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I N T R O D U C T I O N

By JA M ES M A C D O N A LD  
Director o f  Research and Education

D uring the year under review, forest research in G reat Britain suffered a 
severe loss in the death o f Professor F. T. Brooks which took place in January, 
1952. As a mem ber o f the Advisory Com m ittee on Forest Research, to which 
he was appointed in 1935, Professor Brooks exercised a strong influence, and 
his long experience and wide knowledge were o f  great value, particularly in 
the expansion which followed the war. In  the last few years, as Chairm an of 
the sub-committee on Nursery N utrition , he was largely responsible for the 
initiation and m aintenance o f an  im portan t series o f researches which has 
throw n m uch light on the complex problem  o f the nutrition  o f forest trees.

Professor H. M. Steven o f the University o f Aberdeen has taken Professor 
B rooks’s place as C hairm an o f the N ursery N utrition  sub-committee.

M r. J. A. B. M acdonald, who, for m any years has been in charge o f silvi
cultural w ork in Scotland, has left the Research B ranch on prom otion to  the 
rank o f Conservator. M r. M acdonald’s departure is a severe loss for he has an 
intim ate knowledge o f m any sides o f  silviculture based on a long and varied 
experience in the field. The retirem ent, on age-limitf, o f M r. H. S. H anson, 
entom ologist, has also deprived us o f the services o f an experienced and highly- 
skilled officer.

This report includes a note o f the work carried out on utilisation by the 
recently form ed section which is dealing with these investigations. A ttention 
has been paid to hazel coppice, in a survey o f which the R ural Industries Bureau 
are co-operating, while surveys have been made o f the charcoal industry and 
one or two m inor wood-using industries. Close contact has been kept w ith the 
Forest Products Research Laboratory and arrangem ents have been m ade for 
the supply to the L aboratory  o f various hom e-grown coniferous timbers for 
testing.

The reports by the Com m ission’s research officers follow the usual lines, 
but they include notes on the use o f broom  as a nurse for conifers at W areham  
in D orset and on the use o f poisons to kill standing trees in order to  facilitate 
the subsequent rem oval o f the bark.

Among the reports from outside workers, there is a sum m ary of the work 
on the old Scots pine stands in Scotland by M r. A. Carlisle o f the University 
o f A berdeen, and a short account by D r. J. G. M anners o f Southam pton o f 
his work with larch canker. The other reports from  research workers outside 
the Commission relate to researches which have been m entioned on previous 
occasions.

The Advisory Committee on Forest Research held two meetings during the 
year. On the first occasion, it met at Scarborough on the 29th and 30th 
September, 1951, and on the second, on 20th M arch, 1952, it met in London. 
The meetings discussed the report for the previous year and the program m e o f 
work for the current twelve m onths. While at Scarborough, the Com m ittee 
were able to inspect the experimental areas in A llerston Forest, and they had 
the opportunity  of discussing with Professor C ham pion’s team o f soil w orkers

v



from  Oxford University the series o f researches which have been undertaken 
in  that district.

The sub-committee on N ursery N utrition  held a meeting in the New Forest 
o n  9th and 10th O ctober, 1951, when the program m e o f w ork was examined. 
Visits were paid to experiments at Ringwood and W areham . The impressive 
series o f experiments which has been designed by this sub-committee has m eant 
m uch work for D r. E. M. Crow ther and D r. A. B. Stewart and their staffs, 
to  whom  we are greatly indebted. Thanks are also due to  the D irectors of 
Rotham sted and o f the M acaulay Institute for Soil Research for the facilities 
w hich they have placed at the disposal o f the sub-committee.

As in form er years, close contacts have been m aintained with Universities 
an d  other institutions in this country, while the increased num ber o f  visitors 
from  overseas is a measure o f the greater interest which is being aroused in other 
countries in forest research in G reat Britain.

The Forestry Commission continues to  take part in the work o f  the In te r
national U nion of Forest Research Organisations and the D irector of Research 
a ttended  the meeting o f its Perm anent Com m ittee in H olland in September, 
1951.

M r. R. F. W ood, silviculturist in charge o f  experimental work in the southern 
ha lf o f G reat Britain, has been awarded a Nuffield Foundation  Fellowship 
under which he will study the forest trees o f the Pacific coast o f Canada.



S U M M A R Y  O F  T H E  Y E A R ’ S W O R K

By M. V. LA U R IE  
C hief Research Officer

Staff and Accommodation
M r. J. A. B. M acdonald, Silviculturist N orth , was transferred in Novem ber, 

1951, to the D irectorate for Scotland, on prom otion to  C onservator, South 
Scotland. His place was taken by M r. M. V. Edw ards. M r. H. S. H anson, 
Forest Entom ologist, retired at the end o f 1951. D r. Myles Crooke was 
appointed as his successor. M r. C. W. Y eatm an worked as a tem porary District 
Officer from  Novem ber, 1951, to M arch, 1952, on a special investigation on 
the rooting o f Japanese larch under different types o f  ploughing at A llerston 
Forest in Yorkshire. M r. L. Reynolds was appointed Assistant U tilisation 
Development Officer and took up duty on 1st January, 1952.

The laboratories a t the Forest Research Station, Alice H olt are getting 
increasingly cram ped for space, and the need for an extension is becoming 
urgent.

Visitors
D uring the year official visitors to the station totalled 274, and included 

people from : A ustralia, A ustria, Belgium, C anada, D enm ark, Eire, France, 
Germ any, H olland, India, Italy, Lebanon, New Zealand, Norway, S. Africa, 
Southern Rhodesia, Switzerland, Turkey, U ganda, and W. Africa. Included 
in the num ber o f visitors were the m embers o f the In ternational Poplar C om 
mission who visited the Research Station on 26th April, 1951, m embers o f  the 
Southern Division o f the Royal Forestry Society o f  England and  W ales who 
came in July, and o f the Society o f Foresters o f G reat Britain in September.

The Society of Irish Foresters, several regional branches o f the Royal 
Scottish Forestry Society, and the forestry students o f the University o f W ales, 
Bangor, and o f Aberdeen University paid visits to  experiments. Tours of 
experimental w ork were arranged for visiting forest officers from  N orw ay and 
Pakistan. In the north, tours by groups o f D istrict Officers to  the m ain peatland 
and heathland experimental centres were arranged to  bring hom e to them  the 
latest results o f experimental work.

The Season
Two extremely severe gales reaching 80 to  100 miles per hour occurred 

in January, 1952. In  the northern  part o f Scotland extensive windfalls occurred, 
and in Caithness and Orkney wind dam age was o f  unprecedented severity. 
Few o f the existing plantations in the extreme north  o f Scotland escaped 
unharmed.

After a fairly severe winter, the spring was mild and  dry in the north, though 
in the south the early spring was wet and nursery sowings were inevitably late. 
Late frosts were noticeably absent.

The Year’s Work
This report is, as formerly, in two parts, nam ely:—
Part I —W ork carried out by the staff o f the Forestry Commission Research 

Branch.
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2 R E P O R T  O N  F O R E S T  R E SE A R C H , 1952

Part II—W ork on special problem s, often o f a m ore fundam ental nature, 
carried out by Universities and other Institutions with the help 
o f grants from  the Forestry  Fund.

Forest Tree Seed Investigations
In November, 1951, Alice H olt Research Station was licensed as a “ Private 

Seed Testing Station” , under the Seeds Act, 1920, and since then all routine 
testing o f tree seeds used by the Forestry Commission has been taken over. 
A bout 600 seed purity  and germ ination tests were done between Novem ber and 
March.

Exam ination of cone samples to ascertain the quantity  and quality of seed in 
them was continued, 110 samples being reported on this year. This service is 
found to  be useful as it saves the collection o f cones that contain too little 
good seed to be w orth having. Studies in the control o f conditions in seed 
extraction kilns and in seed sampling m ethods have been commenced. Further 
confirm atory work on the use o f tetrazolium  brom ide for testing seed viability 
was done. This m ethod is now adopted as a regular routine for supplementing 
the standard tests on Copenhagen tanks. A mycological study o f the fungi 
developing on seeds during germ ination, to determ ine what species are harm ful 
has been initiated. Seed storage tests continued. It was found that low tem 
perature storage o f oak and beech was lethal. Beech seed stratified in an un
sealed container, and kept at 25°F., showed 50% germ ination after 18 m onths. 
(Page 12).

Experimental Work in Nurseries
PARTIAL STERILISATION OF THE SOIL

The restoration o f fertility by partial sterilisation o f the soil was further 
investigated. Soil steaming experiments were confined to investigating the best 
and cheapest techniques for steaming, the use o f a hood being found m ost 
practicable, steam being passed until the soil reaches 180°F., a t six inches 
depth. A ttem pts at improving the efficiency of partial sterilisation with 
form alin by sealing the soil in various ways gave inconclusive results. It was 
found, however, that the am ount o f water used to dilute a given am ount of 
form alin was im portant, and that less than 1 gallon o f water per square yard 
(containing 0.10 gallons o f commercial formalin) resulted in a smaller growth 
response by the seedlings. “ D -D ” soil fum igant was again found very much 
less effective than form alin. (Page 15).

SOIL ACIDIFICATION

Soil acidification at W idehaugh nursery, in N orthum berland, carried out in 
1950 by various m ethods, had no residual effect on the height grow th o f seedlings 
from 1951 sowings. (Page 17).

MANURING

Fertiliser experiments in old-established nurseries, including placement of 
phosphate and potash  fertilisers below seed drills, and tests o f different forms 
o f nitrogen, gave results confirming previous years’ trials, namely that placement 
gives a limited improvement in seedling growth, while of the various forms of 
nitrogen fertilisers tried, “ flash” (plastic waste), and formalised casein, gave 
the best results. Trials were carried out with various straw and sawdust composts 
using am m onium  sulphate, formalised casein and spent hops as sources of 
nitrogen to activate the breakdow n of the organic m atter. On heathland and 
woodland soils all com posts gave improved growth o f seedlings, though how 
much of this is due to the nitrogenous activators is not clear. Responses on older
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established nursery soils were too  small to  be w orth noticing. In some mulching 
experiments on heathland soil, com paring a bracken mulch with an inert 
cellulose mulch, the form er gave an increase in growth, while the latter slightly 
depressed it, suggesting that the main effect o f  a bracken mulch is due to the 
nutrients leached from  it. A long-term  fertility dem onstration  at Teindland 
heathland nursery in M orayshire, in which regimes o f com post and fertiliser 
applications, separately and in com bination, are com pared with unm anured 
controls, was cropped for the second year, and showed best results from 
fertilisers w ithout com post. A similar dem onstration, with the added factors 
o f partial sterilisation and greencropping, has been started at Newton Nursery 
near Elgin, an old established nursery on agricultural soil. Here form alin trea t
m ent had the greatest single effect; fertilisers produced considerable benefit 
while neither greencrop nor com post treatm ents have so far had any effect on 
mean heights as com pared with the untreated controls. (Page 18).

GRASS LEYS AND GREEN CROPS

An old greencropping experiment at K ennington nursery near Oxford 
showed no im provem ent in fertility on plots that had been under grass ley for 
several years, as com pared with those continuously cropped with Sitka spruce. 
Plots which had lain fallow continuously did however show significantly 
greater total production o f Sitka spruce seedlings. At W areham  (Dorset) 
heathland nursery, incorporation o f  greencrops had a depressing effect on 
seedling grow th in the subsequent year. (Page 22).

SEEDBED W ATERING AND IRRIGATION

Nursery irrigation by overhead spray line at Kennington Nursery, to make 
up deficit o f rainfall whenever it reached 0.5 inches below norm al, increased 
Sitka spruce seedling production  from  49,000 per lb. o f seed for the controls 
to 89,000 for the irrigated plots. The seedling mean heights were at the same time 
increased from  1.77 in. to 2.26 in. The num ber o f usable first year seedlings 
was doubled. Increases in seedling production were not quite so great for 
Corsican pine and Japanese larch, while Douglas fir showed no response at 
all. (Page 22).

CHEMICAL CONTROL OF WEEDS IN FOREST NURSERIES

Chemical control o f weeds in conifer seedbeds by means of mineral oils 
applied as a pre-emergent spray was carried out on a user-trial scale in seven 
nurseries with excellent results. Post-emergent applications gave variable 
results, sometimes causing damage to the seedlings. Further investigations in 
post-emergent application are required to elucidate the causes of dam age and the 
conditions under which such treatm ents can be safely applied. In transplant 
lines, the best results were obtained by using a hooded spray which confined the 
chemical to  the soil surface and bases of the rows of plants. (Page 24).

MISCELLANEOUS

Intensive culture o f Sitka spruce seedlings in frames with soil heating and 
specially com pounded soils resulted in large sturdy seedlings 98 to 100% usable 
in the first year. The economics o f such intensive m ethods have not yet been 
worked out. R oot pruning of seedlings is being tried to see if good planting 
stock can be obtained w ithout transplanting. Some experiments with a growth- 
inhibiting substance are being carried out as a means o f saving stock that would 
otherwise become over-grown and have to be destroyed. M achines are being 
developed for seed sowing, fertiliser application, form alin application, weed
killer spraying and roo t pruning. (Page 26).



4 R E P O R T  O N  F O R E ST  R E SE A R C H , 1952

Work on Problems of AfTorestation in Scotland and Northern England
Once again the m ajor effort has been on the provision o f trial p lantations 

on poor land hitherto classed as im plantable. In addition, the establishm ent 
o f  species and m ixture plots, using m odern techniques, has continued on a con
siderable scale. A large scale experiment on m ethods of ploughing on heath- 
lands has been planted.

W ork on phosphate m anuring also continues, while prem ininary tests are 
being m ade with liming on heathlands. Progress with other projects is briefly 
described, including an experimental shelterbelt recently planted in Caithness. 
(Page 28).

Broom and Pine Nursing Experiments at Wareham Forest
Broom has a rem arkable nursing effect on Sitka spruce, Norw ay spruce, 

Tsuga heterophylla and Douglas fir, when planted on these difficult Calluna 
heaths. The control plots are all in severe check, while those nursed by success
fully established broom  are from  tw o-and-a-half to four-and-a-half times as 
tall, and are growing vigorously. A ddition o f phosphate produced a m oderate 
response. The pine nurses included in these trials have not, so far, had any 
effect. (Page 31).

Investigations into the Rehabilitation of Derelict Woodlands
At W eston Com m on, A lton Forest, Ham pshire, initial treatm ent o f the area 

is now virtually complete and sales o f produce have exceeded expenditure by 
about £23 per acre. A good deal o f tending has, however, still to be done, which 
may use up this surplus. (Page 33).

At G ardiner Forest in D orset, where different m ethods of converting hazel 
coppice into beech high forest are being com pared in a replicated experiment, 
tending was continued and costed, and assessments o f grow th and survival made. 
Casualties were few and no appreciable differences in grow th have manifested 
themselves so far. The treatm ents under com parison are group planting, w ith 
small and large groups cleared in the hazel coppice, strip planting, thinning and 
under-planting, and complete clearance with planting in the open. The degrees 
o f shade vary from  48%  o f full light under thinned-out coppice to 100% in the 
clear-felled area, and in all cases the am ount o f light is at present sufficient to 
perm it vigorous growth o f the beech.

A t Well Covert, H aldon Forest, Devonshire, in a type of w oodland con
taining a fair quantity o f regeneration o f useful species, an experim ent has been 
started to see how  m uch or how little w ork need be done, and  to w hat extent we 
can rely on existing regeneration. In view o f the enorm ous size of the problem 
in Britain as a whole it is im portant to find out how far we can safely go in the 
m atter o f leaving things to nature with a m inimum am ount of tending and 
planting, so as to  be able to deal w ith larger areas with the limited labour avail
able. Different m ethods o f rabbit control in dense scrub are also being 
com pared.

Provenance Studies
A fairly comprehensive account is given of the International Larch P ro 

venance Experiments initiated at the instance o f the In ternational U nion of 
Forest Research Organisations, in which forty-four different seed lots were 
raised and planted out in 1946 in five centres in England and  in 1947 in one site 
in Scotland. (At only one centre was the complete set o f origins planted). 
While it is too early to  be able to forecast later development, m easurements 
at the age o f five years indicated that the lots showing the greatest early vigour 
came from  M oravia and U pper Silesia, and were ahead of strains that had  been
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established in this country for one or m ore generations. The least suitable 
origins, showing high casualties and poor growth, came mainly from  the 
Italian and Swiss Alps. In general, strains from  higher elevations grew more 
slowly than those from  lower elevations, though there were individual exceptions 
to this, notably a strain from  Lam erau in the A ustrian Alps from  an elevation 
o f 2,300 feet. Phenological observations o f date o f flushing in the spring 
indicated that some races flushed consistently early and others consistently later 
in the two years when observations were recorded. (Page 43).

Japanese larch provenance trials have so far shown no consistent variations 
between provenances, though there are great differences between individual 
trees within provenance as regards vigour and form.

In  Scots pine, trials o f Norwegian coastal provenances have been laid dow n to 
try and find a strain tha t will grow better and prove m ore resistant to wind 
blast than our local strains, when planted in W est Coastal districts in Scotland. 
A report on some older Scots pine provenance experiments is given, which con
firms the superiority o f our indigenous origins over im ported ones. Finnish 
races, and races from  Georgia and Spain, were particularly poor.

Brief notes are also included on some Pinus contorta provenance trials 
dating from 1934, and some new trials o f Corsican pine and Douglas fir 
provenances.

Forest Ecology
GRO W TH OF BEECH IN BRITAIN

Studies o f the grow th o f beech in Britain indicated that, in general, growth 
in young plantations was faster than that on the C ontinent, where m ost young 
crops originated from  natural regeneration. G row th was good on a wide range 
o f soils, including some clay soils, though da ta  from  clay areas were very meagre. 
Shallow chalk soils, or clayey soils with im peded drainage, gave poor growth. 
Forking in beech appears to be nearly always associated with dam age by certain 
insects to  the leading shoot during the period o f “ Lam m as grow th” . (Page 58).

INFLUENCE OF SHADE ON INCREMENT, STEM FORM AND HEALTH OF BEECH PLANTS
IN THE NURSERY

A controlled experiment on the effect o f different degrees o f shade on young 
beech plants in the nursery indicated that reduced light has a profound 
influence on form, and always results in a reduction in dry weight increase of 
shoot and root. 50% light did not appreciably reduce the am ount o f Lam m as 
growth and forking, but heavier shading (18%, and about 4% , of full light) 
conspicuously reduced forking, but also caused deviation o f the axis from  the 
vertical so that plants were in danger o f assuming a “ table-topped” habit. 
There may be some interm ediate degree o f shading where im proved form  may be 
secured w ithout too  serious a loss o f vigour. (Page 60).

Forest Genetics
The principal work during the year was the survey o f seed stands in the East 

Conservancy o f Scotland, which took five m onths to complete. The central 
register o f seed stands has been increased by over 220 stands totalling 2,246 
acres. The greater proportion  o f these consisted o f seed sources for Scots pine 
and European larch. (Page 63).

The survey of one Conservancy is to be completed each year and preparations 
for the work in the N orth  o f Scotland are well in hand. The selection o f “ PLU S” 
trees for breeding purposes continued, and a “ tree bank” or central collection o f 
grafts and cuttings from  the selected parents has been commenced in Alice 
H olt Forest.
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Facilities for the study o f  the techniques o f tree breeding were im proved by 
the conversion o f part o f the walled garden and glasshouses a t G rizedale Forest, 
Lancashire, for propagation by grafting, budding and the rooting o f cuttings. 
The grafting of each m ajor species will be studied at Grizedale, the first subject 
being Corsican pine. A prom ising technique has been w orked out for this 
species, over three quarters o f the grafts attem pted under glass being successful. 
The testing o f a m ethod for the mass production o f grafts in the open nursery 
has been commenced at Alice H olt, also with prom ising results.

The study of flowering and fruit production in forest trees continued, 
particular attention being paid to seed production  in Corsican pine, Scots pine 
and beech. Cross pollination work was extended slightly during the spring of 
1952, but as in past years the m ain effort was directed tow ards the selection and 
propagation o f suitable m aterials for future use.

Corsican pine. The progress o f work on Corsican pine is dealt w ith in some 
detail. The register o f seed stands now contains over eighty entries totalling 
1,439 acres. A tabular statem ent o f the areas by age classes and site types 
clearly shows the lack o f the older age classes.

The seed obtained from  the cone induction trial reported in Forest Record 
N o. 12 (1951) was o f good quality. The germinative energy was high, the 
germ ination percentage after twenty days on the Copenhagen Tank ranging from 
sixty-seven to ninety-seven per cent. The health o f the m ajority o f the treated 
trees has not been affected.

Beech. A  tabular statem ent o f the area o f seed stands is also given for 
this species. The register contains thirty-four classified entries totalling 1,079 
acres. The chief weakness is now in the num ber o f sources for N orth  England 
and Scotland, and steps are being taken to fill the gap.

Larch. The establishment o f the first seed orchard  for the production  of 
first generation hybrid larch began at Newton N ursery near Elgin, M orayshire. 
The orchard will be four acres in extent and will contain twelve Japanese larch 
clones and three European larch clones.

Establishment of Poplars
There are indications that, for the three sites and four varieties tested, 

unrooted sets gave almost as good results as m ore expensive forms of rooted 
cuttings and “ stum ps” . In m anurial experiments application o f nitrogen 
produced the biggest effects; responses were also obtained to potash. New 
experiments have been laid down to test various m ounding, mulching and 
weeding treatm ents, and to determine the effect o f spacing in the nursery, for 
rooted cuttings, on survival and grow th when planted in the forest. (Page 72).

Studies of growth and yield
47 perm anent sample plots were established, 133 were remeasured and 7 were 

written off as a result o f gale damage. 339 tem porary sample plots were measured 
in broadleaved species, in order to provide the material for preparing provisional 
yield tables. W ork on these tables has started and the revision of the conifer 
yield tables is well advanced. Among the m ore im portant special investigations 
were: an experiment designed to give some indication of existing and potential 
supplies o f hazel coppice; a long term  project undertaken jointly by the Forest 
Products Research Laboratory  at Princes R isborough and the Research Branch 
o f the Forestry Commission in order to study the effects of site and silvicultural 
treatm ent on tim ber quality; an estimate of the probable production o f small
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sized m aterial between 3 inches and H inches in diam eter from  conifer 
thinnings; and a study o f the so-called “ volum e/basal area line” with a view to 
improving on existing m ethods o f estim ating the volumes o f standing timber. 
Statistical actiyities have increased both in volume and in scope; seventy-two 
experiments were analysed, a few special com putational tasks were undertaken, 
and three papers dealing with various aspects o f this field have been prepared. 
(Page 75).

Forest Pathology
D uring the year under review com paratively little work has been carried 

to the stage where it can be written up for an A nnual Report. For this reason 
consideration is directed to the enquiries dealt with by the section during the 
year. These totalled 148, o f which 101 were concerned with forest pathology, 
and 47 with poplqrs, including their diseases. Thirty-nine o f the enquiries 
involved visits. (Page 81).

Ninety-seven o f the pathological enquiries are analysed in some detail, 
being divided under ten heads:—

Arm illaria mellea Botrytis cinera
Miscellaneous Fungal Diseases Specialized Diseases 
Decay Soil W ater Relations
Deficiencies W ind
G eneral Enquiries Unexplained

and by the species o f tree to which they referred. Fungal diseases which 
appeared with some frequency were Honey Fungus (Armillaria mellea), grey 
m ould on conifers in nurseries (Botrytis cinerea), and leaf cast, caused mainly by 
Lophodermium pinastri, on pines. Am ong the physiological troubles, failure of 
transplanted trees to m ake fresh roots in cold waterlogged soil was commonest, 
affecting particularly Douglas fir and larch.

Forest Entomology
A survey o f the status o f larch sawflies carried out in various localities 

revealed that the Large Larch Sawfly, Pristiphora erichsonii Htg., was generally 
m ore num erous in 1951 than  in 1950. Since this species is known to have caused 
m ajor dam age in the past, a close watch will continue to be kept on its dis
tribution and population level. O ther species o f  Larch Sawflies, including 
Pristiphora wesmaeli Tisch., P. laricis H tg., and Anoplonyx duplex Lep., were 
surveyed, and the results indicated that they continued to be found at low levels 
o f population. Prelim inary studies have been commenced on the biology o f a 
num ber o f species o f both larch and spruce sawflies. (Page 87).

A survey o f Neomyzaphis abietina Wlk. has yielded valuable da ta  on its 
d istribution and status under a wide range o f  conditions. This knowledge is 
being used as a basis for the selection o f sample plot areas in which the popu
lation fluctuations and effects on rate of growth o f Sitka spruce will be studied 
for a num ber o f years.

The parasites o f the Pine Shoot M oth, Evetria buoliana Schiff., were studied 
during the year. A consignment o f  Ibalia leucospoides Hochnw., a parasite  o f 
Sirex  spp., was forw arded to New Zealand. Consultative and advisory work 
was continued.

Machinery
British Tractors. A Fowler M arshall V.F. is now coming into general use, 

whilst the C uthbertson Buffalo is being used experimentally in Scotland. The 
possibilities o f a greater use o f half-track machines is being investigated.
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Ploughing. Development o f m ounted ploughs on full track tractors and also 
on half-track tractors is proceeding.

Cableways. Cableways are now operating with a range o f 600 yards.

Clearance o f  Derelict Woodland. Both the giant R otavator and a tractor- 
operated grubber blade are on field trials.

Haulage over Soft Ground. Experiments on trailers with large-diam eter low- 
pressure tyres are proceeding.

Fire protection. Development o f light portable pumps is continuing.

Mechanisation o f  Nursery Operations. M achines suitable for spraying 
form alin and various weed killers have been adapted to suit forest nursery 
conditions. (Page 88).

Utilisation Development
The U tilisation Development section, on the recom m endation o f the 

Advisory Committee on the U tilisation o f Hom e G row n Timber, carried out 
investigations on the utilisation o f small sized conifer and hardw ood thinnings 
and coppice. The m arketing, by private estates, o f small sized conifers in the 
South o f England was studied. The hom e charcoal m anufacturing industry 
was explored ip some detail, prim arily as a hardw ood problem . A survey o f the 
underwood industries dependent on coppice for their raw  m aterial was initiated, 
and field work on the estim ation o f the yield o f hazel coppice reached an 
advanced stage. (Page 90).

Part II o f the Report deals with research carried out by workers attached 
to Universities and other institutions. Financial assistance for these investi
gations is usually given by grants from the Forestry Fund, and in a num ber o f  
cases help in carrying out field work is provided by the staff o f the Forestry 
Commission Research Branch.

Nutrition problems in forest nurseries
D r. Crowther and Miss Benzian report progress in this work which is done 

under the guidance of a Sub-Committee (of the Research Advisory Committee), 
on N utrition  Problems in Forest Nurseries. The m ain results are summarised 
as follows:—

(1) Repeated top-dressings o f am m onium  sulphate gave m uch better 
one-year Sitka spruce seedlings than equivalent am ounts o f “ N itro- 
Chalk” , in a third-year experiment in the Old K ennington nursery. 
This result is in harm ony with the view tha t one o f the effects from  soil 
.acidification or partial sterilisation may be to  furnish am m onia in the 
soil in place o f nitrate.

(2) In a series o f single-year experiments, am m onium  sulphate gave better 
results than “ N itrochalk” in three old nurseries but not in three new 
ones.

(3) N itrogen fertilisers gave better results when applied as summer top 
dressings than when applied in the seedbed.

(4) Five other conifers gave broadly similar results to  Sitka spruce in 
experiments on fertilisers, soil acidification and use of formalin.



S U M M A R Y 9

(5) In parallel experiments at five nurseries, com post plots had fewer plants 
than fertiliser plots, and far fewer usable seedlings. Form alin increased 
mean heights in both old-established nurseries and new acid-soil 
nurseries, but in m ost o f the nurseries form alin did not increase the plant 
num bers. The effects o f form alin involve m uch m ore than the control o f 
“ dam ping-off” .

(6) W inter applications o f form alin were alm ost as effective as those 
given three weeks before sowing. Early application might be safer in 
general practice.

(7) Forest planting experiments in 1948 showed little difference between 
plants raised w ith com post or fertilisers.

(8) In  forest planting experiments in 1950 there were heavy losses from 
soil wash, especially am ong one-year seedlings from  Bagley W ood and 
the K ennington Nurseries. One-year seedlings from  other nurseries 
survived well under these difficult conditions.

(9) The roo t systems o f one-year Sitka spruce seedlings from  experimental 
plots in several nurseries were classified independently by a large num ber 
o f foresters and forest officers. There was a fair measure o f agreement 
for m ost o f these samples, but striking disagreements on Bagley W ood 
plants raised w ithout form alin. M ost foresters ranked these plants as 
“ good” or “ very good” largely because they had fibrous roots. A few 
m embers o f the Research Branch staff shared D r. C row ther’s view that 
the fibrous nature o f these ro o t systems might be associated with fungal 
dam age to the tap  roo t and m ain laterals, and indicated pathological 
conditions. (Page 94).

Effect of Partial Sterilisation by Steam or Formalin on Damping-off of Sitka
Spruce Seedlings in an Old Forest Nursery
This subject has been investigated by D r. W arcup o f the Botany School, 

Cam bridge University, who found that three species o f  Pythium  isolated from  
alkaline soil a t A m pthill nursery in Bedfordshire caused dam ping-off o f Sitka 
spruce seedlings and a roo t-ro t o f older plants. P art at least o f the improvement 
in stocking and vigour o f  seedlings resulting from  soil treatm ent w ith steam or 
form alin is attributed to  contro l o f these parasitic fungi. (Page 108).

Research into the Physical and Chemical Properties of Forest Soils
M r. Rennie o f the Forestry D epartm ent, Oxford University, reports results 

o f studies in the fluctuations o f aeration and m oisture content o f natural Calluna 
m oorland soils, similar soils deeply ploughed, and twenty-year-old Sitka spruce 
plantations on similar ground. The varying capacity o f different tree species 
to reduce waterlogging is m entioned, and also their different rooting habits. 
Cultivation experiments have shown that mere suppression o f heather is not 
sufficient to  m ake Sitka spruce grow on these heathlands, and that the effects 
o f deep ploughing are due to other causes than heather suppression. W ork on 
the nutrient status o f these soils is in progress, and includes an experiment on 
the effects o f adding ground limestone. (Page 108).

The Influence of Tree Growth on Soil Profile Development
M r. W right, w orking at the M acaulay Institute for Soil Research at 

A berdeen, describes progress in his investigations. In  studies o f the nitrogen 
cycle in forest soils he found that the Lees perfusion m ethod has yielded results 
o f only limited value. M oisture changes in the soil are being studied by the 
gypsum-block resistance technique supplemented by other m ethods. The 
cyclic movem ent o f nutrients between soil and crop is being studied. (Page 116).
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Growth and Nutrition in Heathland Plantations
Dr. Leyton at the D epartm ent of Forestry, University o f Oxford, reports 

that investigations into the growth and m ineral nutrition  o f spruce and pine in 
young heathland plantations have revealed significant changes due to  the 
removal o f the heather (screefing) and the application, at various levels, of 
ground m ineral phosphate. Removal o f the heather in 1949, resulted in signi
ficant increases in dry m atter and nitrogen content o f the Spruce needles in 
1950, and a corresponding increase in the height grow th o f the trees was observed 
in the following year (1951). The application o f phosphate has also resulted in 
im proved tree growth, but its effect appears to  be indirect and associated with 
the nitrogen nutrition  o f the trees rather than with the im proved phosphate 
status o f the needles. Screefing has resulted in various other changes in the 
mineral status o f the needles, but the exact significance o f these changes has 
not yet been worked out.

Both Scots and Corsican pines have also responded to screefing and phos- 
phatic fertilizing, but the changes have been less m arked than in the case o f the 
spruce. (Page 117).

Researches in Soil Mycology
D r. Levisohn o f Bedford College, London, continued experiments concerned 

with pre-mulching of seed beds and mulching o f plants at W areham  heathland 
nursery. These have given substantial additional evidence of the rapid and 
significant changes brought about in the roo t infection o f various tree species.

The separate phenom ena o f forking and  infection in pine roots have been 
studied in pot experiments. These experiments have yielded results which may 
throw some light on the role played by the actual mycorrhizal infection in the 
life o f the host plant. (Page 119).

Morphological Variation in Coniferous Species
Dr. Laing, Forestry D epartm ent, Aberdeen University, has continuedhis 

studies on four m ain lines, namely (1) the identification o f hybrid larch in the 
very young seedling. This is found to be possible from  an exam ination o f the 
structure o f the cotyledons of the newly germ inated seedling. (2) A study of 
the variation in Japanese larch, in which it has been found that cone structure 
exhibits considerable variation. (3) The identification o f European larch 
races by means o f cone and seed, and (4) the m orphological distinguishing 
characters between the “ Shore pine” (P. contorta) and the “ Lodgepole pine” 
(P. murrayana). These have been found to be sufficiently definite to distinguish 
them as separate species. (Page 120).

Study of the Natural Pinewoods of Scotland
M r. Carlisle, of the D epartm ent of Forestry, University of Aberdeen, has 

commenced an investigation into the m orphological and silvicultural variations 
in Scots pine o f Scottish origin. This is combined with an ecological survey 
of the natural native pinewoods o f that country. (Page 121).

Soil Faunal Investigations
Mr. M urphy, now working at R otham sted, reports developments in the 

work commenced at the Imperial Forestry Institute on the soil A rthropod fauna 
o f a heathland habitat in Allerston Forest, Yorkshire, before and after 
afforestation. The quantitative structure and vertical distribution o f the fauna 
in natural and cultivated heathland planted with Sitka spruce is outlined. The 
populations obtained from  these habitats represent 570,000 and 835,000
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organisms per sq. metre respectively. In  the natural heath land this to tal is 
concentrated in the first 21 inches o f  the profile, whereas in the cultivated site, 
in addition  to the litter fauna, there is a considerable percentage in the raw  
humus “ sandwich” created in the cultivation process. Exam ination o f the 
qualitative com position indicates a m arked preponderance o f Acari in both  
sites. The dom inant Prostigm ate species o f  the two habitats are Nanorchestes 
arboriger Berl. and Alicorhagia fragilis Berl. respectively. (Page 121).

