Cariad Data Set 2023 (20 years from planting)

The Cariad plot was planted in 2003 with a mixture of Alder and Oak.  The topography of the plot (B) is different from that where the previous plantings took place (Plot A):
· It is relatively flat with an east to west slope.
· Its position is higher than the first plot and at approximately the same level as the top of that plot.
· The two are separated by a track approx. 30m wide.
· Whilst the two areas form part of the same poorly reclaimed open cast coal land, drainage of plot B is less efficient than that of Plot A, due to the difference in slope. 
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The Alders were planted for two essential reasons:
· To provide a short –term nurse crop to protect the Oaks from inclement weather.
· To add organic matter and nutrients to the substrate through leaf fall.  The species was believed able to do this effectively because of its ability to fix atmospheric nitrogen via mycorrhizal fungi in root nodules.  
The part played by the Alders in this instance would seem to be limited since their numbers were depleted quickly.  

The Oaks were planted to provide the long-term tree cover, to continue to add organic matter to the ‘soil’, to help to stabilise the mine spoil through their tap roots and to create a habitat in which other flora and fauna could establish.  

Taking precedence over the success of the plantings, the key aim was to encourage the development of ‘soil’ from depleted mine spoil and allow natural process to take over and new habitats to become established.   

The Monitoring Process
All trees were tagged with a number and both height and basal diameter noted at 1, 2, 3, 5, 7, 10 and 20 years.  When a tree attained a height of 130cm or more, the diameter at this point was also measured (diameter at breast height or dbh).  
It has not been unusual to find that trees which could not be located after three or five years were present at ten years.  Some may have been hidden in undergrowth but in other instances they had probably suffered storm damage and lost their leader.  It was also common in the later years to find a dead leader alongside a new living shoot which had taken on this function.  The plot was well fenced and grazing damage was very unlikely to be a reason for this effect.  

Survival Rates of the two species:
(n = number of individuals)

	                            OAKS
	
	ALDER

	Year 0
	100%  n=280
	
	100%  n=669

	Year 10
	80%    n=225
	
	  40%  n=265

	Year 20
	74%    n=207
	
	  35%  n=232



Both species incurred much greater losses in the first ten years than in the 10 – 20 year period.  




It has been possible to deduce the number of trees of each species that survived the 20 year period and appeared to have grown consistently throughout.  Data have been extracted at 5, 7 and 10 year intervals when the trees were monitored but it is accepted that, given the length of time between measurements, some damage and regrowth could have taken place but remained undetected.  Overall, 48% of Oaks which survived the 20 year period (99 out of 207) gave a positive growth reading (height) at each recording time and 49% of Alders did so (114 out of 232).  

When the plants which suffered reduced growth are considered, there are clear differences in the two species at the seven, ten year and twenty year monitoring points.

	
	Number of survivors showing diminished 
growth 2008 - 10
	Number of survivors showing diminished 
growth 2010 - 2013
	Number of survivors showing diminished 
growth 2013 - 2023

	Oak
	69  (64%)
	56  (52%)
	5  (5%)

	Alder
	21 (18%)
	52  (44%)
	52 (44%)



NB.  Some trees have been recorded with diminished growth on more than one occasion.

  The Oaks in this sample have clearly been affected by conditions during the first 10 years after planting but have shown a much steadier growth rate in the later phase.  It seems feasible that the Oaks invested energy in the development of a good tap root and in mycorrhizal partnerships in the early years but this could have been to the detriment of the leader, which suffered dieback. This might have placed the survivors in a much better position for long term development.  Dieback also probably occurred during storms and contributed to these figures.  In contrast, the Alders suffered much less negative growth in the first few years but much more so during the 2010-23 period.  Several very dry periods could have been a contributing factor especially as alders are, in their natural habitat, plants of stream and river sides and are not tap rooted.  The successful Oak, on the other hand, have developed a tap root which has enabled them to withstand some of these environmental pressures, in particular enabling them to locate water reserves at a greater depth.     

It must be remembered that the data described above relate only to around half of the surviving trees (52% of Oaks and 51% of Alders), the rest having shown positive growth throughout the twenty years.  An examination of the heights recorded for the two species over the time frame will therefore be of interest, particularly in relation to the planting techniques that were used.  

From the beginning of this project one of the aims was to investigate the effect of various planting techniques on the growth of the trees.  In the case of the 2003 planting, three different techniques were carried out:

· Notch planting – simply creating a slit in the ground with a spade and inserting the root.  This method causes least soil / substrate disturbance and is relatively cheap.  
· Pit planting - as might be done in a park or garden.  A hole is dug and the tree planted into it.
· Trench planting - trees planted in a trenches that were 50cm x 50cm (width x depth) using a small excavator.  

It was recognised that environmental factors could have a bearing on the success of the trees and mask any differences in growth which the planting method might show.  To mitigate for this, each of the three trials were replicated three times and the planting took the form of a Latin square.

