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Abstract

Allelopathy refers to a mechanism by which a plant interacts with another by chemical compounds, which often have inhibitory effects on the seed germination or growth of the other plant. Allelochemicals can get into the environment in several ways; these include volatisation, exudation from roots, leaching from plants by rain and decomposition of residues. The production of allelochemicals often decreases as the plant ages.

         In this research work I examined the allelopathic effects of heather (Calluna vulgaris) on the seed germination and radicle elongation of some test plants. More specifically I tried to find out, which part of the Calluna plant would release most allelochemicals. In addition I attempted to determine whether young plants would have stronger inhibitory effects than the old ones.

         Sets of the test seeds were placed on plastic trays, and their germination and growth was studied for 120 hours. They were watered with Calluna extracts, which had been prepared by soaking different parts of the plants and ash from burned Calluna in water, and then filtering the mixtures.

         My results indicated that the most effective method for the release of allelochemicals of Calluna is through leaching from leaves, because generally the leaf leachates had the strongest inhibitory effects on the germination and growth of the test seeds when compared with the control. The effects of the other plant parts were not statistically significant. There was also some indication that young plants would have stronger inhibitory effects than old plants, as was expected, but there were exceptions to this.

         My experiments had some limitations, mostly because the experiment conditions were artificial and not conducted in the field. Even though Calluna was shown to have allelopathic effects on the test plants, it is difficult to determine how significant these effects would be in nature.

Tiivistelmä

Allelopatia tarkoittaa mekanismia, jonka avulla kasvi vaikuttaa toiseen kasviin kemikaalien avulla, joilla on usein estävä vaikutus kohdekasvin siementen itämiseen tai kasvuun. Allelokemikaalit voivat päästä ympäristöön monella tavalla; näihin kuuluvat muun muassa haihtuminen, erittyminen juuriston kautta, sadeveden mukana huuhtoutuminen ja kasvijäännösten hajoaminen. Allelokemikaalien tuotanto vähenee usein kasvien ikääntyessä.

         Työssäni tutkin kanervan (Calluna vulgaris) allelopaattisia vaikutuksia testikasvien siementen itämiseen ja itämisen jälkeiseen kasvuun. Yritin selvittää, mistä Callunan osasta vapautuisi eniten allelokemikaaleja, eli millä olisi suurin estävä vaikutus testikasveihin. Lisäksi yritin selvittää olisiko nuoremmilla kasveilla suurempi estävä vaikutus kuin vanhoilla.

         Työn toteutus oli seuraavanlainen: muovitarjottimille asetettiin erissä testikasvien siemeniä, joiden itämistä ja kasvua tarkkailtiin 120 tunnin ajan. Niitä kasteltiin Calluna-uutteilla, jotka oli valmistettu liottamalla eri kasvin osia ja poltetun Callunan tuhkaa tislatussa vedessä, ja suodattamalla syntyneet seokset, jotta veteen liuenneet kemikaalit saataisiin talteen.

         Tulokseni osoittivat, että allelokemikaalit vapautuvat tehokkaimmin lehdistä huuhtoutumalla, koska yleensä ottaen lehdistä valmistetuilla uutteilla oli suurimmat estävät vaikutukset testikasvien siementen itämiseen ja kasvuun kun tuloksia verrattiin kontrolliin. Muiden kasvien osien vaikutukset eivät olleet tilastollisesti merkittäviä. Tulokseni osoittivat myös, että nuoret kasvit voisivat odotusten mukaisesti estää testikasvien itämistä ja kasvua enemmän kuin vanhat, ja näin ollen tuottaa enemmän allelokemikaaleja, mutta tulokset eivät kuitenkaan olleet täysin yhdenmukaisia tämän suhteen.

