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1.0 [bookmark: _Toc26212151]INTRODUCTION
 
When we attended Varteg site we had the aim to record the condition of the trees in the plots we were given. From this data we can then look at why the plots have ended up why they are
Varteg Hill’s reclamation dates from 1963. It was completed under the direction of the National Coal Board’s Opencast Executive which aimed to re-establish the area to be used for agriculture rather than to restore it to its previous woodland state (Cradle for Nature, 2019). The area of Blaenavon has been degraded by two centuries of industrial exploitation, with many areas needing to be re-established.  By looking at the area’s topography, it is clear that the features of the landscape were established between the pre- agricultural stage to the post- industrial (DTZ Pieda Consulting, 1998). Pb concentrations effect vegetation growth at Blaenavon. Causing poor grass growth and gully incision (Cradle for Nature, 2019). 
Due to the previous coal mine industry at Blaenavon, inorganic heavy metals have accumulated in the soil such as, Zn, Cd, Mn, Pb and Cu. However, 14 years after the first trees were replanted at Varteg in Blaenavon, the amount of soil contamination has decreased by almost 50% by all 5 heavy metals (Desai, M. Haigh, M. & Walkington, H, 2019). Facchinelli et al., 2001 states that anthropogenic heavy metal input is one of the main reasons soil contamination by inorganic heavy metals increased. An example of anthropogenic effects is mining activities. This industry hugely impacts the amount of heavy metal pollution in the soil around mining areas (Pan et al., 2016). Hence why Varteg’s soil quality is low.  



2.0 [bookmark: _Toc26212152]METHODOLOGY 

Today, the Varteg Project is managed by volunteers, with around 10,000 trees surviving in their test plots. The plot that belongs to the University contains 400 trees, which is what we were looking at when we visited Varteg. 
   As there were 4 of us in our group, we were each given one plot of 100 trees (Refer to Figure 1) We considered their growth rates and recorded any noticeable environmental factors that we thought may be interesting to discuss upon our return. We also devised a vitality index which we also had to keep in mind when looking at our plot. The vitality index allowed us to rank each tree depending on its condition. This is how we ranked them: 

0= Disappeared/Missing/Dead
1= Stump/ Stick in ground
2= Poor foliage/ Insect Infestation etc
3= Average foliage with some leaf damage 
4= Good growth but uneven distribution of leaves/branches
5= Excellent growth/ Form typical of species

To carry out our observations, we each started at the front of our plots and went along the rows of trees, identifying them by their tags (Figure 2), and noting down the vitality score we would allocate to every tree and perhaps any volunteer species found or the biodiversity surrounding them. This allows us to find out what species can live in the harsh conditions. We were also given a set of data from the past twelve years to compare with the results we collected about the trees in October. From this we could possibly recognise trends in the data, growth rates and mortality rates. Figure 1- Own photograph of my plot (C)

[image: ]Figure 2-My own photograph of how each tree in our plots were tagged.
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In addition, we had to note down the species of trees we were investigating. The species of tree we were identifying are listed below: 
· Goat Willow (Salix caprea)
· Downy Birch (Betula pubescens)
· Silver Birch (Betula pendular)
· Alder (Alnus glutinosa)
· Sessile Oak (Quercus petrea)
· Mixed 

The 7-year experiment carried out in Varteg looks at how different strategies of tree planting effect tree growth. The three strategies being notch planting, pit planting, and trench planting. The species noted above were planted in Varteg by using notch planting. However, Haigh et al., 2013 states that survival and growth rate of trees that have been trench planted are higher than those planted by either notch or pit planting. In addition, the mortality rates between trench and pit planting was seen to become less significant over time. He goes on to conclude that when trees are planted in a loosened and lower density soil in Welsh coal-mine spoils, the growth and survival rate improves. Therefore, trench planting seems more effective than both pit and notch planting. This may explain why the mortality rates at Varteg are low because the trees weren’t planted using the most effective strategy. 
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Figure 3- Bar Graph showing the vitality scores of the trees in block











Figure 4- Bar graph showing the mortality rates of each tree species in block C in 2019



 Figure 5- Bar chart showing the survival rate per species for plot C







	 
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	Goat Willow
	8
	7
	10
	7
	7
	5
	5
	5
	20
	3
	3
	3
	2
	2

