
Could         Lithospermum         officinale         be         bird
dispersed?

A         greenhouse         experiment

Adam         Åberg

Degree         project         in         biology,         Master         of         science         (2         years),         2015
Examensarbete         i         biologi         45         hp         till         masterexamen,         2015
Biology         Education         Centre         and         Institutionen         för         växtekologi         och         evolution,         Uppsala         University
Supervisor:         Brita         Svensson
External         opponent:         Håkan         Ryden



1 
 

Abstract 
Common gromwell (Lithospermum officinale) acts as a host plant for the monophagous moth Ethmia 

dodecea  whose larvae are completely dependent on the leaves. As conservation authorities now 

want to reinstate the regionally extinct moth to Mälardalen, a stable population of its host plant is a 

requirement. To facilitate the work of strengthening the presence of gromwell a partnership was 

therefore initiated between Västmanland County Board and Uppsala University. In this cooperation, I 

performed two studies. In the first one I examined how water and temperature affect plant 

germination and how nutrient levels affect early growth. In the second study I investigated whether 

the germination is influenced by chemical treatment (soaking in acid) and mechanical damage (seeds 

scratched with sandpaper) on the seeds. I worked with the hypothesis that gromwell is grazed by 

cows and is therefore dispersed and germinates in the spring. This should mean high water levels 

combined with high temperatures would produce higher germination. For the second study, it means 

that the germination rate should be higher in the seeds treated with the acid than in the scratched 

and control treatments. In the first study, so few seeds germinated that I could not draw any 

conclusions, but germinations appear to go faster in the combination with high nutrients high 

temperature and frequent watering. In the second study, the seeds scraped with sandpaper had the 

highest germination rate. This indicates that gromwell may be dispersed by birds, and I propose 

sandpaper rubbing as a method to easily increase the germination rates of L. officinale in 

greenhouses in order to reinforce small populations in the field.  
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Introduction 
 

For conservation ecologists, plant species with complicated or unknown seed dormancy can pose a 

problem. Reintroduction or strengthening of a population can be difficult if germination numbers in 

laboratory and field are small. Knowledge of germination is of great importance for conservation as it 

can ease this process by increasing germination numbers. One plant where such lack of knowledge is 

proving to be a problem for its conservation is Lithospermum officinale where strengthening of the 

population is slow, despite action (Elmqvist 2008). In order to ease the conservation actions for this 

plant, knowledge has to be obtained on what breaks seed dormancy and allows germinations. Firstly, 

however seed dormancy and what it is needs to be clarified.  

Seed dormancy is the result of mechanisms preventing or inhibiting the seed from germinating at the 

wrong time or in wrong conditions. Finch-Savage & Leubner-Metzger (2006) defined dormancy as ”a 

seed characteristic that defines the conditions required for germination”. Should this be due to a 

morphological characteristic it is referred to as organic dormancy (Baskins & Baskins 2001), this is 

further split into the six subtypes: physiological, morphological, morphophysiological, physical, 

combined and chemical dormancy (Baskins & Baskins 2001, Finch-Savage & Leubner-Metzger 2006). 

Physiological dormancy (PD) is the most abundant type of dormancy, occurring over all major 

angiosperms as well as in gymnosperms as well as across all types of seeds. These seeds are, with 

few exceptions, permeable to water. Physiological dormancy is caused by preventing radicle 

emergence through one or more physiological inhibiting mechanism(s) and is further split into three 

different levels depending on the severity of the dormancy: deep, non-deep and intermediate. 

Freshly matured seeds with non-deep PD germinate only over a narrow range of temperatures, if at 

all. Dry storage at room temperature cause these seeds to come out of dormancy, however cold 

stratification is faster, where dormancy can be broken in a matter of days. Some species instead 

require warm (temperature above 15° C) stratification and does not at all respond to cold treatments 

(Baskins & Baskins 2001). Longer periods of warm stratification are usually required with ranges of 8 

weeks up to a year. Non-deep PD can also be broken by chemical plant hormone treatments, such as 

giberillic acid (GA). Additionally, seeds with PD usually require a certain amount of sunlight to 

germinate. Seeds with non-deep PD yield normally developed seedlings as do seeds with 

intermediate PD. Dormancy for seeds with intermediate PD is broken by cold stratification, but up to 

six months may be needed. A period of dry storage prior to the stratification, may reduce the time 

needed. GA could also be used as a substitute for cold stratification. Seeds with deep PD produces 

abnormal seedlings (seedlings that do not develop normally), if they germinate at all (Baskins & 

Baskins 2004). This is redeemed through longer periods of cold stratification ranging from 7 up to 18 

weeks, varying with species. Germination numbers can be increased with prior dry storage (Baskins & 

Baskins 2001, Finch-Savage & Leubner-Metzger 2006). 