         Koejärjestelyissäni oli joitain rajoituksia, etenkin sen vuoksi, että kokeet toteutettiin keinotekoisessa ympäristössä eikä luonnossa. Vaikka Calluna vaikuttikin omaavan estäviä allelopatisia vaikutuksia, on vaikea arvioida kuinka merkittäviä nämä olisivat luonnossa.
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1. INTRODUCTION

Allelopathy refers to a mechanism by which a plant interacts with another by chemical compounds. The effects of this can be stimulatory, but often they are inhibitory (Rice 1984). Hence allelopathy is an important factor in plant ecology, because it can affect the distribution patterns of plants and at the same time often decreases the biodiversity of the ecosystem (Reigosa et al. 1999). Allelopathy has also significant applications for example in the fields of agriculture and forestry, because allelochemicals can for example be used to protect crop plants from weeds (Rice 1984; Rama Devi et al. 1997). 

         Allelopathy is different from competition (Rice 1984), even though their effects are often non-separable. For example a small allelopathic disadvantage can place a plant in a worse position if competition is also taking place, because its growth can be prevented by the other plant, which produces the chemicals. However the production of allelochemicals exhausts also the producing plant, and thus plants often produce significant amounts of allelochemicals only when they are under stress (Reigosa et al. 1999).

         Allelochemicals can get into the environment in several ways; these include volatisation, exudation from roots, leaching from plants by rain and decomposition of residues (Rice 1984; Rama Devi et al. 1997). It has also been suggested that the production of allelochemicals decreases as the plant ages (Rice 1984).  

         One plant that has been shown to possess inhibitory allelopathic effects on the germination and growth of other plants is heather (Calluna vulgaris
) (Hobbs 1984; Rice 1984). Calluna can form large populations, and it has been shown that as it gains dominance, the performance of other species declines markedly (Mallik et al.1984). Calluna spreads readily into burned areas, but after some years it gives way to trees (Kurtto 1990; Mäkinen et al. 1994; Piirainen et al. 1999). According to the more traditional explanation Calluna becomes dominant, because it has strong erect shoots and more profuse branching than the competing plants (Mallik et al. 1983). However another possible reason for this is that the water-soluble products of burned Calluna might have allelopathic effects on other plants (Lenz 1993), which helps its initial dominance. The plant continues to produce allelochemicals as it grows, but after a certain age the production of allelochemicals begins to decrease, and thus trees are able to gain dominance (Hobbs 1984).  

         In this experiment I attempted to find out, which parts of the Calluna plant would have the greatest allelopathic effects on the seeds, i.e. how the allelochemicals are released from the plant. Specifically I investigated the effects of leaf, stem and root leachates and the water-soluble chemicals in the ash of burned Calluna on sets of seeds of different types of plants. I divided the effects into pre- and post-germination effects, where the former ones affected the number of seeds that germinated and the latter ones affected the growth of the germinated seedlings. 

         I also tried to find out if there was any difference between the effects of younger and older plants. My hypothesis was that the effects of the younger plants would be stronger, because they should produce more allelochemicals. 

2. MATERIALS AND METHODS

2.1. Materials

· knife

· plastic box

· aluminium foil

· wood

· wax paper

· wooden block

· rod

· beaker (200 ml)

· electronic balance

· kettles (with lids)

· thermometer

· filter bags

· funnel

· glass jars (with lids)

· universal indicator paper

· oral liquid dispensers

· toilet paper

· plastic trays

· plastic wrap

· ruler

· distilled water

· heathers 

· seeds (leaf lettuce, clover, turnip)

These particular seeds were used in the experiment, because they were easily available from a shop, and also because their germination time was short enough for the experiment.

2.2. Method

The heathers were cut with a knife and placed in a plastic box for transport. Some were picked up so that they still had their roots attached. Two different types of heathers were used in the experiments: old and young ones. The age of the plants could not determined accurately, but the plants were assigned to the different age groups based on their appearance. Young plants had greener leaves, and they were softer than the leaves in the old plants, also the stems of the young plants were more flexible. Different types of mixtures were made of the two types of plants; their preparation is explained below.

