extract use. 



4 Growth  

There was a growth difference demonstrated between the 3 intensive application subjects and the 

controls kept in the nursery stock. Growth comparisons across all the nursery species sprayed could 

not be made as it was not possible to keep control (unsprayed) plants of all varieties.  

 Loropetalum chinense rubrum showed significant growth improvements over unsprayed plants kept 

in stock under the same greenhouse conditions as shown in Figure 3. Sprayed plants grew to average 

30 cm while unsprayed grew to an average of 24 cm.  

Trachelospermum jasminoides also showed significant growth disparity between controls and 

intensive spraying. The size of sprayed varieties grew to 65 cm on average while the control stock 

averaged around 37 cm showing an improvement of 76%. Figure 4 also showed additional stems 

grew compared to the unsprayed control.  

The test subjects of Murraya paniculata likewise demonstrated growth improvements over the non-

sprayed peers as shown in Figure 5 with sprayed plants growing to an average of 60 cm while control 

reached 39cm in size.  

Figure 2: Comparison before and after the smoke extract application. Left was taken on 08/04/16 

and right 29/04/16 after weekly spray applications on the various Camellia tubes. There was a 

significant reduction of liverwort at the soil surface 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Loropetalum chinense rubrum intensive application subject (left) and a representative of 

the control (right). There was significant growth shown by the sprayed subject.  

Figure 4: Comparison between smoke extract sprayed subject (left) versus control (right) of 

Trachelospermum jasminoides. Along with increase growth the sprayed subject also grew additional 

leaves and stems over the control.  



 

 

 

 

 

 

 

 

 

5 Conclusion 

Spray applications of acidic smoke extracts (Regen Shield) seemed to demonstrate a benefit to the 

tested plants, however, the underlying processes that cause this benefit have not been discussed in the 

literature. Likewise, the mode of action on the liverwort is unknown. Further research could clarify 

the processes of smoke extracts in plants. The scope of this study is limited, keeping only 3 species 

under close examination with controls. Likewise, plant varieties that were able to be trialled are not 

complete or representative of the nursery industry in Australia as a whole. The effect on liverwort 

(Marchantia polymorpha) suggests some plant varieties may be particularly sensitive to the 

components in smoke extract mixture. It is likely other members of the Bryophyte family may be 

similarly susceptible and as such care should be taken if the Bryophytes are deliberately cultivated or 

environmentally important. Alternatively, in the case of liverwort being a horticultural pest, smoke 

extracts may produce a natural barrier to the liverwort growth while acting to promote plant growth 

of desirable plant species. Despite the limitations of this study, the initial findings show promise for 

the application of smoke extracts as a naturally derived chemical tool for the nursery industry.   
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Appendix A- Tested Species 
 