Seeds with morphological dormancy (MD) have differentiated embryos, meaning that radicle and 

cotyledon can be distinguished from each other (Baskins & Baskins 2001, 2004). However, the 

embryo is not fully grown. As such, embryo growth is required for germination to occur. Additionally, 

there is a second subtype in which embryos are just masses of cells. Here the embryo is not 

differentiated and differentiation as well as growth must occur for germination to be possible. 

Differentiated embryos occurs in seeds with rudimentary and linear embryos, and are frequently 

referred to as underdeveloped embryos. These have to grow before the seeds can germinate and 

requirements for growth vary between light, temperature and moist substrate (Finch-Savage & 
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Leubner-Metzger 2006). Germination times under favourable conditions range from 6 days to 5.5 

months for 50% of the seeds to germinate. Distribution of plants with MD is primarily tropical 

(Baskins & Baskins 2004). Seeds with undifferentiated embryos is found only in species with micro 

and dwarf seeds (Baskins & Baskins 2001).  

Morphophysiological dormancy (MPD) is found in species with rudimentary and linear embryos and 

occurs in all plant families. MPD is a combination of physiological and morphological dormancy, 

where the seeds have underdeveloped embryos with physiological dormancy (Baskins & Baskins 

2001, 2004, Finch-Savage & Leubner-Metzger 2006). For germination to occur dormancy must be 

broken and the embryo must grow up to a certain size. Breaking of dormancy requires warm or cold 

stratification or a combination of the two in different orders (Baskins & Baskins 2004). Some species 

need dormancy to be broken first followed by embryo growth, whereas others first have embryo 

growth after which dormancy is broken. A third group have both occurring at the same time (Baskins 

& Baskins 2001). 

Physical dormancy (PY) is primarily caused by impermeability of the seed, or fruit, coats to water as a 

palisade layer of lignified cells is a characteristic frequently found in seeds with this dormancy type 

(Baskins & Baskins 2001). Common for all taxa with seeds having PY is large embryos and that, rather 

than in the endosperm, most food reserves are stored there.  

Combined dormancy (PD+PY) occur, as the name suggests, in seeds with PY as well as PD and where 

germination does not occur until both types of dormancy have been broken. The order in which the 

dormancies are broken vary (Baskins & Baskins 2004, Finch-Savage & Leubner-Metzger 2006). 

Seeds with chemical dormancy do not germinate due to the presence of inhibitors in the pericarp 

(Baskins & Baskins 2001). The dormancy is broken by removal of pericarp or by leaching of the fruits. 

Inhibiting compounds can be produced in the seed or translocated there, where they then block 

embryo growth. This dormancy type is found in all types of seeds with exceptions in few seeds types. 

The exact mechanics are unclear (Baskins & Baskins 2001), and I will not go into more detail about 

this type of dormancy here. 

The dormancy type for Lithospermum officinale is unknown, however, other species in the genus 

show signs of physiological dormancy (PD) and have dormancy broken by stratification (Baskins & 

Baskins 2001). However, the dormancy of L. arvense is broken by warm stratification (Baskins & 

Baskins 2001) whereas the dormancy of L. caroliniense is broken by cold stratification (Westelaken & 

Maun 1985). Though the temperature is different, the need for stratification is still a common trait 

and makes PD a likely option for L. officinale as well. As for germination periods, it is uncertain at 

which point of the year L. officinale actually germinates and I have found no previous studies 

discerning whether germination occurs during the warmer and wet spring, the hot and relatively dry 

summer, or the colder and wet autumn. I have chosen to test for water and temperature in order to 

try to discern during which season the seeds germinate in nature and to test for nutrients to 

determine if the boost of beings dispersed along with cow dung improves early growth rates.  

Lithospermum officinale is a plant with an internationally large range covering large parts of Europe 

as well as central and western Asia (Hulten & Fries 1986) (Figure 1). In Sweden, populations of L. 

officinale have been heavily reduced on the few locations where its presence is known (Ståhl 2010). 

