Comparison of the Growth of Alder and Oak in Three Plots – Pan, Titania and Cariad.

Data from three plots were used to make this comparison; Pan (planted 1993), Titania (planted 1994) and Cariad (planted 2003).  Pan and Titania were planted using the trench method throughout while Cariad was planted in the form of a Latin Square and three different planting techniques were used.  

In the graphs below two data sets for Cariad are presented; one including all planting methods and the other only the trench method, which was the most successful.  Growth measurements were made at 1 years, 5 years, 10 years and 20 years.  In each instance only the data for trees which survived the full twenty year period are used.   The number of trees in each population differed, especially the trench-planted trees from Cariad which comprised one of three planting techniques.  The number in each population is therefore provided below:

	
	Cariad, all planting methods
	Cariad, trench planting
	Pan, trench planting
	Titania, trench planting

	Alder        year 1
	233
	95
	408
	374

	Alder        year 20
	232
	95
	408
	374

	Oak          year 1
	208
	84
	116
	78

	Oak          year 20
	207
	84
	119
	82



Small discrepancies may be due to plants being overlooked / not found or volunteer plants being added to the cohort.  





In each instance the first reading was in mid-summer after planting the previous winter.  The height of the whips at the time of planting was not noted and it cannot be confirmed that the initial growth of Alder in Pan was very quick or whether the whips were simply taller at the time of planting.  
Whilst the Alder grow most quickly in the first ten years and then more slowly, the Oaks – although smaller than the Alders at 10 years - are showing no signs of reduced growth.

          




In the first of the two graphs above it can be seen that the rate of growth of Alder in Pan and Titania has been high, if slowing a little, during the first ten years and then dropping significantly over the ten to twenty year period.  The Alder in Cariad grew far more slowly, probably due to infection by the fungus Phytophthora alnii, and maintained a steady, if slow, growth rate over the remaining years.  The oaks, in the case of the faster growing Pan and Titania plots, have maintained a steady rate of growth after an initial increase and, in the case of Cariad, have shown a rapid increase after a slower start.  Note the negative growth rate of the Cariad – all planting methods.  A more detailed consideration of the growth rates during the first five years after planting of the trees in Cariad has shown that growth can be erratic during the early years, particularly in respect of Oak. 


As well as damage from adverse weather conditions, it is likely that during this time the establishment of a good tap root system is crucial and that the trench method of planting favours this development.   




[bookmark: _GoBack]This trend can also be noted in the other two plots where the Alder grew quickly, especially after the second year whilst the Oaks remained at more or less the same size, or even decreasing, until around year five.  Note different scales used for the ‘Y’ axis (height).  As previously, all trees included in these data survived the full twenty year period.  Those that died at some stage were excluded. 
These last two graphs also show the effect of adding fertiliser at the time of planting.  The application was in the form of Osmocote slow release granules which should provide additional nutrients over a two-year period.  It can be seen that, in the case of both Pan and Titania, there was no significant improvement in growth rate.  Therefore no fertiliser was added at the time of planting the Cariad plot.   
Conclusions:  The hypothesis on which the planting programme was based has been proved to be correct and the overall trends are as anticipated.  The Alder grew well in the early years, then stabilised and started to decline.  They therefore provided a nurse crop for the oak as well as increasing the organic matter in the soil through leaf fall.  The oak developed more slowly but, once established, appeared to be capable of sustained development over a long period of time.   Whilst disease of the alder in the Cariad plot has severely impacted their development, the pattern of growth remains the same.  The addition of fertiliser at the time of planting had no effect on the development of either species.   
Average Height of Alder and Oak in each of three plots over 20 years

Cariad av ht	all pl methods	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	47.9	137	195	264.3	71.3	61.2	76.8	194.3	Cariad av ht	all pl methods	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	Cariad av ht	Trench	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	47.4	164.2	217.6	310	67.400000000000006	74.400000000000006	107.9	256.2	Cariad av ht	Trench	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	Pan av ht	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	88.9	278.7	502.4	612.70000000000005	46	119.3	296.5	458.1	Pan av ht	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	Titania av ht	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	43.2	221.4	422.1	536.1	37	67.900000000000006	222.1	374.8	Titania av ht	1 yr	5 yr	10 yr	20 yr	1 yr	5 yr	10 yr	20 yr	Alder	Oak	
Height in cm




Average Growth Rate of Alder over three time periods

Pan 	1 - 5yr	5 -10 yr	10 - 20 yr	47.5	44.7	11	Titania	1 - 5yr	5 -10 yr	10 - 20 yr	44.6	40.1	11.4	Cariad -all	1 - 5yr	5 -10 yr	10 - 20 yr	22.3	11.5	7	Cariad - trench	1 - 5yr	5 -10 yr	10 - 20 yr	29.2	10.7	9.1999999999999993	
Growth Rate (cm / year)




Average Growth Rate of Oak over three time periods

Pan 	1 - 5yr	5 -10 yr	10 - 20 yr	18.3	44.3	40.4	Titania	1 - 5yr	5 -10 yr	10 - 20 yr	0	38.5	38.200000000000003	Cariad -all	1 - 5yr	5 -10 yr	10 - 20 yr	-2.5	3.9	29.4	Cariad - trench	1 - 5yr	5 -10 yr	10 - 20 yr	1.75	8.4	37.1	
Growth Rate (cm / year)




Growth of Oak and Alder in Cariad Plot over Five Years                   Data from trench-grown and from combined planting techniques

Cariad All	Oak  n=207	1 year	2 years	3 years	5 years	72	71.7	72	61.2	Cariad Trench	Oak  n=83	1 year	2 years	3 years	5 years	67.400000000000006	68.5	72.099999999999994	74.400000000000006	Cariad All	Alder  n=232	1 year	2 years	3 years	5 years	47.9	77.900000000000006	103.6	137	Cariad Trench	Alder  n=94	1 year	2 years	3 years	5 years	47.4	87.1	117.1	164.2	Cariad Trench	Oak  n=83	1 year	2 years	3 years	5 years	
Height in cms




Growth of Oak and Alder in Pan Plot over Five Years     All trench planted, comparing the effect of added fertiliser

Oak n=39	1 year	2 years	3 years	5 years	48.9	51.4	51.4	107	Oak n=116	1 year	2 years	3 years	5 years	46	45.8	50.2	119.3	Alder  n=133	1 year	2 years	3 years	5 years	96.1	136.5	159.9	277.2	Alder  n=408	1 year	2 years	3 years	5 years	88.9	132.9	158.19999999999999	278.7	

Height in cms




Growth of Oak and Alder in Titania Plot over Five Years                  All trench planted, comparing the effect of added fertilser

No fertiliser	Oak  n=34	1 year	2 years	3 years	5 years	38.299999999999997	32.200000000000003	40.700000000000003	72	Fertiliser	Oak n=77	1 year	2 years	3 years	5 years	37	35	37.700000000000003	67.900000000000006	No fertiliser	Alder n=374	1 year	2 years	3 years	5 years	43.2	58.1	111.3	221.4	Fertiliser	Alder n=126	1 year	2 years	3 years	5 years	48.8	58	122.5	232.9	

Height in cms