         Leaves were torn away from the stems of a few old and young plants, and approximately 2 grams of each type of leaves were placed in glass jars with 3dl of distilled water. Similar mixtures were also made for stems and roots, but for the roots only the old plants were used, because in the young plants there were no newly formed roots. The jars were kept in room temperature for five days. Similar preparations were made for other heathers as well, but now the mixtures were cooked for 30 minutes. The temperature of the water was kept 90 – 100 °C, so that it was boiling for the entire time. After five minutes from the beginning of the boiling 1 dl of distilled water was added to each mixture, because there was evaporation. This allowed the resulting mixtures to have a similar concentration with the ones made earlier. This heating was done in order to get as much of the chemicals released as possible, because the release of allelochemicals often increases as temperature is increased (Rice 1984; Rama Devi et al. 1997).

         A few whole heathers were placed inside a roll of aluminium foil. The roll was placed in an ember for 30 – 40 minutes, where the heathers were charred. The resulting ash was put inside a roll of wax paper and crushed with a wooden block. About 2 grams of the ash was mixed with 3dl of distilled water in a glass jar, and the ash was allowed to soak in the water for five days (adapted from Lenz 1993).

         In the end each of the different Calluna mixtures prepared were filtered using a funnel and filter bags and poured into clean glass jars. 3 dl of distilled water was placed in one glass jar to be used as a control liquid. The pH values for the liquids were also measured. It was found that most of the liquids were neutral, but old ash was slightly alkalic. However since this difference was not very great, it can be assumed that pH was relatively constant for each test liquid, and thus its effect can be eliminated. Nearly all filtrates had a yellowish colour, which indicates that at least some chemicals were released from the plants.

         For each of the test solutions and the control, 25 seeds of leaf lettuce (Lactuca sativa), 30 seeds of turnip (Brassica rapa rapa) and 60 seeds of white clover (Trifolium repens), were placed on pieces of toilet paper on plastic trays. The trays were covered with plastic wrap to prevent excess water loss. The seeds were watered using oral liquid dispensers with 10ml of the corresponding liquid in irregular intervals, but still so that the moisture levels were kept similar and relatively constant. The dispensers were used in order to distribute the liquid evenly to the seeds.

         Observations on the seeds were made every 12 hours for a total time of 120 hours. The stage of germination and growth of the seeds was recorded, and the lengths of the seedlings were measured.

3. RESULTS

3.1. Pre-germination effects of Calluna extracts 

First I decided to find out, which of the Calluna extracts would have the strongest effect on the overall germination of the seeds, and paid no attention to the different types of seeds. In order to do this I compared the number of seeds that had germinated at the end of the experiment at 120 hours in the control set and the others using contingency tables. Because here the degree of freedom is two, the value of 2should be higher than 5,99 for p<0,05 and the results to be significantly different from the control (Laininen 1980). The results are shown in table 1, where the specific p-values are shown for those results, where the inhibitory effects have been statistically significant. It can be seen that young and old leaves, young and old cooked leaves and young ash had statistically significant effects on seed germination. Therefore it would seem that the most prominent method for the release of allelochemicals of Calluna would be leachates from leaves. However the inhibitory effects of the Calluna extracts on seed germination seem to vary in strength when different types of seeds are considered, and thus these results should be considered separately in order to get a clearer understanding of the situation. Also the values in table 1 might not represent the exact situation, because this statistical test reacts also if one of the values inside a sequence is different from the others, and not only when two sequences are different. Thus for example the effect of old cooked leaves seems to be higher than it actually is, as can be seen later.

	Table 1 The 2 values from the contingency tables (df = 2)

