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The Effect of the Plant Hormone 1-triacontanol on 
the Phenotype of Genetically Identical Allium Cepa 

Introduction: 

‘Genotype’ can be defined as the “genetic make-up” of an organism, while 

‘phenotype’ describes its “observable characteristics.” (Weatherall, 2001)                             

The genotype of an organism interacts with surrounding environmental factors                    

(both abiotic and biotic) to ultimately express its phenotype. This idea can be 

modelled with a simple equation as seen in fig. 1.  

One example of this is seen when the presence of gibberellins and abscisic acid 

(abiotic factors) affect the expression of three sets of genes (genotype) responsible 

for promoting the germination of barley (phenotype). 1 Even if organisms are 

genetically identical, changes in environmental conditions can still have significant 

impacts on the resultant phenotype.  

Like gibberellins and abscisic acid, triacontanol is a plant hormone which regulates 

cell processes, affecting “gene expression and transcription levels, cellular division 

and growth” (Nouh, 2007). 1-triacontanol (C30H61OH) is an alkanol or more specifically, 

a fatty alcohol and is commonly extracted from beeswax and various plant cuticle 

waxes (especially those of alfalfa, sugarcane and rice bran). 2 Its effect was 

discovered when “significant increases in growth and productivity of plants which 

were in close proximity to alfalfa hay” were observed and triacontanol was deemed 

to be the active agent after its isolation (Hinerman et al. 1982). Triacontanol is 

theorised to regulate the photosynthesis and photorespiration processes in plants 

which use the common C3 pathway for carbon fixation. 3 Since it is a chemical 

substance, the addition of triacontanol can be regarded as an abiotic 

environmental factor. 

The C3 plants selected for this investigation were genetically identical sets of shallots 

(Allium cepa var. aggregatum). Shallots are bulbs and can reproduce asexually 

through offsets. The specimens were ensured to be genetically identical by using 

offsets from the same cluster rather than seeds. Since the organisms have identical 

genotypes, the changes in environmental factors can be directly attributed to the 

change in phenotype. This increases the validity of the investigation as the genotype 

variable is controlled. Furthermore, the plant grows relatively quickly in comparison 

to other asexual plants, has vertical shoots which simplify phenotype measurement 

and can also regrow after cutting. The shallots had been grown in a mini-

greenhouse and four daughter bulbs from the cluster that had been formed were 

chosen for each trial (see fig .3). Optimum conditions for growth include a rich, 

                                            
1 Yong-Qiang An, Li Lin, 2011, ‘Transcriptional regulatory programs underlying barley germination and 

regulatory functions of Gibberellin and Abscisic Acid’’, Web.                                
2 DL Hinerman, SL Kunkel, Ann Arbor, 1982, ‘Triacontanol as a Growth Stimulant’, Web.                                                                                                                                                                          
3 Erisken AB, Sellden G, 1981, ‘Comparative analyses of the effect of triacontanol on photosynthesis, 

photorespiration and growth of tomato (C3-plant) and maize (C4-plant)’ 
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moderately watered soil that is not deficient in metal salts required by plants (this is 

reported to inhibit the functioning of triacontanol). 

 

Aim: 

To assess the effect of the plant hormone 1-triacontanol on the phenotype of 

genetically identical shallots (Allium cepa var. aggregatum).  

Equipment & Materials: 

 1x 15cm Ruler (/1mm) 

 1x 1L Measuring Jug (/10mL) 

 1x 5mL Syringe (/0.1mL) 

 2x 50mL Syringe (/1mL)  

 1x 250mL Beaker with lid 

 1x Permanent Marker 

 1x Plastic box 

 1x Red-Blue Plant LED Matrix 

 1x Scissors 

 1x Teaspoon 

 4x 750mL Spray Bottles  

 4x Bricks 

 4x Plastic Cups 

 4x Grown Shallot Bulbs 

 ~1g Triacontanol (99% Purity) 

 ~250mL Acetone  

 ~4L Reverse Osmosis Water 

 ~500g Compost Mix 

 10g Trace Metals (See fig. 3) 

      Notes:  

 Access to a heat source (electric 

stovetop) and tap water are required.  

 Ensure that the 4 cups and 4 spray 

bottles used are identical.  

 The shallots must be genetically 

identical (ie. from the same cluster).  