At the end of the ten year (2013) and twenty year periods (2023) the height of each tree was measured.  The very high death rate of Alders between 2003 -13 meant that the number of trees surviving for each of the two species was more or less comparable (Oak = 207,  Alder = 232).  It should be noted that the data for 2013 includes only those trees (Oak and Alder) that survived until 2023, hence the number of trees remains constant with the exception of three Oaks which escaped the 2013 monitoring.    

	HEIGHT OF TREES (cm) IN 2013 AND 2023

	
	Oak 2013
	Oak 2023
	Alder 2013
	Alder 2023

	Av ht – notch planted
	45.5 (n=65)
	134.3 (n=66)
	155.5 (n=58)
	203.8 (n=58)

	Av ht – pit planted
	67.9 (n=57)
	174.3 (n=58)
	196.4 (n=80)
	254.2 (n=80)

	Av ht – trench planted
	107.9 (n=82)
	256.2 (n=83)
	217.6 (n=94)
	310.0 (n=94)





It is clear that the growth rate of the Alders was greater than that of the Oaks but that in each instance the planting method had a significant impact.  This can be explained by the level of substrate (soil) disturbance associated with the method, being least for those notch planted and greatest for those trench planted.  Such disturbance would have influenced drainage, compaction and the amount of oxygen available to the roots.  Despite this, the Oak, during the second ten year period since planting, showed, on average, a greater increase in height than the Alder.  







What can also be discerned from the graph above, and seemed evident in the field, is that the Oaks are much healthier and have the potential to grow and develop further whilst the Alder have reached their potential at this particular site and are now in decline.   

The primary data also showed that, in both species, there was a wide range of heights recorded. In the case of Oaks this ranged from 16 – 587 cm and for the Alders from 61 – 551 cm. at the twenty year monitoring.  Before drawing conclusions based on average heights, it seemed prudent to take a closer look at the trends shown by both the Oak and the Alder.  The data were divided into height bands and the number of individuals in each category plotted.  Although not perfect normal curves, it was reassuring to find that the average height for each species was representative of the population.  

Oak average height at 20 years = 194.3cm  SD = 104.6
Alder average height at 20 years = 264.2   SD = 98.7



The effect of the planting technique can also be demonstrated by looking at the records for those specimens for which a diameter at breast height (dbh) could be measured after 20 years.  By definition, dbh excludes the smallest trees since only plants at 130cm or taller fall into this category.  It therefore excludes more Oak from the sample than Alder, reducing the former by 66 and the latter by only 14.  




By including only those plants which had made a significant amount of growth (in excess of 130cm) and were suffering neither from multiple set-backs at an early stage nor from marked dieback, it is still clear that trench planted trees have an advantage over either notch or pit planted ones.  The gradual closing of the gap between the two species does, once again, indicate that the alders have peaked and served their purpose as ‘nurse’ trees while the oaks continue to grow.

The final measurement taken in 2023 was the basal diameter of the trees.  These data proved to be consistent only for the Oaks because of the frequent multi-stemmed nature of the Alder which led to inconsistencies in recording method.  The values obtained for Oak can be broken down according to planting technique and, once again, they conform to the pattern which is emerging.  

	Average Basal Diameter of Oak at ten years (2013) and twenty years (2023) (mm)

	
	2013
	2023
	Sample size
	Increase

	Notch planted
	16.9mm
	41.3mm
	65
	24.4mm

	Pit planted
	21.4mm
	58.0mm
	57
	36.6mm

	Trench planted
	30.4mm
	68.9mm
	82
	38.5mm



As previously, only those trees which survived from 2013 to 2023 were included in the 2013 data and hence the sample size remains constant.
In this case there is some evidence to suggest that the advantage given by trench planting during the early years may not be long lasting but care must be taken when drawing such a conclusion as a few very large or small trees could unduly influence the averages obtained in relatively small samples.   

In this experimental plot we can conclude that:

· Oaks survive better than Alders both in the short and longer terms.
· The height of Alder is greater than that of Oak but this difference declines with time.
· Both species respond best to the trench planting technique in the early years but this effect may not be sustained.
· Frequent dieback and regrowth limits the value of dbh readings but there is ample evidence to suggest that the oaks grow more slowly initially but this is sustained whilst the Alder succumb under these conditions.  


Discussion
Many of the trends shown by the trees in the Cariad plot reinforced not only the principles upon which the experimental work was drawn up but also the data derived from some of the earlier plantings.  There is one particular aspect – that of the very early demise of the Alder - which does not conform to expectations.  
A possible explanation could lie in the discovery in 1993 of a disease of Alder, Phytothphora alni which spread rapidly in UK and was / is prevalent in the Welsh border counties, inflicting heavy losses.  In general it is believed to affect 20% of all Alder and those planted in close proximity to each other must be at greatest risk of infection.  Symptoms include sparse, yellow leaves / thin, sparse crowns / dead twigs and branches / heavy cone production.  All these characteristics can be seen in the Alder planted in the Cariad plot.  The earliest planting of Alder occurred at about the time that the first cases of disease were noted, so it is unlikely that the trees introduced onto the site at this time were infected, although they may well have become so by natural means of dissemination in subsequent years.  
Some or all of the saplings planted into Cariad in 2003 could easily have become infected, either prior or subsequent to planting and this could be a significant factor in the early demise of the species.  After the five year monitoring in 2008 plans were drawn by MD’A which showed the distribution of dead or missing trees according to a) their position in the Latin Square and b) according to species.   