	Test liquid
	Value of 2
	p

	leaves (old)
	11,61
	0,005 > p > 0,001

	cooked leaves (old)
	20,80
	p< 0,001

	ash (old)
	0,05
	p > 0,05

	stems (old)
	0,05
	p > 0,05

	cooked stems (old)
	2,26
	p > 0,05

	roots (old)
	0,02
	p > 0,05

	cooked roots (old)
	0,05
	p > 0,05

	leaves (young)
	18,44
	p < 0,001

	cooked leaves (young)
	9,63
	0,01 > p > 0,005

	ash (young)
	13,39
	0,005 > p > 0,001

	stems (young)
	0,29
	p > 0,05

	cooked stems (young)
	0,24
	p > 0,05


         Figure 1 shows the germination percentages of the leaf lettuce seeds, and how these vary with the different types of Calluna extracts. It can be seen that the strongest effects were caused by the extracts made from young ash and young leaves. Initially also old cooked stems and young cooked leaves seem to have had a notable effect on the germination of the leaf lettuce seeds, and to some extent also young stems, but at the end of the experiment these effects had decreased, and the differences with the control were no longer significant. Moreover some of the extracts, especially old ash, had actually had very small stimulatory effects on germination, because the germination percentages of the seeds that were watered using these extracts were somewhat above the control, but not statistically significantly. Nevertheless it seems that apart from the exceptions of young leaves and ash, the Calluna extracts do not seem to have had a great effect on the germination of leaf lettuce seeds, even though some inhibitory trends can be seen. This assumption is further supported by statistical analysis.




         The effects of the Calluna extracts on turnip seed germination can be seen in figure 2. There do not seem to be great differences between the numbers of germinated seeds for the different types of extracts, except for those seeds that were watered with the extract from young leaves. However this deviation from the control is not statistically significant as the chi-squared test shows. Between 36 and 60 hours also old leaves and cooked leaves show some type of inhibitory effects, but these are not considerable, they merely indicate an inhibitory trend, which decreases over time. 

         It can be seen in figure 2 that the germination percentages of the seeds that were treated with different liquids follow a similar pattern over time. During the first 36 hours the germination rate is rapid, and after that it reaches a plateau, during which the increase in the number of seeds that have germinated is not great.




         Even though the effects of the Calluna extracts have not been very great on the leaf lettuce and turnip seed germination, they seem to have stronger effects on the germination of the white clover seeds, as can be seen in figure 3. Young leaves have again the strongest effect, but also old leaves and cooked leaves and young cooked leaves have a clear inhibitory effect on the seed germination. Also old cooked stems and young ash seem to have some inhibitory effects, even though these are not as great.

         Some of the liquids seem to have small stimulatory effects on the seed germination, because their germination percentages are at times higher than the control. However old ash seems to be the only liquid, which has stimulatory effects throughout the 120 hours, and even though these effects are not significant, they still show a trend.




         Because there is so much data involved in these germination experiments, it is difficult to conduct statistical tests for the whole set. However I was able to compare the numbers of different types of seeds that had germinated at the end of the experiment at 120 hours with the control using the ordinary chi-squared test. Here the expected ratio was set to be 1:1, and the observed ratio was the ratio between the number of seeds that had germinated with the control and each liquid. With the resulting value for 2 it could be determined whether the results were statistically significantly different from the control or not. Since the degree of freedom is one, value of 2 has to be bigger than 3,84 for p < 0,05 and for the results to be significantly different from the control (Laininen 1980). The values of 2 and the p-values for those that are statistically significant are shown in table 2. It should be remembered that these values do not show the direction of the difference, so there is no difference between inhibitory and stimulatory effects here.

	Table 2 The results from the 2 test for different seeds (df =1)

	Test liquid
	Leaf lettuce
	Turnip
	White clover

	leaves (old)
	0,02
	0
	18,25

(p < 0,001)

	cooked leaves (old)
	0,02
	0,07
	32,06

(p < 0,001)

	ash (old)
	0,08
	0
	0,04

	stems (old)
	0
	0,02
	0,15

	cooked stems (old)
	0,09
	0
	4,85

(0,05 > p > 0,025

	roots (old)
	0,02
	0
	0,04

	cooked roots (old)
	0,02
	0
	0,04

	leaves (young)
	9,97 

(0,005 > p >0,001)
	1,23
	42,64

(p < 0,001)

	cooked leaves (young)
	0,61
	0,02
	19,51

(p < 0,001)

	ash (young)
	17,64

(p < 0,001)
	0,07
	2,67

	stems (young)
	0,09
	0
	0,79

	cooked stems (young)
	0,02
	0
	0,34


         The effects of the liquids on the leaf lettuce seeds are not significant, except for young leaves and young ash, as was stated before. It is also interesting that young ash has its greatest effect on the leaf lettuce seeds, because generally the other liquids have their strongest effects on white clover seeds. 