 Repetition of trials require replenishing 

of the last 6 materials  

 

Fig. 2: Molecular Structure of 1-triacontanol                          

[Image Credit: PhytoChem] 

Genotype + Environment  Phenotype                           

Fig. 1: An equation representing             

gene-environment interactions                           

Fig. 3: A 

genetically 

identical 

shallot 

cluster 

(dried) 

Fig. 2: Commercial ‘Trace Elements’ mix 

containing metal salts with 5g scoop 
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Method: 

Preparing Saturated Acetone-Triacontanol Solution: 

1. Filled the 250mL beaker around ¾ of the way through with pure acetone 

2. Added approximately 1g of triacontanol to the acetone 

3. Placed the beaker on an electric stove top 

4. Gently heated the solution without exceeding acetone’s boiling point (56oC)                   

(This  assisted in dissolution and ‘stirred’ the solution, it was performed with the 

exhaust hood turned on) 

5. Turned off the stovetop and let the beaker rest on a bench top 

6. Let the solution settle and cool to room temperature (A precipitate of 

triacontanol will have settled at the bottom and the remaining liquid will be a 

clear, saturated triacontanol-acetone solution at room temperature) 

Preparing H20 Spray Bottle (0% Acetone, 0% Saturated Solution) 

1. Measured 1L of reverse osmosis water in the 1L jug 

2. Filled a 750mL spray bottle to the brim with this water 

3. Labelled the spray bottle as H20 with a permanent maker 

Preparing ACET Spray Bottle (2% Acetone, 0% Saturated Solution) 

1. Measured 980mL of reverse osmosis water in the 1L jug 

2. Measured 20mL of pure acetone into 50mL Syringe #1 and added to 1L jug 

3. Stirred the solution using a teaspoon 

4. Filled another 750mL spray bottle to the brim with this solution 

5. Labelled the spray bottle as ACET with a permanent maker 

Preparing TRIA 0.5x Spray Bottle (1% Acetone, 1% Saturated Solution) 

1. Measured 980mL of reverse osmosis water in the 1L jug 

2. Measured 10mL of pure acetone into 50mL Syringe #1 and added to 1L jug 

3. Measured 10mL of saturated triacontanol-acetone solution into 50mL Syringe 

#2 and added to 1L jug 

4. Stirred the solution using a teaspoon 

5. Filled another 750mL spray bottle to the brim with this solution 

6. Labelled the spray bottle as TRIA 0.5x with a permanent maker 
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Preparing TRIA 1x Spray Bottle (0% Acetone, 2% Saturated Solution) 

1. Measured 980mL of reverse osmosis water in the 1L jug 

2. Measured 20mL of saturated triacontanol-acetone solution into 50mL Syringe 

#2 and added to 1L jug 

3. Stirred the solution using a teaspoon 

4. Filled another 750mL spray bottle to the brim with this solution 

5. Labelled the spray bottle as TRIA 1x with a permanent maker 

Preparing Nutrient Solution: 

1. Measured 1L of tap water into the jug 

2. Added 10g of ‘Trace Elements’ powder (2 scoops) 

3. Stirred with teaspoon 

Notes: Empty and rinse both the jug and teaspoon thoroughly with water for each 

solution. When measuring out saturated solution, decant slowly without disturbing 

the bottom layer of triacontanol precipitate. Carry out the preparation of solutions in 

the aforementioned order to reduce contamination of triacontanol in controls (this 

had occurred in a preliminary trial). 

Planting: 

1. Added ~500g of compost mix into a plastic box 

2. Mixed the soil thoroughly with a teaspoon and removed clumps 

3. Added equal amounts of soil to each cup (to ¾ mark) 

4. Penetrated the centre of the soil surface with a teaspoon and rotated to form 

equally sized wholes in all cups 

5. Obtained a shallot cluster from garden greenhouse which produced 

genetically identical offsets from a parent bulb and had at least 15cm of leaf 

growth 

6. Separated 4 similar bulbs and washed these thoroughly 

7. Planted one chosen shallot into each cup (bulb and an extra 2cm would fit 

into hole) 

8. Added another 1cm layer of soil to each cup and compacted gently 

9. Cut each leaf of each shallot to 6.0cm height using 15cm ruler and scissors 

10. Arranged cups, bricks and LED matrix as shown in diagrams in logbook. 
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Trials: For the finalised version of the 7 day trial:  

 The LED matrix would be turned on at 7am – 9pm daily while 5mL of nutrient solution 

measured in the 5mL syringe and applied daily to the base of each plant.                                            

 Foliar sprays were applied on the mornings of Day 1 and Day 3. Each plant cup would 

be taken to a sink with its respective spray bottle. The solutions were first sprayed 5 

times into the sink until a constant spray was achieved. Then, 10 sprays would be 

directed to the plant, perpendicular to the soil surface (Achieving dew point).  