Research on Megastigmus Insects Infesting Conifer Seed
M r. Hussey, o f the D epartm ent o f Forest Zoology, University o f Edinburgh, 

has recorded three new species o f Megastigmus during the course o f his investi
gations this year. Parasites affecting 50% o f the pest were recorded at three 
localities in Scotland. Studies on the life histories o f parasite and host con
tinued. Prelim inary details are presented with emphasis on the im portant 
role played by rodents in the natural control o f Megastigmus. Further w ork is 
in progress to ascertain at what stage o f grow th the D ouglas fir cone is suscep
tible to  oviposition. (Page 127).

The Nesting of Titmice in Boxes
Dr. Lack o f the Edw ard Grey Institute o f Field O rnithology reports on the 

fourth year o f this enquiry, which has become the largest systematic recording 
o f  the nesting o f any species ever carried ou t in Britain. 1951 results were 
similar to those o f previous years. The first object o f this experiment, namely 
to  determine whether the population density o f  these insectivorous birds 
in m anaged forests can be increased, may be considered established. W ork 
has commenced on the m ore difficult object o f m easuring the im pact of 
these higher populations o f titmice on the insect populations o f the woodland. 
(Page 128).

Studies on the Relationship between Larch Canker and Trichoscyphella wilkommii
M r. M anners o f the Botany D epartm ent, Southam pton University, reports 

on investigations into the larch  canker fungus, frost, and  other agents involved 
in the form ation o f cankers on larches. (Page 129).



Part I. Work carried out by Forestry 
Commission Staff.

F O R E S T  T R E E  S E E D  I N V E S T I G A T I O N S

By G. D. HOLM ES 
Assistant Silviculturist 
and G. BUSZEW ICZ

In November, 1951, the Alice H olt establishment was licensed as a Private 
Seed Testing Station under Section 2(1) of the Seeds Act, 1920. Since then, 
all routine testing o f the tree seeds used by the Forestry Commission has been 
taken over from the official A gricultural Seed Testing Stations at Cam bridge and 
Edinburgh. Under the licence, the laboratory  can issue seed quality certificates 
only on forest tree seeds used or sold by the D epartm ent.

A new seed testing laboratory  housing 20 Copenhagen tanks and 2 incubator 
type germ inators, was completed in 1951. This has greatly eased the space 
situation and germ ination tests can now be carried out under m ore closely 
controlled conditions than  in the past. The present capacity of the laboratory  
is 152 tests, excluding rapid chemical tests, per m onth. The estim ated total 
num ber o f tests required is 600-700 between N ovem ber and M arch o f each 
year. General views o f the laboratory  are shown in Plates I and II.

During the year, 600 seed purity and germ ination tests were completed. 
W hen the num ber o f samples received exceeded the germ inator space available, 
rapid chemical viability tests were applied, and the results checked by actual 
germ ination as germ inator space became available.

Estimation of Seed Quality from Cone Samples taken prior to Bulk Collection
The estim ation o f seed quality in cone samples from  principal collection 

areas was continued. Exam ination o f a large num ber o f samples in 1950 (vide 
Rep. For. Res. M arch, 1951), showed large variation in germ ination quality 
and other characters o f seed from different stands o f the same species. In a 
number of cases large-scale collection o f poor-quality seed was avoided by early 
exam ination o f cone samples. D uring 1951, 110 cone samples were examined 
and reports issued.

Seed Extraction
A small forced draught, electrically heated, extraction kiln was built at 

Alice Holt. The kiln, which has draught control and therm ostatic tem perature 
control, is being used to study the effect o f tem perature, hum idity and cone 
wetness on speed of extraction and seed quality. It is also being used for 
routine seed extraction from small lots o f cones.

Seed Sampling Methods
A revised sampling procedure for extracting test samples from  bulk seed 

lots was introduced. Variation between samples from  a consignment can still

12
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be high, and com parative trials with several sampling m ethods are now being 
carried out. Exam ination o f the repeated halving m ethod for obtaining the 
working sample from  the test sample subm itted, showed the m ethod to be 
satisfactory for the m ajority o f seed samples. In  the few samples in which the 
percentage o f empty seeds exceeds 20 per cent, the m ethod gave significant 
underestimates o f the percentage o f sound seeds.

Germination Testing Methods
1951 was the third year in which experiments were carried out to test the 

use of 2, 3, 5-triphenyl tetrazolium  brom ide as a rapid seed viability indicator. 
The classification o f embryo-staining groups has now been standardized for all 
the com m on conifer species. As a result o f tests involving over one million 
seeds over the past three years, it has now been established that, using a standard 
test procedure, the embryo-staining m ethod provides a satisfactory estimate 
o f Copenhagen tank germ inator results.

G erm ination values obtained with tetrazolium  and Copenhagen tank 
m ethods were checked against replicated test sowings in nine contrasting 
nurseries in 1951. As in 1950, field germ ination was found to vary considerably 
from  one nursery to another, but within any one nursery the actual germ ination 
of a range o f seed qualities o f a species is approxim ately proportional to the 
laboratory germination. In many o f these test sowings the seedbeds are screened 
with three-eighths inch mesh wire netting to guard against losses by birds or 
rodents. Test sowings at Kennington Nursery, near Oxford, are shown in 
Plate III.

The tetrazolium  embryo-staining m ethod is now in regular use as an 
emergency test for samples on which a report is required within a few days. 
It is also used to  supplement standard  germ inator m ethods. Sound seeds 
remaining ungerm inated at the end o f the test period in the germ inator are 
tested by the chemical m ethod, and the num bers o f viable seeds are added as a 
“ plus figure” to the germ ination per cent. Previously the practice was to  add 
the to tal num ber o f  sound seeds rem aining at the end o f the test. This appli
cation o f the chemical test has been found especially valuable for dorm ant and 
slow germinating species. Investigations have been continued into the m ost 
suitable laboratory m ethods for germ inating tree seeds. For m ost conifer 
species the standard Copenhagen tank m ethod using a fluctuating tem perature 
has been found m ost satisfactory. For some species, notably Norw ay spruce, 
and Abies species, the incubator (filter paper) test is used. W here there is any 
doubt as to the best m ethod, the test is carried out simultaneously by several 
different m ethods. Sterilised, heated soil beds are now in use for testing 
germ ination o f large-seeded hardw ood species.

Seed-borne Fungi
The growth o f fungi on seeds during germ ination tests is often troublesom e 

by retarding the progress o f germ ination. The most profuse development of 
fungi occurs on seeds which have been stored for long periods, on bad seeds and 
on slow-germinating species. The m ajority o f fungi occurring are undoubtedly 
superficial saprophytes developing from  spores on the seed coat. These are 
probably o f little o r no im portance when the seeds are sown in the field. 
Occasionally facultative parasites such as Botrytis cinerea are found. In view of 
the com m on occurrence of fungi on seeds under test, and the possible im portance 
o f some species on seeds sown in the field, Dr. S. Batko o f the Pathology section 
was asked to assist in identification o f species and exam ination o f their effect 
on seed germination. The species m ost commonly found on seeds under test 
are as follows:—
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Aspergillus nigricans C o o ke—A. niger van Tiegh. On alder seeds, on 
Robinia pseudoacacia seeds.

Aspergillus flavus. Occasionally on seeds o f Robina pseudoacacia.
Botrytis cinerea. N o t com m on on seeds. On N orw ay spruce seeds and 

Pinus sylvestris seeds. The sclerotial stage has also been once observed on pine.
Chaetomium  spp. N o t uncom m on on blotting paper, occasionally also on 

rotting  seeds.
Cylindrocarpon spp. On seeds of Douglas fir.
Fusarium  spp. On seeds o f Douglas fir.
Rhizopus nigricans Ehr. On blotting paper and on seeds o f Thuja plicata.
Oedocephalum glomerulosum  Bull. Com m on on all species.
Fenicillium  spp. Fairly com m on on all seeds.
Stachybotrys alternans. Very com m on on blotting paper, occasionally 

also on rotting seeds.
Trichothecium roseum. N o t com m on on seeds. Alder, Douglas fir.
Experiments will be done to test the effect o f the several species on seed 

germ ination.

Seed Storage
Longevity o f  Oak and Beech Seed. The investigation into longevity o f oak 

and  beech seed under different storage conditions was continued. A n experi
ment started in November, 1950, tested the im portance o f  seed m oisture content 
an d  the use o f sealed containers, at storage tem peratures ranging from 10°-36°F. 
Exam ination of samples o f acorns from  the several storage conditions, six 
m onths after starting the trial, showed tha t a tem perature o f 10°F. was fatal, 
while 25°F. was damaging, reducing germ ination capacity by 50%. Storage 
a t  room  tem perature and at a constant tem perature o f 36°F. was satisfactory, 
resulting in only a slight fall in seed viability after storage for six m onths. 
Pre-drying the acocns to 70% m oisture content (based on dry weight) before 
placing in store was found highly damaging.

Tests after eighteen m onths storage showed all seeds to be dead, except 
those stratified in m oist sand or peat in an  unsealed contained a t 36°F. Even 
in  this treatm ent, however, seeds tested in M ay, 1952, showed a germ ination 
o f  only 33% com pared with 85% when the seeds were placed in store in 
Novem ber, 1950. Similar tests on beech showed tha t no seed rem ained alive 
after eighteen m onths storage, except in those cases where the seed was stratified 
in an unsealed container a t 25°F. U nder this condition the stored seed showed a 
fall in germ ination from  80% in Novem ber, 1950, to  50% in M ay, 1952.

The use o f airtight containers, or pre-drying the seeds before placing them  
in store, had  no significant effect on longevity o f either species.

Longevity o f  Conifer Seeds. Test samples o f European larch, Japanese larch, 
Corsican pine, N orw ay spruce and Sitka spruce were placed in  contrasting 
storage conditions in September, 1950, to  determ ine the m ost satisfactory 
m ethods for prolonged storage o f  these species. Tests carried out after one 
year showed that no loss o f  viability occurred in seeds stored dry  in sealed 
containers at room  tem perature or a t a tem perature o f 36°F. Seed in  unsealed 
containers showed an increased m oisture content and a m arked fall in viability. 
Seeds in this trial will be examined a t yearly intervals as long as any seeds rem ain 
viable.
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Partial Sterilization of the Soil

Steaming methods
At Newton Nursery, M orayshire, a large scale steaming experiment was 

conducted on a light soil in early April, using 50 ft. x 3 ft. steaming units. 
The “canopy” or hood system was employed. The two treatm ents were 
first, steaming until soil at a six-inch depth reached 180°F., after which steam  
injection was stopped (treatm ent A), and secondly (treatm ent B) steaming until 
the soil at a six-inch depth reached a tem perature o f 180°F., after which steam  
injection was continued for an  additional ten minutes. The treated areas were 
sown with Sitka spruce, and dem onstration  plots o f Scots pine, Douglas fir and 
Norway spruce were also sown. The results o f the experiment are given in  
Table 1.

EFFECT OF TW O LEVELS OF STEAMING ON W EEDING TIMES AND THE MEAN HEIGHTS 
AND NUMBERS PER SQUARE FOOT OF ONE-YEAR SITKA SPRUCE, SCOTS PIN E , 

DOUGLAS FIR AND NORWAY SPRUCE SEEDLINGS

Table 1

Sitka spruce Scots pine D ouglas fir Norw ay spruce

Treatm ent

Average
steam ing

tim e
(minutes)

M ean
H t.
in
in.

Nos. 
per 

sq. ft.

W eeding
times

M inutes
persq.yd.

M ean
H t.
in
in.

Nos. 
per 

sq. ft.

M ean
H t.
in
in.

Nos. 
per 

sq. ft.

M ean
H t.
in
in.

N os. 
per 

sq. ft.

C ontrol 0 1.7 107 93.3 2.5 119 1.7 115 4.1 69

A 33 2.3** 115 9.3* 2.5 120 2.3 139 5.2 65

B 42.4 2.4** 109 12.1* 2.4 118 2.3 129 5.1 78

** H ighly significantly greater than  the control. 
* Highly significantly less than  the control.

The height growth o f Sitka spruce on sterilized soil was highly significantly 
greater than  on unsterilized soil. There was no benefit from  the additional ten  
minutes o f steaming. The num ber of seedlings was not significantly affected, 
but total weeding times for the whole season were drastically reduced on the 
steamed ground. Scots pine did not benefit from  the soil sterilization, bu t 
Douglas fir and N orw ay spruce both  produced a m arked increase in height 
growth. The yield o f Douglas fir showed an increase on sterilized ground- 
Variations in the num ber o f Norw ay spruce seedlings were inconsistent.

This experiment confirms previous indications that using the hood system 
of steam sterilization, larger areas o f  seedbed (150 sq.ft.) can be successfully 
treated at any one time, than with the standard  H oddesdon pipes (60 sq. f t.) .

15
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Costs are therefore greatly reduced. Steaming times were longer than the 
usual twenty minutes given in previous years.

Formalin and Steam—Residual Effects on Second Year Sowings
A t Tulliallan, Fife, an experiment (3.P.50.C. Extn. P .51) designed to  com pare 

steam  and form alin on areas treated with and w ithout com post, nitrogen and 
com bined dressing of potash and phosphate in 1950, was resown in 1951 
w ithout further treatm ent other than top  dressings o f nitrochalk given to  plots 
receiving nitrochalk in 1951. Sitka spruce sown on steam -treated plots showed 
a small (0.11 inch) but highly significant m ean height increase over plots not 
treated with steam. W eeding times were highly significantly less on steamed 
ground (3.8 minutes per sq. yd.) but the num ber o f seedlings was no t signi
ficantly affected. Form alin sterilization produced no residual benefit in any 
respect. For some unknow n reason in com post-treated plots the num ber of 
seedlings per sq. ft. was significantly reduced; and addition o f nitrochalk 
increased the mean seedling heights by 0.1 inch.

Formalin Sterilization
Experiments were laid down at Inchnacardoch, Inverness-shire; Mabie, 

Dumfries-shire; Benmore, Argyll; and Newton, M orayshire, to test the efficacy 
o f  “ Sisalkraft” paper and w ater as soil sealing agents following form alin 
applications at rates o f 0.1 and 0.05 gallon o f 38 per cent form alin in suitable 
am ounts o f water. Soil sealing agents were used to  determ ine whether the smaller 
am ount of form alin could be used to produce the same effect as the larger 
am ount on an unsealed soil. Results at all four nurseries showed that both 
concentrations of formalin highly significantly increased the m ean seedling 
heights o f Sitka spruce.

Sealing the soil by water o r “ Sisalkraft” had no outstanding effects on 
subsequent seedling grow th or num bers a t any o f the four nurseries, but sealing 
the soil with “ Sisalkraft” produced a significant reduction in weeding times at 
three o f the four nurseries. The fact that the paper cover reduced the weeding 
times suggests that the aim  was achieved to  some extent, but the improvement 
was small and not significantly shown in grow th responses.

On a seven-year-old portion of Inchnacardoch heathland nursery, formalin 
produced a highly significant benefit in height grow th to Sitka spruce seedlings 
and had no m arked effect on seedling numbers. Earlier trials o f form alin on new 
heathland nurseries did not produce height grow th responses. A similar trial 
was laid down in the oldest part o f Devilla heathland nursery, but “ cutw orm ” 
attack in late summer caused the experiment to be abandoned.

An experiment on an old established nursery soil at Kennington nursery, 
O xford, testing the effect o f form alin dosage, showed that application rates 
ranging from 0.05 to 0.20 gallon o f 38% form alin per square yard prior to 
sowing, greatly improved growth o f Sitka spruce seedlings. Application o f 
0.10 gallon of formalin in 0.50 gallon of solution with water increased the 
seedling mean height from  0.82 inches on untreated plots to  2.62 inches on 
treated plots. Application of 0.10 and 0.20 gallon of 38% form alin per square 
yard gave similar results, and both rates were appreciably better than the
0.05 gallon rate.

The total volume o f solution in which a given quantity o f form alin is applied 
has a marked effect on the grow th response. Application o f any of the above 
rates of formalin in 0.5-1.0 gallons of solution per square yard gave better 
results than application o f the same rates in 0.25 gallons or less, o f solution 
per square yard. (Vide Table 2).
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EFFECT OF VOLUMES OF SOLUTION CONTAINING EQUIVALENT AMOUNTS OF FORMALIN, 
ON THE GRO W TH AND PRODUCTION OF ONE-YEAR SITKA SPRUCE SEEDLINGS.

Table 2

T reatm ent Volume Total N o. o f
o f Solution per Seedlings per M ean ht.

sq. yd. plot o f  U  sq. ft. inches

1 gallon 199 2.73
A „ 207 2.51
i  „ 195 1.98
i- „ 217 1.66

Sig. Diff.
(P = 0 .05) 29 0.43

None of the application rates tested had any effect on seedling numbers. 
The reduced effect o f lower total volume applications on growth is probably due 
to inadequate penetration into the soil.

“ D-D”  Soil Fumigant Sterilization
W ork was continued for a second year at Newton, Benmore, Inchnacardoch 

and Fleet on testing the efficiency o f Shell “ D -D ” soil fum igant as a seedbed 
soil sterilizing agent, in com parison with form alin. As in 1950, three concen
trations o f “ D -D ” were used (150 lb., 300 lb. and 600 lb. per acre) and these were 
injected into the soil at a depth o f four inches four weeks before sowing. Two 
or three lines o f injection points were used for injecting the “ D -D ” into the 
soil, and two weeks before sowing the beds were cultivated to allow residual 
vapours to escape.

Periodic germ ination assessments in June and July showed that at Newton, 
Fleet and Inchnacardoch neither the concentration o f “ D -D ” nor the number 
of injection points per plot had any m arked effect upon the rate o f germ ination 
in the early stages. At Fleet, form alin had significantly accelerated germination 
by mid-July. At Benmore, where results were erratic, “ D -D ” and formalin 
highly significantly reduced the rate of germination.

At m ost nurseries results at the end o f the growing season showed that there 
were no significant differences for mean heights, to ta l num bers or weeding times 
o f Sitka spruce plots between the three different levels o f “ D -D ” or between the 
two m ethods o f injecting “ D -D ” into the soil. Exceptions were at Benmore 
where injecting the chemical in three lines highly significantly reduced weeding 
times in com parison with plots injected with “ D -D ” in two lines, and at Newton 
where injecting with three lines o f “ D -D ” per bed produced significantly taller 
seedlings (0.1 inches) than beds injected with two lines o f “ D -D ” per bed.

The overall effect o f “ D -D ” was to highly significantly increase the mean 
heights of seedlings at Benmore and Inchnacardoch, and to significantly reduce 
weeding times at Benmore and Fleet; it had no appreciable effect on the final 
yield of seedlings, at any o f the nurseries. In com parison with formalin, “ D -D ” 
did not produce such tall seedlings and its effect upon weed growth was very 
much less. During the first two years o f experiments with “ D -D ” as a soil 
sterilizing agent for Sitka spruce seedbeds, it has not com pared favourably 
with formalin in spite o f its cheapness and low cost o f application.

Soil Acidification
The 1950 experiment at W idehaugh Nursery in which acidification and 

partial soil sterilization with form alin were carried out, was resown with Sitka
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spruce seed with no further treatm ent except tha t all plots which had been given 
the standard  N .P .K . treatm ent in 1950 were again treated  with N .P.K . at 
standard  rates. Results showed tha t none o f the acidification treatm ents 
(4% sulphuric acid a t 1.1 gall./sq. yd., flowers o f sulphur a t 2.2 oz., 4.4 oz. 
and 6.6 oz. per sq. yd. and am m onium  sulphate a t 1.1 oz. per sq. yd.) produced 
any significant benefit or detrim ent to the height grow th o f the seedlings. 
All acidification treatm ents other than  the 4.4 oz. o f flowers o f sulphur 
significantly increased the num bers o f  seedlings, and the 6.6 oz. and 2.2 oz. 
levels of flowers of sulphur highly significantly increased the weeding times per 
plot. O ther acidification treatm ents increased the weeding times slightly but 
not significantly.

The residual effect o f form alin sterilization produced highly significant 
increases in  m ean seedling heights and to ta l num bers, bu t it had  no m arked 
effect upon weeding times. Plots treated w ith fertilizers produced a considerable 
response in seedling height growth and weeding times.

Manuring

Placement of Fertilizers
Placing drills of phosphate and potash, alone and in com bination, one inch 

below broadcast and drilled seed indicated visually tha t drilled phosphate in 
particular produces a very m arked increase in  height growth. Plots a t Fleet 
having broadcast seed, and drilled po tash  and phosphate, produced seedlings 
immediately above the drilled fertilizers 11 to 2 inches taller than seedlings 
growing between the drilled fertilizers. This general result was repeated at 
Newton, Tulliallan, Inchnacardoch and W auchope on a less striking scale. It 
confirms results obtained in similar experiments during previous years in that 
drilled phosphate produces very beneficial results at Fleet nursery but not 
elsewhere. The reason for this is obscure.

Forms of Applying Nitrogen to Seedbeds
The 1949 experiment, which com pared nitrochalk, flash, form alised casein, 

hoof and horn  meal, fish guano, and  vegetable meal, as nitrogenous manures 
for application to  nursery seedbeds, was repeated for a final time at each o f six 
nurseries. This year it was conducted on form alin-sterilized soil. Results 
were similar to  results obtained in previous years, namely that a t m ost nurseries, 
flash and formalised casein produce the tallest and largest num bers o f  seedlings. 
H oof and horn  meal and  fish guano produce reasonably tall seedlings, while 
fish guano and vegetable meal greatly reduce the to ta l yield o f seedlings. There 
were no m arked differences in  either m ean heights or to ta l num bers between 
plots treated with nitrochalk, as one third o f the weight applied before sowing 
followed by two equal dressings applied in early and late July, and plots in which 
the same to tal quantity o f m anure was applied in two equal top  dressings in 
early and late July.

As in 1950, germ ination assessments showed tha t the bulky organic 
m anures—fish guano and vegetable meal—produce a serious depressing effect 
upon the rate of germination.

Compost Trials
The experimental wheat straw and sawdust com posts prepared in 1950, 

using synthetic nitrogenous activators, were applied and tested in Sitka spruce 
seedbeds in 1951. The trials were conducted at two nurseries, one on an acid 
heathland soil and one on a loamy broadleaved w oodland soil. All the test
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composts were applied to the seedbeds a t the equivalent o f twenty tons per 
acre (net) a few weeks p rio r to sowing. Assessment o f  the crop at end o f  1951 
showed that sawdust com posts in general gave poor results, with the outstanding 
exception o f a com post consisting o f mixed sawdust, formalised casein and 
ground limestone (vide table 3). One year-old and two-year-old composts o f 
hops and sawdust were found to  be ineffective. There were no large differences 
in the appearance o f the com posts at the time o f application, and  the results 
are difficult to  interpret except in terms o f increased nitrogen supply in the 
com post containing formalised casein. The addition  o f ground limestone to 
straw and hops com posts, to  relieve acid conditions during the com posting 
process, had  no effect on the appearance or m anurial value o f the final com post.

W heat straw  com posted w ith form alised casein and ground limestone gave 
good results, while standard  straw  and  hops com post gave no significant growth 
improvement on either soil. On both  heathland and w oodland soils, composts 
of straw  and am m onium  sulphate, with and w ithout ground limestone, gave 
equally good results.

EFFECT OF APPLICATION OF STRAW OR SAWDUST COMPOST ON THE GROW TH OF 
ONE-YEAR SITKA SPRUCE SEEDLINGS

Table 3

T reatm ent
Seedling M ean Height a t one-year (inches)

H eath land  Soil W oodland Soil

1. U n tre a te d ............................................ 0.88 0.84
2. Straw  +  am m onium  sulphate .... 1.42 1.74
3. Straw  +  am m onium  sulphate +

ground lim estone ................. 1.90 1.65
4. Straw  +  form alised casein 1.64 1.85
5. Straw  +  hops .............................. 1.02 1.18

6. Sawdust +  hops (2 year com post) 1.29 1.09
7. Sawdust +  hops (1 year com post) 1.02 1.09
8. Sawdust +  form alised casein +

ground lim estone ................. 1.65 2.04

Sig. Diff. (P = 0 .05) 0.52 0.53

The results o f this trial serve to underline the im portance o f added nitrogen 
in the com post, and  also the difficulty o f judging the m anurial value o f a com post 
by eye inspection o f  its physical characters a t the end o f  the com posting period. 
F or example straw  and am m onium  sulphate, which appeared unsatisfactory 
because o f dryness and incomplete breakdow n, gave good results on both  soils, 
while straw and hops which appeared to  be an  excellent com post having a dark  
moist am orphous appearance gave poor results. After application o f incom 
pletely broken down, dry com posts there is a risk o f soil drying and seedling 
losses because o f soil consolidation difficulties. Special attention was paid to  
seedbed consolidation th roughout this trial, and none o f the com posts had any 
effect on seedling num bers, although commonly the effect o f  com post appli
cation is to increase grow th and depress seedling numbers.

A n experiment was completed which tested the im portance o f the degree 
o f decom position o f a com post when it is applied to the soil. Seedbed trials
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o f  a series o f straw/hopwaste composts, which had been com posted for periods 
ranging from  one to  seven m onths, showed no difference between com posts in 
their effect on growth and production o f Sitka spruce seedlings. It is not 
possible to draw any reliable conclusions from  this com parison, as breakdow n 
was rapid, and even the straw com posted for only one m onth before application 
was in a fairly advanced stage o f decomposition.

A series o f experimental com posts was prepared in 1950 to com pare the 
merits of hopwaste, poultry m anure and fish meal as activators for com posting 
bracken or straw. Contrasting effects were obtained in 1951 when these com posts 
were applied as seedbed dressings on an acid heathland and an agricultural type 
established nursery soil. Bracken or straw  with fish meal, and bracken with 
hops, m ore than trebled the production o f usable Sitka spruce seedlings per 
pound o f seed sown on the heathland soil, while on the agricultural soil no 
com post treatm ent had any effect. The small grow th response to com post 
treatm ent is a com m on feature o f older established nursery soils, and the use of 
com posts on such areas appears a doubtful economic proposition  when judged 
in terms o f the effect on immediate crop yields.

Soil Mulching Trials
The experiment started at W areham  heathland nursery during 1950, to 

examine the beneficial effects o f mulch application, was sown with Sitka spruce 
and Pinus contorta as test crops in 1951. The experiment was designed to test 
the size o f the effects o f the late D r. M . C. R ayner’s technique o f applying a 
green bracken mulch to com posted ground during the summer and winter 
p rior to cropping wi'th tree seedlings.

In the present trial, com post was worked into the soil in M ay, 1950, at a 
rate equivalent to 20 tons per acre. The mulch treatm ents were applied immedi
ately afterwards and allowed to remain on the soil until seedbed preparation  in 
M arch, 1951. In the mulch treatm ents a com parison was m ade between a 
heavy green bracken mulch, and a mulch consisting of inert cellulose fibre. 
Unmulched plots were rough cultivated and treated as bare fallow throughout 
1950. In M arch, 1951, all mulches were lifted, seedbeds prepared and seed 
sown with no further m anurial treatm ent. Assessment o f the seedling crop at 
the end of the season showed that both com post and mulch treatm ent had a 
m arked effect on seedling growth in 1951. (See Table 4).

EFFECT OF COMPOST AND MULCH APPLICATION ON THE GRO W TH AND PRODUCTION 
OF ONE-YEAR SEEDLINGS OF SITKA SPRUCE AND PINUS CONTORTA (W AREHAM 1951)

Table 4

(a) Mulching

T reatm ent

Sitka Spruce 1 +  0 Pinus C ontorta  1 +  0

M ean Height 
inches

N um ber o f 
Usable 

Seedlings 
per lb. o f 

seed

M ean Height 
inches

N um ber o f 
Usable 

Seedlings 
per lb. o f 

seed

0. N o mulch .............................. 1.29 27,600 1.30 10,900
1. Inert cellulose mulch 1.11 18,500 0.99 5,500
2. Bracken m ulch ................. 2.01 59,700 1.68 17,300

Sig. Diff. (P= 0 .05) 0.34 — 0.28 —



(b) Compost
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Sitka Spruce 1 +  0 Pinus C o n to rta  1 +  0

T reatm ent M ean Height 
inches

N um ber o f 
Usable 

Seedlings 
per lb. o f 

seed

M ean H eight 
inches

N um ber o f  
Usable 

Seedlings 
per lb. o f 

seed

0. N o com post 1.09 21,100 1.16 8,700
C. C om post .............................. 1.85 49,400 1.48 13,700

Sig. Diff. (P = 0 .05) 0.27 — 0.23 —

Neither com post or mulch treatm ent had any effect on total seedling 
production o f either species. C om post application in the spring o f the season 
before sowing greatly increased the height grow th o f Sitka spruce. Pinus 
contorta was also im proved, but the effect was smaller.

Bracken mulch greatly increased the grow th o f Sitka seedlings and slightly 
improved the grow th o f Pinus contorta. Inert cellulose mulch, on the other hand, 
had practically no effect on Sitka spruce and actually depressed the growth of 
Pinus contorta seedlings. The growth benefits from  com post treatm ent were 
entirely unaffected by subsequent mulch or bare fallow treatm ents.

The superiority o f green bracken m ulch over the inert cover suggests strongly 
that a large part o f the bracken effect is due to nutrients, possibly potash, 
being leached from  the bracken into the soil below. The effect o f mulching is 
large in the case of Sitka spruce, and  experiments are being continued to test 
the effects o f other types of mulch and m ore complete soil covering.

Organic and Inorganic Manuring in Heathland and Woodland Nurseries
An experiment designed to com pare the effects o f greencrop and compost 

on newly opened heathland nurseries was started at Broxa M oor, Langdale 
Forest, Yorkshire.

At Littleburn Nursery, Kilcoy Forest, Ross-shire, the same experiment 
started in 1949 was re-sown with Sitka spruce seed for the second year. Plots 
receiving com post in the previous year were retreated with com post a t half 
rates (5 lb./sq. yd.) and phosphate, potash and nitrogen were given at standard 
rates to plots treated with these m anures in the previous year. End-of-growing- 
season results indicated that complete fertilisers applied to ground treated with 
greencrop two years previously, or to ground treated with neither greencrop nor 
compost, produced the tallest and greatest yield o f seedlings. C om post had a 
reducing effect on both mean heights and total num bers, whereas greencrop- 
treated ground increased mean heights significantly and had no significant 
effect on total num bers. There is no satisfactory explanation available for these 
adverse second year residual effects o f compost.

Long-Term Fertility Demonstrations
The long term  fertility dem onstration at Inchnacardoch was continued into 

its thirteenth year.
At Teindland, M orayshire, w oodland nursery, the Nursery N utrition 

Advisory Sub-Committee dem onstration continued into its second year. This 
dem onstration com pares artificial fertilisers only, com post only, and com b
inations o f the two, with untreated ground. End o f season assessments are 
reproduced in Table 5. These indicate that artificial fertilizer alone is still 
the m ost satisfactory and productive treatm ent.
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TE1NDLAND WOODLAND NURSERY FERTILITY DEMONSTRATION, END-OF-SECOND-YEAR 
HEIGHT AND NUMBER PRODUCTION FIGURES FOR SITKA SPRUCE AND PINUS 

CONTORTA ONE-YEAR SEEDLINGS
Table 5

Sitka spruce Pinus C ontorta

M ean Nos. Nos. per M ean Nos. N os. per
T reatm ent hts. per sq. ft. over hts. per sq. ft. over

in. sq. ft. 11 in. tall in. sq. ft. 11 in. tall

C ontro l .............................. 0.5 140 1 1.0 131 6
Artificials only ................. 1.7 152 84 2.2 127 98
C om post o n ly .............................. 0.8 139 11 1.3 123 24
Artificials and com post 1.2 146 32 1.9 135 88

A t N ew ton the N ursery N utrition  Advisory Sub-Committee dem onstration 
com paring greencropping, com post, artificial fertilisers, sterilization and 
continuous cropping, alone and  in various com binations, was sown for the first 
time. Results at the end o f the first season indicated that sterilization treatm ents 
produce the greatest -benefit to  height grow th, while artificial fertilisers also 
producing considerable response. Neither com post or greencrop had any 
appreciable effect on m ean heights, but organic m anures in com bination 
together slightly reduced the to tal num bers o f seedlings. The reduction in 
seedling num bers on areas treated with bulky organic m anures in spring was 
common to m any Scottish nurseries in 1951. A dry period o f weather immedi
ately following seed sowing is probably the main cause o f these reductions. 
The greencrop was not expected to have any im m ediate beneficial effect, but 
rather a long-term one in m aintaining fertility in com parison with continuous 
cropping with conifers.

Grass Leys and Greencrops
The experiment started on an  old, regularly cropped section o f Kennington 

nursery, Oxford, to  test the value o f  grass and clover ley for im proving soil 
productivity, was concluded. In 1951, all plots were resown w ith Sitka spruce 
to examine the residual effects o f ley and  fallow treatm ents applied in  1947 and 
1948. As in 1949 and 1950, no im provem ent o f  soil productivity was detectable 
as a result o f continuous ley during 1947 and  1948. A n interesting and  
unexpected effect was th a t plots continuously fallowed during 1947 and 1948 
showed a significantly greater to ta l production  o f Sitka seedlings in 1951 than 
plots under ley in 1947-48. Land cropped with trees annually since 1947 showed 
similar production  figures to the ley plots in 1951.

In  a trial at W areham  heathland nursery it was found that incorporation of 
a green crop o f oats, ryegrass and tares in 1950, p rio r to  mulching w ith bracken 
for the rem ainder o f the season, resulted in poorer tree seedling grow th in 1951 
than continuous mulch soil cover throughout 1950. The growth difference 
was m ost pronounced on spruce, larch, and pine seedlings; beech seedlings were 
unaffected.

Seedbed Watering and Irrigation
A trial started at Kennington Nursery, O xford, in 1950 was repeated in 1951, 

using an overhead sprayline sprinkler system to com pare two contrasting 
w atering regimes in their effect on the grow th and  production  o f one-year 
conifer seedlings. The two irrigation treatm ents were:—
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1. A pplication o f 0.5 inches o f irrigation water whenever the soil m oisture 
deficit reached 0.5. inches.

2. A pplication o f 1.5 inches o f irrigation w ater whenever the soil m oisture 
deficit reached 1.5 inches.

The rainfall during the growing season was appreciably lower than  during 
the same period in 1950, but it was again above the average for the nursery, 
(vide Table 6).