This is thought to be due to habitat loss resulting from a reduction in traditional farming practice and 
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the eventual removal of grazing cattle has led to the regional extinction of the Ethmia dodecea 

(Svensson 1989), a moth whose larvae are monophagous on the plant. The heavy reduction of its 

host plant has led to the regional extinction of E. dodecea being declared in 2011 (Svensson 1989) 

and the production of a national species action plan for the species in 2008 (Elmqvist 2008) aiming to 

re-introduce the moth in Sweden. One population of L. officinale is still found today at Ridön south of 

Västerås, Västmanland County, Sweden. This location once held a vast population of L. officinale, as 

well as a stable population of E. dodecea. In spite of after several actions to enforce the population, 

such as clearing of areas and planting of in-door grown plants, (Elmqvist 2008) the population is now 

reduced to only 200 individuals. Lindeborg’s (2010) inventory of Ridön sets the goal of re-introducing 

the moth to the area, but this requires a larger and stable population of L. officinale in order to 

support the larvae of E. dodecea. Even with aforementioned actions, achieving a stable population 

takes time and efforts are made harder as knowledge of how to germinate and break seed dormancy 

of L. officinale is sparse as is knowledge of its dispersal. To improve knowledge and facilitate the 

efforts of the project cooperation with Uppsala University was initiated with the aim of conducting 

further studies on L. officinale. This cooperation led to my project which aims to investigate the 

importance of different environmental factors on germination, and more specifically the breaking of 

seed dormancy, and also to investigate the importance of cattle and larger herbivorous mammals as 

dispersal vectors of L. officinale through the use of chemical scarification.  

Mechanical and chemical scarification treatments have been used in different species of 

Lithospermum to elevate germination rates. In L. officinale Haghbeen et al. (2006) were forced to 

scratch the seeds, a treatment that yielded germination rates 90% higher than the initial tests, when 

their first batch of samples gave negative results for germination rates. Salisbury & Preston (1949) 

used a chemical scarification treatment and achieved germination rates of 35% to 80%. In this study I 

will use a similar approach when testing for dispersal and use chemical scarification as a way to 

simulate the acidic stomach environment of a herbivore. I will also use mechanical scarification to 

simulate the tendencies of birds to swallow small stones in order to grind seeds down (Gionfriddo & 

Best. 1996) as birds are also a possible vector of dispersal for the species. 



6 
 

 

Figure 1. Distribution of Lithospermum officinale (Hultén & Fries 1986 via 
http://linnaeus.nrm.se/flora/di/boragina/litho/lithoff.html, accessed 2015-02-10) 

As L. officinale has disappeared following the removal of grazers and no method of dispersal is today 

known for the plant, my hypothesis is that cattle not only keep the habitat open for L. officinale, but 

also act as a major vector of dispersal. If this is true a chemical scarification treatment should ease or 

induce dormancy breaking and increase germination rates. I also investigate the possibility of the 

plant being dispersed by birds, utilizing a mechanical scarification treatment to simulate birds’ 

tendency to swallow gravel as to help wear down hard seed coats (Gionfriddo & Best 1996) and 

access the nutrients in the seeds. I also hypothesize that the plant germinates during the spring and 

that therefore water along with higher temperatures will break seed dormancy and induce 

germination of L. officinale. I further hypothesize that if cattle are a dispersal vector, then the 

nutrients along with which the seeds are dispersed will provide a significant boost to growth rate in 

juvenile plants. 

Materials and methods 

Study species 

Standing 30-80 cm high, Lithospermum officinale (L.) Boraginaceae has opposite leaves with 

featherlike nerves and small, white-yellow flowers (Figure 2) (Ståhl 2001). It has two common names, 

European Stoneseed and Common Gromwell, and the species name, officinale, is derived from its 

http://linnaeus.nrm.se/flora/di/boragina/litho/lithoff.html
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former usage in medicine, as it was believed to cure kidney stone disease, according to the rule like 

cures like (similia similibus curantur) (Baczyṅska & Lityṅska-Zajᾳc 2005).  

 

Figure 2. Lithospermum officinale. Photo: A. Åberg 

The study consisted of two parts aiming to investigate the germination of Lithospermum officinale. 