[image: ]  

There appear to be clusters of dead Alder which could be attributed to the spread of disease, although it cannot be proven.  Such a theory might also help to explain the surprising number of deaths in the central sub plot which was trench planted and best sheltered by the surrounding ones and, as such, should have been favoured.  The positioning of several of the dead Oaks is also close to clusters of dead Alder and these might have become vulnerable because the Alder are no longer able to fulfil their role as a nurse crop.  

Whatever the reason, there is little doubt that the Alder in Cariad have suffered throughout the twenty year growth period showing substantial early losses and premature stunting of the majority of the survivors.  This will become apparent when data from other plots is used for comparison.  Whilst the decline of Alder around the time that monitoring came to an end, at twenty years, was foreseen, in this instance its role as a nurse crop, sheltering the young Oaks, was not fulfilled.  This begs the question of whether a different species should be selected for this purpose, especially if disease is a major contributing factor.  

Over the course of the twenty year planting period several other species have been introduced, albeit at much lower rates.  These were Pine, Birch, Rowan and Goat Willow.  Hawthorn was also planted but not usually measured because of the abundance of sharp spines.  

	
	   Scots Pine
	      Birch
	     Rowan
	Goat Willow

	
	No. planted / Survival after 20 years

	
	
	
	
	

	1993
	84 / 13 **
	
	48 / 43  =  71%
	

	1994
	67 / 44  =  66%
	84 / 77  =  92%
	22 / 20  =  91%
	19 / 15  =  79%


 
**  63 trees in 1998 but after measurements were taken several were cut down to allow sufficient light into the plot.  75% survival after 5 years.  

The data for Birch and Rowan must be treated with caution since it became evident that self-seeding was taking place and some of the trees measured were in fact volunteers.  None the less it has become clear that all of these species exhibit reasonable rates of survival.  It was also noted that the tallest live tree measured in Pan (2013) after 20 years was a Pine at 982cm. while in Titania (2014) Birch was the tallest tree measured at 1047cm.  In 2023 (Cariad at 20 years) there were only ten trees that measured more than 500cm and five of these were Birch with the tallest tree of all species being a Birch at 766cm.   
It would seem that both Pine and Birch are species that could fulfil the role of nurse crop although it remains to be seen if they are short-lived in this environment.  If this were not to be so, then some removal might have to be considered if the aim were to have a legacy crop of Oak.      
Common names have been used throughout this account.  At the start of the project in 1991 the aim was to use pure species of Oak (Quercus petraea), Alder (Alnus glutinosa), Birch (Betula pendula), Pine (Pinus sylvestris) and Goat Willow (Salix caprea).  As the saplings grew it became clear that the material provided included hybrids with characteristics varying from the true species.  For this reason, specific, scientific names have been avoided.   

Average Diameter at Breast Height (cm) for specimens with a height of >130cm 

Oak	notch planted	pit planted	trench planted	10.9	18.399999999999999	27.4	Alder	notch planted	pit planted	trench planted	18.2	21.5	28.9	
Av diam at Breast Height




Percentage of Living Oak and Alder 2003 - 2023 

oak	 0 yr	10 yr	 20 yr	100	80	74	alder	 0 yr	10 yr	 20 yr	100	40	35	


Average Height of Oak and Alder (cm) in 2013 and 2023 According to Planting Method

Notch Planted	Oak 2013	Oak 2023	Alder 2013	Alder 2023	45.5	134.30000000000001	155.5	203.8	Pit Planted	Oak 2013	Oak 2023	Alder 2013	Alder 2023	67.900000000000006	174.2	196.4	254.2	Trench Planted	Oak 2013	Oak 2023	Alder 2013	Alder 2023	107.9	256.2	217.6	310	

Average height (cm)




Average Increase in height for each species and each planting technique over 10 - 20 year growth period

Oak	Growth increment - notch planted	Growth increment - pit planted	Growth increment - trench planted	88.8	106.4	148.30000000000001	Alder	Growth increment - notch planted	Growth increment - pit planted	Growth increment - trench planted	48.3	57.8	92.4	
Growth increment (cm)




Number of Individuals in a Range of Height Categories

Oak	<	 100cm	100-199cm	200-299cm	300-399cm	400+cm	40	78	49	33	7	Alder	<	 100cm	100-199cm	200-299cm	300-399cm	400+cm	3	70	75	59	24	
Number of Individuals
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