RAINFALL, AND IRRIGATION WATER APPLICATION, MAY— SEPTEMBER, 1951 
Table 6

M onth
A verage Rainfall 

for N ursery 
(inches)

1951 Rainfall 
(inches)

Irrigation  W ater 
A pplied (inches)

T reatm ent 1 T reatm ent 2

M ay ................. 1.8 2.39 1.25 0.93
June ................. 1.8 1.23 2.97 1.56
July .............................. 2.6 1.29 3.89 3.07
August 2.0 4.18 0.13 —

Septem ber ................. 2.2 2.29 0.88 —

T O T A L  ................. 10.40 11.38 9.12 5.56

Irrigation treatm ents were applied m ost frequently during the two dry m onths 
o f June and July. There was a dry spell during the im portan t germ ination 
period in the second and  third weeks o f M ay when irrigation water greatly 
im proved the progress o f  germ ination, particularly in the case o f Sitka spruce. 
Assessment o f  stock at the end o f the growing season showed that both irri
gation treatm ents increased grow th and  to tal seedling production for this 
species. (Vide Table 7).

EFFECT^OF IRRIGATION TREATMENT ON GRO W TH AND PRODUCTION OF 
ONE-YEAR SEEDLINGS OF SITKA SPRUCE

Table 7

T otal Seedling Seedling mean
T reatm ent Production  per lb. H eight at End

o f  seed sown o f Season (inches)

0 49,000 1.77
1 89,000 2.26
2 82,000 2.19

As in the 1950 trial, irrigation alm ost doubled to tal seedling production 
com pared with unwatered plots. The grow th effects do not appear large when 
expressed in term s o f seedling m ean height, but the sum o f production  and 
growth effects resulted in a doubling o f the num ber o f usable one year seedlings 
at the end o f the year. There were no significant interactions between irrigation 
and com post o r fertilizer m anurial treatm ents.

Sitka spruce showed the largest response to watering o f any o f the species 
tested. W atering increased seedling production o f Corsican pine and Japanese 
larch, but had  no significant effect on D ouglas fir. N either regime affected 
the seedling grow th o f  any o f these three species.

A similar trial, on a larger scale, was carried out on rising one-year seedbeds 
o f Sitka spruce, N orw ay spruce, Scots pine, and Japanese larch at W idehaugh
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Nursery, N orthum berland, in 1951. Two irrigation treatm ents were applied 
as follows:—

(1) Soil m aintained as near field m oisture capacity as possible.
(2) Soil allowed to develop a m oisture deficit equivalent to  2 inches of 

w ater by the end o f August.
The rainfall at W idehaugh during M ay, June and July was below the m onthly 

average for the locality, but the rainfall in August was well above average and 
no irrigation was necessary on any o f the plots from  early August onwards. 
It was found impossible to  conform  to treatm ent 2, as the heavy rain in August 
made up the soil m oisture deficit which had been gradually allowed to build up 
from mid-M ay onwards. The highest deficit reached in this treatm ent was 1.35 
inches at the end o f July.

A to tal o f 5.84 inches of irrigation w ater was applied in treatm ent 1, during 
the period M ay 19th to July 31st, com pared with 4.13 inches in treatm ent 2 
in the same period. The effect o f both  treatm ents on seedling grow th was 
negligible, but the to tal production o f seedlings was greatly increased in the 
case o f Norw ay spruce, and appreciably increased for Sitka spruce and Japanese 
larch. The growth and production o f Scots pine was unalfected. The grow th o f 
all species was poor in the W idehaugh trial and it seems likely that some factor 
other than m oisture was limiting. This trial is to be repeated in 1952, with 
the addition o f a partial soil sterilisation treatm ent as a possible remedy for 
the overall low productivity found in 1951.

Chemical Control of Weeds in Forest Nurseries

A. Weed Control in Seedbeds
Following on the promising results with mineral oils in 1949 and  1950 

experiments, a series o f “ user” trials were carried out in seven nurseries in 1951, 
with the object of testing the best treatm ents on a practical scale. Two grades 
o f vaporising oil and white spirit were applied as pre-emergence sprays at 
100 ml./sq. yd., and as post-emergence sprays at 40 ml./sq. yd. to rising one-year 
seedbeds o f Corsican pine, Scots pine, Norw ay spruce and Sitka spruce.

All pre-emergence treatm ents were successful. The weed control was good 
in all nurseries, and there was no evidence of dam age to the tree crop except in 
cases where seedlings were emerging at the time o f application. The results o f 
post-emergence spraying were m ost variable. In all cases application of 
vaporising oil as a post-emergence spray dam aged the tree seedlings, often fatally. 
Post-emergence application o f white spirit was m ore successful, but the results 
were variable; in some instances severe dam age was done to the tree crop. 
The weather conditions and stage o f growth o f the tree seedlings at the time o f 
spraying undoubtedly affect their sensitivity. Both pine and spruce seedlings 
are most sensitive during the first few days after emergence and for two or three 
weeks after the seed testa has fallen. H ot sunny weather at the time of spraying 
also appears to increase the sensitivity o f the crop to treatm ent.

The variable crop damage following post-emergence mineral oil spraying in 
1951, has arrested practical development o f this treatm ent until the causes of 
variation can be investigated in m ore detail. Trials to test the sensitivity of 
seedlings of a range o f species to post-emergence white spirit applications 
showed that Thuja plicata appears to be resistant, and rising one year seedlings 
were undam aged after as many as three applications o f white spirit at 60 ml. per 
square yard between early July and late September. Similar applications to 
Japanese larch and Douglas fir resulted in a severe grow th check after the second 
application. A single application o f 60 ml. white spirit per square yard in 
mid-summer caused negligible damage to these species. As for pine and spruce,
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spray treatm ents shortly after seedling emergence or just after the testa has 
fallen were the m ost damaging.

Experiments com paring the effectiveness o f several pre-emergence seedbed 
weed control treatm ents were completed. Treatm ents included spraying prior 
to tree emergence with dilute sulphuric acid, allyl alcohol, iso-propyl phenyl 
carbam ate emulsion, sodium  chlorate and vaporising oil. All treatm ents were 
com pared with flame gun treatm ent o f the bed and norm al handweeding. 
Experiments in two nurseries on beds o f  Corsican pine and Sitka spruce showed 
vaporising oil applied at 100 ml. per square yard three to four days before tree 
emergence, and 0.5 per cent sodium  chlorate at 600 ml. per square yard 7 days 
after sowing, to  be the best treatm ents. N o crop dam age was done, and both 
treatm ents reduced weeding costs for the season by 85 per cent com pared with a 
45 per cent reduction following flame gun treatm ent.

Spraying with 1 per cent sulphuric acid or iso-propyl phenyl carbam ate 
emulsion greatly reduced weeds, but also reduced the num ber o f trees o f both 
species. Similarly 0.2 per cent allyl alcohol at 5 litres per square yard, seven 
to ten days before sowing, alm ost eliminated weedgrowth, but drastically 
reduced the grow th and num ber o f Sitka spruce seedlings; Corsican pine was 
less affected; growth was reduced but no reduction in seedling num bers occurred.

B. Weed Control in Transplant Lines
Application o f vaporising oils o r white spirit m ineral oil for control o f 

weeds in transplant lines was found to give variable results. Weed control 
was satisfactory, but the am ount of damage to the tree crop varies greatly 
according to species and the stage o f application.

M id-August application o f vaporising oil or white spirit a t 100 gallons per 
acre as an overall spray caused foliage scorch o f rising one-plus-one transplants 
of Scots pine, Corsican pine, Japanese larch, beech and oak. On Scots pine and 
Japanese larch m any term inal shoots were killed, while on oak and beech all 
young grow th was killed back and m ature leaves showed severe burning. 
Lawson cypress and Norw ay spruce showed only slight foliage damage, and no 
growth check was apparent. W hite spirit also caused crop damage, but less 
severe than that following vaporising oil treatm ent.

The same treatm ents applied to other plants one m onth earlier, in mid-July 
1951, caused negligible dam age to  spruce and pine transplants.

The m ost satisfactory results were obtained by restricting the oil sprays 
to the soil surface and the stem bases o f the transplants, by means o f a hooded 
sprayer. This technique resulted in high degree of weed control and negligible 
damage to the m ost sensitive tree species.

Season and Date of Lining-out
The 1949 lining-out experiment was repeated at five northern nurseries, 

viz. Inchnacardoch, Tulliallan, Benmore, Mabie, and H arwood Dale, Allerston 
Forest, Yorkshire, using rising one-year and rising two-year Scots pine and 
Sitka spruce seedlings. Lining-out took place at intervals from  early August 
1950 to mid-April, 1951. As in 1949, the seedlings were separated into height 
classes a t the time o f lining-out in order to determ ine the relationship between 
initial size and subsequent survival and growth.

Rising One-Year Scots Pine. Seedlings one to two inches high, lined out in 
late autum n and early winter, suffered heavily from  frost-lift. Early m id-spring 
lining-out produced the greatest yield o f survivals. For seedlings two inches 
and over, from m id-October onwards was a safe and suitable period for the 
operation at m ost nurseries.
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Rising Two-year Scots Pine. All height classes tried a t Tulliallan and M abie, 
and all classes under four inches at Inchnacardoch, gave unsatisfactory results 
a t all the times under test. A t Inchnacardoch plants over four inches lined out 
in early August, early September and m id-O ctober proved to be the m ost 
satisfactory. All height classes and dates gave successful results at Benmore 
and H arw ood Dale.

Rising One-year S itka  Spruce. N o treatm ent was successful at Inchnacardoch, 
but at the rem aining nurseries M arch to  April treatm ents were outstandingly 
the best for all height classes from  one to  four inches.

Rising Two-year S itka  Spruce Seedlings. There was some evidence that it is 
possible to  line out plants over 6 ins. tall successfully in August a t H arw ood 
Dale and Inchnacardoch. A t Tulliallan six-inch plants lined out in April were 
the only successful group; whereas a t Benmore and M abie, Novem ber to 
April proved a suitable period for plants over 3 inches tall.

Miscellaneous
Soil Heating

A t Tulliallan a trial was started to determ ine the effect o f artificial bottom  
heat on Sitka spruce seedlings. A large fram e was filled with four separate 
soil types above electrically heated soil warm ing wires. The soil types used 
were: John Innes com post N o. 2; Devilla pinewood soil fortified with com post 
at 21J tons per acre; a heavy clay loam  from  Tulliallan with com post at 30 tons 
per acre; a m edium  loam  from  Tulliallan w ith com post a t 21 i tons per acre. 
All soils were sterilized with form alin and given the standard  dressing of 
nitrogen, phosphate and potash.

Seed sown on April 7th was given bottom  heat for 52 days to m aintain surface 
soil tem peratures o f approxim ately 65°F. After this period the heating was 
stopped and the plants were allowed to “ harden off” . Subsequently the over
head glass was removed and the plants were allowed to  continue growing under 
normal Tulliallan conditions. Table 8 shows the final assessment figures at 
the end o f the growing season.

END OF SEASON HEIGHTS AND NUMBERS OF ONE-YEAR SITKA SPRUCE SEEDLINGS 
GERMINATED AND GROW N ON FOUR SOIL TYPES ARTIFICIALLY HEATED TO 

PRODUCE A SURFACE TEMPERATURE OF 65°F FOR 7 WEEKS

Table 8

Soil type
M ean Height 

in inches
Percentage 

over H "  tall
N um bers 

per sq. ft.

John Innes N o. 2 3.9 98% 104
Pinewood soil +  com post 5.5 100% 89
Heavy clay loam  +  com post 5.7 98% 101
M edium  loam  +  com post 4.6 99% 83

Sitka spruce raised during the same period in Tulliallan nursery on com post 
treated soil, but w ithout bottom  heat and  overhead glass, produced seedlings 
from  0.5 inches to  1.0 inches tall. The results obtained indicate th a t bottom  
heat can be used to ensure the production  o f “ usable” one year seedlings of 
species which norm ally require two years in ou tdoor seedbeds. The economics 
o f  such soil heating have not yet been fully worked out.
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Root Pruning
Experiments were started at Tulliallan and Newton to determ ine the effect of 

root pruning one-year and two-year Scots pine and Japanese larch seedlings. 
The main object o f the work is to find whether root-pruned seedlings produce 
root systems and heights com parable to sim ilar plants lined-out. If  success
ful the technique may considerably cheapen the production o f planting stocks 
in established nurseries. In the experiments the two species have been sown at 
three sowing densities, viz. norm al, ha lf norm al, and quarter norm al, so that in 
the two latter densities greater roo t and shoot space will be given to the plants 
which will be remaining two or three years in the beds.

Maleic Hydrazide as a Growth Inhibitor
At W ykeham, Tulliallan and M abie, Sitka spruce and Douglas fir plants were 

lined out in October in readiness for spraying with concentrations o f 0.2% ;
0.1% ; 0.075% ; 0.05% ; and 0.025% solutions o f maleic hydrazide in water. 
Maleic hydrazide is known to have a growth-inhibiting effect upon certain plants 
and it is possible that it may prove useful in retarding the growth o f “ stand 
over” beds o f surplus seedling or transplant stocks which would otherwise have 
to be destroyed. U nfortunately the plants at all centres suffered severe loss 
through wind blast and frost lift, and accurate assessments o f the experiment 
were impossible. The chemical is being tried in 1952 on one-year seedbeds of 
a variety o f species.

Growth Promoters
At Tulliallan and Q uarry W ood (M orayshire) a commercial mixture of 

vitamins and horm ones was applied on a trial scale at recommended strengths in 
solution, to seed and rising seedlings o f Sitka spruce. End o f season assessments 
indicated that the m aterial had little or no effect on the height grow th or 
numbers o f this species.

Nursery Machinery

Fertilizer Application and Seed Sowing
A num ber o f trials were carried out in 1950-51 to test the suitability of 

several existing commercial machines for use in forest nurseries. A satisfactory 
machine for broadcast application o f fertilizers to  seedbeds was found, and it 
is now being fitted w ith a precision delivery control to perm it its use as a 
broadcast seed sower.

Formalin Application
W ork is proceeding on a m ethod o f mixing and applying form alin, using 

equipment already available to m ost nursery foresters. Trials have been 
completed o f a tractor-draw n trailer fitted with a pum p and spray boom  for 
application o f formalin solution to seedbeds, with good results.

Weedkiller Spraying Machine
A prototype wheeled pressure sprayer for application o f weedkillers to 

seedbeds and transplant lines was tested in 1951. The machine, which can be 
propelled by hand or drawn by tractor, has proved capable o f controlled 
application o f liquids to seedbeds at volumes from 5 to 100 gallons per acre.

Root pruning
A sledge type o f root pruner has been produced in co-operation with 

D irectorate M echanical Engineer (Scotland). Prelim inary trials have shown 
that on stone-free loamy soils the m achine is quite suitable for cutting through 
one year old roo t m aterial.



WORK ON PROBLEMS OF AFFORESTATION  
IN SC O T L A N D  AND N O R T H E R N  EN G L A N D

By J. W. L. Z E H ETM A Y R
Assistant Silviculturist

Once again a large program m e o f experimental planting has been under
taken; approxim ately a quarter o f a million plants o f some forty species were 
employed and the area planted exceeded one hundred acres. In  order to  ensure 
that adequate supervision and labour can always be available for these new 
experiments, attention is being devoted to  closing and writing-up older experi
ments which have served their purpose. In  some cases the experiments may still 
be useful for dem onstration; bu t if this is no t the case the areas are handed 
back to the Conservancy. Over one hundred  experiments have been closed in 
this m anner during the last two years.

Trial Plantations
The work at W atten (Caithness), K ielder (N orthum berland) and Halifax 

(Yorkshire) is in continuance o f tha t started  in previous years, the planting 
being spread over a num ber o f  years so th a t the risks o f encountering an 
exceptionally good or bad season are minimised. The w ork a t Halifax is once 
again being undertaken in co-operation with Halifax C orporation, while that 
in Caithness is on behalf o f  the D epartm ent o f  A griculture for Scotland. 
Table 9 gives details o f the trial p lantations laid dow n in the past year.

TRIAL PLANTATIONS LAID DOW N IN 1951-52
Table 9

Forest o r Estate
A pprox.

area
acres

M ain features o f  site M ain species

W atten, Caithness 30 Exposed deep poor peat Shore p in ef
Kielder, N orthum berland 
Halifax C orporation  W ater

11 Exposed high lying peat area Shore p inef

C atchm ent Area 14 V ariable soils and peat, ex
posed to  industrial fumes.

Japanese larch 
Lodgepole pine* 
Sitka spruce

Cleveland, Yorks. 5 Exposed heathland. Scots pine, Shore 
pi nef, Japanese 
larch, Sitka spruce 
Serbian spruce

t =Pinus contorta D oug.
* =  „  ,, var. murrayana Engel. (= v a r . latifolia  S. W atson.)

The inclusion o f a plantation based on a m atrix of Japanese larch on the 
best bracken ground at Halifax is a new departure. The object is to  obtain at 
least one mainly deciduous plantation, in an endeavour to  escape the effects 
o f the fumes on the foliage during winter, when the severest dam age is caused 
to evergreen conifers. The bulk o f the land available is, however, unsuitable 
for either larches or hardw oods, so that the problem  on these sites is to find 
the m ost smoke resistant evergreen conifer.

28
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The Cleveland site is on heathland o f unusual type with a patchw ork o f  
vegetation locally dom inated by Calluna, Juncus communis, J. squarrosus. 
Nan/us, Deschampsia flexuosa  and Empetrum.

During the year Lewis, Hoy in Orkney, and the M ainland of Shetland were 
visited in connection with schemes for trial p lantations or shelter blocks.

Species and Mixture Trials
W ork has continued at Inchnacardoch, Inverness-shire, and K ielder, 

Northum berland, on the collections o f  plots o f species and mixtures planted 
with modern m ethods o f ground preparation. In addition  p art o f the large 
uniform area of deep peat in the trial plantation  at W atten, Caithness has been 
used for a com parison both o f various species in m ixture with shore p ine 
(P. contorta), and also o f  various m ethods o f  arranging the mixture using 
constant proportions o f the two species.

The selection o f a num ber o f plots for com parisons o f  tim ber volume in the 
Wykeham experimental reserve in A llerston forest, Yorkshire, m arks a new 
departure in the work on com parison o f species. These plots cover not only 
five species (Scots, Corsican and lodgepole pines, Japanese larch, and Sitka 
spruce) but also four m ethods o f ground preparation ; patch  preparation o f the 
pre-ploughing era, shallow ploughing (1928-30) and two intensities o f deeper 
ploughing (1931-39). This series, which will com prise some forty one-ten th  
or one-twentieth acre plots, should provide com parative da ta  on the long 
term  effects o f ploughing as well as close com parisons o f the grow th o f different 
species. As other experimental areas come to the thinning stage, it is intended 
to establish similar plots to provide both direct com parisons between these 
areas and also to give indications o f the outturn  to be expected from  land below 
the range of quality classes covered by the current yield tables.

Ploughing
A long term  ploughing experiment has been planted on poor heathland with a 

strongly developed podsol, in the F inlay’s Seat experimental area at Teindland, 
M orayshire. The object is to  obtain inform ation, over one or m ore ro tations, on 
the effects o f ploughing to various intensities. Six treatm ents were employed in  
replicated one-acre plots, these were:—

A. Deep single-furrow ploughing to twelve to sixteen inches depth at five- 
foot intervals, corresponding with current practice on these heaths, 
which are generally ploughed by R .L .R ., Solotrac or Begg ploughs.

B. Single-furrow “ tine” ploughing at five-foot intervals, incorporating  
subsoiling with a tine to shatter the pan, and the turning out o f a 
furrow some six to  eight inches in depth. This plough was the first 
to be hydraulically m ounted, and was developed by the staff o f D irector 
(Scotland). I t is replacing the deep single-furrow ploughing to  a  
considerable extent on the eastern heaths.

The above two treatm ents are the only ones for which economic m achinery 
is at present available.

C. Complete shallow ploughing to six to eight inches depth.
D. Complete shallow ploughing to six to eight inches with subsoiling.
These two treatm ents were carried out with an agricultural plough, the  

Fisher H um phrey “ Bracre” . The subsoiling was carried out in advance w ith a 
tine from  which the m ouldboard had been removed, and reached depths o f  
sixteen to twenty inches, possibly the greatest depth to which soil disturbance 
has been carried on heathlands in  this country.
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E. Deep complete ploughing to twelve to  sixteen inches depth.
F. Deep complete ploughing to  twelve to  sixteen inches d ep th ,’ with 

subsequent re-cultivation of the surface soil.
These treatm ents at present would be quite uneconomic, but are the logical 

extreme treatm ents for the series, and were carried out with a modified Solotrac 
plough. Subsequent cultivation with a H ow ard R otavator m ounted on a 
Ferguson tractor was m ost successful, and a very good tilth  was produced. 
This range of treatm ents is designed to  give evidence on the effect o f increasing 
the volume o f soil turned over, by ploughing to  greater depth or over an 
increased proportion  o f the surface area. A t the same time it is hoped to evaluate 
the effect o f breaking the pan which lies here a t from  ten to fifteen inches; thus 
pan  shattering has been achieved by both  the deep ploughing and the tine 
subsoiling.

Two m ain crops have been planted in these plots, each subplot being large 
enough to  provide for volume m easurem ent of the tim ber in later years. Scots 
pine was used as the species native to the site, and secondly, a m ixture o f true 
lodgepole pine (P. contorta var. murrayana) and Japanese larch, which is the crop 
thought to  be the m ost economic in the light o f results from experiments planted 
over the past twenty-five years. It is hoped tha t this experiment will be the 
first o f a series o f this nature.

Manuring
W ork has continued on the placem ent and differential distribution of 

phosphate in mixtures of different species, in order to  obtain equal early growth, 
the background to which was outlined in last year’s report. A t the same time 
large-scale trials of phosphate are being started on marginal land where phos
phate is not essential and would not norm ally be employed, in order to determ ine 
w hether in fact its use could be justified by increased production. Small 
exploratory experiments have also been commenced at Broxa to investigate 
the effects o f lime applied at the tim e o f planting to both  hardw oods and 
conifers.

Relief of Checked Sitka spruce
A num ber o f experiments have been started on relief m easures, following 

surveys o f checked spruce areas carried out in recent years a tC lashindarroch, 
Aberdeenshire, and in the Border forests. Treatm ents under test include dra in 
ing, mulching, m anuring and interplanting with nurse species. N itrogenous 
fertilizer applications to semi-checked spruce have produced striking im prove
ments in colour and growth at Broxa, though it is as yet too early to predict 
how long the response will persist.

Draining
The laying down o f the large-scale draining and thinning experim ent at 

Newcastleton, Roxburghshire, an outline o f which was given in last year’s 
report, was completed.

Trials of a Rabbit Repellent
Two small experiments were laid down in 1950 to test a proprietary  rabbit 

repellent in areas at Benmore, Argyllshire, and A uchenroddan, Dumfries-shire, 
where plantations had been continually attacked. Plants o f N orw ay spruce 
were either dipped before planting or sprayed after planting w ith various 
concentrations o f the repellent, suitable controls being left untouched. The 
application proved quite useless and within a few days rabbit dam age was 
evident throughout the plantings, while in a m atter o f m onths dam age was 
classed as severe.
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Shelterbelts
At Skiall in Caithness an experimental shelterbelt, one and a half chains wide 

and fifteen chains long, has been planted on a very exposed ridge. Based on 
experience gained with a twenty-five year old belt at Inchnacardoch it is to  serve 
as a pilot trial for further belts in the far north. The main species used are, in 
order, an outside line o f prostra te  m ountain pine (P. mugo. var. pumilio) followed 
by two lines of the upright form  (var. uncinata) and three of shore pine (P. con
torta). A central belt contains seven lines o f mixed shore and Scots pines, the 
latter included as a possible source o f small timber, and on the far side the rows 
of shore and m ountain pines are repeated in reverse order.

These nineteen lines o f plants, spaced at five feet apart, run the whole length 
o f the belt, but within the lines various spacings of from two to six feet are 
being com pared in order to  find out whether or not the early canopy obtained 
by close spacing is, or is not, offset by later difficulties in tending through plants 
becoming congested. Com plete ploughing was undertaken, using the Fisher 
Hum phrey “ Bracre” agricultural plough, and after planting phosphate was 
applied to  all plants. The effect o f outside shelter by close mesh wire netting 
fencing is also being tested as a further aid to early form ation of canopy.

THE 1945 BR OO M AND PINE NU RSI NG  
E X P E R I M E N T S  AT C O L D H A R B O U R ,  

W A R E H A M  F O R E S T ,  D O R S E T

By M. N IM M O
Assistant Silviculturist

In the 1949 Annual Report the C oldharbour nursing experiments were 
briefly m entioned under the general heading of “ Experiments on Lowland 
H eaths” and it is now thought that they merit a more detailed report.

A m onth or two before planting, the ground was ploughed with an R .L.R . 
plough in single furrows at 41 ft. apart. The four experiments concerned, 
numbers 70 to 73, are o f similar size and layout, each having three replications 
o f  the following five treatm ents:—

A. Pure plots o f the nursed species.
B. 2 row—2-row mixture o f the nursed specie's and Scots pine.
C. ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, Corsican pine.
D. As “ B” but broom  sowings on prepared patches between both pines 

and the nursed species.
E. Nursed species intersown with broom  patches.
All the plants and the broom  sowings each received an application of 

phosphate consisting of 2 oz. o f bonemeal, with the exception o f some control 
furrows along alternate edges o f the plots. The nursed species are Sitka spruce, 
Norway spruce, Douglas fir and Tsuga heterophylla. Owing to shortage o f 
plants the Tsuga could not be put out in 1945 but were introduced in 1946.

U nfortunately ground variation has led to somewhat uneven success with 
the broom  sowings, and for this reason means are given separately for results 
where the broom  is vigorous and for the aggregate mean of the broom  plots.

This ground variation prevents proper statistical analysis o f these experi
ments, but the differences between growth in the controls and in the phosphate



32 R E P O R T  O N  F O R E S T  R E S E A R C H , 1952

and broom  plots are such as to be beyond doubt. The following table gives 
the results o f  assessments m ade in April, 1952.

HEIGHT AND SHOOT GRO W TH OF VARIOUS CONIFERS, GROW N PURE AND IN MIXTURE 
W ITH CONIFER AND BROOM NURSES

T able 10

T reatm en ts (M casurem erits in Inches)

Expt. N o.
and

Planting
Y ear

Pure
Plots,
plus

P hospha te

S cots
pine,
plus

P hospha te

C orsican
pine,
plus

Phosphate

Scots pine 
and  B room  

plus 
P hosphate

B room , 
plus P hospha te

N ursed
Species

A ssess
m ent C on tro l

G eneral
M ean

M ean where 
Broom  

is vigorous

70.P.45 Sitka
Spruce

Height
Shoot

19.7
0.6

34.4
1.6

33.1
1.3

36.1
1.5

52.3
7.5

51.9
7.1

70.6
11.1

71.P.45 N orw ay
Spruce

Height
Shoot

12.3
0.5

20.8
1.4

24.7
1.9

20.3
1.4

33.6
4.5

50.9
11.0

55.5
13.3

72.P.46 Tsuga H eight
Shoot

19.0
1.6

24.7
2.0

23.2
2.0

31.6
3.8

28.0
4.3

47.2
9.4

53.0
10.2

73.P.45 D ouglas
fir

Height
Shoot

28.0
2.1

42.5
3.7

47.6
4.0

35.2*
3.0

36.0*
2.2

63.2
10.8

96.7
23.1

*N ote .—These figures are due to exceptional ground variation and  die-back o f  bo th  the broom  
and  the D ouglas fir, owing to  abnorm al soil conditions. The figures for the three 
replications separately show  this well:—

Douglas Fir, mean heights in inches
Series I II 111

Phosphate +  C orsican pine .... 40.1 39.6 25.9

Phosphate  +  Scots pine +  broom  .... 31.7 30.6 45.6

From  these figures it is clear that, given a successful broom  crop, all the 
four species tried can be established by this m ethod, whereas using phosphate 
alone, the plants quickly go back into check after the first three years. C on
sidering that it is one year younger than  the others, the Tsuga is very prom ising; 
bu t D ouglas fir shows the greatest vigour a t present and the better plots of 
this latter species will soon be in canopy. It is now intended to  try the estab
lishm ent o f sessile and red oaks at W areham  by this m ethod.

Plate IV shows a typical control tree o f Sitka spruce on a p lo t that received 
no treatm ent. Plate V illustrates the m uch better grow th obtained with phos
phate and broom  nurses.

D uring the next five years or so it will be interesting to watch the results 
obtained with the pine nurses alone; a t the m om ent they are very poor, but as 
the  pine gains control o f the surface vegetation the nursed species is expected 
to  pick up rapidly.

In those plots employing bo th  pine and broom  nurses, it can now be seen 
th a t the pines benefit from  the broom  at the expense o f the nursed species in 
all cases except with Sitka spruce. There are also indications that the various 
species may respond differently when the variety o f pine is changed from  Scots 
to  Corsican.

It is suggested tha t these experiments may prove a very useful field for a 
study  o f the roo t interactions o f various tree species, and will perhaps yield 
inform ation useful for the laying down o f future mixtures now tha t the vogue 
fo r m ono-culture is a t last losing ground. The Ecological section is engaged in 
investigating the causes o f the failure o f the broom  sowings in  certain sections
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o f these experiments. A t first sight the trouble appears to be pathological in 
that the shoots blacken and die back from  the tips, m any o f the seedlings never 
reaching even a foot high. On the other hand it may well be that the die-back 
is secondary and that the basic trouble lies in soil variations. The point is well 
worth investigation because any larger scale work on broom  could be spoilt 
by these patchy results.

INVESTIGATIONS INTO THE REHABILITATION  
OF D E R E L IC T  W O O D L A N D S

By A. D. M ILLER
Assistant Silviculturist

Rehabilitation at Weston Common, Alton Forest, Hampshire

During 1949, it was decided to  create a t W eston Com m on, A lton, a dem on
stration area to  show w hat was considered to be the best m ethod o f treating a 
certain type o f derelict w oodland. 105.4 acres o f this w oodland were handed 
over to  the Research Branch during F.Y. 49 and it was decided to  use the area 
as follows:—

acres
D em onstration Area, C om partm ents 1, 2, and 3 55.6
U ntreated Control. P art o f C om partm ent 5   10.0
Reserved for future experiments, C om partm ents 4, 6 and part o f 5 39.8

105.4

This area had once carried a m ature mixed hardw ood crop which was 
devastated during the ten years following the first world war by a succession o f 
timber m erchants who gradually removed all the saleable trees; after this it was 
entirely neglected for a period o f fifteen to twenty years, during which time a 
dense natural crop o f ash and sycamore appeared over m ost o f the area; but 
w hat might have been a m ost prom ising crop was so severely dam aged by 
rabbits and grey squirrels, while in the young pole stage, that over quite a large 
part o f the area not a single stem could be accepted as part o f the new crop.

The first step was to  fence the area and destroy the rabbits and grey squirrels, 
following which the rehabilitation o f the D em onstration Area was covered 
by four main prescriptions; these were:—

(1) To cut those rem nants o f the old crop which would yield enough produce 
to pay for their removal and to  “ ring” those which it would not pay to cut.

(2) In groups where young ash and sycamore poles were too badly damaged 
to be accepted as part o f the new crop they were to be cut back and allowed to 
coppice. The coppice stools were to be singled later, and tended so as to form a 
crop.

(3) In groups where damage to  the young poles was relatively light, they 
were to  be thinned and accepted as part o f the new crop.

(4) Bare areas were to  be planted.
During the year the rem ainder o f the old trees were felled and sold, the 

bare areas in C om partm ent 1 were planted, and the work of treating the pole 
crops in Com partm ents 2 and 3 continued.



All these operations have been carefully costed and the following financial 
statem ents draw n up to cover all expenses and receipts since work began there.
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EXPENDITURE AND RECEIPTS OF REHABILITATION W ORK COMPARTMENTS 1, 2,
AND 3, ALTON FOREST

Table 11

Expenditure Receipts from  Sales

£ s. d. £ s. d.
1. Felling, burning and cross 1. C ordw ood .... .... 517 9 3

cutting  .............................. 1,213 19 4 2. M inor Produce 86 14 9
2. E xtraction .............................. 538 5 4 3. T im ber .... 4,593 11 6
3. T hinning poles ................. 234 17 2
4. P reparation  o f  produce 602 5 3
5. Singling coppice stools 7 3 7
6. Preparation  o f  ground 49 9 7
7. Planting .............................. 50 15 6
8. Protection .............................. 265 9 8
9 M iscellaneous, including wet

time, holidays, and insur
ance ............................... 429 12 4

Total Expenditure .... 3,391 17 9
Balance, being excess o f

receipts over expenditure. .. 1,805 17 9

Total £5,197 15 6 T ota l Receipts ....£5,197 15 6

In addition to the rehabilitation o f  C om partm ents 1, 2 and 3, a certain 
am ount o f work was done in the other com partm ents; this consisted chiefly 
o f cutting and extracting the old standards, preparing cordwood, and protection. 
The following financial statem ent refers to the whole area o f 105.4 acres under 
the m anagem ent o f the Research Branch.

EXPENDITURE AND RECEIPTS, COMPARTMENTS 1, 2, 3, 4, 5 AND 6 , ALTON FOREST 

Table 12

Expenditure Receipts from  Sales

£ s. d. £ s. d.
1. Felling, burning and cross 1. C ordw ood .... .... 833 9 3

cutting .............................. 2,071 16 11 2. M inor produce .... 124 0 8
2. E xtraction .............................. 1,020 0 5 3. T im ber .... 7,136 17 8
3. P reparation  o f produce 811 11 4
4. T hinning and tending 313 15 5
5. P reparation  o f  ground and

planting .............................. 110 8 0
6. Protection .............................. 505 2 0
7. M iscellaneous, wet time, holi

days, insurance ................. 853 14 8

T otal expenditure ................. 5,696 8 9
Balance, excess o f receipts

over ex p en d itu re ................. 2,407 8 11

£8,093 17 8 T otal Receipts .... £8,093 17 8

Thus up to the present there has been a fair m argin o f profit on the operation 
as a whole, but it will be seen that a very high proportion  o f the receipts came
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from the sale o f tim ber; this source o f ffevenue is now at an end but a good deal 
of money will have to be spent on the area before the crop can be regarded as 
established, and it is doubtful if the present balance will be sufficient to meet the 
cost of the necessary work. However it seems likely that the 55.6 acres of the 
D em onstration A rea will be converted into a valuable young forest at little cost. 

