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[bookmark: _Toc26805700]Introduction
Varteg Hill lies within the South Wales Coalfield, with heavy opencast coal mining taking place from the late 18th century (Abersychan and Garndiffaith Local History Group 2018) until the site’s designation for land reclamation in 1963 (Cradle For Nature 2019). This former mine spoil’s land is contaminated by cadmium, copper, manganese, lead and zinc (Haigh et al, 2013), so after an ill-fated attempt to transform it into grassland for open grazing from 1963, including grass seeding trials, Varteg Hill Reclamation became a phytoremediation site in 1990 (Cradle For Nature 2019). This site has faced many issues, such as extreme soil compaction thanks to its past as a mine spoil, along with gullying and accelerated runoff, making it relatively inhospitable in earlier years, and are issues likely exacerbated by poor land husbandry during its period as common land (Haigh, M, 1992).
The project was taken over by Oxford Brookes University and University of Wales Trinity St David (formerly Swansea Metropolitan) in 2005, with a new plot acquired in 2006, with four blocks of 100 trees planted. A group of Environmental Conservation students from the University of Wales Trinity St David were taken up to this part of the site on the 15th of October 2019 to assess quality of tree growth, and to identify any patterns of mortality. This report will take a more detailed look into the 100 trees planted in block B, analysing the 13 years of data, including from October 2019.
[bookmark: _Toc26805701]Methodology
Five main species of tree were chosen for this site, with a view to returning the site to its original oak woodland: alder (alnus glutinosa), sessile oak (quercus petrea), silver birch (betula pendular), downy birch (betula pubescens) and goat willow (salix caprea). Alder and silver birch are known as ‘pioneer species’ for being relatively undemanding, while encouraging the propagation of other plant species, along with being hyperaccumulators of heavy metals (Desai et al, 2019), like those that contaminate the soil at Varteg. There were also some assorted mixed species of tree, including whitebeam (sorbus aria) and spindle (euonymus europaeus), but in relatively small quantities. The saplings were planted in November of 2006 using the ‘notch planting’ method, the forestry standard method (Haigh et al, 2013), on ground ploughed by the farmer that previously presided over the land. The site was split into four plots, A, B, C and D, with 100 trees planted per plot, using the latin square pattern, with this report focusing on plot B, which is divided into four blocks of 25, B1, B2, B3 and B4. In this plot, there were 14 alders planted (although one was wrongly assumed to be an oak), 17 downy birches, 14 silver birches, 14 goat willows, 34 sessile oaks and 7 trees planted of a variety of other species. This was done to test which species of tree are best suited to this environment, with the goal of the hyperaccumulators (alder and silver birch) especially improving the soil quality by increased uptake of heavy metals. 
Figure 1 showing the vitality index created
[image: ]Two methods are used to measure the growth of the trees; firstly, a telescopic measuring rod is utilised to take the height of the tree from root to the highest part of the living crown and this measurement is noted down. Typically, a tree’s girth is measured in diameter at breast height (DBH), but since measurements have been taken from the time of planting as small saplings, the diameter of the trees has been taken at the base using calipers and again recorded on the sheet. This surveying starts from the first tree (101 for block B), as identified by small metal number plates attached a branch, with enough slack so as not to impact growth (see figure 1) This is done once a year for each block, providing clear, quantitative data stretching back 13 years from the date of this report, allowing the growth to be tracked for individual trees and for the wider blocks. With these measurements considered, alongside any visual clues, a vitality index (figure 2) was created to quantify the health of the trees, as different species exhibit very different growth rates and forms naturally, so to compare just heights/girths could cause falsities in the data, compromising the integrity of the experiment.Figure 2 showing a tree's metal number tag

	Vitality Score
	Criteria

	0
	Disappeared/missing

	1
	Stick in ground/stump

	2
	Poor growth, heavily damaged

	3
	Average growth, moderate damage

	4
	Fairly typical growth, mild damage

	5
	Thriving, form typical of species



ResultsFigure 6 showing the distribution of vitality scores across the four blocks in B
Figure 5 showing the distribution of vitality of the various tree species
Figure 3 demonstrating overall mortality rates of the tree species planted
Figure 4 showing the number of trees dying per year