The first part was carried out in order to investigate some environmental factors affecting 

germination. The second part aimed to investigate the importance of cows and other herbivorous 

mammals as well as birds for dispersal of L. officinale by looking at germination rates for a 

mechanical scarification treatment and a chemical scarification treatment simulating those 

conditions. The seeds used in this study were collected from Ridön south of Västerås, Sweden, in 

2013. Prior to the study, all seeds have been kept in dry storage in an unheated garage from 

November 2013 until start of the experiment in mid July 2014. As such the specimen were subjected 

to a natural winter temperature regime. The high temperature treatment being 20 °C during the day 

and 16 °C during the night. For the low treatment the temperature was 9 °C and 6 °C, respectively. All 

plants were planted in 5 x 5 cm pots (the soil used is Weibulls Horto Yrkesplantjord, for nutrient 

information see Table A 1) and placed on a tray housing 36 pots; these trays will be further referred 

to as replicates to avoid pseudo replication. Each treatment consisted of 4 of these replicates, i.e., 

144 pots. Germination was defined as having occurred when the cotyledons were visible above the 

soil surface. When the plants had germinated they were moved to a separate tray. A twelve hour 

photo period (08-20) and a light intensity of ~150 µmol m-2 s-1 (photosynthetic photon flux density) 

was used for all treatments and studies. 

Temperature, water and nutrient study 

The factors investigated in the first study were temperature, water and nutrients, using a factorial 

design resulting in 8 treatment combinations, one with a high value and one with a low value for 

each factor (Table 1). I set up the experiment at 18 July 2014 and during the experiment the amount 

of water was increased at 1 August 2014 , 2 weeks from start, and again at 4 September 2014. Water 

was administered using a spray bottle and ~2 ml (3 squirts) per plant was given every 2nd and 4th day 
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(Table 1) during the first two weeks after which the dosage was increased to ~4 ml (6 squirts) per 

plant. After 48 days watering was increased again and was administered using a watering can. 

Nutrients were given together with the water every 12th day (Weibulls Horto NPK 3-1-15 Rika-T, for 

nutrient information see Table A 2). 

Table 1. Treatment codes, number of replicates and total number of seeds of Lithospermum officinale used in the water, 
temperature and nutrient study. Each replicate (i.e., tray) consisted of 36 pots with one seed each. 

Code Treatment Replicates Total # of seed 

1:1 High temperature, water every 2nd day 4 144 

1:2 High temperature, water every 2nd day + nutrients 4 144 

1:3 High temperature, water every 4th day 4 144 

1:4 High temperature, water every 4th day + nutrients 4 144 

2:1 Low temperature, water every 2nd day 4 144 

2:2 Low temperature, water every 2nd day + nutrients 4 144 

2:3 Low temperature, water every 4th day 4 144 

2:4 Low temperature, water every 4th day + nutrients 4 144 

 

Scarification study 

In this study seeds were subjected to one of three treatments. A chemical scarification treatment, to 

simulate the stomach environment of a mammal, a mechanical scarification treatment, to simulate 

the stones swallowed by birds to process hard seeds, and a control treatment (Table 2). All three 

treatments also included the high temperature as to simulate spring temperatures, and water was 

given on a basis of necessity. Seeds in the mechanical scarification treatment, were rubbed with fine 

grid sandpaper (Bosch C470 P240) for about 15 s before planting. For the chemical scarification 

treatment, seeds were soaked in a solution of 10% hydrochloric acid (HCl) for 15 minutes before 

sowing.  

Table 2. Treatment codes, number of replicates and total number of seeds of Lithospermum officinale used in the 
scarification study. All treatments were subjected to the same temperature. Each replicate (i.e., tray) consisted of 36 
pots with one seed each. 

Code Treatment 
Number of 
replicates Total # of seeds 

A Control 4 144 

B Mechanical scarification treatment 4 144 

C Chemical scarification treatment 4 144 

 

Statistical analyses 

To test the effect of the treatments in the scarification study a one-way analysis of variance was 

done. The proportion germinated seeds were arcsine-transformed to achieve normal distribution, 

thereby fulfilling the assumptions of the ANOVA. All analyses were done using IBM SPSS Statistics 

Version 22 (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: 

IBM Corp.). No statistical test was done for the water, temperature and nutrient study. 
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Results 

Temperature, water and nutrient study 

A total of 18 seeds germinated, of which only one was in the low temperature treatments (Table A 

3). The high temperature treatments showed no notable difference in germination rates. In 

treatment 1:2 (high temp, water every 2nd day, nutrients), seeds germinated considerably earlier than 

in the other treatments and most germinations occurred after the first increase in water (Figure 3). 

One of the germinated seeds was later discovered to be Epilobium adenocaulon. The data has not 

been altered after this discovery as there was no way of determining from which replicate (i.e., tray) 

the plant came. As germination numbers were too low, no data on growth rate were collected.  