 Equal spraying amounts and angles were ensured and the sprayings were done after 

separating plants to reduce contamination of substances. Height was recorded daily 

using a 15cm ruler while straightening the shoots. Measurements were recorded into a 

logbook along with qualitative colour observations. Shoot heights within each cup 

were averaged daily and the trial was repeated a second time with additional 

materials.  

Table 1: Safety Precautions 

Item Hazard Precaution 

Acetone Acetone is highly 
flammable and volatile, 
evaporating into the air 

Do not use an open flame to 
heat the solution, heat gently 
below boiling point under a 
fume hood and keep tightly 

sealed when not in use 
Acetone Is a moderate skin and 

eye irritant and can also 
be harmful with excessive 

inhalation 

Handle the liquid carefully, 
wear protective eyewear, heat 
under a fume hood and  keep 
tightly sealed when not in use 

Glass Equipment Can shatter and pierce 
skin 

Handle all equipment carefully, 
wear gloves where applicable 

 

Results: 

Refer to Results Booklet for Raw Data 

Table 1: Statistical Comparison of Data Sets                                       

(Paired t test of Average Shoot Heights) 

Comparison t Value P Value Significance 
H2O vs. ACET 0.6202 0.5623 No 

TRIA 0.5mg/L vs. TRIA 1mg/L 0.5423 0.6109 No 

H2O vs. TRIA 0.5mg/L 3.6265 0.0151 Yes 

H2O vs. TRIA 1mg/L 3.6434 0.0149 Yes 

ACET vs. TRIA 0.5mg/L 3.9055 0.0113 Yes 
ACET vs. TRIA 1mg/L 3.8260 0.0123 Yes 
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Graph 1: 

 

Graph 2: 
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Graph 3: 

 

Graph 4: 
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Graph 5: 

 

Graph 6: 
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Discussion:  

The results indicate a significant change in phenotype for shallots exposed to 

triacontanol through foliar sprays. The average shoot heights and growth rates of 

both water-only and acetone sprayed shallots closely resemble each other 

throughout the seven day trials (as seen in Graphs 1-6). This confirms that dilute 

20mL/L concentrations of the organic solvent acetone do not significantly impact 

plant growth when used as a foliar spray. However, the same concentration of 

acetone containing triacontanol dissolved to both saturation point and half of this 

value displayed a 25-100% increase in growth rate throughout the 7 days (depicted 

in Graph 3&6). In other words, the comparison of a dilute acetone foliar spray to a 

water-only control displays no change, while the comparison of triacontanol solution 

foliar spray compared to solvent only controls do.  

The curves of best fit also indicate that the general trend in growth rate is a 

decrease for all groups as the days pass. While the difference is significant between 

the triacontanol and non-triacontanol groups (as proven by statistical analysis in 

Table 1), no discernible trend is observable between triacontanol treatments with 

‘TRIA 0.5x’ and ‘TRIA 1x’ when the results of both trials are taken into account. This is 

likely due to the plant hormone being effective at very low doses. May Haugstad 

and others find that triacontanol is effective at concentrations of just 10µg/L 4 while 

RG Laughlin and others claim effectiveness at concentrations as low as 100ng/L. 5 

Although triacontanol’s exact solubility in acetone has not yet been measured 

accurately, one patent claims a solubility of 1mg triacontanol in 20mL of acetone. 6 

Using this as a basis, the ‘TRIA 1x’ foliar spray would have a dissolved triacontanol 

concentration of 1mg/L and the ’TRIA 0.5x’ spray would be at 0.5mg/L.  

Triacontanol regulates photosynthesis and photorespiration processes and is 

theorised to work by increasing the specific activity of enzymes (especially 

membrane bound enzymes) and stimulating a plant messenger known as 

adenosine. 7 This ultimately causes the “significant improvement in the rate of CO2 

fixation and net photosynthesis” leading to increased plant growth (Naeem et al. 