•

Conversion of Hazel Coppice to Beech Forest 
Gardiner Forest, Dorset and Wiltshire

The establishm ent o f this experim ent was described in the Report on Forest 
Research for 1951, and since that date work here has been confined to one 
weeding and some assessments. The planting in each treatm ent was done 
immediately after the hazel coppice had been cut or thinned, so that the trans
plants have had one growing season relatively free from  herbaceous weeds. 
The hazel stools coppiced vigorously but it was thought that the shade cast 
by these young shoots was probably not harm ful and no weeding was done 
during the summer.

During the spring o f F.Y. 52 the hazel regrowth was lightly cut back; the 
higher bushes surrounding the groups and strips had not closed-in appreciably 
and no attention to their crowns was necessary. The work involved in this 
weeding was carefully timed in each plot, and the num ber of “ m an-hours” 
involved in each treatm ent is shown in the table below; these times have been 
converted to costs at the rate o f 2/5d. per hour, the current rate for a G rade II 
forest worker.

COSTS PER ACRE OF W EEDING ONE-YEAR-OLD HAZEL COPPICE SHOOTS,
MEAN

Table 13
VALUES FROM SIX REPLICATIONS OF EACH TREATMENT

T reatm ent Type o f  W eeding M an-hours Cost
(1) (2) (3) (4)

£ s. d.
A. Large G roups C utting back all regrow th which was inter

fering with beech plants .............................. U 0 3 8

B. Small G roups C utting  all regrow th within each group 2 0 4 10

C. Strips C utting  all regrow th within the strips................. 6? 0 16 4

D. Thinning .... C utting  the regrow th where necessary to free
beech p l a n t s ......................................................... 6 ; 0 16 2

E. C learance .... Line weeding, leaving regrow th not closer than
1 \-2 feet to a beech plant so as to provide
shelter ......................................................... 14 1 13 10

Assessments during the first season’s growth
(a) Survival. The one-plus-one beech transplants were put in between 

24th January, and 4th M arch, 1951, generally under very moist conditions, 
and up to  the beginning o f June there seemed to be almost 100% survival and 
an average shoot growth of one to three inches.

However there was a very little rain during the end of June and July and 
the soil tended to crack, particularly around the cuts made by the planting 
spades, allowing air to penetrate to some o f the roots. Early in August many 
of the plants seemed to be affected by drought conditions, their current year’s 
growth withered and about 30 per cent looked as though they might die.
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The wetter m onths o f August and September, brought about a distinct 
im provem ent in the appearance o f the plants, new grow th was m ade and some 
o f the apparently dead trees produced new buds and leaves. Assessments were 
m ade o f survival during September, and  the percentage o f deaths is shown in 
Table 14 below.

SURVIVAL OF BEECH PLANTED ON OLD HAZEL COPPICE SITE

Table 14

T reatm ent N um ber o f  trees 
assessed

%  Sample %  o f  deaths

A. Large G roups 1,555 100 5.9

B. Small G roups 1,680 100 3.1

C. Strips 1,517 50 2.9

D . Thinning .... 1,456 17 3.4

E. Clearance .... 1,441 17 9.7

(b) Height. At the end o f the first growing season the height o f a num ber 
o f  sample plants in each p lo t was m easured; these heights are not significant in 
themselves but will provide the basis for future com parison o f grow th rates in 
the different treatm ents. There was little variation in these initial heights, 
the smallest being 9.0 inches and the largest 10.4 inches.

(c) Light intensity. In late September, 1951, but while the hazel coppice 
was still in leaf, an  assessment was m ade o f the light intensity reaching the 
beech in each treatm ent com pared with full daylight in an  open area. M ean 
values of five readings for each treatm ent are shown in Table 15 below.

PERCENTAGE OF DAYLIGHT REACHING BEECH PLANTS ON OLD 
HAZEL COPPICE SITE

Table 15

T reatm ent %  o f  full daylight

A. Large G roups .............................. 66
B. Small G roups .............................. 59
C. Strips ............................................ 72
D. T h in n in g ............................................ 48
E. C lea ran c e ............................................ 100
In adjacent untouched coppice 5— 20

Evidence from  earlier w ork shows that the am ount o f light reaching the 
beech in all treatm ents is quite sufficient to perm it vigorous growth.

Rehabilitation of a Felled Hardwood Site 
at Well Covert, Haldon Forest, Devon

Inform ation provided by the recent Census o f W oodlands has shown that 
in the South of England the areas described as Scrub, Devastated, and Felled 
W oodlands account for about two thirds o f the total o f derelict w oodlands. 
C urrent figures also suggest that at the present rate o f planting it may take as 
long as sixty years to bring all these old w oodlands into a productive state 
unless speedier m ethods of rehabilitation are found.
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An unknown but probably very large num ber o f acres o f these derelict 
woodlands carry natural regeneration and woody regrow th which contains at 
least some potentially valuable stems which would be cut back in the norm al 
processes o f clearing and replanting. I f  use can be m ade o f such growth, which 
is frequently between five to  twenty years old, it would be a m istake to  cut it; 
this experiment was designed to test whether by departing a little from  the 
normal practices in replanting, the rate o f dealing with such old w oodlands 
could be speeded up and also m ake a saving o f labour and money.

There are three aspects o f the m ethods which have been selected for com 
parison with norm al procedure; they are :—

(1) Silviculture. We wish to know whether it is possible to produce a 
valuable final crop o f tim ber species by accepting and tending the relatively 
small num ber of valuable young stems which are frequently scattered through 
the apparently worthless thickets o f birch and weed trees; and taking into 
account the probability o f dam age to  some o f the selected stems to find what 
is the m inim um  num ber o f young trees necessary to produce a final crop.

(2) Protection. M ost old hardw ood sites are infested with rabbits, and it 
is essential to give the new crop adequate protection. W here a small num ber of 
selected stems are to  be tended am ongst a thicket o f weed species it would be 
difficult and expensive to  eliminate rabbits, and it was decided to test whether 
it would be possible and convenient to  give adequate protection by sleeve netting 
each selected stem. The usual rabb it-p roof fence round the area m ight then be 
om itted. There are several objections to the widespread use o f such a m ethod 
but there m ight be occasions when, if it proved successful, it could be recom 
mended.

(3) Costs. There are two sides to the question o f the costs o f treating 
derelict woodlands.

(a) The cost o f labour is a direct measure o f the effort spent on rehabilita tion ; 
if some m ethods are found to be cheaper than others yet equally satisfactory, 
their use would allow a larger area to  be treated within a given time.
(.b) M any derelict w oodlands are in private ownership and the high cost 
of norm al m ethods o f clearing and replanting often deters the owners. 
If some cheaper m ethod is found to be silviculturally satisfactory m ore 
private owners might feel able to rehabilitate their own woods.
It is realized tha t the crops produced by tending from  100 to 200 valuable 

stems per acre am ongst a less valuable m atrix will probably be unsatisfactory 
in some respects, pruning may be necessary to  produce a useful length of clean 
bole and interm ediate yields will be very low. Nevertheless it may be possible 
to take advantage o f the fact that the crop is several years old to hasten the 
time when it will produce saw timber, and by doing a m inim um  o f tending and 
cleaning it may be possible to  produce a m ore or less fully stocked final crop 
o f saw tim ber on a larger num ber o f acres than would have been possible had 
norm al practice been followed.

The Experimental Site
A suitable area was found at Well Covert, H aldon Forest, Devonshire, 

where a broadleaved w oodland had been clear cut in the early part o f the recent 
war. This wood lies in a valley, on the Culm  M easures, a t an average elevation 
o f 250 feet, and has a clay-loam soil. O f crescent-shaped outline, it is about one 
mile long, w ith an average w idth o f eight chains, and  is surrounded by agri
cultural land. A t the time o f acquisition it carried a rabbit infested thicket of 
coppice grow th o f ash, sycamore, oak and beech, together with natural 
seedlings o f oak, beech, ash, sycamore and gean, scattered irregularly over the 
whole area. Birch o f all ages from  one to ten years was found everywhere, and
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in places had form ed dense groups. Hazel, rowan, sallow, wych elm, elder, 
and  gorse were the chief weed trees, while abundant bram ble and briar some
times shoulder-high m ade w orking conditions difficult.

The whole acquisition covered about sixty-four acres, o f which some twenty- 
eight acres has been devoted to this experiment, and has been split up into 
plots o f about three acres for each treatm ent. A detailed description of the 
natural grow th on each plot was written before work began.

Treatments
It was decided to com pare the crops produced and the costs incurred by the 

following trea tm en ts:—
1. Conserving all useful and valuable stems which showed prospect o f 
getting into the canopy, tending where necessary, pruning the crowns to 
m aintain a central axis, and pruning the stems to half total height.
N o planting was done. Because the thicket was very dense, racks were cut 

every 100 feet to give access, otherwise the regrow th was cut only where 
necessary to relieve selected stems.

This treatm ent was split for m ethod o f protection against rabb its:—
(a) Each selected stem was protected individually by a sleeve of wire
netting; a rabbit-proof fence was not put around the plot, to which
rabbits had free access.
(b) The plot was fenced around and rabbits destroyed within the fence.

2. As treatm ent 1 above, but enriching the existing grow th with beech 
transplants large enough to be free from  weed com petition, (not including 
weed trees). Sufficient big transplants were put in to  ensure tha t the spacing 
o f selected stems was never m ore than eighteen by eighteen feet, and it 
was hoped that this would give a fully stocked final crop.
This treatm ent was also split for m ethod o f rabbit protection.

(a) Sleeve netting selected stems.
(b) Fenced and rabbits destroyed.

3. Applying what was considered to be the m ost suitable form  of conven
tional re-afforestation, thinning the thicket very heavily so as to leave only 
a very sparse and open canopy under which one-plus-one beech transplants 
were put in at five foot by five foot spacing. The new crop is to  consist 
of pure beech and the light overwood will be removed when the interests 
o f the planted beech dem and it. The area was fenced and rabbits destroyed.
4. Control. N o silvicultural treatm ent at all. This was also split for 
rabbit protection:—

(a) N o protection. Rabbits allowed free access to the plot.
(b) Fenced around and rabbits destroyed inside the fence.

Laying out the Experiment
These treatm ents were carried out between January— M arch, 1952. Because 

o f the very dense undergrow th over this area it was necessary to cut inspection 
racks, spaced at 100 feet and roughly parallel, before the plots could be laid 
out o r any other work be started; the cost o f these racks varied considerably 
from  place to place but the average cost over the whole experimental area 
was £1 per acre.

Preparation of Ground
The initial work o f cleaning, or preparing the ground, in treatm ents 1 and 2 

involved locating and then freeing the crowns of prom ising young ash, sycamore, 
beech, oak, and gean both of seedling and coppice origin. This work, and the 
more thorough cleaning and burning in treatm ent 3, was carefully timed, and
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the num ber of m an-hours spent in each plot is shown below; these times have 
been converted to costs at the rate o f 2/6d. per hour.

COSTS OF INITIAL CLEANING, OR PREPARATION OF GROUND

Table 16
AT WELL COVERT, HALDON FOREST

Area in M an-hours Cost
T reatm ent acres M an-hours per acre per acre

£ s. d.
1. (a) .............. 3.06 81 27 3 8 0

(6) .............. 5.33 231 44 5 10 0
2. (a) ................. 3.20 108 34 4 5 0

Cb) .............. 3.40 86 25 3 3 0
3. ................. 3.02 305 101 12 13 0
4. C ontrol -- — . -- --

There were a num ber o f groups where most o f the canopy had been m ade up 
o f the m ore vigorous weed trees, and when these were removed to relieve smaller 
oak, ash, or sycamore the more valuable species were found to be rather drawn 
up and spindly, and it was thought that they might suffer from  the sudden 
exposure; it was, however, difficult to see how this could be avoided.

Pruning the selected trees in plots, 1(a), 1 (b), 2(a), and 2(b) cost an average 
o f  10/- per acre.

Planting
The large beech transplants for use in treatm ents 2(a) and 2(b) were bought 

from a private nursery at a cost o f £4 per 100, and were about 2 i  feet high. 
Slightly taller plants o f from  four to five feet would have been preferred, but 
were not available. The one-plus-one beech transplants used in treatm ent 
3 were from twelve to eighteen inches high and their cost has been taken as 
£6 per 1000.

In plots 2(a) and 2(b) a large beech was carefully pit planted wherever 
natural valuable stems were spaced wider than eighteen feet apart. The costs 
o f plants and planting are shown below.

COSTS OF PLANTS AND PLANTING AT WELL COVERT, HALDON FOREST

Table 17

Plot Area

No.
of

trees
p lant

ed

N o. o f 
selected 

stems per 
acre

M an-
hours

planting

M an- 
hours 

planting 
per acre

Labour 
cost o f 
planting

Cost
o f

trees

Total 
cost o f 
planting

Cost
per
acre

£ s. d. £ s. d. £ s. d. £ s. d.
1. (a) — — 84 — — — — — —

(■b) ____ ____ 92 ____ — ____ — ____ ____

2. (a) 3.20 137 116 21 7 2 13 0 6 3 0 8 16 0 2 15 0
(b) .... 3.40 151 110 17 5 2 3 0 6 16 0 8 19 0 2 13 0

3. 4.53 8,300 — 152 34 18 13 0 50 6 0 68 19 0 15 4 0
4. Control

Rabbit Protection
Fencing. T hat part o f the experimental area enclosed by rabbit p roof fencing 

was only 16.42 acres and an estimate o f the cost per acre o f fencing such a small
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area would be unduly high; therefore the actual costs per chain were determ ined, 
and the cost per acre calculated as though the whole 64 acres o f w oodland had 
been enclosed in a single rabbit p roo f fence. The cost of fencing was worked 
out as follows:—

Cost o f  One Chain o f  Rabbit P roof Fence

£ s. d.
W ire netting 1 11 0
8 gauge and tying wire .... 0 2 0
Stakes .......................................... 0 12 0
Strainers (1 at 10/- per 4 chains) 0 2 6

Total cost of materials £2 7 6
Labour 0 19 0

Total cost per chain £3 6 6

On this basis the cost o f fencing the whole area would have been at the 
rate of £10 18s. Od. per acre. This rate is of course based on the actual long-and- 
narrow  shape o f the whole w o o d ; but as so m any such w oodlands have a similar 
outline it may be accepted as a fair average. H ad the wood been square, the 
fencing cost would have been only £5 10s. per acre.

Sleeve netting. The costs o f sleeve netting were assessed in the following way. 
Using 18 inches per sleeve o f 42 inch wide by l j  inch mesh by 18 gauge netting, 
one roll o f 50 yards gives 100 sleeves. Thus the cost o f the m aterial in each 
sleeve is 8 id ., and this together with the labour costs o f cutting and fixing the 
sleeves cost Is. 2d. each or £5 Is. Od. per acre in plot 1(a) and £6 16s. Od. per 
acre in 2(a), the difference being due to the larger num ber o f sleeves fixed in 
plot 2(a).

Warrener. A warrener was employed to reduce the num ber of rabbits in those 
plots which were within the rabbit fence, that is in all plots except 1(a), 2(a), 
and 4(a). He was unable to kill all the rabbits in those areas where the grow th 
was not cleared, and further attention to  the rabbits will be necessary. The cost 
o f this preliminary work in killing the m ajority o f rabbits through the remains 
of the thicket cost an  average of 17/- per acre, while tha t o f exterm inating them 
in the clear-cut plot (3) cost 7/- per acre. Initial costs involved in these different 
ways of tackling this area are shown below.

SUMMARY OF THE COSTS PER ACRE OF INITIAL OPERATIONS, 
WELL COVERT, HALDON FOREST

Table 18

1(a) m 2(a) 2(6) 3 4(a) 4(6)

£ s. d. £ s. d. £ s. d. £ s. d. £ s. d. s. d. £  s. d.
C u ttin g  rack s 1 10 0 0 13 0 1 5 0 1 10 0 0 13 0 8 0 2 0 0
C lea n in g  .................. 3 8 0 5 10 0 4 5 0 3 3 0 12 13 0
P ru n in g  .................. 0 13 0 0 10 0 0 10 0 0 10 0
P lan tin g  .................. 2 15 0 2 13 0 15 4 0
F en c in g  o r  sleeving 5 1 0 10 18 0 6 16 0 10 18 0 10 18 0 10 18 0
W arren e r 0 10 0 1 1 0 0 7 0 1 1 0

T o ta l 10 12 0 18 1 0 15 11 0 19 15 0 39 15 0 8 0 13 19 0
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Thus it will be seen tha t the costs per acre o f the treatm ents, not counting 
the controls 4(a) and 4(b), vary from  £10 12s. Od., in the case o f 1(a) to 
£39 15s. Od. in the case o f 3.

These are initial costs only, and the picture may be changed by the time the 
crops are established, it is of course the to tal costs o f establishm ent which will 
be significant. M oreover at this stage it would be wrong to  a ttach too much 
im portance to  the question o f expenditure, and the first thing is to see whether 
the m ethods are silviculturally sound. It is when there is a choice of m ethods 
which are know n to produce the type o f crop which is wanted that the m atter 
o f costs should be closely considered, and even then economic factors should 
be kept in their p roper perspective and not allowed to outweigh all other relevant 
considerations. However, when m ore than  one treatm ent is suitable the selection 
of m ethod may be influenced by the costs expected to  be involved in each, 
and it is im portan t that reasonably reliable figures should be available.

EXPER IMEN TAL  WORK ON ES TA B L IS H IN G  
H A R D W O O D S  IN SC OT L AN D

By R. F A U L K N E R  
Assistant Silviculturist

Because o f the increase in  the num ber o f properties acquired in south 
Scotland suitable for replanting w ith hardw ood species, and the overall low 
acreage of hardw oods w ithin the area as revealed by the Census o f  W oodlands 
Report, m ore research w ork on the problem s of re-afforestation and m anage
ment of hardw ood areas is to  be undertaken.

Initial work will be concentrated on the selection o f species for specific 
site types, m ethods o f mixing species, and the raising o f hardw oods using 
conifers as “ catch crops” or “ nurse” species. In  addition provenance and 
individual tree type experiments will be started. Pedunculate and sessile oak, 
beech, sycamore, wych elm, ash, lime, and  gean are the m ain species to be used 
in the experiments,' which will be concentrated on suitable areas in Perthshire 
and to the south.

P reparatory  work on raising suitable stocks o f plants in the nursery was 
started during the year, and supplies o f  gean, sycamore, and wych elm seed 
have been collected from  suitable trees, and sown.

A t Brownm oor Forest, Dumfries-shire, a sixteen acre unit o f birch, sycamore 
and thorn  scrub has been taken over and partially cleared. Trial plots o f gean, 
sycamore, beech and pedunculate oak have been planted on the cleared portions 
along with a beech provenance trial (Brow nm oor Forest, Expt. No. 1) containing 
seven British provenances.

CHEMICAL CONTROL OF WOODY WEED GROWTH
By G. D. H O LM ES 
Assistant Silviculturist

The investigation o f m ethods o f eradicating undesirable woody weed species 
was extended to include trials on sycamore coppice and bram ble (Rubus
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fruticosus), both  of which can prove troublesom e weeds in newly planted areas 
in some localities. These trials have not yet run their full course and the con
clusions out-lined below are tentative.

Bramble
The m ost satisfactory treatm ent has been mid-summer foliage spraying with 

a 2:1 m ixture o f butyl 2, 4-D and butyl 2, 4, 5-T at 0.5%  in oil emulsion at 50 
gallons solution per acre. This appears to have caused a complete kill with no 
appearance o f regeneration within nine m onths after treatm ent. Am m onium  
sulpham ate applied in solution at 100 lb. per acre has also given a good kill. 
Sodium 2, 4-D or potassium  2, 4, 5-T caused an initial kill o f foliage and young 
shoots, but growth is now showing signs o f recovery.

Sycamore
Spray applications were m ade in m idsum m er to young regrowth on stumps 

cut one year previously. Sodium 2, 4-D and potassium  2, 4, 5-T gave a good 
initial foliage kill, but all stools showed a general recovery by the end o f the 
season. The mixture o f butyl 2, 4-D and butyl 2, 4, 5-T applied at 0.5%  at 
50 gallons per acre has apparently killed all aerial growth, and no regeneration 
has appeared within nine m onths o f treatm ent.

These results appear to confirm the conclusion m ade from  trials on other 
species, notably ling (Calluna vulgaris) and hazel, that the ester form ulations 
of 2, 4-D and 2, 4, 5-T are m ore effective against woody species than the water 
soluble sodium, potassium  or tri-ethanolam ine salts.

The trial plots on ling, described in the last report, were planted up with 
Corsican pine and Sitka spruce in 1951, to  test the effect o f chemical eradication 
of ling on the grow th of trees subsequently planted.

CHEMICAL KILLING OF TREES TO FACILITATE 
BARK R E M O V A L

By G. D. HOLM ES
Assistant Silviculturist

A series o f experiments were started to  examine m ethods o f killing standing 
trees prior to  felling, to facilitate bark removal. Recent work on several species 
in the United States, has shown that application of toxic solutions to girdles 
cut a t the base o f the stem can effectively kill the tree and loosen the bark. 
The advantage o f such treatm ent is to enable easy and cheap bark removal, 
if necessary outside the norm al “ sap peeling” season. Killed trees also dry 
out rapidly, thereby reducing weight and handling costs.

A pplication o f sodium  arsenite or am m onium  sulpham ate solution to trees 
o f Corsican pine, Japanese larch, and Sitka spruce in spring 1951, have shown 
prom ising results. The treated trees ranged from  three to seven inches breast- 
height quarter-girth, and were due to be felled in norm al thinning operations in 
winter, 1951. Several m ethods o f applying the poisons were tested, and the m ost 
generally successful was to  completely remove the bark down to the sapwood



C H E M IC A L  K ILLIN G  A N D  B A R K  R E M O V A L 43

in a ring six to eight inches wide around the stem, followed by application o f the 
solution to the exposed sapw ood by means of a paintbrush. A pplication of 
arsenic or sulpham ate salt, dry or in solution, to boreholes or cups cut in the 
base of the trees, was less successful.

A 40 per cent solution o f  sodium  arsenite, applied to a com pete  girdle as 
described, killed standing trees o f Sitka spruce and Japanese larch within a few 
weeks of treatm ent. Trees girdled at the same time, w ithout chemical treatm ent, 
had apparently norm al, healthy crowns one year after treatm ent. Corsican pine 
has proved less easy to kill, and trees treated with arsenic were no t completely 
dead until six m onths after application. The bark has been satisfactorily loosened 
on all trees which succumbed rapidly to  chemical treatm ent. Trees treated 
with am m onium  sulpham ate were killed m ore slowly and bark was incompletely 
loosened.

These trials have shown that the rapid  kill necessary for efficient bark 
loosening is best ensured by applying the poison when the sap is in full flow in 
the spring. It is im portant tha t the solution be applied around the whole 
circumference o f the treated portion  o f the stem. Little lateral movement of 
the poison takes place, and if  the application is incomplete live strips of rind 
rem ain firmly attached to the wood above the untreated portion. Thus appli
cation o f poison to  boreholes a t the stem base, kills only strips o f rind immedi
ately above each borehole.

Trees killed with arsenic show ed'very little penetration o f the toxin below 
the point o f application, and there has been no indication o f the spread o f the 
poisoning effect to  adjacent trees. The trials are still in progress and the 
com parative peeling costs for treated  and untreated trees are to be determined, in 
addition to  assessment of weight-loss due to tim ber drying on the stump.

P R O V E N A N C E  S T U D I E S

By M . V. ED W A RD S, Silviculturist 
and  R. D. P IN C H IN , Assistant Silviculturist

European Larch

(a) International Larch Provenance Experiments, Planted 1946

In 1944, the In ternational U nion of Forest Research Organisations 
distributed a comprehensive range o f larch seed from  various regions o f Europe 
for the purpose of establishing provenance trials under the supervision o f the 
participating organisations. The trials were laid down simultaneously in C anada, 
Denm ark, England, Finland, France, Germ any, Italy, Norway, Sweden and 
Slovakia. F rom  time to  time reports on the progress o f the trials are submitted 
to the Union for collation by the Section Leader (Provenance), D r. Syrach 
Larsen. The trial was planted at five centres in  England and one in Scotland.

Geographic Range of the Provenances
The trial comprises a to tal o f forty-four different seed lots collected from  

the main regions o f the natural distribution o f European larch, as well as from  
regions outside where it has become established as a successful exotic forest
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species (e.g. British Isles, G erm an coastal plain). Included in the collection 
are seventeen lots from  the A ustrian A lps; three from  the Italian  and two from 
the Swiss A lps; two from  the foothills o f the High T atra  M ountains o f Slovakia; 
four from  M oravia, including two from  the Sudeten M ountains; seven from the 
coastal plain and western lowlands o f G erm any and Poland; five from  England 
and Wales, and two Scottish seed lots, one from  Scotland and one from  Sweden. 
One lot o f Siberian larch (L . sibirica) and one o f Japanese larch were also 
included.

One seed lot, (M ark A. 14, W aldstein, A ustrian Alps), of which large supplies 
were available, was replicated seven or eight times at each centre, and will be 
used as a basis o f com parison with the others. O f the other origins, however, 
the num ber o f  replications which could be adopted was fewer and in m any cases 
only single plots could be planted.

Centres at which the Provenances have been Planted
In England the trials were laid down in 1946, by the Research Branch, 

simultaneously at the five forests of Savernake in W iltshire, H augh and 
M ortim er in Herefordshire, Wyre in W orcestershire and W alcot in Shropshire 
on felled w oodland sites in all cases. The following year they were also laid 
down on old pasture land at D rum m ond Hill Forest, in Perthshire, having 
been held over on account o f severe weather.

The sites selected are all fairly uniform  as regards topography. At 
D rum m ond Hill the plots are at an elevation o f 840— 1,000 feet, a t W alcot 850— 
950 feet, at M ortim er 800 feet, a t H augh 350—475 feet, at Savernake 450— 500 
feet and at W yre 300 feet. The plots a t D rum m ond Hill and at H augh are on 
a m oderately steep slope, and are fully exposed to the prevailing wind, whereas 
at the other sites they are on slight to gentle slopes and receive a m oderate 
degree of shelter from the shape o f the topography. The aspect is variable.

The full range o f forty-four origins was planted at Savernake Forest, but 
at the other centres only part o f the range could be planted, owing to the small
ness of the quantities o f seed supplied of some o f the origins. Care was taken, 
however, to distribute the various origins am ong the different centres so as to 
achieve the maximum effect for the purposes o f forming com parisons. F urther
more, a t each centre the seven or eight plots o f the standard  race were distributed 
over the area in such a m anner that they could be com pared with all the non
standard races. The total num bers of origins planted at each centre are as 
follows: Savernake—44; W alcot—30; H augh— 16; M ortim er— 16; Wyre— 14; 
D rum m ond Hill—20 (including one extra lot of Scottish seed).

A preliminary account of the five English experiments incorporating the 
growth data collected up to the end o f the third growing season appeared in 
the Report on Forest Research for 1950. A report on the D rum m ond Hill 
experiment was published in the Report on Forest Research for 1951.

The plants were put out at the five centres in England as one-plus-one 
transplants, with the exception o f the five hom e lots which were one-plus-two. 
At D rum m ond Hill, however, the plants of the U nion collection were one-plus- 
one-plus-one, and the two Scottish lots one-plus-two-plus-one and two-plus-one 
transplants. The layout was in random ised plots, and at D rum m ond Hill 
the plots were arranged in nine blocks in the form  of a latin square.

Assessment
A nnual assessments of height and shoot grow th up to 1950, and periodic 

assessment o f diam eter at m id-height, deaths and phenological characters
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(i.e. flushing and leaf-fall) have been carried out in all the English experiments. 
The growth data  presented in this report (Tables 19 and 20) were collected in 
The grow th data  presented in this report (Tables 19 and 20) was collected in 
the autum n o f 1950 when the trial was at the end o f its fifth season. Phenological 
data collected in 1949 and 1950 are also given in a summarised from  (Table 21).

Losses of Plants
The m ajority o f the plots at Savernake suffered heavy losses from drought 

and late spring frosts in the first year, but at the other centres planting losses 
were not abnorm ally high. Siberian larch, which was planted at Savernake, 
M ortim er and W alcot, suffered losses am ounting to  89, 86 and 14 per cent 
respectively in the first year, and by 1951 had  failed entirely, apart from  one 
or two plants a t W alcot. This species appears unsuited to  the climate o f this 
country since its early flushing habit exposes it to annual frost injury.

Pests and Diseases
Rabbit damage has not been o f serious im portance, except a t W yre where 

both rabbits and deer caused severe dam age and losses in some parts o f  the 
area during the first few years. There has been a steady increase in the extent 
and severity o f the damage caused by the shoot-borer (Argyresthia) and leaf- 
rniner (Coleophora), particularly in the plots at W alcot and M ortim er. I t is 
intended in the coming year to assess differential injury at the centres where it is 
most apparent. Considerable loss o f foliage has been caused by periodic 
infestations of Adelges, while the Pine Weevil (Hylobius) gave some trouble 
in the early stages a t some centres following the felling o f the old coniferous 
crop. Insect injury is generally m ore severe at W alcot and M ortim er, where the 
plots are situated in close proxim ity to older conifer stands. The effect o f these 
injuries on the development o f the various races will be studied.

Rates of Growth
Very wide differences in growth rates between m any of the lots are evident, 

as could be expected with such a wide range of origins. Broadly the different 
geographical groupings are characterised by different degrees o f vigour. M ost 
outstanding o f all are the group of low altitude origins from  the coastal plain 
of G erm any and Poland and the West G erm an Lowlands (M ark  F), 
the group of four medium  altitude origins from  M oravia, including two from  
the Sudeten M ountains (M ark I), and the group o f two lots from  Slovakia at 
medium altitudes in the High T atra  M ountains (M ark K). W ith only one or 
two exceptions races from  these sources o f origin are to be found am ong the 
nine m ost vigorous races a t every centre. The best are M ark F.29 (H arbke, 
Brunswick), F.31 (Neum unster, Schleswig Holstein), F.32 (Proskau, Upper 
Silesia), 1.45 (H rottowitz), 1.49 (Parchowitz) and K.52 (M urau, Liptovsky 
Hradok) which have all grown at a faster rate than Japanese larch.

The alpine group o f origins from  A ustria (M ark A), Italy (M ark C) and 
Switzerland (M ark D) com pare very unfavourably with the foregoing in rate o f  
growth. A t every centre the alpine origins are, with few exceptions, am ong the 
eight slowest growing races. Those which are conspicuously poor at more than  
one centre are: M ark C.25 (Val Venosta, Italy), D.26 (Lotschenthal, Switzer
land), D.27 (Untervaz, Switzerland), A .l (Bluhnbach, Austria), A .3 (H ollen- 
burg, Austria), A .7 (Landeck, Austria), A .8 (M urau-M urau, Austria), A .13 
(Steinach-M uhlbach, Austria) and B.15 (Michael, Austria). Races which could 
only be tried at one centre but are-also am ong the slowest growing are: M ark
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C.23 (Lago, Italy), A. 10 (Pitztal, Austria), A. 11 (Ried-Tosens, Austria), B.16 
(M urau-Paul, Austria), B.17 (Ried-Pfunds, Austria) and B.18 (Steinach-Gries, 
A ustria).

T he two Scottish larches o f the Union collection, as well as the additional 
race o f Lethen origin planted at D rum m ond Hill, have proved, on the whole, 
disappointing. A t the English centres neither the A ldroughty nor the Swedish 
origin figures am ong the m ost vigorous in growth rate  a t any centre, while at 
D rum m ond Hill the Lethen race is one of the least vigorous and also suffered 
the highest initial losses, averaging 24 per cent. A t m ost centres the Scottish 
races appear am ong the poorest growth classes. I t is w orth noting th a t the 
A ldroughty race, though one o f the slowest at the English centres, is one o f the 
fastest a t the D rum m ond Hill site.

The five English and W elsh origins are no t outstanding in any way and, in 
general, occupy an interm ediate position as regards vigour. O f these, Race 
43/13G from  North-w est England has done the best, being am ong the nine 
m ost vigorous at three out o f five centres. N one of this group was planted at 
D rum m ond Hill.

Very good results are shown by the lot o f Japanese larch from  D enm ark 
(M ark E.28) which, except a t Savernake, is am ong the eight fastest growing at 
every centre.

Rate of Growth in Relation to Altitude of Origin
Some very interesting com parisons can be m ade within the group o f A ustrian 

alpine origins, which cover a range o f altitudes from  1,640 to 6,560 feet. In 
Table I these are grouped in five altitude ranges for the purpose o f com parison. 
F rom  this data it can be seen tha t the general tendency is for the lower altitude 
origins to grow at a faster rate than  those from  the higher altitudes. Races 
which are particularly vigorous am ong the alpine lots are A .6. (Lam erau, 
2,300 feet) A. 14 (the standard  race W aldstein, 1,640-1,970 feet) and A .5 
(K rum bach, 1,970 feet). The Lam erau race, M ark A .6, in particular has grown 
rem arkably well, being am ong the seven m ost vigorous a t three out o f the four 
centres at which it was planted. The poorest races in this group are from  the 
the higher altitudes and are A .7 (Landeck, 2,300-2,630 feet), A. 10 (Pitztal, 
2,950-4,100 feet) A .l l  (Ried-Tosens, 3,120-3,780 feet) and A.13 (Steinach- 
M uhlbach, 2,950 feet). The members of this group exhibit a m arked diversity 
in their rates o f growth.

In the case o f the other geographic groups, which mostly consist o f only 
one or two lots, the relationship between altitude and rate o f grow th does not 
apply.