	Downy Birch
	8
	10
	10
	10
	10
	7
	7
	6
	7
	5
	5
	5
	5
	5

	Silver Birch
	7
	10
	10
	7
	7
	4
	4
	4
	3
	4
	2
	2
	2
	2

	Alder
	18
	25
	27
	15
	15
	12
	12
	12
	5
	9
	8
	7
	7
	7

	Oak
	16
	30
	30
	26
	26
	22
	20
	21
	4
	18
	17
	17
	16
	16

	Mixed (Total)
	3
	10
	11
	8
	8
	7
	7
	7
	10
	6
	6
	6
	6
	6

	Total
	60
	92
	98
	73
	73
	57
	55
	55
	49
	45
	41
	40
	38
	38


Figure 6- Table of results stating the survival rate per species for plot C	


Figure 3 shows the overall vitality scores for the whole of block C. The bar chart shows C1 to C4, with C1 being at the front of the block and C4 being at the back. The results suggest that the trees located towards the front of plot C are healthier than the trees located towards the back of the plot. C1 seems to have the healthiest trees out of all of the sections of the plot, with only 8 trees being given a vitality rating of 0 and only 4 being given a rating of 1. Block C3 has the worst vitality scores of the whole plot. With 18 trees having disappeared, being given a vitality score of 0, and more trees having lower vitality scores. Figure 4 indicates the mortality rates for each tree species in block C. It is clear that silver birch has the highest mortality rate of 70%, with Goat Willow and Alder not far behind at 64%. This proves that the silver birch species can’t survive in bogged and contaminated soil. However, one of the lowest mortality rates was shown by Downy Birch with only a 50% mortality rate. This can be explained by TheWoodlandTrust.org.uk, n/d. It states that downy birch can survive in damp soils, grow at higher elevations, and can even tolerate peat bogs and clay. Hence the fact the Downy Birch lost the least trees at Varteg. Lastly, figure 5 & 6 show the survival rates per species per year since when the trees were first planted in 2006. From figure 5, it is noticeable that the number of trees has been steadily declining since 2006, with some fluctuations. In 2006, I would expect there to be originally 100 trees in the plot. However, my results table and my graph show only 60 trees on the plot in that year, which could mean that the rest of the trees died in a very short space of time, or simply is an error in the results which in turn, create invalid results. In addition, the number of trees increase to just under 100 in 2007 and 2008 and tree number declines until 2019. There’s a rapid decline of alive trees from 2008 to 2009 which could have been due to weather patterns or predation. By 2019, there are only 38 trees remaining. 
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[image: ]Figure 7- Image of tree given a vitality score of 3 
surrounded by heather in block C1
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Figure 8- Image of fungus growth in plot C3






Figure 9- Image of evident biodiversity in plot C3/C4






4.0 [bookmark: _Toc26212154]DISCUSSION

It is vital to note that the trees in C1 had a higher vitality score and survival rate than those of the blocks further back. This could suggest that perhaps the ground quality decreases as you go down the plot to the back. Although in figure 7 we can see that there is a presence of heather, some trees have still been able to grow amongst it. Figures 8 and 9 show the degradation of ground quality as there is a higher abundance of heather and evidence of biodiversity. T.L Chow et al., 2019, suggest that an increase in coarse fragment content can affect the soil water holding capacity by reducing it. Its also stated that this reduction may have a direct impact on soil moisture availability. Applying this to my block of trees, this could explain the decrease in vitality as you go further to the back of the block as the heather may be decreasing the soils quality. The fact the heather can survive in the highly acidic soils may simply just be down to the fact it can survive in contaminated soil. 
Another factor that could have caused the decrease in the survival rate of my block is that the ground of Varteg was ploughed before the trees were planted using the notch technique. This then would have resulted in the mine spoil deeper in the ground to be mixed with the top soil which would have increased the soil contamination of the top soil (R. Jenkins, 2019).  In addition, it is known that the original trees were planted later in the year, being quickly exposed to high rainfall which would have caused soil erosion, not giving the newly planted trees enough time to establish themselves in the soil before frost started to form. The weather conditions may also have played a part in why the survival rates for the trees decreased by so much between 2008-2009. The Met Office, N/D reports that there was heavy rainfall in September 2008, and snow and low temperatures in late October 2009. This may have been a factor that aided the decrease in survival rates around that time, and why after 2008 until 2019, the survival rates mainly continued to decrease. 
5.0 [bookmark: _Toc26212155][bookmark: _Toc26212156]CONCLUSION

The aim of this investigation is to consider the effectiveness of land reclamation by planting trees on the old coal mine spoils in Varteg, Blaenavon. To conclude, it is obvious that the combination of the poor ground quality and competition for resources with coarse fragments such as heather has largely impacted the growth of trees. From learning that the conditions weren’t right when the original trees were being planted it is hardly surprising that the trees and surviving that well. For the future, I think it would be hugely beneficial to perhaps clear more space for tree growth. For example, returning to the plots at the beginning of each year to remove the heather and large rocks in the soil. Hopefully this would reduce competition and improve the growing conditions. 
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Vitality Index of Trees in Block C

0	C1	C2	C3	C4	8	18	18	14	1	C1	C2	C3	C4	4	1	0	1	2	C1	C2	C3	C4	6	1	3	1	3	C1	C2	C3	C4	4	3	2	4	4	C1	C2	C3	C4	3	1	2	2	5	C1	C2	C3	C4	0	1	0	3	



Mortality Rates of Each Tree Species in Block C


Goat	Downy	Silver	Alder	Oak	Mixed	0.64	0.5	0.7	0.64	0.54	0.25	


Survival Rate Per Species for plot C

Goat Willow	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	8	7	10	7	7	5	5	5	20	3	3	3	2	2	Downy Birch	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	8	10	10	10	10	7	7	6	7	5	5	5	5	5	Silver Birch	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	7	10	10	7	7	4	4	4	3	4	2	2	2	2	Alder	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	18	25	27	15	15	12	12	12	5	9	8	7	7	7	Oak	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	16	30	30	26	26	22	20	21	4	18	17	17	16	16	Mixed (Total)	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	3	10	11	8	8	7	7	7	10	6	6	6	6	6	Years


Amount of living trees
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