2011). Furthermore, the change in phenotype is readily observed in plants using the 

common C3 pathway. C4 plants such as corn do not express such a significant 

change and this is another indication that the hormones effect is on the 

photosynthesis process. 8 These explanations are reassured by the results of this 

investigation, as the necessary changes in phenotype (growth) were observed in the 

genetically identical C3 shallots. 

Another reported change to phenotype is the greener colour of plants caused by 

increased chlorophyll. Although all plants were genetically identical, providing 

                                            
4 M Haugstad, A Ruppel, 2006, ‘The effect of triacontanol on growth, photosynthesis and 

photorespiration in Chlamydomonas reinhardtii and Anacystis nidulans’, Web. 
5 Laughlin RG, Munyon RL, Ries SK, Wert VF. 1983, ‘Growth enhancement of plants by femtomole doses 

of colloidally dispersed triacontanol’, Web.                                                                                                                                                                          
6 Andrew J Welebir, 1982, ‘1-triacontanol plant growth simulator formulations.’ Web.                                        
7 Muhammad Shahbaza, Nafisa Noreen, 2011, ‘Triacontanol modulates photosynthesis and 

osmoprotectants in canola (Brassica napus L.), Web.                                
8 Erisken AB, Sellden G, 1981, ‘Comparative analyses of the effect of triacontanol on photosynthesis, 

photorespiration and growth of tomato (C3-plant) and maize (C4-plant).’, Web.                                
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triacontanol may have effected the expression of genes responsible for the 

production of chlorophyll in chloroplasts. This was observed on Day 5 of a preliminary 

trial where the 1mg/L triacontanol spray was applied daily and caused noticeable 

darkening of the leaves. By Day 10, the contaminated acetone and two 

triacontanol groups both had a darker shade of green than the water group. Similar 

results were also recorded in an experiment with triacontanol on tissue culture where 

“the chlorophyll content became significantly higher 3 days after treatment” 

(Haugstaud, 2006). Contradictorily, this darkening was not seen in the final versions of 

the trial experiment where applications where only given on the 1st and 3rd days. This 

result may have been caused by the low reliability of the colour measurement 

method.  

Several improvements could have been made to the reliability, accuracy and 

validity of the method. Qualitative observations of the plants proved to be unreliable 

as the differences were not apparent in the revised method of Trials 1 and 2 with less 

foliar applications. Perceptions of colour and health would be easily influenced by a 

placebo effect and were not extensive to show significant correlation. One solution 

is to measure colour with a Spectral Colour Meter which would give a much more 

reliable and accurate indication of the chlorophyll content of the shallot shoots and 

thus a better assessment of the effect on phenotype. Furthermore, only two trials 

were conducted and although both were controlled to a satisfactory degree, 

execution of more trials would substantially increase reliability as plant growth is 

highly variable. Accuracy of height measurements (to the nearest mm) was 

sufficient for present purposes and the volumes of liquid used in plant treatments 

were accurately measured through syringes. The determined concentration of 

triacontanol is however only a guide value derived from a solubility estimate of a 

1982 patent. 9 Equipment precise enough to measure the hormone’s actual solubility 

in acetone was not available and would have provided data that aids in directly 

addressing the aim of the experiment.   

Nevertheless, the experiment was still overall reliable and accurate enough to 

provide valid conclusions. The modified method utilised in the two trials has proven 

to be reliable as seen through the similar results of both trials. Difficulties in controlling 

variables were faced in preliminary trials with garlic as germination occurred 

irregularly. This was accounted for in the new experimental design by using grown 

shallots that were cut and indistinguishable in the beginning of trials. Four shoots 

within each shallot were cut to a measured height of 6cm after planting and any 

excess shoots had been plucked. Thus, before the addition of triacontanol, both 

genotype and phenotype were identical. This increases the validity and reliability of 

the method by closely controlling the variables inherent to this investigation. Further 

controlled variables which also had the same effect include: 

 Light: The use of central, artificial LED lighting provided equal light exposure in 

the dark room for all plants 

 Water availability: Exactly 5mL of nutrient solution were carefully measured for 

plant watering using a syringe calibrated to 0.1mm 

                                            
9 Andrew J Welebir, 1982, ‘1-triacontanol plant growth simulator formulations.’, Web 
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 Soil: The compost mix was thoroughly mixed before use to achieve a more 

homogenous mixture 

 Temperature, humidity and availability of gases: Plants were placed in the 

same dark, enclosed room at an equal distance away from each other 

 Equipment used: Identical cups and spray bottles were used for all plants 

Reliability was also further increased by sampling 4 shoot heights per cup and 

averaging these results, as opposed to measuring one max height as in the 

preliminary trial. This combined with the repetition of the trial increased reliability. 