         In table 2 it can also be seen that none of the Calluna extracts affected the seed germination of turnip significantly when compared with the control. Only young leaves had some effect, but this is not significantly different from the control. However the effects on the white clover seeds were more significant in many cases. Young leaves and old cooked leaves had the most significant effects when compared with the control, but also old leaves and cooked stems and young cooked leaves had significant effects. Even though the effects of the other extracts were not statistically significant, they were still generally stronger than for the other types of seeds.

         When the values in table 2 are compared to ones in table 1, it can for example be seen that the figures in table 1 exaggerate the effect of old cooked leaves, because according to table 1 it should have the greatest overall effect on seed germination, whereas table 2 suggests that this would be the extract made from young leaves, because it has notable effects on each types of seeds. However table 2 supports my observations, which were based on table 1, and the leaf leachates and young ash seem to have the strongest effects on seed germination, especially in the case of white clover.

         Figures 4 – 6 show the differing effects of the extracts from old and young Calluna for the different seeds. The percentages that are shown are taken at the end of the experiment, that is after 120 hours from the beginning. In most of the cases the extracts from young plants seem to be stronger, because the seeds treated with them have lower germination percentages. However there are exceptions to this, for example in the case of cooked stems the old ones have either stronger or similar effects with the young ones. Also in the case of turnip seeds the differences between the effects of old and young plants are not great, except with leaves, where the young ones are quite stronger. 










3.2. Post-germination effects of Calluna extracts

Even though the Calluna extracts seem to have had some inhibitory effects on the germination percentages of seeds, their other effects do not seem to be as clear. Their effects one different stages of germination and growth are shown in table 3. I divided the initial growth of the seedlings into four stages, which were the beginning of radicle growth, emergence of root hairs, emergence of cotyledons and the opening of leaves. This division was based on visible changes in the appearances of the seedlings, and could thus be easily detected. The times in the table are taken as the time when at least one of the seedlings showed the particular stage of growth. One must also remember that because observations were made every 12 hours, some of the seedlings had reached these stages between observations, and thus it is impossible to determine the exact times, and the figures in table 3 indicate only trends.

         It can be seen in table 3 that for most of the test liquids there is not a considerable difference between the effects of the control and the liquid itself, and the most significant differences can be seen with the times for the opening of leaves. This is especially true for the leaf lettuce seedlings, because there the times differ most from the control value. Young leaves and ash seem to have had the strongest effect, because the seedlings that were treated with them did not show leaf opening at all; also old leaves, cooked leaves and cooked stems and young cooked leaves have had considerable inhibitory effects on the leaf opening of leaf lettuce seedlings. These results support my previous findings with the germination percentages of the seeds, because these same liquids had strong effects on them as well. However the results are not as dramatic for the other seedlings, and thus it is difficult to make generalisations. Only old cooked leaves and young leaves seem to have had a strong effect on the leaf opening of the seedlings throughout the experiment, but the effects of the other test liquids are as consistent as these.

	Table 3 The effects of Calluna extracts on different stages of germination and growth

	Test liquid
	Time taken before different stages of germination have been reached (hours)