 

[image: ][image: ]Figure 3 shows clearly the trend of high mortality of trees as of 2019, regardless of species, but especially high mortality rates are obvious for oak trees, of which there were 34 planted, but only 18% have survived the 13 years since plantation. The lowest mortality rate is for the mixed category of trees, with 42.9% dying, which while almost half of the figure for the oak trees, still represents nearly 50% of mixed trees. The data of figure 4 shows the how many trees died each year since planting, with a clear trend of decreasing deaths until 2018 when the number spiked up to 8, which occurred again in 2019. The first spike occurred in 2008, where 17 trees died, but more than halved to 6 the following year. Figure 7 showing the planting pattern of species, colour coded with the key used in figures 5 and 6

Figure 5 demonstrates the vitality ratings of the six types of tree planted in this block, showing a trend towards poor quality trees, colour coded using the vitality scores. For all tree species, the mode vitality score is 0, with most demonstrating low values (1-3) as second most common scores, although alders have a shared secondary mode between 2 and 4, which means that some trees within this species are considerably hardier than other species. Vitality across the blocks within plot B are shown in figure 6, where it is obvious that the trees of B1 are faring far better than any other block, showing the least mortality, whereas B2 has a very high rate of tree death. This is further exemplified in figure 7, which shows the vitality scores for each tree, along with its [image: ][image: ]species, and shows large swathes of missing trees across B2 and 3. Figure 7 showing ground conditions in much of B3 and B4