Site Quality
Differences in site quality are reflected in the growth ra te  o f the standard 

race, M ark A .14, W aldstein which, being replicated seven or eight times at 
each centre, can be taken as a fair criterion. Taking the 1950 assessment as a 
basis Savernake (Race A. 14, m ean height 107.6 inches) is the best site followed 
by W alcot (101.5 inches), H augh (99.3 inches), M ortim er (96.3 inches), with 
W yre (84.3 inches) and D rum m ond Hill (end o f 1951— 84.2 inches) the poorest. 
I t is thought, however, tha t when the tree crops have overcome the competitive 
effect o f different types and densities o f vegetation cover this order m ight con
ceivably change at some later date. Some suppression o f the vegetation is 
beginning to take place in the m ore vigorous plots.
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Phenological Studies
Flushing. A  study o f differential flushing in relation to provenance was begun 

in the spring of 1949 and repeated in 1950 at all five English centres. The basis 
o f assessment was five phenological stages which have been laid down for 
similar studies in other fields o f investigation: Stage I— buds resting, scales 
adpressed; Stage II— buds expanding, scales free; Stage III—buds open, 
needle tips visible; Stage IV a—needles extended, leaf bundles com pact; 
Stage IVb—leaf bundles fully expanded. The data  which are presented in Table 
21 show the percentage of trees,in each provenance which had reached Stage III 
a t the time o f assessment. In order to enable a clearer in terpretation o f the 
results to be obtained, com parison is m ade only of provenances which are 
replicated at three or m ore centres. This da ta  gives an indication o f the earliness 
or lateness o f flushing o f the various provenances.

FLUSHING ORDER FOR TW ENTY-ONE RACES REPLICATED AT THREE OR MORE CENTRES 
MEAN PERCENTAGES OF TREES W H ICH  HAD REACHED STAGE III* OR BEYOND 

AT FIRST ASSESSMENT MARCH, 1949 AND 1950
Table 21

M ark Origin Alt.
Feet

1949 IS150 Mean

°//o Order °//o O rder °//o O rder

A .l A ustrian  Alps Bluhnbach 1,970 73.7 9 54.0 4 63.8 6
A.4 ,, ', ,  Innsbruck 2,800-3,120 49.0 19 43.0 11 46.0 19
A.5 ,, ,, K rum bach 1,970 64.7 15 41.7 14 53.2 15
A .6 ,, ,, Lam erau 2,300 81.2 4 47.0 8 64.1 5
A.8 ,, ,, M urau-M urau 2,950-3,280 78.2 5 61.2 2 69.7 2

A .13 ,, ,, Steinach-
M uhlbach 2.950 72.7 11 43.7 10 58.2 11

A .14 ,, ,, W aldstein 1,640-1,970 81.6 3 67.0 1 74.3 1
B.15 ,, ,, M ichael 5,250-5,900 85.7 1 48.0 7 66.8 3
C.25 Italian  Alps, Val Venosta — 76.0 6 55.0 3 65.5 4
D.27 Swiss A lps, G raubunden 1,410-2,130 59.2 17 36.0 19 47.6 16

E.28 Japanese larch ex. D enm ark .... ____ 82.0 2 39.8 15 60.9 8
F.29 G erm an ~] H arbke 500 73.4 10 46.2 9 59.8 10
F.30 and Polish >- Neckarge- 

Lowlands, J  m unde 655-985 71.0 12 43.0 11 57.0 12
F.31 ,, - N eum unster 98-230 70.4 13 51.0 5 60.7 9
F.32 Proskau  .... 330-655 46.0 21 35.2 20 40.6 21

F.36 ,, Stolp 82-98 73.8 8 51.0 5 62.4 7
K.52 Slovakia M urau ................. 3,150-3,430 56.3 18 37.3 18 46.8 18
L.54 Scottish ex Sweden ................. — 49.0 19 39.7 16 44.3 20

43/502 Scotland, A ldroughty ................. 160 60.8 16 33.4 21 47.1 17
43/13E England N orth-east ................. — 75.0 7 38.8 17 56.9 . 13
43/13G E ngland N orth-w est ................. 69.2 14 41.8 13 55.5 14

* Stage 111=needle tips visible.
In  the case o f  Savernake, Stage IV (see above) was used.

A study of these data  shows that phenological behaviour is a character o f 
race, though in some cases m ore well defined than in others. I t is observed 
that geographic groups conform , in general, to a similar pattern  inherited, no 
doubt, from the closely related conditions o f their natural habitat.

Earliest o f all was the Siberian larch, which has suffered severe frost injury 
alm ost every year since it was planted, and has failed completely at two out 
o f three sites. The two groups o f seed lots from the A ustrian Alps, M ark A 
(below 4,100 feet) and M ark B (above 5,250 feet) were, with the exception of
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Races A.4 and A .5, conspicuously early at all five centres. The “ standard” 
race, A. 14 W aldstein, proved to be one of the earliest flushing lots a t all centres.

Next in flushing order came the various origins from  the G erm an and Polish 
coastal plain and the W est G erm an Lowlands. These were rather diverse in 
that three of the seven lots in the collection have shown a m arked tendency to 
flush m uch later than the other four. I t is interesting to note that D r. Schmidt 
also recorded that different behaviour and losses in the nursery were shown by 
several members o f this group.

The next group to  flush was that from  the Italian Alps, followed closely by 
the two Scottish larches and the Swiss Alpine group. Latest of all the In ter
national lots to flush at all centres were the two groups from  Slovakia and 
M oravia.

O f the five hom e origins included in the collection, two from  England 
(N orth-east and North-w est) flushed shortly after the earliest continental lots. 
Two others from  Brechfa, South Wales, and Thornthw aite, N orth-w est England, 
were am ong the last lots to flush.

At all centres the effect o f shade and exposure to wind caused a considerable 
delay in the onset o f flushing. Differences between the various provenances 
were also m ore m arked in the early stages o f flushing.

A com parison o f the flushing assessment da ta  for the two years 1949 and 
1950 indicates tha t with only a few exceptions the general response o f the 
various provenances to  climatic influences does not vary very greatly from  one 
year to  the next. The only lots which showed any great variation in earliness 
of flushing between the two seasons were: M ark E.28 (Japanese larch), F.31 
(Neumunster), A.4 (Innsbruck) and  43/13E (England N orth-east).

Races which were am ong the first eight in flushing order in  both  seasons 
were: C.25 (Val Venosta), F.36 (Stolp, Pom erania), A .6 (Lamerau), A .8 
(M urau-M urau), A. 14 (“ stan d a rd ” race—W aldstein), B.15 (Michael). All 
but one of these lots, F.36, are from  sources in the Italian  and A ustrian Alps.

Several lots were consistently late flushing, o f which the following were 
among the last eight in both seasons: D.27 (G raubunden), F.32 (Proskau), 
K.52 (M urau, Slovakia), L.54 (Scottish ex Sweden), 43/502 (Scotland, 
Aldroughty), A .5 (Krum bach). I t is noted that these lots are from  widely 
separated geographic regions.

Relations between Growth Rate and Earliness ofFlushing. N o consistent relation 
is apparent between rate  o f grow th and earliness o f flushing. It is interesting 
to note, however, that the M oravian and Slovakian groups o f origins which 
have shown exceptional vigour were am ong the latest to flush. The G erm an 
and Polish Lowlands group (M ark F) is variable but it is w orth recording that 
Race F.32 (Proskau), one o f the m ost vigorous races in the trial, was also one 
of the last to  flush.

Am ong the Alpine origins, which showed the poorest growth, a large p ro 
portion were early flushers, notably Races C.25 (Val Venosta, Italy) A .8 (M urau- 
M urau, Austria) and A .l (Bluhnbach, Austria).

Leaf-fall. Assesment o f differential leaf-fall was carried out at the end of the 
1949 season in  order to  ascertain the length o f the growing season for the various 
provenances. Races which showed a relatively short growing season were: 
K.52 (M urau, Slovakia), A .4 (Innsbruck, Austria), A.5 (K rum bach, Austria), 
and D.27 (G raubunden, Switzerland). Those showing a long growing season 
were: A .l (Bluhnbach, Austria), A.6 (Lam erau, Austria), A. 13 (Steinach- 
M uhlbach, Austria) and E.28 (Japanese larch).
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C om paring these results with the growth data  for 1950, no consistent 
relationship is apparent.

(b) New Work on European Larch
The second and last part of the trial of various provenances o f European 

larch, in places where previous European larch crops have suffered from  “ die- 
back” , was planted at D rum tochty Forest, K incardineshire; Thornthw aite 
Forest, Cum berland; and  Coed-y-Brenin Forest, M erioneth. O f the first year’s 
planting, one Scottish provenance (Farigaig) suffered heavy casualties in all 
forests, and despite enquiry, the reason remains obscure. It is im probable that 
one provenance which behaved norm ally in the nursery should be unusually 
susceptible in the forest, but no extraneous cause which might account for the 
heavy death rate was traceable.

Japanese Larch
In 1934 a collection of seed lots was received from  Japan  and planted out at 

several forests in Scotland. In  1948, these experiments came under the control 
o f  the Research Branch. The seed came from  fourteen different origins in 
N agano Province, H onshu, Japan , and o f these, eight were on M ount Ontakesan, 
though the differences between the latter, whether o f localities or o f parent trees, 
a re  not on record. The natural hom e of Japanese larch in which seed collections 
are norm ally m ade is somewhat restricted, and covers an area roughly 150 miles 
by 150 miles. The seed lots comprised a fair sample o f the whole province. The 
elevation above the sea o f the parent trees is unfortunately not recorded for any 
o f the seed lots. The experiments at D rum m ond Hill, (Perthshire), K napdale 
(Argyll) and Strathyre (Perthshire) forests were assessed in 1948, prior to the 
first thinning, and though the plots in each forest were not replicated, each 
site is sufficiently uniform  for com parisons between provenances to be made. 
The results o f these experiments do not show any consistent differences. The 
mean height and mean girth o f all provenances is very similar and none o f them 
has shown any greater or less vigour a t all three sites, but the size o f the trees 
now varies considerably with the site o f the experiment, the m ean heights 
being as follows: K napdale 26.8 feet, Strathyre 18.9 feet and D rum m ond Hill 
34.2 feet. Assessments were also m ade o f the average lean o f the trees, this 
being determined by measuring the horizontal distance between the bole o f the 
tree on the side away from the lean, and the top of a vertical pole ten feet high 
sited at the foot o f the tree. Here again no consistent differences between 
provenances were found, but there was a very definite site difference. On the 
exposed west coast a t K napdale (elevation 500 feet) the average lean o f all lots 
was 19.2 inches from  the vertical at a height o f ten feet. A t a m uch greater 
elevation (1,100-1,300 feet), but less exposed to oceanic winds, a t Strathyre 
Forest, the lean was 15.2 inches; and at a ra ther lower elevation (550-700 feet) 
in D rum m ond Hill forest, still further east, and least exposed, the lean was 13.4 
inches. All trees were leaning in approxim ately the same direction in each 
experiment. The form  of the stem was classified visually into the three cate
gories normally used in sample plot work, viz. (I) trees w ith good stem form, 
(II) trees with slightly defective stems and (III) trees with very defective stems. 
The percentage o f stems in each class was calculated but showed no consistent 
differences between provenances. The num ber o f cankers on the stems up to a 
height o f ten feet from  the ground was also recorded. N o consistent differences 
were found between provenances, but at K napdale on the west coast the mean 
num ber o f cankers per tree was 0.09, in the high elevation plots a t Strathyre it 
was 0.23, and at D rum m ond Hill no cankers a t all were found. F rom  these 
experiments it appears that differences between provenances are small and not
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likely to be made apparent w ithout a very precise test. The effects o f exposure 
and the elevation o f the site are clearly evident, both  in vigour o f growth, in 
the lean o f the tree and in its susceptibility to canker.

Scots Pine
The series o f experiments with pine of different provenances was continued 

on the west coast. Here trouble from  w ind-blast causing browning and loss of 
needles occurs. Further study (e.g. a t Achnashellach forest, W ester Ross, Expt. 
No. 22) suggested tha t poor nutrition  is probably a predisposing cause. There
fore in the new experiments at Salen forest, Isle o f M ull, and Asknish and 
Strathlachlan forests on opposite shores o f Loch Fyne, the different p ro 
venances were planted both by older m ethods w ith little ground preparation 
and no m anure, and with the aid of ploughing or intensive hand preparation  and 
phosphate m anuring. A num ber of Scottish provenances, both west and east 
coast, were included, together with some from  Norway. Though older experi
ments in the eastern part o f Scotland indicate tha t the coastal Norwegian 
pine grows slowly, it is hoped that it may prove faster and m ore resistant to 
blast near the sea on the west coast.

Results o f experiments a t Findon (Easter Ross), Roseisle and Teindland 
(M orayshire) forests confirm the superiority o f pine o f Scottish provenance 
to that o f foreign origin. (Com pare the results o f a similar experiment in 
Thetford forest, in the Reports on Forest Research for 1949 and 1950).

The oldest experiment, at Teindland forest (No. 32, planted in 1928) showed 
significantly poor grow th am ounting to failure of northern Finnish provenances, 
while the southern Finnish (Viborg) seed produced trees o f inferior height 
growth. Between two Scottish provenances (Beaufort, Inverness-shire, and Pit- 
gaveny, M orayshire), two Latvian provenances and Hagenau, Bas-rhin, there 
were no significant differences, partly due to considerable variation in this site. 
After the first thinning in 1951, the basal area of the main crop o f the home 
and Latvian provenances was significantly greater than tha t o f the Haguenau and 
Viborg lots. The basal area o f thinnings removed was approxim ately p ro 
portionate to tha t o f the m ain crop. The form  o f the trees o f the Viborg 
provenance was good. The two Latvian lots varied from  plot to plot, but coarse 
wolf trees were num erous and the crop had an ugly appearance. The two home 
provenances appear to be likely to give the m ost valuable crops.

GROW TH DATA OF SCOTS PINE PROVENANCE EXPERIMENT AT TEINDLAND.
PLANTED, 1928

Table 22

Identity
No.

Provenance

A ltitude
feet

M ean 
Height 

ft. 1947 
season,age 

20 years

Basal Area 
sq. ft. per i  acre 

p lo t 1951 season 
age 24 years

Origin L atitude
N. M ain crop Thinnings

25/27 Viborg, F inland 61 160-320 14.5 6.12 1.23
28/501 L a tv ia ............................... 56-58 — 18.2 9.48 2.61
25/67 Riga, L a t v i a ................. 57 — 16.3 7.81 1.67
25/503 Pitgaveny Estate 57°40' 0-50 16.9 8.61 2.84
25/502 B eaufort Estate,

In v e rn e ss* ................. 57°27' 100 18.5 10.12 3.61
25/25 H agenau ................. 48°45' --- 16.1 7.50 1.51

* Sawmill W ood. R eputed  rem nant o f  old C aledonian native pine.
[Table 22 continued on next page.
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Table 22— continued.

Identity
No.

Provenance

A ltitude
feet

M ean 
Height 
ft. 1947 

season, age 
20 years

Basal A rea 
sq. ft. per i  acre 
plot 1951 season, 

age 24 years
Origin Latitude

N. M ain crop Thinnings

S tandard erro r o f the
means .................

Differences necessary 
for significance at 
5%  level .................

± 1 .0

3.2

±0 .7 6

2.40

—

25/69
26/F8

Partially failed plots: 
K ittila, F inland 
A htari, Finland

67°30'
62°30'

650
475

2.4
6.6

1
1.76 Nil 
3.53 ! 0.30

At Findon, (Expt. N o. 1, planted in 1929) the home provenances were 
approxim ately double the height o f any of the foreign ones, and those from  the 
north  o f Finland and southern Europe were mainly dead or dying. There were 
no significant differences between any of the hom e provenances. N o m easure
m ents descriptive of the form  of the trees have been made. Visual scoring by the 
Geneticist gave the following results, the lowest score indicating the tree of 
best stem, branch and crown fo rm : S trath Conon (Ross) and Loch Fyne (Argyll) 
16, East England (N orfolk & Suffolk) 19 and Innes (M oray) 20. The Finnish 
provenances all scored 14 or 15. The conclusion reached in past inspection 
reports is that Innes has produced best results as a crop, taking into account 
both vigour and form, and that East England ranks as the second best. It is o f 
interest to note that, though the East England pine is commonly believed to have 
been introduced from  Scotland and is in general found to  be of superior quality 
and growth, Selby in 1842 rem arked that plants raised from  the seed o f the 
N orfolk trees “ are so deteriorated in constitution, tha t few of them  when 
planted live for m ore than 25 years” ! The mean needle lengths o f the p ro 
venances were also calculated, which confirms that the Finnish provenances 
have much shorter needles, (27 mm. or 1 in. approx.) than all other provenances, 
which are all over 30 mm. (about l j- in.). The native provenances have needles 
about 35 mm. (about 11 in.) long. The contrast in colour o f needle has been 
rem arked on at all stages of growth, the hom e provenances being dark green 
and the foreign yellow green.

SCOTS PINE PROVENANCE TRIAL AT FINDON FOREST. PLANTED 1929 
LOCALITY DATA, MEAN HEIGHT, GRO W TH AND NEEDLE LENGTHS 

Table 23

Identity
N o.

Provenance M ean 
Height 
ft. 1950 

season, age 
22 years

M ean
Needle
length
mm.Origin

Latitude
N .

Altitude
feet

G R O U P  I H O M E  PR O VBNANCES
25/505 Stra th  C onon, Ross-shire 57°30' 100-500? 20.1 34
26/502 Innes, M orayshire .... - .... 57°30' 0-100 22.0 35
26/501 D arnaw ay, M orayshire 57°30' 200-500 21.0 34
25/504 Loch Fyne, Argyllshire 56 sea level? 19.5 35
26/17 East England .............................. 52°30' 50-200 22.5 36

M ean 21.0 35

[Table 23 continued on next page
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Table 23— continued.

Identity
No.

Provenance
M ean 

Height 
ft. 1950 

season, age 
22 years

M ean
Needle
length
mm.Origin

Latitude
N.

A ltitude
feet

26/F6

26/F7
26/F8
26/FI
26/F3

GRO
Sodankyla

Pieksam aki ..............................
A htari ............................................
Lam m i, Evo ..............................
R a iv o la ............................................

U P  II F I
67°15'

62°30'
62°30'

61
60°15'

N L A N D
625

400
475
300
150

M ainly
dead

8.8
12.4 
10.2
14.5

26
27
27
28

M ean 11.5 27

G R O U P  III
26/54 j Selburg, Latvia (var. rigensis) .... 
25/70 j U ral M ountains (var. uralensis)

1

B A LTIC
57

57-67?

A N D  RUS
390

?

SLA 
10.0 
7.4 

M any dead

32
37

G R O U P  IV
26/4 j B orzham , G eorgia (var. hamata) 
26/9 1 Sierra N evada, Spain (var. 

j nevadensis)

SO U T H E R
42

37

LY LA TIT
3.500

6.500

UDES
9.6

4.8 
M any dead

35

34

S tandard  erro r o f  the  m e a n s .................
Differences necessary fo r significance 5%  le

1% le 
0.1%

I

vel
vel
level ....

± 1 .2
3.5
4.7
6.2

+  1.3 
3.6 
4.8 
6.4

There are single large plots o f one-quarter to  one-third acre o f each o f the 
hom e provenances adjacent to  the replicated experiment, and in these sample 
plots have been established. They give results which are closely com parable 
with the replicated experiment, as will be seen from  the following table, and in 
addition they will give reliable yield data  over a long period o f time. The small 
plot experiment will have to  be abandoned because the plots now interfere with 
one another.

SAMPLE PLOT DATA. FINDON SCOTS PINE PROVENANCE TRIAL

Table 24

Identity
No.

Provenance Plot
N o.

T op H t. 
feet

Volum e in cubic feet 
quarter-g irth  m easure 
over bark  per acre

Stem form  
(%  in three  classes)

M ain crop Thinning I II III

25/505 Stra th  C onon .... 246 30J 656 236 m 62 i
26/502 Innes ................. 247 32 i 644 231 9 88 3
26/501 D arnaw ay 245 32 616 192 231 76J i
25/504 Loch Fyne 248 28 413 127 23 i 75 i 1
26/17 East England 249 334 686 177 43 f 56£ i
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The East England provenance appears to be growing faster in height than 
the others and establishing a superiority in the form  o f the trees.

In Roseisle forest a similar experiment (No. 2) was planted in small “ A nder
son” groups, w ith seedlings in 1930 and transplants o f the same seed lot in 1931.

Both the seedlings and transplants o f the D arnaw ay provenance have done 
better than any o f the others, and they m ay be regarded as significantly superior 
in height. There are no significant differences between the G len M oriston, 
Loch M aree and  A bernethy provenances, which are all considered to be 
rem nants o f the native Caledonian pine forest. The west Norw ay provenance 
is very inferior in growth, and in survival, many o f the groups now being blank. 
N o m easurem ent of other characteristics has been made, but in appearance the 
D arnaw ay trees are rough and coarsely branched. The Loch M aree group are 
often but less consistently coarse, while the A bernethy trees are variable in 
appearance. The Glen M oriston provenance is the straightest and finest- 
branched o f all, and with few exceptions is of good form.

SCOTS PINE PROVENANCE TRIAL AT ROSEISLE FOREST 
MEAN HEIGHT AT END OF 1947 ( i .e .  AGE 18 OR 17 YEARS)

(The m ean of the three tallest trees per group)
Table 25 Height in feet

Identity
N um ber Provenance

1 yr. 
seedlings

1 y r.-l yr. 
transplants

29/554 Glen M oriston, Central Inverness-shire 16.4-1 17.3'
29/547 Loch M aree, W ester R oss .............................. 18.0 16.6
29/549 A bernethy Forest, Eastern Inverness-shire .... 17.4 I ±  0.48 16.4 I 4- 0.47
29/559 D arnaw ay Estate, M orayshire 70 yr. old trees 18.6 19.4
29/560 D arnaw ay Estate, M orayshire 18 yr. old trees 19.7 J 18.2

Differences necessary \  5% 1.4 1.4
for significance J  1% 1.8 1.8

26/503 W est N orw ay 5.6 6.4

Pinus contorta
An experiment to test the value o f seven seed lots o f Pinus contorta of 

diiferent origins was laid down at Clocaenog Forest, in the Ty’n y Waen 
(Sheepwalk) Area in 1934. The collection included four lots from  inland regions 
o f British Colum bia a t medium  elevations, one lot from  Alaska and two lots 
from  the coastal belt of the United States of America at elevations o f below 
500 feet.

The site is a very exposed area o f Calluna m oorland at an elevation of 1,380 
feet. The ground has a gentle slope with good natural drainage and a south-east 
aspect. The soil is a peat varying from  two to several inches in depth. In 
general the conditions prevailing on this site would be classed as severe from 
an afforestation point o f view.

The grow th and appearance of the two coastal lots (Ident. N o. 34/39 U.S. 
C oast; Ident. No. 34/40 Olympic Peninsula, W ashington) are very good and 
they are, in general, superior to the inland origins on this site. M any plots 
have suffered injury by windblow.
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A study o f form  shows that the coastal lots are m ore heavily branched, 
having a greater num ber o f branches per whorl, thicker branches and also a 
slightly greater crown spread. Their needles are, however, shorter and stiffer 
than those o f the inland origins. The m ean data  for com parable plots, measured 
in 1951, is as follows:—

PINUS CONTORTA PROVENANCE TRIAL AT CLOCAENOG FOREST

Table 26 M easured 1951

D ate o f 
Planting

Identity  N um ber and 
Provenance

Height
(feet)

Branches 
per w horl 
a t Breast 

Height

Branch
girth
(in.)

C row n
spread
(feet)

Needle
length
(mm.)

1937 34/39, W est C oast o f  United 
States 50-100 f e e t ................. 17.7 5.8 2.8 9.0 49.2

m i 34/40, O lym pic Peninsula, 
W ashington, 300-500 feet ... 20.6 5.8 2.3 8.0 44.2

1934 31/26, M t. Ida, British 
C olum bia .... 20.5 brashed — 8.0 61.7

1934 31 /49, E. o f  K am loops, British 
C olum bia over 1,310 feet. .. 21.4 4.4 2.1 7.6 63.0

Am ong the inland origins the K am loops race is very promising. The m ore 
heavily branched coastal lots have proved very effective in suppressing the 
dense vegetation.

Corsican Pine

A provenance trial using four origins o f Corsican pine was laid down at 
Clocaenog Forest, on Cefn D u (Pincyn LIys section) in 1951. The plants were 
raised from  seed lots collected in Italy, Corsica, Spain and East Anglia and 
were planted in screefed patches in the natural surface.

There is little to be said at present about this experiment except that losses 
at planting were heaviest in the case of the Spanish lot (38 per cent) and lowest 
for the Italian lo t (8 per cent). Losses for the East Anglian and Corsican lots 
were 23 and 25 per cent respectively.

Douglas Fir

Seventeen seed lots o f Douglas fir collected from  a wide variety o f sites 
in W ashington and Oregon were presented by M r. F. E. M anning. Mr. Leo 
Isaac o f the Pacific N orth-w est Forest Experim ent Station, U nited States 
Forest Service, co-operated in providing site data. H alf o f each lot was sown at 
Newton Nursery, M orayshire, and half placed in cold store. There were no 
significant differences in their grow th in the first season.

An experiment planted at Glentress Forest, Peebles-shire, in 1943 affords a 
com parison between the green D ouglas fir from  Vancouver Island (three separate 
seed collections) and the grey variety caesia from  Salm on A rm  and Prince 
George, British Colum bia, C anada. The latter are on the average taller and 
better shaped trees, and in the summer of 1951 they proved far m ore resistant 
to attack by Adelges cooleyi.



F O R E S T  E C O L O G Y

By J. M. B. BROW N
Forest Ecologist

Growth of Beech in Britain
W ork on beech has been mainly an extension o f the assessments o f height 

growth o f young beech crops in relation to environm ental factors, and more 
detailed observations on the causes o f forking in the pre-brashing stage. 
A ttention has also been given to the ecology o f chalk soils and the natural 
and sem i-natural plant communities which they bear. All these lines o f work 
are still being followed and call for only brief notice at this stage. Some o f the 
inform ation collected was included in a full report o f an ecological survey of 
British beechwoods, which was got ready during the year for publication as 
a  bulletin.

Early Growth of Beech in Britain
Conservators of Forests in the south and east o f England co-operated in this 

investigation, producing 240 representative assessments o f grow th: these relate 
to  plantations ranging in age from  three to fifty years (rarely older, up to 97 
years) and are distributed as follows:

South-east England 133
East England .... 90
South-west England 10
Forest o f D ean ................  7

This reflects the predom inantly south-easterly distribution o f beech in 
Britain. These assessments, together with about 150 m ade by the Research 
Branch, have been summarised and will be fully reported in due course. M ean
time a few general observations can be m ade on the data.

(1) M ost o f the assessments show a very satisfactory rate of growth, which 
com pares favourably w ith early growth in G erm an and D anish beech forests. 
This is partly due to  the latter representing naturally regenerated crops, held 
back at first by shade and roo t com petition. Some of the cases in which the 
yearly increm ent fell m uch below twelve inches could be traced to inadequate 
tending during the war.

(2) There is no close relationship evident between early grow th o f beech 
and soil factors. But there is a tendency for the finely loam y soils and the 
deep sands or sandy loams to  show better results than  shallow chalk soils, 
o r clayey soils with impeded drainage in the subsoil. Records from  clay soils 
are regrettably few and the plantations concerned are mostly under twenty 
years. In several cases the early grow th of beech on clay soils has been satis
factory to distinctly good and the further developm ent o f these crops will be 
watched with interest. U nfortunately the investigations in m ature beechwoods 
have provided little inform ation about beech grow th on clays. Thin chalk 
soils are notoriously liable to summer drought, especially on south aspects. 
Early growth of beech is then always slow and often interrupted by dieback, 
unless there is considerable shelter from  the relief, or from  associated trees.

(3) The forms used for assessment always included the character of the 
preceding crop (forest o r other) and indicated whether the beeches had been 
raised in the open, in mixture with another species, o r as underplanting:
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the retention or rem oval o f nurse trees was also recorded. I t  appears that, 
on the drier sites, where, because o f full exposure, or low rainfall, or an 
unretentive soil, the young trees have difficulty in m aking good their water 
loss, shelter from  associated trees can be a very m aterial aid to establishment. 
A part from  this, establishm ent and early growth are as a rule distinctly m ore 
rapid on clear-felled old woodland than on open dow nland or heath. In  fact, 
however, m ost form er w oodland areas bore, at the time o f acquisition, consider
able regrow th of birch seedlings, o r coppice shoots, and it is now the practice 
to m ake every use of this, restricting the expensive w ork o f clearance to the 
minimum. There are instances o f good early grow th o f pure beech crops on 
open ground, where the exposure was slight and the soil m oisture supply good. 
But in general the establishm ent o f beech on treeless pasture or heath still 
presents difficulty.

(4) On the whole, early grow th appears to have been better in the districts 
with higher rainfall (G oodw ood area o f Sussex, Collingbourne, Forest o f D ean) 
than the average for the regions represented. A lthough the high rainfall and 
cooler summers o f an  oceanic climate may be unfavourable to  the perpetuation 
of natural beechwood, the individual crop appears to thrive on them.

Forking in Young Beeches
Careful observation o f many individual trees through the growing season o f 

1951, and occasional notes in  all the other plantations inspected, showed that 
incipient forking is nearly always associated with injury to the leading shoot, 
and that trees which m ake renewed growth after m idsum m er (or produce 
“Lam m as shoots”) are specially affected. A Tortricid caterpillar (later identified 
as Peronea ferrugana) had  previously been found responsible for serious dam age 
to  shoots in late summer and early autum n. In 1951, a gall midge o f the genus 
Contarinia was found to  be very prevalent in the buds and late sum m er sprouts in 
several districts. Several larvae are usually found in an opening bud, and 
death o f the bud usually follows. Die-back o f tips in summer is not always, 
however, associated with evident insect injury, and it is believed that physical 
conditions o f the atm osphere may be concerned. Further investigation is 
pending.

The factors upon which secondary shoot extension in late sum m er depend are 
still insufficiently understood. In  the rainy late summers o f  1950 and 1951 
such extension was very com m on, and this suggests tha t soil w ater has some 
controlling influence. A t the same time shade is concerned in some negative 
way: it has been observed, both under experimental conditions and  in the field, 
that strongly shaded young beeches rarely produce Lam m as shoots. In  view o f 
the interest in the origin o f stem defects in young beech crops, this clue seems 
to be w orth following up.

Chalk Grassland Communities
The natural, or sem i-natural, chalk grassland communities o f the south  of 

Britain are not merely o f academic interest. They may he used as guides in the 
choice o f species, o r as indices of the probable perform ance o f beech or other 
trees planted on them, and their exam ination may provide inform ation of 
silvicultural value.

On the shallow rendzina soils the chalk pasture in the southern counties is 
largely dom inated either by Zenia  erecta (Bromus erect us) or by Festuca ovina 
agg., although several other grasses m ay be abundant, or locally dom inant. 
For long it was a puzzle why Zerna was dom inant at Friston, Sussex, and Festuca 
at Buriton and some other H am pshire forests. There is now a good deal o f
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evidence that Zerna is the natural dom inant, persisting, however, only on 
undisturbed ground. A fter heavy grazing, o r a few years under the plough, 
Zerna  disappears (except here and there on “headlands”) and other grasses m ore 
to lerant o f m an’s activities increase their range. It is not clear what bearing this 
may have on silviculture: but it may be that Festuca ovina dom inance on chalk 
grassland betrays recent tillage, with the ensuing drainage of fertility and possibly 
some soil erosion.

Influence of Shade on Increment, Stem Form and Health 
of Beech Plants in the Nursery

Lay-Out of Experiment
This experiment was set up in M arkham  Oak Nursery, Alice H olt, in February 

1950, with 24 plots (six replications o f four treatm ents), each m easuring six 
feet by six feet and carrying 49 beech transplants at a spacing o f 10 inches each 
way.

The treatm ents were:
0 (Control)—Plants receiving full (100 per cent) daylight.
1—Light reduced by an overhead la th  screen to about 50 per cent daylight.
2— Light reduced by a similar, closer screen to about 20 per cent daylight.
3—Light reduced by a lath  and hessian screen to below 5 per cent o f full 

daylight.

Periodic measurements o f the light transm itted by the screens were m ade 
throughout the growing seasons of 1950 and 1951. A photo-electric cell was 
used and the measurements were m ade in dull w eather some time within three 
hours o f noon between early M ay and mid-September. On the evidence of 
these measurements, small adjustm ents were made to  the screens at the beginning 
of each growing season, partly to ensure that they accorded w ith the plan, but 
m ore especially to ensure that all the six plots included in one treatm ent received 
about equal light intensities. The relative light intensity (i.e. the light expressed 
as a percentage o f the light m easured in treatm ent 0) fluctuated a little, parti
cularly under the hessian (treatm ent 3): but these fluctuations were not 
regarded as serious. A fter the final adjustm ents in the early sum m er o f  1951, 
the position was tha t treatm ents (2) and (3) were receiving ra ther less than  the 
20 per cent and 5 per cent o f full daylight which were aimed at, and the last 
set o f measurements, taken in good conditions on 5th September, 1951, showed 
the following mean values for the relative light intensity under the four 
treatm ents:

0 -1 0 0 % ; actually about 1,425 foot candles.
1 -  49.7% ; „ „ 700 „
2 -  17.9%; „ „ 250 „
T.  'X 7^ 0/  . <-1

The plots were planted up at the end o f February, 1950, with one-year-old 
seedlings from  Buriton nursery, and the screens were pu t over at once. The 
plots were edged with a single row of small Sitka spruces to cut down side light 
and draughts, and to create a favourable microclim ate for growth. In the 
shaded plots this was later augm ented by a partial side screen of hessian, after 
the first light measurements indicated that rather too m uch side light was 
getting through. As the experiment was only concerned with the shade factor, 
adequate soil m oisture was assured by the application o f water when required. 
This was mainly given to the open plots during the warm  dry weather in June 
and July, 1951, but one general w atering was given about mid-sum m er in each 
season.
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Observations and Measurements
In addition to  the m easurements of light intensity, regular records were 

made o f the condition o f the plants, the occurrence o f  insect a ttack  and 
secondary shoot extension (Lammas growth) and o f the m oisture state o f the 
soil. O bservations were also m ade on flushing and leaf fall dates under the 
different treatm ents. A complete assessment o f to tal height and current incre
m ent in October, 1950, showed a small difference in favour of treatm ent 0 
(full light), which was mainly due to the greater frequency o f late summer shoot 
extension in this treatm ent. The check occasioned by transplanting and the 
dry spring and early summer caused poor growth generally in 1950, and it was 
recognised that the second season o f the experiment would be the decisive one. 
The full assessment in autum n 1951, included the following m easurem ents on 
the twenty-five plants which form ed the central square in each p lo t’ :

(a) Leaf. N um ber and dry weight o f leaves on every plan t: leaf size and 
total leaf area for every plant in two o f the six replications.