	
	Leaf lettuce
	Turnip
	White clover

	
	rg
	rh
	ce
	lo
	rg
	rh
	ce
	lo
	rg
	rh
	ce
	lo

	distilled water
	36
	36
	60
	72
	24
	36
	48
	72
	24
	36
	60
	72

	leaves (old)
	24
	36
	60
	120
	24
	48
	72
	84
	36
	48
	72
	84

	cooked leaves (old)
	24
	36
	60
	108
	24
	36
	48
	96
	36
	48
	60
	120

	ash (old)
	24
	36
	48
	60
	24
	36
	48
	72
	24
	36
	48
	60

	stems (old)
	24
	36
	60
	72
	24
	36
	48
	72
	24
	48
	48
	72

	cooked stems (old)
	36
	36
	72
	120
	24
	36
	48
	72
	36
	48
	60
	84

	roots (old)
	24
	24
	60
	60
	24
	36
	60
	72
	24
	36
	48
	60

	cooked roots (old)
	24
	24
	48
	60
	24
	36
	36
	60
	24
	36
	48
	60

	leaves (young)
	24
	36
	96
	-
	24
	36
	36
	108
	36
	60
	84
	-

	cooked leaves (young)
	24
	24
	48
	108
	24
	36
	48
	84
	24
	36
	72
	84

	ash (young)
	36
	36
	84
	-
	24
	36
	48
	72
	24
	36
	60
	84

	stems (young)
	24
	24
	60
	84
	24
	36
	36
	84
	24
	36
	60
	84

	cooked stems (young)
	24
	24
	48
	72
	24
	36
	48
	72
	24
	36
	48
	60

	
	rg = radicle growth  rh = root hairs  ce = cotyledon emergence  lo = leaf opening


         I also measured the lengths of the seedlings every 12 hours, but I decided to compare only the final lengths of the seedlings, because I determined that these represent the trends in the lengths clearly enough. The average lengths of the germinated seedlings are shown in figure 7. I did not include the non-germinated seeds in the lengths, because I wanted to compare only the post-germination effects of the Calluna extracts. 




         It can be seen from the figure that the only extract, which inhibited the growth of each types of seedlings was young leaves. Also old leaves and cooked leaves clearly inhibited the growth of turnip and white clover seedlings. The inhibitory effects of the other extracts are not significant, and some of them even seem to have had stimulatory effects on the growth of the seedlings. One fact that should be noted about the lengths is that young ash strongly inhibited the germination of leaf lettuce seeds, but it had a strong stimulatory effect on the growth of those seedlings that had germinated. This suggests that the pre- and post-germination effects of the Calluna extracts might differ. However young leaves have consistently inhibited germination and growth.

4. CONCLUSION AND EVALUATION

The extract made from the leaves of young Calluna plants had the strongest overall inhibitory effects on the germination and growth of the seeds. Also the other leaf leachates had significant inhibitory effects on the germination of the seeds. Based on these results it can be deduced that the allelochemicals are released from the Calluna plants through leaching from leaves also in nature. This is further supported by the fact that the Calluna roots and stems did not have significant inhibitory effects.       

         Young ash also showed significant inhibitory effects, especially on the germination of leaf lettuce seeds, which is in accord with the results from Lenz's (1993) experiments. However his results also showed that the ash of burned  Calluna also inhibited the growth of the seedlings, which was not evident in my results. On the contrary, my results show that both of the ash filtrates had stimulatory effects on the growth of the seedlings, and old ash had slight stimulatory effects even on the germination of the seeds. Still this is not unexpected, because ash can be used as a fertiliser, and thus it can stimulate growth. Thus my results suggest that in the case of the young plants the amount of allelochemicals they contain is so great, that the stimulatory effects of the ash itself are reduced, but as the plant ages, it will produce less allelochemicals, and therefore the ash will only have stimulatory effects.

         However my results do not give consistent evidence to the fact that young plants would produce more allelochemicals than old ones. For example in the case of cooked stems, the old ones had either stronger or equal inhibitory effects with the young ones. Nevertheless the effects of both of these were not strong in the first place. If we consider those extracts, which had strong inhibitory effects, that is leaves and ash, it can be seen that the young plants had stronger effects on the germination of the seeds. These results indicate that it is possible that as the plant ages the overall production of allelochemicals decreases, mainly because it decreases in the leaves, but there might be increases in the other parts of the plant, such as the stems, to compensate the decrease. 

         It should be noted that none of the Calluna extracts had significant effects on the germination of turnip seeds, whereas several of them had strong inhibitory effects on the germination of white clover seeds. These results suggest that Calluna has different effects on plants, which belong to different families, because white clover belongs to the Fabaceae family, whereas turnip belongs to Brassicaceae and leaf lettuce to Cichoriaceae (Kurtto 1990; Rousi 1997). In addition there were more white clover seeds used in the experiments than the other seeds, and thus the data set was larger, which might yield more reliable results.