 

Figure 3. Cumulative number of Lithospermum officinale germinations over time for the treatments of the water, 
temperature and nutrient study. All treatments are included here, whether germination occurred or not. 
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Scarification study 

A total of 77 seeds germinated with 22 seeds germinated in treatment A, 38 seeds germinated in 

treatment B, and 17 seeds germinated in treatment C (Table A 4). Most of the germinations occurred 

during the first month, all treatments having mean germination between the 16th and 18th day 

(Figure 4). 

 

Figure 4. Cumulative number of germinations over time for the scarification study. 

Two of the germinated plants were later discovered to be Epilboium adenocaulon. This was in 

treatment C, though the replicate is unknown. The data has not been altered after this discovery. 

Regarding germination rates there was a tendency that mechanical scarification (treatment B) had 

higher rates compared to both the other two treatments (Figure 5, Table 3, F2, 9 = 3.616, P = 0.070, 

anova).  Since the two E. adenocaulon in treatment C are included, the true difference between the 

mechanical and chemical scarification is somewhat larger than shown in Figure 5. 

Table 3. Results from the ANOVA of germinations after the scarification treatments. 

 Sum of Squares df Mean Square F P 

Treatments 241.520 2 120.760 3.616 .070 

Error 300.572 9 33.397   

Total 542.092 11    
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Figure 5. Graph showing mean percentage germinations with ± one std. error for each treatment of the scarification 
study. Bars with the same letter do not differ at p = 0.085, LSD.  

Discussion 
My hypothesis was that cattle act as a means of dispersal for Lithospermum officinale and that the 

plant germinates during spring. This would have been proved by a higher germination rate in the 

chemical scarification treatment of the scarification study and in the high temperature and high 

water treatment of the temperature, water and nutrient study. This was, however, not the case. In 

the temperature, water and nutrient study, too few seeds germinated to test the hypothesis. In the 

scarification study the seeds that were mechanically scratched with sandpaper germinated best and 

the chemical scarification actually resulted in a germination rate lower than the control. All 

germinations in the temperature and water study occurred after the first increase in water (Figure 3), 

however the values are still too low to allow any direct conclusions to be drawn from these data. The 

low germination rates here could be a result of the low amount of water given to the plants during 

the early parts of the study. It is likely that the minimum threshold required was not reached and 

that the watering method used in the scarification study had been a better choice here as well. 

Reaching the threshold for germination was the reason for increasing watering intensity both the 

first and the second time. Nutrient levels were included here in order to see whether early growth 

rates would be higher and the plants as such would benefit from germinating in the nutritious 

environment that the cow dung constitutes. However, due to the low germination rates this part of 

the study was discarded. 

The positive effect of mechanical scarification in the scarification study suggests that birds do act as a 

vector in the dispersal of Lithospermum officinale as the treatment simulates the tendency of birds to 

swallow small stones to grind down seeds (Gionfriddo & Best 1996). This is an effect that was also 

investigated by Abubakar & Maimuna (2013) on Parkia biglobosa, where the treatment resulted in a 

90% germination ratio and Haghbeen et al. (2006) also used scarification to improve their 

germination numbers in L. officinale. However, the significance found in my scarification study could 
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also be attributed to a number of other factors. One of these factors would be sources of error in the 

study and out of these the first one would be how the treatments compare to each other. I.e. are 

they equally strong? The lower germination percentages in the chemical scarification treatment 

could be a result of the treatment being too weak in terms of either duration of the bath or strength 

of the acid or perhaps a result of choosing the wrong type of acid. I used hydrochloric acid due to 

availability and achieved a germination percentage of 11.8 % (10.4 % when the two E. adenocaulon 

are subtracted). A previous study on L. officinale yielded germination percentages of 35% and 81 % 

for treatments with acid baths (Salisbury & Preston 1949), both significantly higher than my results. 

However, this study carried on for a whole year and the report contains no mention of neither type 

or strength of the acid nor duration of the acid bath. As such any comparison is impossible. There are 

other studies that also used HCl to improve germination in previous studies but on different species 

than Lithospermum officinale. A study (Durrant et al. 1992) conducted with HCl in order to improve 

germination in sugar beet, Beta vulgaris, used a 2 h bath of 0.3M HCl as a part of a longer sequence 

of treatments. They found a positive effect of the acid bath in all temperature treatments, though 

the effects were stronger in the colder treatments compared to the warmer. The effects are clear, 

however comparisons are troublesome here as well as they used seeds a different species. Rodrigues 

& Rodrigues (2014) used HClof the same strength and duration as I (10% for 15 min) and achieved 

germination percentages of 94 % in Trema orientalis. Another study conducted by Abubakar & 