(b) Shoot. Total shoot length, yearly increments (split in to  spring and 
summer portions) and dry weight for every plant.

(c) Root. D epth  o f penetration, length (stretched) o f longest root and 
dry weight o f ro o t system on every plant.

(d) Detailed records o f forking, dieback and insect dam age for each plant.
(e) N otes on habit o f shoot and roo t and the characters o f buds, leaves 

and  bark  for each plot.
( / )  Photographs o f three representatives o f each treatm ent.

Results
A  full report will be prepared when the data  have been further examined and 

statistically analysed. M eantim e the general effects o f shade on the growth, 
health and form  o f the three-year-old beech plants may be thus sum m arised:

Leaves. The leaves o f shaded plants are m arkedly fewer, thinner, lighter 
in weight and darker green: except in the m oderate shade o f treatm ent (1), 
they are individually smaller in  area. They are flatter and less crim ped; 
downier and som ewhat softer and m ore flaccid: they are also conspicuously 
m ore horizontally arranged on the twigs. U nder shade, too, the leaves appear 
somewhat later in  spring and they change colour and fall rather later in autum n.

Shoots. U nder increasing shade the axis o f the shoot becomes progressively 
less erect, thinner, less branched and lighter in weight. The height grow th may 
be slightly im proved by m oderate shade (50 per cent), but falls off at light 
intensities m uch below 50 per cent. This is connected with a reduced frequency 
under shade o f mid-sum m er shoot extension (Lammas growth), which in turn  
is evidently associated w ith a lower incidence of dieback of shoots and a lower 
frequency o f forks. Fig. 1 shows clearly the contrast between the stout, vigorous, 
m uch branched shoot o f the tree in full light and the slender, horizontally 
inclined shoot o f the deeply shaded tree, bearing only few, m ore or less hori
zontal, twigs. The buds o f shaded trees are distinctly smaller and, as noted 
already, begin grow th later in spring.

Roots. The roots of shaded beeches were, like the shoots, thinner, much 
less branched, lighter in weight and somewhat less deeply penetrating. At 
50 per cent light intensity there was a slight reduction in the roo t/shoot ratio, 
as com pared with the control: the ratio scarecely seemed to undergo any 
further reduction in the m ore shaded plots.

Insect injuries. Injuries by insects were in general m uch less frequent under 
shade. This m ay be partly ascribed to easier access to the uncovered trees, and 
partly to the predilection o f  certain insects for the tender Lam m as sprouts 
from  mid-sum m er on. O f these insects certain Tortrjcid larvae (Lepidoptera)
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and gall midges o f the genus Contarinia were the m ost im portant. Several 
larvae of the Vapourer M oth (Orgyia antiqua) were detected, mainly on the 
unshaded trees. But the m ost widespread and troublesom e insect in the plots 
was Phyllaphis fagi, which causes a white exudation on the lower surface of 
beech leaves in nursery and plantation. This was a t first m ore prevalent on 
unshaded trees: but it proved m ore persistent, and caused some prem ature 
leaf fall in 1951, under m oderate shade (Treatm ents 1 and 2). In  the deepest 
shade Phyllaphis was scarcely seen.

Fig. 1. Representative beech plants from  fo u r shading treatm ents.
0— Plants received full daylight
1—Light reduced to  abou t 50 per cent, full daylight
2— Light reduced to abou t 20 per cent, full daylight
3— Light reduced to abou t 5 per cent, full daylight 

The white ring indicates ground level.

Discussion
It is evident that the detailed exam ination o f the data will show that the 

shading has had a profound influence on the form  o f the young beech plants
subjected to  these treatm ents during two years in the nursery. The effect on
height increm ent appears to have been small—perhaps insignificant for the 
two interm ediate degrees o f shade. But even at a light intensity o f 50 per cent 
o f  full daylight there is some reduction in dry m atter increase o f shoot and roo t;



Plate I. General view o f  the Seed Testing Laboratory  at Alice Holt Lodge.

Plate II. C ounting germ inated seed in a sample tested on a Copenhagen tank.
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Plate IV. Typical contro l tree o f Sitka spruce at W areham  Forest, D orset. Experim ent No. 70.
Planted 1945, photographed A pril, 1952, after seven seasons’ growth. Average 
height o f plot 19.7 inches. No nursing o r m anure.

Piate V. Typical group o f Sitka spruce in Experim ent 70 a t W areham  Forest, D orset, planted 
in 1945 and photographed in 1952. Average height o f plot 70.6 inches. Nursed 
with broom  and m anured with 2 ounces o f bonemeal per tree.
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Plate VIII.  Veneer side grafting o f C orsican pine scion on Scots pine rootstock. A successful 
union. N ote the protecting wax covering. G rafted  25th February, photographed 
5th July.
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and with increasing shade this becomes pronounced. The effect is due partly 
to the slenderness o f the main axes, partly to  the reduction o f branching.

O f alm ost equal im portance is the effect o f shade on the form  o f the tree. 
Deviation of the shoot from  the vertical was evident in m ost plants o f Treatm ent
(2) (18 per cent light) and became general and serious in T reatm ent (3). 
Concurrently there was a reduced tendency to renewed m id-sum m er or late 
summer shoot extension under shade: in Treatm ent (3) such secondary growth 
was practically absent. I t has been observed in the field tha t stem defects in 
beech plantations which have outgrow n the frost and rabbit menace are ordin
arily a result o f dam age by insects, o r by m eteorological agencies, to the 
“ Lam m as” shoots, which are very frequent on young beeches in certain environ
ments. In the experimentally shaded plants suppression o f Lam m as growths 
went hand in hand  with reduced dam age by insects and reduced diebacks o f 
tips. There resulted, under shade, a reduction in forking; the upright tending 
branches o f the fully lighted plants perhaps also increased the likelihood o f 
forking in this treatm ent. Lam m as growth, die-back and forks were, however, 
prevalent in the plants receiving 50 per cent light, and reduction o f these factors 
first became conspicuous when the light was cut down to about 18 per cent. 
At this degree o f shading, however, the reduction o f  dry weight increase is 
im portant, and the plants are in some danger o f assuming the “ table-topped” 
habit. There m ay be some interm ediate light intensity in which a satisfactory 
blend o f vigour and good stem form  is achieved; bu t the experim ental results 
appear to  indicate tha t the im proved form  which m oderate shade indirectly 
induces can only be secured a t the price o f some loss o f vigour. The reduction 
of height increm ent, even after 80 per cent o f the light is cut off, is, however, 
probably trifling. In  general these inferences agree very well with the inferences 
drawn from  m any field observations and assessments on young planted and 
natural beech crops. But the field observations m ake clear a t the same time 
that the instrum ental causes o f forking in young beech crops (Lammas growth, 
insect injuries, frost, sun scorch) are controlled by several factors o f which shade 
is only one.

F O R E S T  G E N E T I C S

By J. D. M ATTHEW S 
Forest Geneticist

Progress of the Programme of Improvement of Tree Seed Sources

Improvement by Mass Selection
The location o f suitable seed sources for current and future planting 

programmes continued. A survey o f Scotland, covering all species in com m on 
use, commenced during the summer o f 1951, and the counties o f M oray, 
Banff, Aberdeen, K incardine and Angus have been com pleted; some surveying 
was also done in  east Perthshire.

Over 220 stands were assessed and classified as suitable (A or Plus and B 
or N orm al) or unsuitable (C or M inus) for seed collection, w ith the results set 
out in Table 27. The classifications A or Plus and C or M inus remain 
unchanged from  previous years but it became necessary to subdivide the cate
gory B or N orm al. The new classification B +  is used for borderline cases 
where the accum ulation o f further knowledge is likely to  raise the rating to 
A or Plus.
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PLUS AND NORMAL SEED SOURCES IN THE EAST CONSERVANCY OF SCOTLAND *

Table 27 Area in acres arranged by species and age classes

Species
A or 
Plus

B +
B +  

Totals

B or N orm al
B

Totals

T otal 
A rea o f 

Seed 
Sources

21-40
Years

41-80
Years

Over 80 
Years

21-40
Years

41-80
Years

Over 80 
Years

Scots pine ................. 30 41 177 112 330 106 818 216 1,140 1,500
Corsican pine 1 1 34 34 35
Pinus con torta  .... 3 3 3
E uropean larch .... 10 67 110 177 249 97 346 533
Japanese larch .... 13 22 3 25 10 4 14 52
D ouglas fir 3 4 4 16 30 2 48 55
Norw ay spruce .... 5 5 5
Sitka spruce 3 3 40 1 41 44
Picea om orika .... 5 5 5
Tsuga heterophylla 5 5 5
Beech ................. 9 9 9

Totals 56 72 252 235 559 175 1,136 320 1,631 2,246

Improvement by Mother Tree Selection
The study of the rich collection o f specimen trees of historical and botanical 

interest also continued during the year. Trees o f this type occur singly or in 
small groups in arboreta, in older private w oodlands and in State Forests with 
a long history o f m anagement. A central index o f the m ore valuable early 
introductions o f exotics is being built up, using the works of Loudon, Elwes and 
Henry and the reports o f the two Conifer Conferences (1891 and 1931) as the 
principal sources of inform ation

Improvement Based upon the Selection of Both Parents
The selection and propagation of a series o f outstanding phenotypes (Plus 

trees) continued concurrently with the survey of seed sources. Twenty acres 
o f ground have been set aside in Alice H olt forest for a central collection of 
clones from Plus trees. Representative grafts and cuttings are being established 
there in readiness for future breeding work.

Study of the Technique of Tree Breeding 
Vegetative Propagation

The m ost im portant group o f techniques in tree breeding are included under 
the general heading o f vegetative propagation, which includes the operations of 
grafting, budding, and the rooting o f cuttings. Vegetative propagation is used 
to  bring the breeding m aterial together into a convenient place; to  test the 
inherent quality o f the selected phenotypes; to stim ulate flower production so 
tha t controlled crossings can easily be made, and finally to establish seed 
orchards for the production of seed o f improved strains in quantity.

G rafting, and the associated technique o f budding, can be used to  produce 
clones o f the m ajority of the m ore widely-used coniferous and broadleaved tree 
species. Clones can also be produced by the rooting o f cuttings, but this 
m ethod is restricted at present to genera such as Populus and Sequoia which 
include species which strike relatively easily. The ability o f a tree to strike 
from  cuttings also appears to decrease with age in m ost species, and as the 
m ajority of Plus trees are older than fifty years the practice has lim itations 
at present.

*Since this R eport went to  press, m any o f  these stands have been destroyed in the great 
windblow o f  31st January , 1953.
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In grafting m uch depends on the type o f scion m aterial employed. It is 
often difficult to obtain the best scion wood from  the older Plus trees and for 
this reason propagation falls into three distinct stages. First there is the initial 
“ fixing” of the selected parents. A very suitable unit quantity is twenty grafts 
done on the m ost suitable rootstocks and under the best possible propagating 
conditions. The successful grafts from  each tree are then put into a central 
collection, called for convenience the “ tree bank” , either as groups or in 
lines spaced twenty to twenty-five feet apart. W hen larger clones are required 
these first grafts can be used as the source o f the m aterial. If  the groups or 
lines are conveniently arranged controlled “ selfings” and  crossings can be 
made in the “ tree bank” to determ ine the quality o f the progeny produced 
by the selected parents.

Secondly, clones are produced for the testing o f the genotype o f the Plus 
trees. This involves the use o f some hundreds o f grafted plants distributed in 
standard layouts over several different site types. The large-scale grafting 
required can only be done out o f doors under the simplest possible conditions.

The final stage is the establishm ent o f seed orchards. This aspect o f grafting 
has no t yet been fully developed, and it is probable that the m ajority o f the 
very varied techniques, such as the top-working o f established trees and the use 
of “ dwarfing” rootstocks, employed in fruit orchard practise, will also find a 
place in tree seed orchards.

The experimental approach to  grafting and budding cannot be ignored. 
Specialized m ethods have already been evolved in D enm ark for oak and beech, 
and in Britain for walnut, and some modifications o f the norm al m ethods are 
desirable for other tree species. The chief factors leading to success appear to be 
correct choice and treatm ent of rootstocks, correct choice o f scion m aterial, 
good grafting technique, and adequate after-care o f stock and scion. All the 
experience gained experimentally should be applied to the mass production of 
grafts over a considerable part o f the year and in the open nursery. This is the 
only practical and economic m ethod, and progress in breeding projects will 
largely depend on the evolution of suitable techniques.

Since September, 1950, the Research Branch has had the use of part o f the 
walled garden and glasshouse space available at G rizedale H all which is situated 
in the Forest o f Grizedale, Lancashire. P late IX  shows a general view of 
this establishment. During 1951, the glasshouses were repainted and converted, 
and during the winter and spring o f 1952, the first experimental grafting study 
was commenced. The m ethods employed, and some o f the results obtained, 
are described below in the progress report for Corsican pine. The propagation 
unit a t Grizedale will be used for three m ain tasks:

(1) The best possible conditions will be provided for the initial “ fixing” 
o f selected parent trees.

(2) Each im portan t species will be taken in turn, and the best grafting 
techniques worked out for propagation under glass and out o f doors. 
The m ost successful m ethods will then be used for the mass production 
o f grafts in  the open nursery.

(3) The selection o f rootstocks for seed orchard purposes will be studied 
and the possibilities o f using clonal rootstocks will receive increasing 
attention during the next few years.

Similar specialized units for the developm ent o f large scale propagation by 
cuttings are being built up at Alice H olt and K ennington Nursery, Oxford. 
The species at present under study are Sequoia sempervirens and the larches.

Flowering and Fruit Production in Forest Trees
Studies under this heading fall into four main groups. The first comprises 

general observations on the effects o f age o f tree, site conditions, cultural
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m ethods and climate on the seed production  o f trees in Britain. As data 
accum ulate attem pts will be m ade to forecast future seed crops for the various 
species in different parts of the country.

Secondly there are the m ore intensive studies of the flowering and  fruiting 
habits o f the species included in breeding projects. D ata  are being collected 
a t present on the effects o f site, cultural conditions, climate and inherent 
characteristics on the age o f first flowering and age o f m axim um  seed production 
in  Corsican pine, Scots pine and beech. Times o f flushing, flowering and leaf 
fall are being recorded, as also are the relative distribution o f male and female 
flowers on individual trees. The production and dispersal o f pollen by small 
groups and plantations o f European larch was studied in a prelim inary way 
during 1951, in  connection w ith the establishm ent o f the hybrid larch seed 
orchard at N ew ton N ursery near Elgin, M oray.

In  the third group o f studies selected plantations are being subjected to 
various grades o f thinning, to  stem strangulation and  girdling treatm ents, to the 
application of nutrients, to  m ulching and to pruning o f the crown so that 
suitable m ethods can be devised o f converting A  or Plus woodlands into good 
seed production units.

Finally the effects are being tried o f different rootstocks, o f ro o t pruning, 
m anurial treatm ents and disbudding on the flowering o f clones o f Plus trees 
produced by grafting. The object is to  prepare the way fo r the m anagem ent of 
future tree seed orchards.

Cross-pollination work has been extended slightly during the spring o f 1952, 
but as in past years the greatest effort was directed tow ards the selection and 
propagation o f suitable m aterial for future use.

Reports by Species:
Corsican Pine

Seed Sources
The register o f seed sources of this species now includes some eighty entries 

totalling over 1,400 acres. Table 28 gives an area statem ent o f the A or Plus 
and B or N orm al stands by age-classes and site types. I t will be seen th a t the 
distribution is weighted heavily in favour o f the younger age classes, the area 
o f stands o f over forty years of age being very small. The search for suitable 
seed sources in these age-classes continues.

PLUS AND NORMAL SEED SOURCES FOR CORSICAN PINE

A rea in acres arranged by 
Table 28 geographical distribution and age classes.

D istribution  
& Geology

Principal 
Forests with 
Seed Sources

25-30 Y ears 31-40 Years 41-60 Years 61-100 Yrs.
Total

Plus
N o r
mal Plus

N o r
mal Plus

N o r
mal Plus

N o r
m al

N orfolk  & 
Suffolk (mainly 
Brecklands of 
E ast Anglia)

R en d lesh am .... 
Tunstall 
T hetford Chase 
Swaffham  ....

40
56

303
15

80

6 12

136
40

321
15

Totals 40 374 80 6 12 512

[Continued on next page
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Table 28—
continued A rea in acres arranged by geographical d istribution and age classes.

D istribution  
& Geology

Principal 
Forests with 
Seed Sources

25-30 Years 31-40 Years 41-60 Years 61-100 Yrs.
T otal

Plus
N o r
m al Plus

N o r
mal Plus

N o r
m al Plus

N o r
mal

H am pshire & 
Berkshire 
(mainly Bag- 
shot Beds)

B e r e .................
B ram shill 
New F orest ....

25
5 5

35

2

35
25
12

T otals .... 25 5 5 37 72

Ham pshire 
(U pper Green- 
sand)

Sussex & K ent 
(H astings Beds)

Alice H olt ....

G ravetye 
Bedgebury ....

50

5

5 15 15

5

2 87

5
5

T otals .... 55 5 15 20 2 97

Cheshire, N otts. 
Staffs, Lincs. 
(New Red Sand
stone).

D elam ere
Clipstone
Sherwood
C annock
L aughton

200

70
n o

5
30

142

80
15

15 22

11

122
245

11
212
110

T otals .... 380 177 80 15 15 33 700

G loucester 
(Carboniferous) 

Lancashire 
(Sand Dunes) 

M orayshire 
(Sand Dunes)

D ean Forest. ..

Ince Blundell 
E state, Form by 
Culbin

3

20
1 34

3

20
35

T otals .... 24 34 58

G rand  T otal o f  Seed Sources 420 655 165 35 21 99 5 39 1,439

The num ber o f plus trees has been increased to sixty by selecting twenty more 
trees o f over sixty years age. A new trial o f progeny arising from  the free 
pollination o f these trees was sown in the spring o f 1952.

Stimulation of Flowering and Fruit Production
The results o f a trial o f m ethods o f increasing the production o f cones in 

a twenty-year-old plantation  have been reported in Forest Record No. 12, 1951, 
entitled Girdling or Banding as a means o f  Increasing Cone Production in Pine 
Plantations, in which it was shown that such treatm ents significantly increased 
the cone production  o f trees in  a twenty year old p lantation of Corsican pine. 
The treated trees have been under continuous observation during the year, and 
in January, 1952, all the ripened cones were collected. The seed was extracted 
and sown at the end o f February.

The seed from  five sample trees was tested by the seed laboratory. All the 
trees included in this test were in the same girth class and had been treated 
at the same time i.e. September, 1948. The test indicates tha t the strangulation 
and girdling treatm ents have not reduced either the size or the viability of the 
seed tested. The germinative energy o f the seed was high, the germ ination 
percentage after twenty days on the Copenhagen tank ranging from  sixty-seven 
to ninety-seven per cent.
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The health and vigour o f the m ajority o f the treated trees in the experiment 
has no t yet been affected. Three trees which died had all been subjected to 
the com plete girdling treatm ent. Twenty per cent, o f the seed from  one tree 
was destroyed during storage by larvae o f the m oth Ephestia elutella.

O f the 180 trees in the experiment, seventy-five, mainly in the lower girth 
classes, did not bear seed. The rem aining trees yielded thirteen pounds nine 
ounces of seed, one pound three ounces from  eighteen untreated trees and twelve 
pounds six ounces from  eighty-seven treated trees. The smallest girth class 
produced two ounces o f seed, and the largest girth class five pounds thirteen 
ounces or forty-three per cent o f the total yield. H ad the collection been 
restricted to the dom inant trees o f good form , the yield o f seed would have been 
between six and eight pounds per acre. Progeny o f over one hundred trees from 
this cone induction experiment are now developing in the agricultural type 
nursery at Alice H olt. Their grow th as one-year seedlings, and subsequently 
as transplants, will be com pared with that o f  the progeny o f one o f the largest 
and best formed untreated trees in the same plantation.

It has been suggested that strangulation and girdling, and similar m ethods of 
stim ulating cone production in young plantations, favour the collection o f seed 
from  trees which tend tow ards abundant cone production and poor vegetative 
growth. For the present, until m ore is learnt about the effects o f these and allied 
treatm ents, the technique will only be applied in seed stands after the removal 
o f all obviously unsuitable trees, and in areas such as the M idlands o f England 
where seed production  is norm ally rather low. S trangulation and girdling may 
not be necessary in East Anglia or South Eastern England.

Eighteen acres o f seed stands were m arked during 1951, the bulk o f them in 
the M idland counties of England. One acre has already been heavily thinned and 
underplanted. The standard layout adopted consists o f strips one or two chains 
wide around the wind-firm periphery o f the plantations. U p to 250 potential 
seed trees per acre are perm anently m arked, and the stand is then heavily thinned 
in one or m ore stages to favour these. Subsequently underplanting, m anuring 
and m ulching treatm ents are to be used where necessary to m aintain the health 
and seed production o f the seed stands.

The bulk of the future seed supplies of Corsican pine will probably come 
from  tested or Elite seed stands. A relatively small area o f seed orchard will 
be established, so tha t the early well-tried introductions of Corsican pine can 
be fully utilised. The area o f plantations over eighty years o f age is small, 
but their value as seed sources is very great.

Propagation by Grafting
The first species chosen for intensive study a t G rizedale was Corsican pine, 

and over six hundred grafts were attem pted w ith the ultim ate objects o f p ro
ducing clones for a trial o f rootstocks and a trial o f the genotype at Alice Holt. 
The conduct o f the propagation study and the results obtained are now described.

Preparation o f  the rootstocks. S turdy seedlings and transplants up to 
twelve inches tall o f Scots pine (Ident. No. 48/188, Origin Altyre, M orayshire), 
Pinus contorta (Ident. N o. 49/55, Origin British Columbia) and Pinus mugo 
(Ident. No. 48/1020, Origin France) were potted into six-inch pots during the 
winter o f 1950. The growth m edium  used was John Innes potting com post, 
w ithout the addition o f lime.

In  August, 1951, the rootstocks were put under glass at Grizedale. The 
propagation beds were prepared with basal drainage and a half-and-half 
mixture of sand and peat, into which the pots were fully plunged. The beds were 
heated to 55°F. by a low voltage electrical soil heating system, those in House 
N o. 1 being heated from  m id-January, 1952, and those in House No. 2 from  mid-
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February. In House No. 1 the roots o f the potted plants became active tow ards 
the end o f January. Shoot growth began in both houses during the latter part 
of February.

Collection o f  the scions. The scions were collected during December, 1951, 
and January and February, 1952. Branches eighteen inches to two feet long 
were taken from  the upper parts o f the crowns of selected Plus trees bearing a  
number o f sturdy well-ripened one-year shoots of good but not excessive vigour. 
The one exception was the m aterial collected at Rendlesham Forest (Suffolk); 
scions had been collected from  five Plus trees in 1950, and strong regrowth 
was available on the shortened branches; this was taken for grafting but proved 
unsuitable.

Collection was by climbing in younger trees, or by shot-gun in trees over 
sixty feet tall. The branches were packed in a fram ework o f wire mouse netting 
covered with hessian and sent by post to Grizedale. On arrival the parcels were 
put into a cool room  until required. The time elapsing between collection and 
grafting was rarely m ore than one week.

The grafting method. The veneer side graft was chosen as the standard 
method. Preliminary studies at Alice Holt, indicated that a deep cut on the root- 
stock, extending about one third across the diam eter of the stem, resulted in a 
useful reduction of resin flow. The basal notch which is part o f the vefteer side 
graft was accentuated, since past experience indicates that much depends on the 
accuracy of the union at this point both for early callus form ation and to 
reduce drying out o f the scion. All scions were taken at the junction o f one- 
year and two-year wood. Plates VI, VII, and VIII illustrate the m ethod and  
the results obtained.

F our variations were introduced into the treatm ent of the scion. The 
foliage of all the scions was reduced to twelve to fifteen pairs o f needles 
clustered around the base o f the bud. Then the remaining needles were either 
left intact or shortened by half, the cut ends being sealed with low-melting- 
point paraffin wax. The cut on the scion was made either from the base to ju st 
below the leading bud, or was confined to the lower half of the scion. The 
graft union was waxed completely in both cases; thus the scion was either 
completely protected or only half protected from moisture losses. Tying was by 
raffia throughout, and a narrow  band o f raffia was left unwaxed on the stem o f 
the rootstock opposite to  the point o f grafting, so that the pressure due to  
callousing could be easily seen and quickly relieved.

Assessments. G rafting commenced on 12th December, 1951, and continued 
until 27th February, 1952. The condition o f rootstocks and scions have been 
continuously recorded, and the propagation conditions were carefully controlled, 
in particular the maximum possible am ount o f sunlight being adm itted to the 
houses. All the grafts were m ade by one experienced man with assistance to 
carry scions and apply the grafting wax.

The results o f the first assessment are summarised below, only strongly 
developing grafts being included. The effects o f different speeds o f heading 
back the rootstock are to  be studied, and the subsequent perform ance of the 
grafted plants will be continuously observed for five years. Particular attention 
will be paid to the strength o f the graft union, and the effects o f the root-stocks 
on the growth and flower production of the scions.

A few grafts were m ade using the whip-and-tongue m ethod, as this has 
already proved useful for Corsican pine. The previous success was repeated a t  
Grizedale.

Summary o f  Results
(1) Pinus contorta (49/55) rootstocks began grow th before the other tw o,
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a n d  the num ber o f successful grafts was correspondingly higher a t the first 
assessment. Scions on Pinus mugo (48/1020) were noticeably the slowest 
in  development.

(2) The long cut on the scion, com bined with com plete waxing and the 
reduction of the rem aining foliage, has given prom ising results, and over three 
quarters o f the grafts are developing strongly. The shorter veneer combined 
w ith  non-reduction o f the term inal rosette o f needles has given poorer results, 
an d  less than  one quarter o f the grafts attem pted are developing satisfactorily.

(3) There is a good correlation between the type o f scion m aterial collected 
an d  its subsequent perform ance. The very vigorous regrow th m aterial 
from  thirty year old trees at Rendlesham  (Suffolk) proved unsuitable (eighteen 
per cent success). The sturdy and vigorous one year wood from  twenty-five 
year old trees at Laughton (Lincolnshire) gave eighty-eight per cent success. 
Similar bu t less vigorous m aterial from  fifty year old trees a t Bere (Ham pshire) 
and Delamere (Cheshire) gave respectively sixty-six per cent and fifty-six 
per cent success.

(4) Provided the rootstocks are well established, i.e. have had one fuli 
season in pots, Corsican pine can be successfully grafted under glass during 
December. Speedier results are obtained if  the rootstocks are growing 
vigorously a t the time o f grafting, and for this reason January  and February 
a re  m ore suitable m onths for spring grafting under glass.

Spring grafting out o f  doors. The intention is to apply the best m ethods 
evolved a t G rizedale to  large-scale grafting on transplants in the open nursery. 
T he m ost successful m ethod o f long veneer and drastic reduction o f the foliage 
o f  the scion, com bined with very complete protection o f the scion and graft 
un ion  by waxing, has been applied on a small scale in the arable nursery at 
Alice Holt. The results are encouraging, the success at the time o f writing being 
over fifty per cent.

Beech
Seed Sources

The register o f seed sources for this species now includes thirty-four 
classified entries totalling over 1,000 acres. Table 29 gives an area statem ent 
o f  the A or Plus and B or N orm al stands by age-classes and geographical 
distribution. It is expected tha t the num ber o f seed sources in Scotland will be 
increased when the survey o f tha t country is extended to  include the counties of 
Roxburgh, Ayrshire, Berwickshire and Dumfries.

PLUS AND NORMAL SEED SOURCES FOR BEECH

Area in  acres arranged by
T ab le  29 geographical distribution and age classes

D istribution Principal Estates 
W ith Seed Sources

81-12 0 Yrs. Over 120 Yrs.
T otals

Plus
N o r
mal Plus

N o r
mal

G loucester 
(T he C otswold Hills)

K ingscote and associated
estates ..............................

C irencester Park  .................
Badm inton ..............................

62
13

61
9

40

50

163
22
50

Totals 75 70 90 235

[continued on next page
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Table 29— A rea in acres arranged by
continued geographical d istribution and age classes

D istribution Principal Estates 
W ith Seed Sources

81-120 Yrs. Over 120 Yrs.
T o ta ls

Plus
N o r
mal Plus

N o r
mal

Sussex & H am pshire 
(The South  Downs)

G oodw ood ..............................
W est D ean ..............................
Slindon ..............................
Cowdray Park (M ellersh Copse) 
A shford Chase .................

176

IS
56

98
79

5

274
79
56
18
5

Totals .............................. 176 18 56 182 432

Buckingham 
(The C hiltern Hills)

Penn W oods 382 382

W iltshire
Yorkshire
N orthum berland

M aiden Bradley .................
Castle Bolton.... .................
Nunw ick Park  .................

4
2

15

2
4

15

T otals .... ................. 4 17 21

M orayshire W estfield Farm , N r. Elgin .... 9 9

G ran d  T otal o f  S :ed Sources 176 488 126 289 1,079

The first trial o f the genotype for beech has been established on the agri
cultural type nursery at Alice H olt. This tree display consists o f clones o f grafted 
plants from  thirty Plus trees, arranged in parallel lines across three sections 
o f the nursery. N orm al nursery operations will continue while the grafted 
plants are developing. The layout is such that the tree display can eventually 
be converted into an experimental beech seed orchard.

Each of the trees in the trial o f the genotype are represented in a progeny 
trial in which the progeny from  the best known stands and single trees in this 
country are being com pared with progeny from  plantations in m any parts o f  
Europe. The field trials o f these various origins are to be managed by the 
Silvicultural section.

Propagation by Grafting
A num ber o f five-year-old beech have been planted to provide rootstocks 

for a trial o f top-w orking m ethods. The grafts will be m ade at six to twelve feet 
from the ground, and the resulting trees will be pruned to stimulate the develop
ment o f large rounded crowns as quickly as possible.

Larches
A trial o f the genotype involving ten Plus trees was planted a t D rum m ond 

Hill Forest, Perthshire. The establishm ent o f the first seed orchard for the  
production of first generation hybrid larch began at N ew ton Nursery, Elgin, 
during the spring o f 1952. This orchard will be four acres in extent and will 
contain clones o f twelve Japanese larches and three European larches.

The propagation o f the larches from  cuttings continued to  receive consider
able attention throughout the year at two centres in Scotland and two in England. 
Attack by Botrytis spp. on both  dorm ant and summer wood cuttings ham pered 
progress considerably.



Scots Pine
A trial o f the genotype involving grafts from  ten Plus trees selected from 

four rem nants o f the old Caledonian Forest was planted a tT o rrie  Forest, Perth
shire.

Sitka Spruce
The search for Plus trees possessing superior growth, vigour and form, 

hardiness to late frosts, and resistance to Neomyzaphis attack, was continued.
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E S T A B L IS H M E N T  OF P O P L A R S

By J. JO B LIN G
Assistant Silviculturist

Brief m ention was made in the Report on Forest Research for 1952, o f the 
1951 experiments, on which assessments were carried out at the end o f the first 
growing season. The assessments were concerned mainly with the survival and 
health  of the trees during the season, as it is on these two factors that the 
u ltim ate establishment of a plantation  depends. W hilst height grow th was also 
assessed, less im portance is attached to  this character, as it is thought that 
increase in height during the first season is only slightly affected by a planting 
treatm ent.

Summary of Establishment Experiment
This experiment, designed to show which treatm ents given to the trees at 

the time o f planting are the m ost effective for the successful establishm ent 
o f  poplar p lantations, has been repeated on three different types o f site; 
a t  Harling, Thetford, on alkaline fen peat ovef sand; a t H ockham , Thetford, 
o n  a sandy loam with high hum us content over sand, and in Alice Flolt forest 
o n  a medium to heavy clay soil which had previously borne a coppice crop 
with standards. Both the Thetford sites have a high water table and readily 
available soil m oisture. The age and types o f planting stock used are one-year 
rooted cuttings, stum ped one-year cuttings lined out in the nursery for one 
year, stum ped one-year cuttings lined out for two years, and unrooted  sets; 
the varieties under observation are Populus serotina, P. serotina narrow- 
crowned variety, P. gelrica and P. robusta. A t each site there are forty-eight 
plants per variety of each age or type, except with stum ped one-year cuttings 
lined out for two years which are represented by P. serotina narrow-crowned 
variety only on all three sites, and by P. gelrica a t H arling only. A mulch, 
m ound or one o f two levels o f a potash-phosphate fertiliser was applied to the 
trees at the time of planting, either singly or in com bination with other trea t
m ents; this fertiliser is potassic superphosphate, (Fisons N o. 7) applied at the 
rate  of 6 oz. or 12 oz. per plant.

The experiment was laid down to com pare the behaviour o f the four types o f 
p lan t to the different treatm ents rather than  to  com pare the differences between 
the varieties, but it is interesting to  note that P. serotina narrow -crow ned 
variety and P. gelrica survived better on all three sites than  the other two 
varieties. There were considerable differences in the survival o f the types of 
p lant on any site, the table below giving com parative figures.
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FIRST-YEAR LOSSES AMONG FOUR DIFFERENT TYPES OF POPLAR PLANTS

Table 30 Planted Spring, assessed autum n, 1951

Percentage o f  deaths

Variety H arling H ockham Alice H olt

T T T, T , T T , Ti T, T T , Ti T,
P. serotina 15 6 0 23 4 0 _ 29 2 4 _
P. serotina n.c.v. 4 0 0 0 0 21 2 2 0 0 6 2
P. gelrica 10 0 0 0 0 0 0 0 0 0 0 -
P. robusta 10 6 0 — 10 15 2 — 15 8 0

Types o f  plant:—
T t = u n ro o ted  sets
T.2 = o n e  year rooted cuttings.
T 3 = stum ped  one year cuttings lined for one year.
T 4 = stum ped  one year cuttings lined for two years,

n.c.v. = N arrow -crow ned variety.
There were the least num ber of deaths on any site in the stumped one-year 

cuttings lined for one year, which also increased in height appreciably m ore 
than the other types, whilst sets generally gave the greatest num ber o f deaths. 
One-year rooted cuttings survived better than either sets or stum ped one-year 
cuttings lined out for two years, and increased in height m ore than  these two 
types. Stum ped one-year cuttings lined out for two years, a large and expensive 
type o f p lant to produce in the nursery, were no m ore successful in the field 
than the unrooted  sets, which are relatively cheap to raise.