Plants Tested in Acidic Smoke Extracts Trial 

Botanical Name Common Name 

Negative  

Effect 

Observed

? Details 

Acacia podalyriifolia Mount Morgan Wattle No  

Anigozanthos x hybrid Kangaroo Paw Yellow Gem No  

Anigozanthos x hybrid Kangaroo Paw Tango No  

Anigozanthos x hybrid Kangaroo Paw Triple Treat No  

Aucuba japonica  Goldstrike No  

Brunfelsia latifolia Yesterday-today-tomorrow No  

C. japonica x C. saluenensis Camellia Anticipation No  

C. saligna x C. exalata Crowea Poorinda Ecstasy No  

Calathea lancifolia Calathea Insignis No  

Camellia hiemalis Camellia Australian Hiryu No  

Camellia japonica Camelia Mansize Yes 

Potentially 

burnt newly 

emerging 

 flower 

petals 

Camellia japonica Camellia Kitty No  

Camellia japonica Camellia Sparkling Burgundy No  

Camellia japonica Camellia Moshio No  



Camellia japonica Camellia Buttons n Bows No  

Camellia japonica Camellia Dixie Knight No  

Camellia japonica Camellia Helenor No  

Camellia japonica Camellia Red Red Rose No  

Camellia sasanqua Camellia Cleopatra White No  

Camellia sasanqua Camellia Hiryu No  

Camellia sasanqua Camellia Setsugekka No  

Camellia sasanqua Camellia Yuletide No  

Camellia sasanqua Camellia Fukuzutsumi No  

Camellia sasanqua Camelia Setsugekka No  

Citrus sinensis Orange Washington Navel No  

Citrus x tangelo Mineneola Tangelo No  

Clivia miniata Clivia No  

Crowea exalta Small Crowea No  

Cuphea hyssopifolia Mexican Heather No  

Daphne odora Winter Daphne No  

Dianthus barbatus Dianthus Mixed Perennial No  



Ficus microcarpa Chinese Banyan No  

Ficus pumila Climbing Fig No  

Fuchisa hybrida Fuchsia Jollies Tarbes No  

Fuchisa hybrida Fuchsia Jolly Nantes No  

G. longifolia x G. caleyi Grevillea Ivanhoe No  

Gardenia augusta Gardenia Florida No  

Grevillea hybrid Grevillea Tucker Dwarf No  

Grevillea lanigera Dwarf Green Cape No  

Helleborus x hybridus Hellebore No  

Hydrangea macrophylla 

cultivar 

Hydrangea Strawberries & 

Cream No  

Hydrangea quercifolia Oakleaf Hydrangea No  

Hymenoporum flavum Native Frangipani No  

Jacaranda mimosifolia Jacaranda No  

Leucadendron galpinii Purple Haze No  

Leucadendron gandogeri Leucadendron Galaxy No  

Liquidamber styraciflua Sweet Gum No  

Liriope Muscari Liriope Evergreen Giant No 

Long term 

test subject. 

Control 

plants  

not kept 



Loropetalum chinense rubrum Loropetalum China Pink No 

Long term 

test subject. 

Observed a 

significant 

growth 

increase 

over 

control. 

Magnolia virginiana Magnolia Moonglow No  

Mandevilla hybrid Mandevilla Sevilla Soft Pink No  

Marchantia polymorpha Liverwort Marchantia Yes 

Impacted by 

wood  

vinegar 

sprays. 

Death 

within two 

applications

.  

Murraya paniculata Orange Jessamine No 

Long term 

test subject. 

Observed a 

significant 

growth 

increase 

over 

control. 

Nephrolepis exalta Boston Blue Bell No  

Olea europaea Manzinillo No  

Ophiopogon japonicus nanus Dwarf Mondo Grass No  

Pachysandra terminalis Carpet Box No  

Palownia tomentosa Empress Tree No  

Rhododendron hybrida Azalea Fiji Fine No  

Rhododendron indica Azalea Alba Magnifica No  



Sarcocca confusa Sweet Box No  

Strelitzia reginae Bird of Paradise No  

Strobilanthes anisophyllus Goldfussia No  

Syngonium podophyllum Syngonium Maria No  

Trachelospermum asiaticum Japanese Star Jasmine  No 

Long term 

test subject. 

Observed a 

 significant 

growth 

increase 

over 

control.  

Trachelospermum jasminoides Chinese Star Jasmine No  

Viburnum opulus Snowball Tree No   

 

 

 

 

 

 

 

 

 

 

 

 



Appendix B- Specifications of smoke extract product Regen Shield 

 

GRAYSON AUSTRALIA 
Tecnica Pty Ltd    ABN 72 006 828 879 

Postal Address:  PO Box 134, Bayswater Vic 3153 Australia 

Unit 4, 7-9 Newcastle Road, Bayswater Vic 3153 Australia 

Tel:  03 8727 6900    Fax:  03 8727 6999 

Email:    info@graysonaustralia.com 

 

CONTROL STANDARD 

Regen Shield 

 

INGREDIENTS   Liquid Smoke Condensate, Polysorbate 80, Acetic Acid, Water 

Shelf Life 

2 years upon fulfilling ideal storage conditions. Ideal storage is at 20oC in a dry storage, well 

ventilated area. Containers should be kept closed when not in use.  

S P E C I F I C A T I O N S    

 

Appearance: Transparent, amber brown liquid with a slight smoke odour  

Boiling Point: 100OC (212OF)  

Melting Point: N/A  

Specific Gravity: 1.06 g/mL (20OC)  

Freezing Point: N/A (100OC)  

Acidity: 2.0-4.0%  

Evaporation Rate: Comparable to Water  

Stability and water hardness: Stable in any degree of hard water  

pH of Concentrate: 2.2-2.6 

Benzo-a-pyren: Less than 10 ppb 

Benzo-a-anthracene: Less than 20 ppb 

Flash Point: None to solution boiling point  

Flammable Limits: Lower: N/A Upper: N/A  

Auto IgnitionTemperature: N/A  
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