While at the site, it was noted that in much of plot B, specifically from B3 backwards, there was uneven, rocky (figure 8, far right) ground with litter present, and much heather and gorse growing (figure 8) even around the trees. Various mosses were also found growing on most of the exposed ground, with many small ditches hidden beneath these various plants.
[bookmark: _Toc26805703]Discussion
It may be noted that none of the trees in plot B of the Varteg Hill Reclamation achieved a score of 5 for vitality, and this is simply because no trees planted at the site have achieved the growth levels that would be typically expected for the species, and where it came close, there was high levels of insect damage or evidence of disease that means that none could be considered thriving. 
One factor that may have affected tree growth at the Varteg site is the method in which the trees were planted. While notch planting is standard for normal ground, the compacted nature of former minespoil land provides very dense soil for the trees to take root, and new research (Haigh et al, 2013) has shown that trees notch-planted in minespoil land perform the worst in terms of growth and survival, compared to both pit and trench planted trees. This study specifically compared alder (alnus glutinosa) and sessile oak (quercus petraea), finding that the benefits of the loosened rooting substrate were evident for more than 7 years from the initial planting, although the effect was somewhat weakened following auto-compaction (resulting from the rapid breakdown of poorly consolidated minestones). Furthermore, the land upon which the reclamation sits was ploughed prior to planting (Jenkins, 2019), causing the inorganic compounds in the minespoil to become bioavailable via reactions with air and water, while exacerbating the weathering effects already felt by the site. This means that the trees were exposed to a higher quantity of phytotoxic contaminants, which could explain the limited growth and high mortality in the earlier years. Beyond this, the conditions during planting were less than ideal as the volunteers experienced heavy rain, which may have provided a poor substrate for the trees to root, and the reduction in morale caused by adverse weather conditions may have led to inconsistent or low quality planting of the saplings. 
The unusually high mortality in the year leading to 2008 may be explained by looking at the weather conditions over the previous year, as 2007 had an unusually rainy summer, with Torfaen being affected by many harsh floods (BBC News, 2007) in the June. As the Varteg remediation project is atop a hill, there won’t have been floods experienced, but the heavy rainfall may have acted in tandem with the accelerated runoff rates experienced by the site to rinse away much of the upper layers of soil. This would expose more contaminants to air, with reactions able to take place that would make inorganic compounds more bioavailable, so a larger quantity would affect the trees. Furthermore, such a strong weather event may have caused the soils to become saturated with water, which would accelerate the breakdown of minestones into pore-clogging particles and further compact the soil, which can affect root development (Taylor and Brar, 1991), impacting the plant’s access to water and nutrients. 
As shown in figures 3 and 5, there is an exceptionally high mortality of oak trees in particular, which can be attributed at least in part to the conditions present across many minespoils, compacted soil in particular. The sessile oak (planted in this project) doesn’t favour compacted or wet soils (Forest Research, c2019), which is often the typical state of soil, thanks to Varteg’s industrial heritage and rainy location. The wetness of the soil is clear from the plants which have grown in place of much of the since-dead oaks; heathers prefer moist, relatively nutrient-poor acid soils, and mosses thrive in areas where a lot of moisture is present. In B3, there are three rows of just oak planted next to each other, all of which have since died, meaning that the conditions of the hill aren’t currently feasible to return the site to oak woodland. Beyond this, the planting pattern of B3 proved especially fatal for oaks to be planted homogenously, suggesting that it is more beneficial to have a combination of different trees in order to support the growth of sessile oak.
A limitation of the vitality index system utilised for the October 2019 expedition is that the seasonal conditions could cause false scores to be recorded. Since it was autumn and the majority of the trees are deciduous, the changing leaves could be mistaken for damage or disease by non-experts, and since the volunteers that surveyed the site were primarily students in their first year, this could cause trees to be categorised in poorer conditions than they actually were. 
[bookmark: _Toc26805704]Conclusion
 This research project aims to assess the health and impact of environmental conditions on tree growth at the Varteg Hill Reclamation, with data from over a decade considered. The results here have shown that the poor quality of the soil- both its low level of nutrients and its strong compaction- negatively affects the growth of trees at the site, especially in conjunction with the exposure due to being atop a hill. The planting method and poor weather conditions early on may have provided an unstable base for the trees to grow, with issues regarding soil exacerbated by the planting pattern of species, which left many oaks in close proximity to each other, fighting for nutrients. Yet, as there are no obvious paths for recourse, the main recommendation from this report is that further research is required into other potential avenues for remediation, such as into organisms and plants that could reduce soil acidity or mitigate soil compaction. 
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Vitality score by block

0	B1	B2	B3	B4	5	23	22	18	1	B1	B2	B3	B4	4	1	0	0	2	B1	B2	B3	B4	6	0	0	4	3	B1	B2	B3	B4	8	1	2	2	4	B1	B2	B3	B4	2	0	1	0	5	B1	B2	B3	B4	0	0	0	0	



Vitality scores across tree species

0	Goat willow	Downy Birch	Silver Birch	Alder	Oak	Mixed	9	13	7	9	28	3	1	Goat willow	Downy Birch	Silver Birch	Alder	Oak	Mixed	1	0	3	0	1	0	2	Goat willow	Downy Birch	Silver Birch	Alder	Oak	Mixed	2	2	3	2	1	0	3	Goat willow	Downy Birch	Silver Birch	Alder	Oak	Mixed	2	2	1	1	4	3	4	Goat willow	Downy Birch	Silver Birch	Alder	Oak	Mixed	0	0	0	2	0	1	5	Goat willow	Downy Birch	Silver Birch	Alder	Oak	Mixed	0	0	0	0	0	0	Species of tree


Number of trees




Mortality rate by species


Goat willow	Downy birch	Silver birch	Alder	Oak	Mixed	0.64200000000000002	0.76500000000000001	0.5	0.64300000000000002	0.82399999999999995	0.42899999999999999	Species of tree


Mortality rate



Tree deaths per year


2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	3	17	6	10	7	2	3	4	1	1	0	8	8	Year


Number of tree deaths
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Figure 7 demonstrating planting patterns along with vitality scores, using the same colour keys as figures 5 and 6
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