The different treatm ents produced virtually the same results on all three
sites. Neither m ounding nor m ulching had  a m arked effect on height grow th or
survival, but the health of the surviving plants was greatly improved in the 
presence o f either treatm ent. The application o f the fertiliser, a t either of 
the two levels, produced very similar results to  these but, in addition, they 
generally raised the average height-increase on any site. The behaviour of 
plants receiving both  a m ound and mulch was similar to  those receiving only one 
o f the treatm ents, whilst the beneficial effect o f the fertiliser was greatest on 
plants which were neither m ounded nor mulched.

Summary of Manurial Experiment
This experiment is repeated on four sites, at H arling, H ockham  and in 

Alice H olt forest adjacent to the establishm ent experiment plots, and in 
Rockingham  (D rayton) Forest on heavy N orthants boulder clay bearing a dense 
grass growth. The same four standard  varieties have been used, but only 
stum ped one-year cuttings lined out for one year are under observation. The 
fertilisers were applied a t one o f two levels, either separately or in com bination, 
with phosphate in the form  o f superphosphate (8 oz. or 16 oz. per plant) and 
potash as m uriate o f potash  (4 oz. or 8 oz. per plant) applied at the time o f 
planting, and nitrogen in the form  o f sulphate of am m onia (4 oz. or 8 oz. per 
plant) applied half way through the season.

On the whole, the varieties reacted to  the treatm ents in a similar manner* 
and survival was good throughout, except at D rayton where there were a con
siderable num ber o f deaths and none o f the m anurial treatm ents produced any 
appreciable effects on either survival or health. The outstanding treatm ent on 
the other three sites was the application o f nitrogen which, a t both  levels,



74 R E P O R T  O N  F O R E ST  R E SE A R C H , 1952

markedly improved the health o f the surviving plants and generally raised the 
average increase in height for all varieties. A t H arling, potash  produced a 
sim ilar effect, and it is o f interest to  note th a t the beneficial effect o f nitrogen 
on the health o f the plants, and on the average increase in height, was shown 
only in the presence of potash.

Experiments laid down in 1952
D uring February and M arch four silvicultural experiments were laid down in 

the field, and two experiments were started at K ennington nursery on the raising 
o f planting stock from  cuttings. In addition, a num ber o f small-scale nursery 
projects were placed under observation, o f which two or three will be extended 
to full experimental status at a later date.

Two o f the field experiments are o f the basic establishm ent type, one is at 
H arling and the other a t D rayton, and to  the m ounding and m ulching treatm ents 
has been added complete cultivation o f the soil around the plant. It is hoped that 
by m aintaining the area around the p lant completely free o f weed grow th during 
the growing season, the com parative effects o f mulching, and to a lesser extent 
m ounding, can be m ore closely studied. The experim ent a t D rayton is of 
particular interest, in that past attem pts at establishing poplar have proved 
difficult because, it is thought, of the competitive nature o f the heavy grass 
grow th for soil m oisture during the trees’ peak growing period.

A nursery extension experiment laid down at Harling, using one-year rooted 
cuttings only, is designed to determine the effect o f wide spacing in the nursery, 
w ith and w ithout roo t pruning, on the survival and  health  o f the plants when 
transferred to the field. I t has been shown th a t cuttings inserted a t a wider 
spacing than norm al produce an extensive roo t form ation, which when pruned 
to within six inches of the cutting during its peak growing period produce 
plants com parable w ith stum ped and transplanted stock in rigidity and shoot 
height growth, and possess what is thought to be a m ost desirable fibrous roo t 
system. Such plants would seem suitable for the field after only one year in the 
nursery, and further work of this sort is being undertaken so that confirmative 
inform ation will become available as soon as possible.

The fourth  field experiment is laid down in the N orth  Oakley Inclosure, 
New Forest, on a soil which is acutely deficient in lime and phosphate and 
m arkedly deficient in potash. The experiment is designed to obtain prelim inary 
evidence o f the responses of poplar to lime, applied to  the soil before planting, 
and an N .P.K . fertiliser (superphosphate, 16 oz. per p lan t; m uriate of potash, 
8 o z .; sulphate of am m onia, 8 oz.) applied during the second season. Sufficient 
lime has been added to the soil to  raise its pH  from  about 4.2 to over 6.0. 
(The actual quantity used was 110 cwt. per acre). Two varieties are under 
observation, P. trichocarpa “ H .T .” and P. serotina (narrow-crowned variety) 
“ V.B.” , and it is hoped that the relative behaviour o f Balsam and Black hybrid 
poplars to acid soil conditions will become apparent in due course.

The larger o f the two nursery experiments is concerned with the wide spacing 
and roo t pruning o f cuttings; three spacings and two times o f pruning are under 

■observation, and the treatm ents are being carried out on the four standard 
varieties. The second experiment is devoted to  testing the effect the length o f 
cutting has on the survival and grow th o f the shoot during the season. Six 
different cutting lengths, ranging from  four inches to nine inches, are under 
observation.

A general impression o f the kind o f growth obtained in the nursery is given 
by the view of one-year-old poplars at Alice H olt Lodge, reproduced as 
Plate X.
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The silvicultural experiments on poplar have shown that, during the first 
season a t least, the laying down o f a m ulch or m ound around the plant, or the 
application o f a fertiliser to  the region o f the plant roots, improves the health 
o f the plant and increases its chances of survival. I t is also evident that by 
applying a fertiliser, height growth is increased, and o f those under obser
vation a nitrogenous fertiliser is m ost likely to  produce the best results on a 
range o f sites.

S T U D IE S  OF GROWTH AND YIELD

By F. C. H U M M E L
Mensuration Officer

Sample Plots
N um bers o f perm anent sample plots established, remeasured and abandoned 

during the year are shown in Table 31.

NUMBERS OF SAMPLE PLOTS, 1951-1952
Table 31

England Scotland W ales T otal

Plots in being 1st A pril, 1951 ................. 203 192 63 458
Plots established 1.4.51 to  3 1 .3 .5 2 ................. 13 16 18 47
Plots w ritten off ............................................ Nil 7 N il 7
Plots in being 31st M arch, 1952 ................. 216 201 81 498

Plots rem easured 1.4.51 to  31.3.52 .... 9 70 54 133

O f the 47 new plots, 13 were in England, 16 in Scotland and 18 in Wales. 
All the new plots have been thinned to the standard grade appropriate to the 
species, the m ain object being to add to our knowledge of the rate of grow th o f  
the m ore com m only grown species in Britain under a standard thinning treatm ent 
and over the range o f sites over which they are usually planted. A subsidiary 
object was to provide dem onstrations o f these thinnings at convenient sites. 
Ten o f the new English plots are in M ortim er Forest in Shropshire, two in the 
Thetford Chase area in N orfolk and one in Wyre Forest, W orcestershire. All 
the new Scottish plots are N orth  o f the Caledonian Canal in forests where many 
plantations are reaching the thinning stage, but there are as yet few sample 
plots. M ost o f the new Welsh plots were established in experimental areas 
which are o f silvicultural as well as purely m ensurational interest. Eight o f  
the plots are in the high elevation experiment at Beddgelert, where there are 
plots o f several species established in the form  o f a latin square, extending 
up a hill in order to test the effect o f elevation and exposure on the growth 
o f these species. Four plots were established in a Scots pine spacing experiment 
at T intern in M onm outhshire. Three of the plots are on M r. Ackers Estate at 
Leighton Park  near W elshpool in M ontgomeryshire. The first is a particularly 
fine hybrid larch plot the seed for which had been collected from  the European
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parent, the second a European larch plot descended from  the same parent 
trees, and the third a p lo t o f Sequoia sempervirens, which at an  age o f 16 
years has already produced 3,900 hoppus feet over bark  per acre. Two thuya 
plots at Gwydyr and Corris (Dovey Forest) and a Japanese larch p lo t at 
Clocaenog complete the list o f establishments.

Am ong the 133 plots rem easured during the year, the following deserve to be 
specially m entioned: Douglas fir plot E. 19 at T ortw orth  in G loucestershire which, 
at 82 years, has reached a top height o f 130 ft., and during the past ten years has 
averaged an annual volume increm ent per acre o f 130 hoppus feet over bark ; 
the 94 year old Sequoia sempervirens p lo t at Leighton Park  which has a standing 
volume of 24,000 hoppus feet per acre, o f which the bark accounts for nearly 
one th ird ; and the Douglas fir plots S.37 and  38 on Lord Lovat’s estate at 
Beaufort, Inverness, which at 45 years have top heights o f 104 and 102 ft. 
respectively.

The severe gales in January, 1952, took a heavy toll o f the sam ple plots in 
Scotland. Seven plots, including some o f long standing, had to be abandoned 
completely, and less severe dam age occurred in another twenty-five plots. 
These losses are the severest for m any years, and have naturally called for a 
re-examination o f the factors which contribute to the incidence o f wind blows. 
A prelim inary and superficial survey o f the dam age to  the plots and the surround
ing stands suggests that local topography and drainage m ay be m ore im portant 
than thinning treatm ent, and that the forester’s m ain defence against gales lies 
in the correct choice o f species or m ixture o f species, and  careful atten tion  to 
drainage. There is, however, some evidence to  support the widely held view 
that stands which are thinned heavily right from  the start m ay be slightly m ore 
wind-firm than  stands th a t have been thinned lightly or not a t all. Heavy 
thinnings in stands that have been lightly thinned in the past inevitably invite 
disaster.

In addition to the perm anent sample plots, 339 tem porary sample plots were 
measured in broadleaved species. Their distribution by Conservancies and 
species is shown in Table 32.

TEMPORARY HARDW OOD SAMPLE PLOTS 

Table 32 Established between 1.4.51— 31.3.52 inclusive

Conservancy T otal O ak Beech Ash
* O ther 

hardw oods

S.E. E n g la n d ................. 18 7 4 3 4
S.W . E ngland ................. 23 6 — 8 9
East E ngland 45 13 5 7 20
N.W . England 11 4 — — 7
D e a n .............................. 10 10 — — —
New Forest ................. 10 10 — — —

South W a le s ................. 42 22 7 10 3
N orth  W a le s ................. 81 49 15 7 10

N. Scotland ................. 9 4 3 2 _
S. Scotland ................. 42 9 23 — 10
E. Scotland ................. 25 12 10 — 3
W. Scotland ................. 23 12 5 — 6

T otal 339 158 72 37 72

"O ther hardw oods include birch, elm, sycamore, sweet chestnut, Black Italian  poplar,
lime and alder.
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Yield Tables and Volume Tables
The tem porary sample plots m easured in 1950 and 1951, together with stem 

analyses of individual trees and the limited records from  perm anent sample 
plots, provide the basis o f the provisional yield tables for oak, beech, ash and 
sycamore which are being prepared. The “ height over age” curves by quality- 
classes have been completed, and are reproduced in Figures 2 to 5. The quality- 
classes are based on top height at an age of 50 years, and the height interval 
between quality classes is 10 feet a t that age, just as it is in the new conifer 
yield tables. Top height is defined as the average height of the 100 largest 
trees per acre. In both oak and beech the new British curves for the first 
quality class indicate a faster rate of height grow th in early life than the D anish 
and G erm an yield tables, but later the position is reversed, so that the ultim ate 
height on first-quality sites in this country appears to be similar to that on 
equivalent sites in W estern Europe.

G ood progress has also been made with the revision of the existing conifer 
yield tab les; those for Douglas fir, Sitka spruce and Norw ay spruce are complete, 
while work on European larch, Corsican pine and Scots pine is well advanced. 
The dem and for quick and simple m ethods o f estim ating future production in 
Forestry Commission p lantations has added to the urgency o f completing these 
tables. The new tables differ from  the old ones in two main respects. F irst 
they show a slightly lower total volume production and secondly they are based 
on a m uch heavier thinning regime which accords m ore closely with current 
practice. M inor differences in form  rather than in content are that the new 
tables are based on “ top height” instead o f m ean height, and that they show 
hoppus volumes over bark instead o f under bark.

F I G  . 2 .
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F I G .  3  .

FIG . 4-
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The general volume tables for Japanese larch and Douglas fir were completed 
and  published as Forest Records Nos. 14 and 15. A special volume table for 
determ ining the volumes o f early thinnings in the Scots and Corsican pine 
plantations o f East Anglia was prepared from  data supplied by the Eastern 
Conservancy. The tables are based on butt diam eter instead o f breast-height 
diam eter, and on length to  H  inch diam eter instead o f total length. The poles 
are cut, extracted and stacked according to the size classes differentiated by 
the volume table. Usually this can be done by eye, and a reasonably reliable 
estim ate o f volume is obtained w ith very little measuring. The m ethod has 
proved satisfactory in practice under the conditions for which it was designed, 
but it is not applicable when an estimate of volume is required before the trees 
are felled.

Estimates of “ Small Wood” Production
W hile it has been custom ary in m ost areas to utilise and measure conifer 

thinnings to  a top diam eter o f 3 inches over bark, m arkets are gradually 
developing for “ small w ood” between 3 inches and 1£ inches in diameter, 
and estimates o f the am ount o f m aterial in this size class which is likely to be 
available over a long term  o f years are sometimes called for. The preparation 
of such estimates may be facilitated by a fact which emerged from  an analysis o f 
da ta  from  some 1,800 tem porary 1 /10th acre plots which had been m easured by 
the local forest staffs during the past few years; it was found that the average 
volum e of small wood per tree am ounts to about £ o f a hoppus foot over-bark, 
in all the species examined, in first as well as in subsequent thinnings. Thus a 
first thinning operation removing 400 trees per acre might be expected to yield 
100 hoppus feet of small wood, and a second or third thinning removing 200
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trees about 50 hoppus feet. Individual trees of course may differ widely from 
these averages.

Use of the “ Volume/Basal Area line” for Determining Standing Crop Volumes
A study o f the relationship between the volume o f trees in a stand and their 

sectional areas at breast-height has produced results which may be of practical 
use in forest enum erations. It has long been known that in a coniferous stand 
this relationship between volume and breast-height sectional area is usually 
linear. Exam ination of the perm anent sample plots records has shown that the 
point where the line intersects the „v axis (or abscissa o f the graph) remains 
m ore or less constant a t 0.03 square feet although the slope o f the line increases 
with age. A table was prepared giving for every quarter-inch girth class the 
volumes as read from  a series o f these lines, all going through the common 
point on the x  axis and having vertical intervals equivalent to 1 hoppus foot 
a t a basal area of 1 square foot. If  the volumes o f a limited num ber o f sample 
trees in a stand are known, it is possible to determ ine which column in the 
table best fits the data, and this colum n m ay then be used as a local volume table. 
The main advantages claimed for this m ethod o f volume determ ination are that: 
first, there is no need to determ ine the mean girth o f the stand before selecting 
the sample trees; second, the sample trees need not be o f a specified girth, 
provided they reasonably cover the range o f girth in the s ta n d ; third, not only 
an estimate of the total volume but of its distribution by girth classes is obtained. 
The practical details of how the m ethod can best be applied in the field are being 
investigated.

Yield of Hazel Coppice

Hazel is the m ain coppice species in 131,000 acres o f coppice and coppice- 
w ith-standards in G reat Britain. M ost of this is found in the Southern counties 
on comparatively fertile sites, but little appears to  be known o f its stocking 
and its rate of growth. On behalf o f the U tilization Developm ent Committee 
experiments were carried out in order to obtain  some prelim inary inform ation 
on these points. 51 one-tenth acre plots o f hazel coppice from  six different 
sites were felled. The produce was weighed and its m oisture content and 
specific gravity were determ ined. On three o f the sites the coppice had been 
properly m anaged and cut on a regular ro tation , while on the other three the 
coppice had been unworked for a long period o f years. The m axim um  green 
weight o f produce was 25 tons per acre (at 75% m oisture content); this was in 
on e of the unworked areas which generally gave a greater weight than the 
worked areas, which latter were much younger and showed a higher mean 
annual increment. The specific gravity o f the oven-dry m aterial ranged between 
0.63 and 0.71. The analysis o f the da ta  has not been completed.

Effect of Site on Timber Quality
The effects of site and silvicultural measures on the development o f the 

growing stock have been studied in our perm anent sample plots for m any years, 
but comparatively little is known o f how these factors affect the quality o f the 
tim ber. The Forest Products Research Laboratory  at Princes R isborough and 
the Research Branch of the Forestry Commission have jointly  em barked upon a 
long-term  investigation which is designed to throw  some light on this subject. 
As a start comprehensive strength tests were carried out by the Forest Products 
Research Laboratory on twenty trees of Japanese larch from  our perm anent 
sample plots a t Stourton in Wiltshire, while density determ inations were carried 
out on. material from  three Sitka spruce plots in Wales.



G R O W T H  A N D  YIELD 81

Statistical Methods
The work o f the Statistical Section has continued in two main directions: 

first, general com putational work and the design and analysis of experiments 
for the various sections o f the Research Branch and secondly, the preparation o f 
papers which are intended to give foresters elsewhere the benefit o f what we 
have learnt. The com pletion o f the general volume tables, the preparation of the 
special volume table for East Anglian pine referred to previously, a preliminary 
study o f the relationship between crown diam eter and breast-height diameter 
in sycamore, and the analysis o f 72 experiments were the main tasks under
taken.

F O R E S T  P A T H O L O G Y

By T. R. PEACE 
Forest Pathologist

During the year com paratively little work has been done on the main lines 
o f research that can aptly be included in an annual report. This does not m ean 
that no progress has been made, but ra ther that the nature of the work, or the 
stage which it has reached, are such tha t it cannot easily be written up in a 
sum m arized form . F or instance the investigations on “ group-dying” o f Sitka 
spruce, and on “ top-dying” o f Norw ay spruce have reached the stage where 
experiments have been laid down, which should yield useful inform ation in a 
year or two. If  these do not solve the problem , they will at any rate narrow  the 
field of research into its causes. W ork on bark dieback and canker o f beech has 
brought to  light a num ber o f fungi, which are now the subject o f inoculation 
tests. A further year’s da ta  on the occurrence o f Phaeocryptopus gaumannii on 
the needles o f D ouglas fir has been collected, but it has little meaning till the 
analysis o f all the data collected over the past five years has been completed. 
Efforts to control Botrytis cinerea on coniferous nursery stock again failed. 
T reatm ent o f coniferous seed with fungicides has given prom ising results, 
which, however, require confirmation.

Thus any attem pt to  review the year’s work would merely be a catalogue 
o f uncom pleted tasks. It seemed, therefore, that some worthwhile inform ation 
m ight result from  an analysis o f the num erous enquires that reach the section, 
to see w hat light they throw  on the problem s causing m ost concern in the 
field. D uring the year the section dealt with 148 enquiries, which can be broken 
down as under:—

Poplar
Pathology Cultivation Total

and Diseases
Private Estates .... 64(19) 44(10) 108(29)
Forestry Commission 37( 9) 3( 1) 40(10)

Total 101(28) 47(11) 148(39)

Figures in brackets indicate the num ber of enquiries which involved visits.

Ninety-seven of the pathological enquiries are analysed in Table 33 below. 
It will be noted that comparatively few o f the enquiries relate to diseases
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on which the section is working actively, such as “group-dying” o f Sitka spruce, 
“ top-dying” o f Norw ay spruce, bark dieback ofbeech, o r needle casts o f Douglas 
fir. This is certainly partially due to the fact that in the course o f the work 
m any o f the people, who would otherwise have enquired about their trees, were 
visited and the disease explained to them verbally. O ther learnt about the 
diseases from  these people at second hand, and the num ber o f enquiries was 
further lessened. In m ost cases the existence o f a Forestry Commission Leaflet 
or other publication on a disease cuts down the num ber of enquiries, especially if 
diagnosis is fairly easy, as it is for instance with Elm  Disease or W aterm ark 
Disease of willow.

In general it will be noticed that about twice, as m any enquiries relate lo 
conifers as to hardwoods, and the disproportion would be larger, were it not for 
the fact that a num ber relate to amenity trees, in which category hardw oods are 
m ore im portant.

Armillaria mellea (Honey Fungus)
This parasite, though seldom catastrophic, is very generally distributed, 

and every year we receive a num ber o f enquiries about it. N one o f the outbreaks 
reported were particularly serious, but several were of particular interest. In 
one case it was killing poor-quality ash coppice in an ever widening circle, but 
so slowly that young conifers planted in the centre (now about an acre in extent), 
after the ash had died, are now shoulder high. In another case Honey Fungus 
had been spreading unrestricted in a neglected garden, and had killed cedars, 
a yew, a weeping willow, a quince, a plum, some lilacs, and probably other trees. 
Since nothing had been felled or removed till quite recently, it was using each 
tree, as it succumbed, as a base for attack against the next.

Botrytis cinerea in Nurseries
This fungus is normally confined to conifers, but as will be seen from the 

list covers a wide range of species. As was mentioned above, no success has 
yet attended spraying experiments against this fungus, so that, although the 
disease is very easy to diagnose, it is difficult to know what advice to give to 
enquirers, except the somewhat limited com fort that most conifers recover 
from  attack.

Miscellaneous Fungal Diseases
This includes a num ber o f cases where it has been possible to find a fungus 

which might be responsible for the damage, but it does not necessarily indicate 
that fungal injury was definitely proved. None o f the fungi recorded was of 
outstanding interest.

Specialized Diseases
U nder this heading are included diseases well known on and specific to 

certain hosts. All but one of the records o f leaf-cast on pines refer to Lophoder- 
mium pinastri, (the exception was Hendersonia acicola). Possibly because of 
the very wet periods that have occurred, Lophodermium pinastri and other 
leaf-cast fungi seem to have been exceptionally active during the last two 
years, both in nurseries and plantations.

It is probable that m ore enquiries would have been received about browning 
and dieback of Corsican pine, but for the fact that this trouble is known to be the 
subject o f a fairly widespread investigation. This at present has led to the 
conclusion that the m ain trouble has been the planting o f Corsican pine in 
unsuitable places, where it is weakened and becomes prone to attack by a large 
variety o f fungi.
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It is surprising, considering how m uch publicity has been given to Chestnut 
Blight (Endothia parasitica), that only three enquiries about suspected cases 
came in, all of which had simple and m uch less dangerous explanations.

The widespread occurrence o f the rusts Chrysomyxa abietis and C. rhododendri 
in Scotland is of considerable interest. It is possible, since they have attracted 
much less attention in the past, that their im portance this year is only a transient 
phenomenon.

The “ group-dying” of Sitka spruce would probably have occasioned more 
enquiries if Mr. M urray 's and M r. D ay’s work had not already brought it to 
such general notice.

Only three enquiries were received about suspected cases of Sooty-bark 
Disease o f sycamore (Cryptostroma corticate). Only in one case was the tree 
found to be attacked by that fungus, the others being caused by superficially 
somewhat similar, but saprophytic fungi, fruiting on dead limbs. The one report 
of Ink disease (Phytophtliora) on Castanea was sent in, because o f the possibility 
of its being Endothia parasitica (Chestnut Blight). Considering how common 
Ink disease is in chestnut coppice, particularly on the more intractable parts of 
the Hastings beds in the south-east, it is surprising how seldom it is reported. 
Presumably this is because it has no obvious symptoms other than the death of 
the stools, which are usually assumed to have died of old age.

Surprisingly few reports were received about Elm Disease. There are 
probably two reasons for this. It is now so well known and the symptoms are 
so definite, that com paratively few people need expert advice. Also 1950 had 
a wet summer, resulting in a decrease in the population of infected Scolytus 
beetles in the early summer o f 1951, (Scolytus beetles are the main means of 
dissemination o f the fungus causing this disease); and this consequently reduced 
the num ber o f infections for that year. In addition the comparatively wet and 
cool summer of 1951, m eant that the development o f symptoms, in those trees 
that were infected, was not so severe and easily observed, as in a hot summer. 
So that with fewer active cases than usual, and those often symptomatically 
slight, the disease did not attract much attention.

Decay
The num ber o f queries about decay was very small, and with the exception of 

those on larch and conifers they all referred to  single trees, and were therefore 
of comparatively little im portance. The instance on conifers referred to an 
estate where Fomes annosus was causing considerable decay in thirty-year-old 
Japanese larch and Sitka spruce, growing as a second rotation on land which 
had carried a previous coniferous crop.

Soil Water Relations
In the period under consideration drought damage was hardly a possibility, 

and nearly all the enquiries placed under this head dealt with cases where 
excessive m oisture in the soil damaged the root system. This occurred on 
a wide range o f conifers, particularly following transplanting into the forest; 
presumably the damaged roots found it difficult to make fresh growth in 
cold water-logged soil. Douglas fir seems particularly susceptible to this kind 
of injury. In some cases the trees actually flushed, and then growth collapsed, 
because the inadequate root system could not support the new foliage. Although 
this trouble was in some cases connected with lifting-damage to the finer roots, 
some o f the trees affected had been quite well lifted. One answer might possibly 
be to heel in the plants, intended for a wet cold area, in garden soil till root
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grow th had commenced, and then p lant them  late after the soil had become 
slightly drier and warmer. But this would have to  be a m atter for experiment. 
The dam age was m uch m ore serious on D ouglas fir and larch than on spruce, 
and it is probable that the latter could norm ally be used w ith greater safety, 
under these sorts o f soil conditions.

Soil Nutrient Deficiencies
Several enquiries were m ade in which soil deficiency appeared to be a 

possible explanation o f the damage. Inevitably lack of facilities for chemical 
analysis at the Research Station make any real investigation o f such problems 
alm ost impossible.

Wind
Only two enquiries fall under this head. One was concerned with injury to 

the needles o f Douglas fir in an exposed position, the other with actual breakage 
o f  young coppice shoots on chestnut stools.

General Enquiries
Two enquiries asked for all the available inform ation on diseases of Norway 

spruce. Such a comprehensive query is, o f course, virtually impossible to 
answer.

Unexplained Causes
Only thirteen queries are listed under this heading, and in some of these 

cases diagnosis was impossible, only because the m aterial or inform ation sent 
was inadequate, and the im portance of the enquiry did not w arran t a visit. 
On the other hand it m ust not be assumed tha t all the answers given to  queries 
listed under other heads were absolutely definite. The words “probable” , 
“ possible” , “ we th ink” , “ we suspect” or “ it seems likely” occur far too  fre
quently in answers to enquiries. This is inevitable, when postal diagnosis is 
attem pted, for only in very few cases is the m aterial sent really adequate. There 
are  still m any instances of disease in trees, which defy explanation, even after 
exhaustive exam ination o f the tree itself.

Taken as a whole the enquiries show a wide range o f interest. They are 
divided between those where the sender has no real idea o f the cause, and those 
where he has a fair idea, bu t requires confirm ation, and possibly advice on 
treatm ent. The latter certainly form  the m inority. The second category o f 
course includes a high proportion  o f the enquiries on such well-known diseases 
as Honey Fungus or Elm Disease. M any enquirers are satisfied by being given 
the name of the fungus concerned, even though this will not necessarily enable 
them  to take practical steps against the disease. I t is still unfortunate tha t 
com paratively few give full inform ation about the conditions, under which the 
trees are growing, and the treatm ent to  which they have been subjected in the 
past. Were this regularly done, the possibilities o f “ diagnosis a t a distance” 
would be vastly increased.

The am ount o f w ork necessary for an enquiry varies greatly. The m ajority 
require a careful exam ination to  see w hat fungi are present, as well as a m ore 
superficial exam ination to  see w hat parts are alive, w hat evidences there are 
o f  injury and so on. In  about twenty-five per cent, fungal attack seems a 
possible explanation, though no fungus fruit bodies can be found. In  these 
cases bits o f the diseased m aterial are cultured, and the fungi growing out from 
them  have to  be identified, a skilled and exacting task.



FOREST ENTOM OLO GY

By D r. M YLES CROOICE 
Forest Entomologist

Sawfly Survey
During 1951, the status o f various species o f larch sawflies was investigated 

in the following Forest areas: Brecon (Brecknockshire), C rychan (Brecknock
shire and Carm arthenshire), R adnor (Radnorshire), M ortim er (H erefordshire 
and Shropshire), G rizedale (Lancashire), Thirlmere (Cum berland), Thorn- 
thwaite (Cum berland), Greystoke (Cumberland), Slaley (N orthum berland), 
Chopwell (D urham ), W ark (N orthum berland), Kielder (N orthum berland), 
Harw ood (N orthum berland), Redesdale (N orthum berland), R othbury  
(N orthum berland), W auchope (N orthum berland), Newcastleton (R oxburgh
shire), K ershope (Cum berland), Tinnisburn (Dumfries-shire and Roxburgh
shire).

The assessment o f the population o f the Large Larch Sawfly, Pristiphora 
erichsoni H tg. was, as in previous years, based on the total num ber o f clutches 
of larvae which could be found in each locality. W ith the exception o f Brecon, 
the figures for all areas indicated that the population o f this species was on the 
increase when com pared with the figures for 1950. In most areas the population  
increase was o f considerable magnitude. For example in Kielder the increase 
was from  35 clutches in 1950, to 77 clutches in 1951, in Redesdale from  20 to  
106, in Thirlmere from  123 to 237, in M ortim er from  43 to 110, and in W ark 
the largest increase recorded, from  7 to 275. In view of the destructive poten
tialities o f this species, which has already caused m ajor dam age in G reat 
Britain, the indications o f a widespread increase in its occurrence are disturbing, 
and a close watch will continue to be kept on it in future seasons,

The status o f various other sawflies associated with larch, which are a t 
present o f lesser im portance, was also reviewed in 1951, over the same areas as 
were covered by the Large Larch Sawfly survey. The m ain species studied were 
Pristiphora wesmaeli Tisch., P. laricis Htg., and Anoploynx duplex Lep. As in 
previous years the population density was sampled by a standard  technique o f  
branch beating on known sample areas. The results indicated that the level o f  
population o f these species had in general rem ained low as in previous years, 
and had in m any cases shown a slight recession when com pared with the 1950 
figures. Prelim inary observations on the biology o f a num ber of species o f  both  
larch and spruce sawflies were commenced at the Alice H olt laboratories during 
1951.

Neomyzaphis abietina
The Neomyzaphis survey carried out in 1951, by circularising all C on

servators o f Forests, has resulted in the accum ulation o f some valuable data  
relating to  the distribution o f the pest under a variety o f site and cultural 
conditions. In all, 57,completed census forms were returned. This knowledge 
will be used as a basis for the selection o f sample plot areas in which, for a 
proposed period o f five years, assessments will be m ade o f the fluctuations in 
population from  year to year in representative Sitka spruce plantations. C or
related with this, a detailed study o f the effects o f infestation on the rate o f  
growth of the host trees will be made.

87
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Intensive studies of population fluctuations carried out in Ferrnyn W ood, 
N ortham ptonshire, have confirmed that there are two main infestation peaks in 
the season, the first occurring in late M ay and early June, immediately p rior to 
the mass production of alate (winged) females, and the second in October and 
November. The assessment of Neomyzaphis population in the sample plots 
referred to above will be synchronised with the first seasonal peak o f infestation.

Parasites of Pine Shoot Moth
Large collections of Pine Shoot M oth (Evetria buoliana SchifT.) larvae were 

made during the season from W areham  Forest. From  these many parasitic 
species have been reared which are being identified to provide inform ation on 
the parasite complex associated with this Tortricid.

Sirex Parasites for New Zealand
During the year collections o f Ibalia leucospoides Hochnw., a Cynipid 

parasite o f Sirex spp., were made on behalf of the New Zealand authorities, 
and a consignment of 199 adults and 38 larvae was despatched to that country 
to be used there in an endeavour to effect biological control o f Sirex  spp.

MACHINERY RESEARCH

By R. G. SHAW  
Machinery Research Officer

Since the form ation of the M echanical Developm ent Com m ittee in 1949 
the num ber of prototype machines has increased to the point where some central 
store and workshop is required. A building will shortly be available at Bramshill 
Forest, Hampshire, where the nucleus of an experimental section has been 
formed. Bramshill is a convenient site as it is already the m achinery centre of 
the South East (England) Conservancy and it is within easy reach o f H ead
quarters. A start has been m ade on the provision of instrum ents to enable 
facts on mechanical performance to be established instead of having to rely 
on opinions.

Development during the past year includes:

British Tractors
A number of Fowler M arshall V.F. tractors have now come into normal 

forest use in various parts of the country, and the view is confirmed that they 
can take on a large proportion of the ploughing program m e.

Tractors for use on very soft ground remain a problem , owing to the high 
cost of providing the special features that they require. The C uthbertson 
Buffalo, which has a ground pressure of only 21 pounds per square inch, is 
on trial in Scotland, and appears able to operate on ground inaccessible to 
most other tractors.

Investigation is being made into the greater use o f half-tracked tractors to 
reduce ploughing costs. A Fordson M ajor half-track m achine has been modified 
to increase the performance under the severe ground conditions often met in
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forestry operations. These modifications consist o f a rearrangem ent o f the 
front axle and steering to perm it the use of extra large wheels, 58 inches in 
diameter and requiring a tyre of size 11" x 36". Preliminary trials have given 
encouraging results.

Ploughing
There has been no commercial development o f m ounted ploughs on full- 

tracked tractors in the larger sizes, owing to the inherent steering problems that 
are involved. An investigation in this direction has been carried out by the 
commission in Scotland during the past year with some success. A prototype 
mounted plough has been in use for several m onths on an International T.D .9 
tractor, and a further six have been ordered for a larger field trial. The advan
tages of the m ounted plough over a trailed plough for forestry use are improved 
m anoeuvrability on the headlands, simplified road transport, and the elimination 
of the plough carriage, which requires much mechanical maintenance. The 
possibility o f fitting m ounted ploughs to Fordson Roadless half-track tractors 
is being explored.

Cableways
The pow er-operated cableway has now been used successfully on several 

sites providing very different conditions. Three sets of this equipm ent with a 
range of 600 yards each, have now been made.

Clearance of Derelict Woodland
A grubber blade on an In ternational T.D .14 tractor has been found to be 

very effective in clearing rhododendron. It is also effective on other types of 
growth, but with this m ethod there remains the problem  of disposing o f the 
waste. Burning in windrows adds to the labour costs, and means a delay to allow 
the windrows to  dry out. There is still no reliable inform ation as to the total 
cost o f the operation, o r the suitability o f the ground for planting after 
clearance.