         Even though I was able to make conclusions based on my results and find support to my hypothesis, the experiments still have some limitations, which are common to many studies conducted on allelopathy. For example the allelopathic effects on seed germination can be greatly overestimated if the effects of osmotic difference are not taken into account. Wardle et al. (1992) showed in their experiment that after the osmotic factors had been taken into account the effects of allelopathy became substantially smaller, even though they did not completely disappear. In my experiments I had no possibility to measure the osmotic differences between the extracts, but because initially the seeds were swelling at similar rates I can assume that the osmotic differences were not great enough to cause any significant effects, and thus I feel that there is no need to consider them. However if greater accuracy was required, it would have been essential to consider the osmotic factors as well.

         Another issue that needs to be considered when conducting studies on allelopathy is the difference between laboratory and field experiments. In laboratory experiments it is possible to eliminate other possible interfering factors, such as availability of nutrients or light, which would not be possible in the field. However there are many problems in laboratory experiments as well, and these have been discussed for example by Stowe (1979) and Inderjit et al. (1995). According to them it is impossible to reproduce the conditions that exist in nature, because for example the concentrations of the extracts that are used are likely to be higher than in nature, and the effect of soil on the allelochemicals is often ignored. According to Stowe (1979) it is even possible to show that any plant species has allelopathic effects in the laboratory, but that these results have nothing to do with the situation in the field. My experiments were also artificial in the sense that I used seeds from plants that do not naturally occur with Calluna. More experiments should be conducted on seeds of plants that occur in the same habitats with Calluna so that the effects of Calluna to the biodiversity of the ecosystem could be properly determined.
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Fig 3 Lettuce seed germination
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Fig 1 Turnip seed germination
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Fig 1 Leaf lettuce seed germination
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Fig 2 Turnip seed germination
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Fig 5 The effects of old and young Calluna on turnip seed germination
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Fig 3 Lettuce seed germination
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Fig 1 Turnip seed germination
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Fig 1 Leaf lettuce seed germination
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Fig 2 Turnip seed germination
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Fig 3 Clover seed germination
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Fig 6 The effects of old and young Calluna on white clover
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Fig 4 The effects of old and young Calluna on leaf lettuce
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Fig 5 The effects of old and young Calluna on turnip
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Fig 6 The effects of old and young Calluna on white clover seed germination
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Fig 3 Lettuce seed germination
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Fig 1 Turnip seed germination
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Fig 1 Leaf lettuce seed germination
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Fig 2 Turnip seed germination
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Fig 6 The effects of old and young Calluna on white clover
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Fig 4 The effects of old and young Calluna on leaf lettuce
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Fig 5 The effects of old and young Calluna on turnip
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Fig 3 Lettuce seed germination
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Fig 1 Turnip seed germination
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Fig 1 Leaf lettuce seed germination

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0



distilled water

leaves (o)

cooked leaves (o)

ash (o)

stems (o)

cooked stems (o)

roots (o)

cooked roots (o)

leaves (y)

cooked leaves (y)

ash (y)

stems (y)

cooked stems (y)

time (hours)

germination percentage (%)

Fig 2 Turnip seed germination
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Fig 3 Clover seed germination
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Fig 6 The effects of old and young Calluna on white clover
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Fig 4 The effects of old and young Calluna on leaf lettuce



		0		0

		0		0

		0		0

		0		0

		0		0



old

young

test liquid

germination percentage (%)

Fig 5 The effects of old and young Calluna on turnip
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Fig 3 Lettuce seed germination
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Fig 1 Turnip seed germination
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Fig 1 Leaf lettuce seed germination

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0



distilled water

leaves (o)

cooked leaves (o)

ash (o)

stems (o)

cooked stems (o)

roots (o)

cooked roots (o)

leaves (y)

cooked leaves (y)

ash (y)

stems (y)

cooked stems (y)

time (hours)

germination percentage (%)

Fig 2 Turnip seed germination
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Fig 3 Lettuce seed germination
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Fig 1 Turnip seed germination
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Fig 1 Leaf lettuce seed germination
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