Maimuna (2013) also investigated use of HCl to improve germination and achieved a germination 

percentage of 50%, though they used acid of a higher concentration (50 %) than I did as well as a 

duration time twice as long. Both studies used HCl and achieved quite effective results from those 

treatments, however one significant difference are still present between these studies and mine – 

they use different study species. Abubakar & Maimuna (2013) conducted their study on African 

locust bean (Parkia biglobosa) and Rodrigues & Rodrigues (2014), as mentioned above, did theirs on 

Trema orientalis. Both these species are only very distantly related to L. officinale, not sharing a 

relationship closer to all of the being eudicots. Potential differences in seed morphology between the 

species might mandate changes in, as previously mentioned, strength of the acid, duration of the 

acid bath or even a completely different acid. Studies on Ficus lundelli (Garcia et al. 2005) using HCl 

applied over a period 24 hours yielded no increase in germination and even reduced germination in 

one of the treatments. The concentration of the acid used was 0,1-1% and 5% for the treatments 

respectively. However, the germination in the control group was already high at 96% and increases in 

germination would as such be hard to notice. Comparisons with this study are made even harder as 

they chose not to show the precise results. Still, we can conclude that chemical scarification is not an 

effective way of breaking seed dormancy and increasing germination rates in L. officinale. 

Abubakar & Maimuna (2013) investigated the effect of mechanical scarification using sand paper. No 

intensity (duration) of the scarification is noted, but the treatment resulted in a germination ratio of 

90%. This was an increase in 30 percentage units compared to the control treatments. Though the 

relevance of this might be unclear it does provide support to using scarification in order to improve 

germination ratios. Haghbeen et al. (2006) were, due to insufficient germination numbers from 

untreated seeds, forced to use scarification to improve germination numbers as they attempted to 

grow L. officinale for a different purpose. However, they provide no information on the intensity or 

exact method of mechanical scarification other than referring to it as “scratching”. Even though no 

direct ratios were given, we do know that the mechanical scarification actually made a difference as 

no further treatments were used to germinate the seeds. 
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A different method of mechanical scarification was employed by Yeo & Dow (1978) who utilized, 

among other methods, a beaker filled with coarse sand and a magnetic stirrer in order to achieve the 

mechanical scarification in a germination experiment with seeds of Dwarf Spikerush (Eleocharis 

coloradoensis). They also tested for chemical scarification utilizing concentrated HCl in which the 

seeds were left to soak for different durations. The chemical scarification gave highest germination 

rates when the seeds were soaked for 24 minutes. Out of these seeds 35% germinated compared to 

untreated seed batches in which 0-3% germinated whereas mechanical scarification increased 

germination with up to 10%. However, this was achieved using a pin and they do not further specify 

what results the other methods of mechanical scarification yielded. 

Of course the method of mechanical scarification could also be improved upon. Gionfriddo & Best 

(1996) found that birds process the plant substance for different times depending on their diet. Is the 

duration of the mechanical scarification I used proportional to the duration of grinding a bird would 

employ when trying to digest seeds of L. officinale? It is possible that the 15 seconds of treatment I 

gave my seeds is either inadequate or exaggerated.  

There is also the possibility that Lithospermum officinale does not rely on any animal for dispersal but 

simply drops the seeds where it stands. Should this be the case, stratification will likely be the sole 

means of breaking seed dormancy and inducing germination in nature. The need for stratification 

does not seem unlikely as both Lithospermum arvense and Lithospermum caroliniense display the 

requirement for some form of stratification (Baskins & Baskins 2001, Westelaken & Maun 1985). 

Studies have been conducted on breaking seed dormancy through usage of both warm and cold 

stratification. Chantre et al. (2010) tested, in among other factors, for different temperatures of 180 

days of dry stratification and found a positive relationship between dormancy release date and 

storage temperature in seeds of Lithospermum arvense. A different study (Bujarska-Borkowska & 

Chmielarz 2010) investigated the effect on stratification with alternating temperatures over a period 

of 20 or 26 weeks and found almost complete germination (98% mean germination) in both 

temperature regimes used for seeds of mazzard cherry (Prunus avium) stored for 15 years. In Alliara 

petiolata seeds subjected to a stratification treatment consisting of a cold ( min. -1 C, max. 6 C) 

period of at least 100 days followed by spring-like temperatures (15 C/6 C) resulted in germination 

rates near 100% (Raghu & Post 2008) 