Only two trials were possible due to time constraints and limited availability of 

genetically identical shallots. Averaging and statistical calculations were carried out 

with spreadsheet software, reducing human error and rounding errors. 

The results of the experiment are highly significant to society as it validates the use of 

acetone in dissolving triacontanol to effectively increase plant growth rates. One of 

the main complications in field use is triacontanol’s insolubility in water. Its solubility in 

chloroform (the best known solvent for the hormone) is only 1.7g/L 10 and other 

methods for dissolution such as sonification (colloidal dispersion through ultrasound) 

are also not industrially viable. 11 A 0.5mg/L solution of triacontanol prepared using 

10mL of saturated acetone solution and remainder water would be effective for 25-

100% increases in the growth rate of shallots and predictably, all C3 plants (eg. 

Barley, beans, lettuce, oats, onions, peas, tomatoes, sunflower). 12 This effect on 

phenotype was conclusively proven in this investigation by using genetically 

identical specimens. The foliar spray could effectively be utilised in the irrigation 

systems of modern agriculture or simply be added to the water systems of 

hydroponic farms for significant increases in growth rate. However, further research is 

still required on varying concentrations of triacontanol, its effect on useable 

agricultural yield and its effectiveness on various plant specimens.  

Conclusion: 

The phenotype of genetically identical shallots (Allium cepa var. aggregatum) have 

been equally affected by the presence of the plant hormone 1-triacontanol in 

concentrations of 0.5mg/L and 1mg/L through a 50-100% increase in growth rate. No 

significant trends had been observed in the colour of plants throughout the 7 day 

trial. Acetone was proven to be an effective solvent for the hormone which can be 

applied as a dilute foliar spray. Further areas for research include varying 

triacontanol concentrations, testing different plant species and measuring the effect 

on agricultural yield. 
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RAW RESULTS 

Trial 1: Average Shoot Heights (1 dec. place) 

 H2O ACET TRIA 0.5x TRIA 1x 

Day 1 6 6 6 6 
Day 2 6.6 6.8 7.1 7.3 
Day 3 7.1 7.2 7.7 7.8 
Day 4 7.5 7.7 8.7 8.4 
Day 5 7.8 8.0 9.4 9.2 
Day 6 8.0 8.2 10.0 9.8 
Day 7 8.5 8.5 10.8 10.4 

 

Trial 2: Average Shoot Heights (1 dec. place) 

 H2O ACET TRIA 0.5x TRIA 1x 

Day 1 6 6 6 6 
Day 2 6.5 6.5 6.9 7.1 
Day 3 6.8 6.9 7.5 7.7 
Day 4 7.2 7.3 8.1 8.4 
Day 5 7.5 7.7 8.6 9 
Day 6 7.9 8 9.3 9.6 
Day 7 8.2 8.2 9.8 10.1 

 

Trial 1: Colour of Shoots 

 H2O ACET TRIA 0.5x TRIA 1x 

Day 1 Light Green Light Green Light Green Light Green 

Day 2 Light Green Light Green Light Green Light Green 

Day 3 Light Green Light Green Light Green Light Green 

Day 4 Light Green Light Green Light Green Light Green 

Day 5 Light Green Light Green Light Green Light Green 

Day 6 Light Green Light Green Light Green Light Green 

Day 7 Light Green Light Green Light Green Light Green 

 

Trial 2: Colour of Shoots 

 H2O ACET TRIA 0.5x TRIA 1x 

Day 1 Light Green Light Green Light Green Light Green 

Day 2 Light Green Light Green Light Green Light Green 

Day 3 Light Green Light Green Light Green Light Green 

Day 4 Light Green Light Green Light Green Light Green 

Day 5 Light Green Light Green Light Green Light Green 

Day 6 Light Green Light Green Light Green Light Green 

Day 7 Light Green Light Green Light Green Light Green 
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