As shown, both the mechanical scarification method and the acid method are hard to fully evaluate 

due to a lack of previous studies as far as I know or due to the lack of information given in the few 

studies done. The mechanical scarification is straight forward and not too many changes can be done 

except for altering the intensity. A different concentration of the acid might have yielded better 

results as could an increased duration of the acid bath as might another acid. Future studies might 

want to not only try alternating the effort of the treatments but also the exact method by doing 

things like trying different acids or alternate methods of applying mechanical scarification. This could 

be done by following the example of Yeo & Dow (1978) and utilize mechanical scarification methods 

such as pressure, razors or needle pins, the last of which yielded the best results in their study, 

instead of sand paper. For alternating the acid used for the chemical scarification, there are a 

multitude of ways to go. Studies have been conducted where sulphuric acid has been successfully 

used for chemical scarification in order to improve germination. Salehi & Khosh-Khui (2005) used 

four different concentrations of the acid (25, 50, 75 & 100%) applied during 10, 15, 20, 25 and 30 

minutes on four different species of turfgrass. They found that three of the species got highest 
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germination rates after a chemical scarification treatment of 50 % acid concentration, while the 

fourth responded best to 25% concentration treatment. Tanaka-Oda et al. (2009) utilized a 90% 

concentration solution of sulphuric acid and allowed their seeds of Sabina vulgaris Ant. to soak for 

10, 30, 60, 90 or 120 minutes and reached up to 60% germination after 30 days, compared to the 

non-treated seeds where no germination occurred. The benefits of using sulphuric acid to employ 

chemical scarification is further supported by the results from Deghan & Perez (2005), who found 

significant increases in germination rate after soaking the seeds of Caribbean applecactus (Harrisia 

fragrans) in the acid for 15 or 45 s. However they also had a 30 s soaking treatment which did not 

yield any significant results compared to the control, so the results are not wholly positive.  

In addition to the chemical scarification treatment with sulphuric acid, Deghan & Perez (2005) also 

employed gibberellic acid (GA3) in an attempt to improve germination rates. They soaked seeds of 

Caribbean applecactus (Harrisia fragrans) in a small amount (25ml) of either a 500 or a 1000 ppm 

solution of GA3 and found that the 1000 ppm treatment yielded a significant increase in germinations 

at 13 % while the 500 ppm treatment only reached 1% and no germinations occurred in the control 

treatment. Similar positive results was achieved by Meot-Duros & Magné (2008) when testing 

different methods of improving germination in Crithmum maritimum. They used a weak solution of 

only 0.1 mM GA3 which resulted in a 10% germination rate increase compared to the distilled water 

control treatment. Among the other methods employed, Meot-Duros & Magné (2008) also tested 

whether a pre treatment with ascorbic acid at strengths of 20, 40 or 60mM would affect germination 

rates when seeds where left to soak for three hours. This was tested on a control treatment as well 

as a saline treatment and they found that the pre treatments at 40 or 60 mM had the highest 

efficiency and would increase germination rates with up to 30% in comparison to the control. Though 

gibberellic acid is a hormone treatment rather than a scarification treatment it might still be valid to 

consider when seeking to improve germination numbers of Lithospermum officinale for conservation 

purposes, even if it might be of little relevance when comparing chemical scarification treatments. 

Other studies have also been conducted utilizing ascorbic acid in order to improve germination rate. 

One of them is Zehra et al. (2013) who tested the effect of different strengths (5, 10 and 20 mM) of 

ascorbic acid in saline and non-saline conditions as well different thermal treatments for three 

different species of halophytic grass. They used Phragmites karka, Dichanthium annulatum and 

Eragrostis ciliaris as study species for their study and found that ascorbic acid has varying effects in 

the three species. In P. karka ascorbic acid in small concentrations (5 mM) alleviated the salinity 

effect and the treatments produced germination rates of up to 50% even in a high-salinity 

environment treated with 500mM NaCl. This is to be compared to the corresponding salinity 

treatment which did not receive any ascorbic acid and in which no germinations occurred. The 

treatments which received the higher concentrations (10 or 20 mM) of ascorbic acid did not produce 

any increased germination rates, but instead had a negative effect on the ratios. The results also 

varied with the thermal treatments as ascorbic acid, regardless of acid concentration or salinity, 

decreased germination rates in all treatment with a 25/35° C thermo-period while the treatments of 

5 and 10 mM ascorbic acid increased germinations in all other thermal treatments for P. karka. In the 

other two species the results varied more with concentrations of ascorbic acid with opposing trends. 

In D. annulatum the concentration of ascorbic acid was correlated to a decrease in germination rates, 

whereas it stimulated germination in E. ciliaris. It should be noted that there is a difference in how 

the two studies utilize the ascorbic acid. Meot & Magne (2008) employed, as mentioned, a pre 
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treatment where seeds were soaked in the acid while Zehra et al. (2013) let the seeds germinate in 

conditions where the acid was present.  

The time passed between collection of seeds and their planting as well as storage temperature can 

also be of relevance. One study (Chantre et al. 2009) showed that recently collected seeds of L. 

arvense that were incubated at low temperatures germinated to a higher extent than those that had 

been stored longer or had been incubated at higher temperatures. This could also be of importance 

to this study – could the germination rates have been higher if the study had been conducted using 

fresh seeds? Maybe a better timing could be used to improve overall germination, but as all of the 

treatments in this study had received the same pre-treatment and were collected at the same time it 

is unlikely that a better timing would affect the results of the study. It could however be something 

to be considered when trying to germinate plants for conservation purposes. 

There are undoubtedly a multitude of different methods to employ mechanical or chemical 

scarification, as well as hormone treatments, stratification and timing of seed collection, that can be 

employed in order to increase germination rates for plants. Many of them might even be used to 

increase germination in Lithospermum officinale. The priority, however, should be placed on the 

development of an effective method to reach high germination rates in laboratory in order to 

enhance efforts in conservation and re-introduction. Secondary, evaluation of the results I found is 

needed in order to see if they are true or merely the outcome of unequal treatment strengths or 

chance. This will either confirm or eliminate one treatment and could be done be alternating the 

strength or duration of the mechanical scarification treatment while still using HCl and having a 

mechanical scarification treatment that utilizes the same duration and type of sand paper as I did to 

see if the results can be replicated. After this I would propose doing studies with different 

stratification treatments as these seem to be very useful in germination both Lithospermum arvense 

(Baskins & Baskins 2001) and Lithospermum caroliniense (Westelaken & Maun 1985) and might a 

such have similar effect on Lithospermum officinale. 

 

In conclusion this study carries some support to the idea that Lithospermum officinale is dispersed by 

birds while also providing a method of improving germination rates in the plant. This will be of great 

use in conservation efforts of L. officinale as well as the moth Ethmia dodecea and already has been 

as the plants from the study has been planted in the field to enforce a current population of L. 

officinale. This advantage aside, more studies still need to be conducted in order to fully confirm 

whether birds contribute to the dispersal, and germination, of L. officinale. The tentative conclusion 

from my study is that scarification by sandpaper rubbings is the best option to break dormancy and 

improve germination of L. officinale.  
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Appendix  
 

Table A 1. Nutrient concentrations (g × m3) of Weibulls Horto Yrkesplantjord, the soil used in both studies 

Nutrient Concentratrion (g/m3) 

N 180 

P 90 

K 195 

Mg 260 

S 100 

Ca 2000 

Fe 6 

Mn 3.5 

Cu 2.5 

Zn 1.5 

B 0.6 

Mo 3 

 

Table A 2 Nutrient concentrations (g/L) of Weibulls Horto NPK 3-1-5 Rika-T, the nutrient solution used 

Nutrient Amount (g/L) 

N 38 

of which is NO3 28 

of which is NH4 >10 

P 11,5 

K 54 

Mg 7 

S 6 

B 0,07 

Cu 0,009 

Fe 0,35 

Mn 0,17 

Mo 0,013 

Zn 0,05 

 

Table A 3. Final cumulative number of germinated seeds and germination percentages for the water, temperature and 
nutrient study. Included are only those treatments where seeds germinated. The numbers are not altered after the 
discovery of Epilobium adenocaulon. 

Treatment Germinated Germination % 

High temperature, water every 2nd day 3 2.1 

High temperature, water every 2nd day + nutrients 6 4.2 

High temperature, water every 4th day 5 3.5 

High temperature, water every 4th day + nutrients 3 2.1 

Low temperature, water every 2nd day 1 0.7 
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Table A 4. Cumulative number of germinations and germination percentages of the scarification study. 

Replicate Germinated germination % 

1:A-1 7 19.4 

1:A-2 4 11.1 

1:A-3 8 22.2 

1:A-4 3 8.3 

1:A (total) 22 15.3 

1:B-1 6 16.7 

1:B-2 6 16.7 

1:B-3 15 41.7 

1:B-4 11 30.6 

1:B (total) 38 26.4 

1:C-1 4 11.1 

1:C-2 3 8.3 

1:C-3 6 16.7 

1:C-4 4 11.1 

1:C (total) 17 11.8 

 