The G iant R otavator is being tested on the exceptionally heavy work involved 
in the clearance o f old woodland. Several modifications have been m ade and 
more are in hand by the m akers. A view of this m achine on trial in coppice 
regrowth at A lton Forest, H ants, is shown in Plate XI.

Both these machines are now on trial to establish the cost of clearance per 
acre. Sample plots which have been cleared by both m ethods, followed by 
different cultivation operations, have been prepared to provide com parative 
data.

Road Haulage
A ttention has been given to new techniques in vehicle repair. In this con

nection a num ber o f  vehicles are running with chrom ium -plated cylinder liners 
with success. Easily portable high-pressure lubricators have been provided at 
many of the isolated garages to improve the standard  of maintenance.

Haulage over Soft Ground
Experiments have been carried out with a multi-wheeled trailer and with a 

four-wheel trailer using large-diam eter low-pressure tyres. In the case o f the 
multi-wheeled trailer the perform ance has not justified the high cost. The 
large-diameter wheels offer far greater scope both in four-wheel and two-wheel 
form. A ttention is being given to light rubber tracks which are being developed 
commercially for load-carrying trailers.
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Fire Protection
A light portable pum p which can deliver ten gallons o f water per minute 

against a ninety foot head is now in wide use by the Commission. The weight 
o f this unit is 77\  pounds. Development is taking place to  increase the maximum 
head, which is at present 124 feet. One of the pum ps has been m ounted in a 
Land Rover, the pum p being driven from  the power take-off on the gear box. 
Trials will take place during the summer of 1952.

Mechanisation of Nursery Operations
A test rig has been m ade to experiment with the m echanical application of 

form alin solutions to seed beds. Initial tests have been successful. A low- 
volume spraying machine has been successfully developed for the application o f 
weed-killers. This is basically a commercial m achine adapted  to  fit the standard 
forest nursery seed beds. Experiments with machines for roo t pruning o f 
seedlings in the beds have continued, and the best results up-to-date have been 
obtained in Scotland with a knife carried below the runners o f a sledge. 
The sledge is m ounted on the hydraulic linkage of a Ferguson tractor.

UT IL IS AT IO N D E V E L O P M E N T

By E. G. R IC H A R D S
Utilisation Development Officer

The advisory Com m ittee on the U tilisation o f H om e G row n Tim ber recom 
m ended that the lines of investigation which m ight m ost profitably be pursued 
by the U tilisation Section were those concerned with the problem s o f m arketing 
small-sized thinnings, scrub and  coppice; whilst the possibilities o f finding 
m arkets for sawmill and other waste should not be overlooked.

Small Conifer Thinnings
A n inquiry into the problem s of m arketing small sized conifer thinnings in 

the South of England established tha t the then current dem and for this type o f 
produce exceeded available supplies. The degree to which individual private 
estates were able to  take advantage o f this situation depended for the m ost part 
on the am ount of enterprise and knowledge shown by each estate in organising 
the m arketing o f its produce. W hereas, on the one hand, certain estates were 
able to sell all their thinnings a t com paratively high prices, on the other hand a 
num ber of estates were selling only a part o f their thinnings—often at some
w hat poor prices. Thus the problem  o f advising owners as to  how to sell their 
small sized conifer thinnings to  the best advantage rem ains im portant, even 
when there is a large dem and for this class o f m aterial.

Small Hardwood Thinnings
The status o f the charcoal m anufacturing industry in G reat Britain was 

fully investigated, with particular reference to tha t industry’s present and future 
requirements o f timber. A lthough hardw ood thinnings o f alm ost any shape and 
size are acceptable, m anufacturers have been unable to obtain their full require
m ents o f timber. This is to a considerable extent due to  the fact that prices
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for charcoal wood are often lower than those pertaining in other m arkets, 
such as, for example, the firewood m arket. Nevertheless, where w oodlands are 
situated reasonably near to charcoal m anufacturing plants, there is a possibility 
o f owners being able to fix long-term  contracts for considerable quantities o f 
hardw ood thinnings. Selected m aterial from  scrub areas might also well be 
saleable in this m arket.

Scrub and Coppice
Inform ation on the location o f the coppice and coppice-with-standards areas 

is already known from the 1947 Census o f W oodlands data, in considerable 
detail. N othing is known at present, as to the area o f coppice being worked by 
the underw ood industry. Accordingly the R ural Industries Bureau have kindly 
undertaken to conduct a survey to  estimate the acreages o f coppice, by species, 
which are currently being worked. The results o f this survey, considered in 
relation to the Census o f W oodlands data, will also give an indication o f the 
area o f coppice for which no conventional m arkets exist. Before considering 
to w hat extent it m ight be possible to  find new m arkets for coppice not at 
present required and not likely to be required in the future by the underwood 
industry, it was thought desirable to obtain  inform ation on the production  o f  
different species o f coppice on various sites.

Hazel was the species selected for the first series o f m easurem ents, and during 
the year under review over fifty one-tenth acre plots o f hazel coppice in six 
different localities were felled and m easured by the M ensuration Section. 
As well as providing da ta  on the production o f hazel coppice, this experiment 
will also serve as a guide as to  the validity o f the somewhat unorthodox m ethod 
o f volume m easurem ent o f coppice which was resorted to. Briefly the m ethod 
consisted in obtaining for each one-tenth acre plot, by direct weighing, the 
weight o f fresh-felled hazel coppice. Samples of this fresh-felled m aterial 
were weighed, and were then dried at 105°C. and re-weighed. F rom  all these 
data  the oven-dry weight o f hazel coppice per acre was determined. The specific 
gravity o f the oven-dry samples was then obtained, and these figures applied to 
the oven-dry weight per acre to  give volume o f hazel coppice per acre in cubic 
feet; an adjustm ent was m ade to  allow for the shrinkage that occurs in drying

LIBRARY AND D O C U M E N T A T IO N

By G. D. K IT C H IN G M A N
Documentation Officer

Library. The num ber o f books in the library on the 31st M arch, 1952 was 
1,785, an increase o f 685 during the last three years. Loans o f books increased 
from  526 to  1,043. Thirty-seven volumes o f periodicals were bound, bringing 
the to ta l to  918.

Information files. This section o f the library increases slowly, but there is 
still m uch loose m aterial awaiting docum entation and filing.

Documentation. D ocum entation is very m uch behindhand, and the 
accum ulation o f arrears causes serious concern. In spite o f this, the num ber 
o f index cards has increased during the year from  26,000 to 40,000, representing 
about 12,000 references, and lists o f references on literature were supplied as 
required to  m any o f the research staff.



Library Quarterly. Four num bers were issued during the year. The four 
Library Records issued with it dealt with:

1. Alphabetical Index to the G eographical classification o f the State 
Forests o f G reat Britain.

2. Literature of Beech.
3. Regional Background o f British Forestry.
4. A basic list of books for Conservancy Libraries.

“Aslib". Close contact is m aintained with the Association o f Special 
Libraries and Inform ation Bureaux o f which the library is a member.
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PHOTOGRAPHY

By A. I. A N D ER SO N
Senior Photographer

Two conservancies were visited—N orth  W ales and East Scotland, for the 
purpose of taking photographs for record. The tour o f N orth  W ales was 
com pleted, but owing to the lateness o f the season and work on the Culbin 
film m uch of the work in East Scotland had perforce to be held over.

During the period under review the film entitled “ Culbin Story” was 
completed.

P UBLICATIONS

The following papers by members o f the Research Branch staff were 
published during the year.

HOLMES, G . D. a n d  Girdling or Banding as a means o f  increasing Cone 
Ma t t h e w s , J . D. Production.

Forest Record No. 12 (1951).

h o l m e s , G . D. and Chemical Control o f  Weeds in Forest Nursery Seedbeds. 
Forest Record No. 13. (1952)iv e n s , G. w. 

h o l m e s , g . d .

BROWN, J. M. B.

M ethods o f Testing the germ ination quality o f Forest 
Tree Seeds and the in terpretation  o f  the results.
Leader in Forestry Abstracts. Vol. 13. No. 1. pp. 5-15.
(1951).

Notes on Chiltern Beechwoods.
Quarterly Journal o f  Forestry. Vol. XLVI. No. 1. 

pp. 5-15. (Jan. 1952)
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MACDONALD, J.

FAULKNER, R.

HUMMEL, F. C.

H U M M E L ,  F . C . ,  
i r v i n e , t . w. a n d
JEFFERS, J. N. R. 

H U M M E L ,  F.  C . ,
i r v i n e , t . w .  a n d  
JEFFERS, J. N. R.

H U M M E L ,  F.  C . ,  
i r v i n e , T . w. a n d
JEFFERS, J. N. R. 

JEFFERS, J. N . R.

RICHARDS. E. G.

PEACE. T. R.

Climatic Lim itations in British Forestry.
Quarterly Journal o f  Forestry, Vol. XLV. No. 3- 

(July 1951)
British W oodlands and Their Production.
Proceedings o f  the Technical Section o f  The British Paper 
and Board M akers' Association. Vol. 33. Pt. 2, p .337. 
(1952)

Shelterbelts in Nebraska, U.S.A.
Scottish Agriculture. Vol. XXXI. No. 3. pp. 147-150.

(1952)

An Experiment on the Sampling of early Thinnings. 
Forestry. Vol. XXV. No. 1. pp. 19-31. (1952)

General Volume Tables fo r  Corsican pine in Great Britain. 
Forest Record, No. 14. (1951)

General Volume Tables fo r  Japanese larch in Great 
Britain.
Forest Record No. 14. (1951)

General Volume Tables fo r  Douglas fir  in Great Britain. 
Forest Record. No. 15. (1951)

Use o f Range/Standard Deviation Tables.
Forestry. Vol. XXV. No. 1. pp. 66-68. (1952)

The M arketing o f Small Sized Conifers.
Journal o f  the Land Agents Society. Vol. LI. No. 2. 

(Feb. 1952). pp. 61-63.

Poplar as a Farm  Crop.
Agriculture Vol. 57. No. 10 (Jan. 1952). pp. 473-477.



Part II. Research undertaken for the 
Forestry Commission by Workers 

attached to Universities and 
other Institutions

S U B - C O M M I T T E E  ON N U T R I T I O N  P R O B L E M S  
IN FOREST NURSERIES .  

SUMMARY REPORT ON 1951 EXPERIMENTS

By D r. E. M . C R O W T H E R  and B LA N C H E B EN ZIA N  
Rothamsted Experimental Station, Harpenden, Herts.

Introduction
W hen the Sub-Committee on N utrition  Problem s in Forest Nurseries began 

its work in the autum n o f 1944, it was known tha t m any o f the older forest 
nurseries were incapable o f producing usable one-year seedlings and one-plus- 
one transplants o f Sitka spruce and other sensitive conifers. Such plants had, 
however, been grown successfully in clearings in heathlands or conifer forests 
with the aid of liberal dressings o f com post. A t tha t time it was often assumed 
tha t com posts acted mainly by stim ulating fungi forming mycorrhizal associ
ations w ith the roots, and the supply of nutrients to plants played a relatively 
insignificant role. There was, however, little experience or experimental evidence 
on the use of fertilizers in seedbeds, apart from  occasional tests on some less 
soluble m aterials, such as bone meal and basic slag, and thus there had been no 
opportunity  to test, in the forest, plants o f roughly equal size raised w ith 
com posts and fertilizers.

The early investigations carried out for the Sub-Com m ittee by the R otham 
sted staff and the Research Branch were devoted to developing suitable tech
niques for small plot experiments in seedbeds, transp lan t lines and forest 
plantings, and to com paring the effects o f com posts and fertilizers, separately 
and together. These prelim inary experiments showed tha t the effects o f  various 
kinds of com posts were related to the am ounts of the m ajor p lant nutrients 
present, and tha t there were no outstanding or consistent differences in size 
or forest perform ance between plants raised with com posts or fertilizers, 
respectively. Plants from  some o f the early experiments are still under regular 
observation in “ forest extension” experiments.

The early experiments also showed that grow th o f Sitka spruce and Scots 
pine seedlings could be im proved in old established nurseries by steam ing the 
soil o r by treating it w ith form alin or acidifying agents.

In recent years m uch of the work has been devoted to series o f parallel 
experiments in some or all o f six nurseries in the South o f England. Four o f  
these are Research Nurseries (two at K ennington, Bagley W ood and
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W areham) and two Conservancy N urseries in which sections have been 
specially reserved for these investigations (Ringwood and Ampthill). Three of 
the nurseries had  been in use for some twenty years and three were new nurseries. 
M ost o f the experiments have been on plots o f one square yard, separated by 
twelve or eighteen inch “ buffers” across the beds, and by two-feet alleys between 
beds. In m any experiments three or four successive crops o f one-year Sitka 
spruce are taken to obtain results under different weather conditions, w ith some 
indication o f residual o r cum ulative effects. To prevent the in troduction  o f 
extraneous soil, the beds are not “m ade u p ” after their original preparation , 
and plots, buffers and alleys are dug separately. This technique is unsuited 
for m easuring long-term  effects on soil fertility. Two series o f experiments 
were commenced in 1951, in new extensions to the K ennington and W areham  
nurseries, using larger plots with suitable surrounds from  which the plots could 
be “m ade-up” , and with strips o f undug soil to prevent any m echanical transfer 
o f  soil between plots. (In the new extension a t Kennington N ursery it was 
necessary to design and install grassed banks and water-ways to protect a sloping 
site against erosion. Some heavy storms showed both the need for and the 
success o f the installations). The new long-term  experiments are planned to 
test various three-year ro tations, including Sitka spruce seedlings and trans
plants, green crops and fallow, on plots receiving either com post or fertilizers 
every year. The seedlings will be tested as transplants in extension experiments, 
with either com post or fertilizers, and both seedlings and transplants will be 
tested in forest plantings.

A num ber o f single-year experiments are also conducted each season. As 
some o f these may leave appreciable residues in the soil, the sites cannot be 
used again for some years, and  there is difficulty in finding suitable new sites 
in the congested Research Nurseries. To economise space, a num ber o f experi
m ents have been m ade with plots 15 or 18 inches wide, across continuously 
sown beds one yard wide, where the treatm ents can be applied after the last 
digging in preparing the beds.

In  four experiments in three nurseries, broadcast sowings were replaced 
by six rows o f different species to obtain some indication o f the extent to 
which other conifers resemble Sitka spruce, the main indicator species.

Each year a  num ber o f extension experiments are m ade in transp lan t lines or 
forests to test the perform ance o f plants raised with experimental treatm ents. 
These experiments are particularly  laborious, and m ust be repeated in several 
seasons and under contrasted  conditions before any reliable conclusions can 
be draw n. They are needed because there appear to be no sound criteria, apart 
from  size, for assessing the potential value o f seedlings and transplants. Two 
m utually contradictory opinions were frequently given in the early meetings of 
the Sub-Com m ittee. One view was that survival and grow th could be assessed 
only by very detailed mycological exam ination o f the roo t system. The other 
was tha t well-furnished plants o f  reasonable size will grow equally well, w hat
ever their nursery treatm ent m ay have been.

Plant Nutrients
A fter the first few years o f this work a com post o f bracken and hop waste 

was adopted as standard , and the m ethods o f m aking it were carefully controlled. 
The m erits and  economic value o f com posts cannot be properly assessed until it 
is known w hether their m ain functions are to supply m ajor nutrients, to affect 
the physical properties o f  the soil, to  change its biological conditions, o r to 
act in some other way. A n essential step in analysing all the m anifold and 
hypothetical possibilities is to discover how inorganic sources of p lan t nutrients
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can be used efficiently, and then to com pare com post with fertilizers, pre
ferably over long periods on a variety o f soils. C om paring equal am ounts of 
nutrient elements in com posts and fertilizers would be of little theoretical or 
practical value, for it would be dangerous to add as m uch nitrogen in fertilizer 
salts as can be given safely in the inert forms present in com posts. At the 
rates used in 1950 experiments, the com post dressings contained from  four to 
six times as m uch nitrogen, twice as m uch phosphorus and three to  six times as 
much potassium  as were tested in the standard dressings of fertilizers. There are 
still considerable difficulties in finding appropriate fertilizer treatm ents for forest 
nursery soils, since there is little past experience to draw  on, either in this 
country or abroad. M any of the nursery soils are very light and very acid. 
They have low reserves o f nutrients and little “ buffer capacity” against 
changes; they are liable to serious losses by leaching. G erm inating seeds are 
known to be sensitive to salts, and there is always a risk of dry spells in spring 
or of a prolonged summer drought.

M any of the early experiments were devoted to testing alternative forms 
and rates of nitrogen, phosphorus and potassium  fertilizers and to  different 
times of applying nitrogen fertilizers. In several years it was noticed that 
on the very light and acid soils, large plants grown with m oderate dressings of 
fertilizers developed abnorm al symptoms (“ H ard  yellows” ) in the upper needles 
towards the end o f the season. Chemical analyses showed that such plants had 
low contents o f magnesium. Experiments in 1951, at three nurseries, showed that 
these symptoms could be eliminated by supplying magnesium either as sulphate 
or as dolomitic limestone. As an indication of the sensitivity o f one of the 
lightest soils in this series (Ringwood nursery), it may be m entioned that in 
1951 magnesian limestone controlled the yellow symptoms, but magnesian 
limestone and high-calcium limestone in m odest dressings reduced the heights 
of seedlings.

Plant analyses have shown that seedlings from  com post-treated plots often 
contain more potassium  than those from  fertilizer plots. As had already been 
pointed out the com posts normally supply m uch m ore potassium  than  has 
recently been given in the fertilizer dressings. In 1952, a new series o f experi
ments has been started in several nurseries to test the effects o f increasing the 
am ount of potassium  fertilizer, and of including magnesium  sulphate in the 
fertilizer dressings. Alternative m ethods of incorporating superphosphate 
into acutely deficient soils are also being studied.

A lthough much still remains to be done in developing the principles and 
improving the technique of using fertilizers in forest nurseries, general recom 
m endations on m anuring based on our results have been incorporated in 
Research Branch Circulars and Silvicultural Circulars since the w inter of 
1946/47. The m ethods have been widely used in Conservancy Nurseries in 
England and Wales.

The 1951 Season
The early spring was very wet and sowing was inevitably late. There was 

a dry spell in June and a wet autum n. Plants grew well, but in com parable 
experiments were not quite as large as in 1950. In both  o f these years there 
was little discoloration due to phosphorus deficiency, bu t shortage o f phos
phorus was still the principal factor limiting growth in nurseries known to be 
deficient in this nutrient. There were m arked potassium  deficiency symptoms 
and large reponses to potassium  in several nurseries in bo th  years. Form alin 
treatm ent gave particularly large plants in 1951, some o f the experiments having 
m any plots which experienced observers regarded as approaching perfection.
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Such successes in a difficult season were a tribute to the skill o f the foresters 
in charge.

Fertilizers
M any experiments since 1946 have shown that acidifying agents, such as 

sulphuric acid, sulphur, alum inium  sulphate and am m onium  sulphate may 
improve the grow th o f Sitka spruce in established nurseries with neutral or 
slightly acid soils. There may, however, be disturbances in dry seasons from 
surplus salts formed by the acidifying agents, or from  the oxidation products 
of sulphur. A ttem pts have been m ade to exploit the acidifying effect o f top- 
dressed am m onium  sulphate. In an experiment (K.31) at Old K ennington 
nursery, sown with Sitka spruce each year since 1949, dressings of ammonium 
sulphate have been applied on four occasions— before sowing, in June, July and 
August—and com pared with equivalent am ounts o f “ N itro-C halk” (a mixture 
of am m onium  nitrate and calcium carbonate which has only small effects on 
soil reaction). It was considered possible that each top dressing of am m onium  
sulphate m ight produce a little local acidification of the surface soil, and in 
consequence, m aintain for a time an appreciable concentration of am m onium , 
whilst that in “ N itro-C halk” would be quickly converted to nitrate.

SOIL ACIDIFICATION BY TOP-DRESSINGS OF AMMONIUM SULPHATE 

Old K ennington experiment (K.31) repeated for three seasons 
with one-year Sitka spruce seedlings.

Table 34

Height in inches
Total dressing per sq. yd. per annum 1949 1950 1951 pH 1951

No N itrogen .... 0.8 0.7 0.6 7.0

“ N itro-C halk”
6 gram s N itrogen 0.9 0.9 0.8 7.0

12 gram s N itrogen 0.8 1.1 0.9 7.1
18 gram s N itrogen 0.8 1.1 0.9 7.0

A m m onium  Sulphate
6 gram s N itrogen 0.9 1.3 1.2 6.6

12 gram s Nitrogen 0.8 1.8 1.5 6.5
18 gram s Nitrogen 0.9 1.8 1.6 6.0

S tandard  erro r 0.04 0.11 0.06 —

Dividing the am m onium  sulphate over the season would reduce the risk of 
harm ful excess o f salts. Am m onium  sulphate was applied at rates of roughly 
3, 6 and 9 cwt. per acre per annum . In the drought of 1949 Sitka spruce grew 
very badly, but there was no damage from the nitrogen fertilizers. In 1950 
and 1951 the am m onium  sulphate plots had conspicuously better Sitka spruce 
than the “ N itro-C halk” plots. It was easy at the end of both seasons to pick 
out all plots which had received am m onium  sulphate. M ean heights o f 1.5 
inches or over are good for this part o f the Old Kennington nursery.

In 1951, a new series o f experiments was carried out on eighteen-inch plots 
of continuously sown beds a t six nurseries to com pare equivalent applications 
o f am m onium  sulphate and “ N itro-C halk” on one, two or three occasions 
throughout the season. Am m onium  sulphate gave significantly taller plants at 
the three old nurseries (Old K ennington, Ampthill and Ringwood) but not at 
the thr'ee new ones (Kennington Extension, Bagley W ood and W areham).
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By the end o f the season the pH  values were about 0.3 lower on the am m onium  
sulphate plots. In  these experiments nitrogen fertilizers gave significant in
creases at only one nursery when applied before sowing, a t four when applied 
in June, and at five when applied in August. The two sum m er top dressings 
had little advantage in 1951 over the single application in August, but dividing 
the dressings reduces the risk o f missing a critical period. A ttem pts were also 
m ade in these experiments to assess the value o f potassium  sulphate raked into 
the soil before sowing or applied as a sum m er top dressing. The application 
before sowing slightly reduced heights at Old K ennington and Ampthill 
nurseries, and slightly increased heights a t the other nurseries. The sum m er top 
dressing had somewhat smaller effects at m ost nurseries and  was ineffective at 
W areham, where potassium  sulphate raked-in before sowing m arkedly increased 
heights.

In a third-year experiment a t W areham  on nitrogen, phosphorus and 
potassium  fertilizers applied annually, each square yard plot carried rows of 
six kinds of conifers. The results in Table 35 show that the six species behaved 
in much the same way, giving highly significant responses to  each o f the three 
fertilizers. This suggests tha t results for Sitka spruce m ay be applied w ith some 
confidence to other conifers. In  this experim ent there was also clear evidence 
o f a residual benefit from  superphosphate applied in a mixed fertilizer in 1949, 
but there was no evidence o f any residual benefit from  the potassium  in the 
mixed fertilizer. I t is often asserted tha t superphosphate is unsuitable for very 
acid soils and has low residual effects. In  our experiments in nurseries and 
forests superphosphate has proved equal to  or better than  alternative forms. 
In  forestry, as in agriculture, there is m uch to  be said for learning how to use 
standard fertilizer m aterials instead o f relying on by-products and com posts 
o f uncertain com position and properties.

EFFECT OF FERTILIZERS ON SIX SPECIES OF CONIFERS

Third-year experim ent a t W areham  (W.46) 
Table 35 on one-year seedlings, sown 1951

Sitka
spruce T suga

C orsican
pine

Pinus
con to rta

Jap.
larch

D ouglas
fir

M ean height in inches .... 0.8 0.6 1.2 1.6 3.0 2.3

Effect o f  fertilizers on 
height as percentage o f  
mean

N itrogen ................. 59 23 23 37 32 26
Phosphorus ................. 76 39 35 74 66 45
Potassium  ................. 41 32 33 42 41 43

S tandard  error 14 10 4 11 10 8

Compost, Fertilizers and Formalin
In 1950 a parallel series of experiments was started at five nurseries with 

factorial tests on com post, fertilizers and form alin. The treatm ents were 
repeated on the same plots in 1951, with results set ou t in Table 36 for four o f 
the eight treatm ents. (The extreme treatm ents w ithout m anure and w ith both 
fertilizers and com post are omitted).

The data  in the first part o f Table 36 show tha t in nine o f the ten com parisons 
the com post plots had lower p lant num bers than the fertilizer plots. This kind
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of result has been obtained in several other experiments and seasons. There is 
no reliable evidence to explain the loss o f plants through com post treatm ent. 
Losses through using com post are still m ore striking in num bers o f usable 
seedlings. (This difference does no t show on form alin-treated plots at the two 
very acid nurseries, where alm ost all o f the plants were usable.)

COMPOST, FERTILIZERS AND FORMALIN AT FIVE NURSERIES

Table 36 Second-year experim ent on one-year Sitka spruce seedlings, 1951

Old 
K ennington 

K  42
R ingw ood 

R  32

K ennington 
E xtension 

K E  49
Bagley 

B 26
W areham  

W  55

Total p lants per square yard
No form alin

C om post................. 400 410 900 1,000 1,080
Fertilizer................. 550 770 1,130 1,480 1,040

W ith form alin
C om post... 680 380 890 1,200 960
Fertilizer................. 790 710 1,190 1,480 1,110

Plants over 1.5 inches, per square yard
No form alin

C om post................. 0 50 760 520 590
F ertilizer... 10 190 1,060 890 960

W ith form alin
Com post.... 170 320 790 1,090 940
Fertilizer.... 400 610 1,140 1,190 1,080

M e i/i height in inches -

No form alin
Com post.... 0.6 1.1 2.6 1.7 1.8
F ertilizer... 0.8 1.2 3.0 2.0 2.8

With form alin
C om post... 1.3 2.5 3.3 3.1 3.6
Fertilizer... 1.7 2.4 3.8 2.7 3.4

Form alin appreciably increased plant num bers at only one o f the five centres. 
The general benefit from  using form alin cannot, therefore, be ascribed to 
reducing deaths through  “ dam ping-off” . I t is, o f course, possible that related 
fungi may dam age roots and restrict grow th late in the season. There have been 
a few cases in other experiments in old-established nurseries and in our pot 
experiments in which form alin has increased plant num bers when there were high 
losses from  “ dam ping-off” .

It is notew orthy that form alin increased m ean heights in the 1951 experiments 
even in the very acid nurseries where good seedlings could be grown w ithout 
form alin treatm ent.

Steam, Formalin and Fertilizers
In  M arch, 1949, an experiment was laid out at A m pthill nursery with four 

large steamed plots and four unsteam ed plots. Each o f the eight plots was then 
divided into six plots for tests on no further treatm ent, form alin and acid, 
each with and w ithout nitrogen fertilizer. One-year Sitka spruce seedlings were
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grown for three successive years, only the nitrogen treatm ent being repeated. 
Soil samples were taken periodically for chemical and microbiological analyses 
by M r. R. G. W arren and Miss L. M. Crum p. One general result was that the 
plots treated with formalin, steam or acid had m ore am m onia than the untreated 
plots, even after the samples had been incubated for a fortnight in the laboratory. 
It is possible that the m aintenance o f  a high am m onia content by checking 
nitrification may favour the growth o f young conifers.

EFFECT OF STEAM, FORMALIN AND ACID 

Three-year experiment on one-year Sitka spruce seedlings,
Am pthill Nursery. (Am. 1)

Table 37 All treatm ents applied in 1949 only

M ean height in inches

1949 1950 1951

No
Steam Steam

N o
Steam Steam

N o
Steam Steam

N o form alin, no  acid
F o r m a l in .................
Acid .................

1.06
2.07

failed

2.47
2.58

failed

1.33
1.83
2.02

1.69
1.97
2.79

0.86
0.82
0.99

0.65
0.76
1.14

Standard  erro r 0.07 0.09 0.08 0.12 0.05 0.04

The m ean heights of one-year Sitka spruce seedlings are given in Table 37, 
averaging plots w ith and w ithout nitrogen fertilizer, which had only small 
effects. In  1949, acid applied a few weeks before sowing killed the seedlings, 
but th£ acid-treated plots gave the best seedlings in 1950 and 1951. Steam 
and form alin gave great im provem ents in 1949, some residual benefit in the 
second year and none in the th ird  year. The advantage of steam  over form alin 
would be too slight to  justify the extra cost and the serious com plications and 
risk o f delay in nursery work, such as occurred in the 1950 experiments in this 
nursery. N o further experiments on steaming were undertaken after 1950.

Fertilizers and Formalin
A num ber o f experiments have been laid out to obtain m ore inform ation 

about the effects o f form alin and the technique for using it to best advantage.

In parallel experiments a t three nurseries, sum m arised in Table 38, form alin 
treatm ent in 1951 was tested factorially w ith residues from  form alin in 1950, 
and with nitrogen, phosphorus and potassium  fertilizers applied in both 
seasons. Form alin in  1951 greatly increased heights at all three nurseries, 
but plots which had received form alin in both  years gave smaller plants than 
those with form alin in 1951 only. W here no form alin was given in 1951, there 
were appreciable residual effects from  form alin in 1950. It is known that 
form alin profoundly affects the microflora o f the soil and that some oranisms 
can decompose form alin or products derived from  it. It is possible that the 
microflora developed by applying form alin may accelerate the decom position 
o f subsequent additions. In these experiments form alin treatm ent greatly 
increased the response to superphosphate. The excellent plants grown with 
form alin at K ennington Extension showed no further response to potassium  
fertilizer, but plants w ithout form alin in 1951 showed a good response to 
potassium  (from 1.9 to 2.6 inches).



N U T R IT IO N  P R O B L E M S  IN  F O R E S T  N U R S E R IE S 101

EFFECT OF FERTILIZERS, FORMALIN AND FORMALIN-RESIDUES 

Second-year experiment on one-year Sitka spruce seedlings, 1951
Table 38 P — Phosphorus

A pproxim ate p H :

Old 
K ennington 

K  44
R ingwood 

R  33

K ennington 
Extension 

K E 50

6.4 5.8 5.2

1950 1951 Hei\jh t in inches, 951
treatment treatment

— — 0.5 0.6 2.0
Form alin — 0.8 0.9 2.5— Form alin 1.4 1.5 3.4
Form alin Form alin 1.2 1.3 3.2

no P _ 0.5 0.7 2.1
P P ................. 0.8 0.8 2.4
no P ................. Form alin  ................. 1.0 1.1 3.0
P ................. P +  fo rm alin ... 1.6 1.8 3.6

S tandard  e rro r .............................. ±0 .05 ± 0 .0 7 ±0.11

Experiments were m ade at six nurseries to test m id-winter against late- 
winter applications o f form alin at three rates. Form alin gave large im prove
m ents in all nurseries except the very acid one at Bagley W ood. The plants 
grown with form alin a t all nurseries were larger than those grown w ithout 
form alin a t the two very acid nurseries. The plants in the Old Kennington 
experiment were unusually good for this nursery. Here and in several o ther 
nurseries we have found fairly sharp breaks between good and bad sites, which 
seem to reflect differences in past cropping and management. It is difficult in 
such cases to assess the relative im portance of nutritional and disease factors, 
but there are indications that the poor sites have either received unsuitable 
m aterials (e.g. limestone) or become heavily infected with pests or pathogens. 
There is little sign that they have been exhausted o f nutrients. “ W rongly 
m anaged” may be a better term  than “ worn ou t” to describe such conditions.

EFFECT OF FORMALIN APPLIED IN W INTER AND SPRING

Table 39 First-year experiment on one-year Sitka spruce seedlings, 1951

Old 
K ennington 

K 48
Am pthill 

A m  18
Ringwood 

R  39

K ennington 
Extension 

K E  58

Bagley 
W ood 
B 31

W areham  
W  59

Initial pH : 6.8 6.2 5.0 5.4 4.1 4.6

N o form alin ................ 1.6 1.3
Height

1.6
n inches 

2.3 2.2 2.1

Formalin applied:—
D ec./Jan .................... 3.4 2.4 2.5 2.8 2.4 3.0
M arch ................. 3.6 2.7 2.4 3.3 2.4 2.9

S tandard  erro r 0.09 0.08 0.05 0.10 0.10 0.15

W inter applications of formalin were only slightly inferior to those given 
three weeks before sowing. The earlier applications might be m ore convenient 
and safer in practice. On the average o f all nurseries and both times o f



102 R E P O R T  O N  F O R E ST  R E S E A R C H , 1952

application, the m ean heights for 0, 125, 250, 500 ml. form alin (suitably 
diluted) per square yard were 1.9, 2.6, 2.8, 3.0 inches respectively. In practice 
abou t 250 ml. form alin per square yard would be ample and even smaller 
dressings might be tried.

A t three old nurseries experiments were conducted on the eight treatm ents 
providing factorial tests on a heavy dressing o f am m onium  sulphate in  w inter to 
acidify the soil, M arch application of form alin, and two summer top-dressings of 
am m onium  sulphate. In  the Old K ennington experiment six species were sown 
in rows in each square-yard p lo t; in the two other nurseries Sitka spruce was 
broadcast. All centres and species showed large responses to  form alin, Sitka 
spruce being the m ost responsive. Five species at Old K ennington, and Sitka 
spruce at Ampthill, showed significant responses to  w inter treatm ents with 
am m onium  sulphate. All species except Corsican pine showed significant res
ponses to  summer top dressings o f am m onium  sulphate. A lthough the jo in t effects 
o f two treatm ents were generally som ewhat less than  the sum o f the separate 
effects, the effects o f combined treatm ents (which are indicated roughly by 
adding the percentage effects given in Table 40) led to  vivid contrasts.

FIRST YEAR EXPERIMENT ON ONE-YEAR SITKA SPRUCE SEEDLINGS AT THREE 
NURSERIES AND ON FIVE OTHER SPECIES AT OLD KENNINGTON NURSERY; 1951 
Table 40

O ld Kennington 
K  49 

p H  6.4

Am pthill 
Am 20 
p H  7.2

Ringwood  
R  40 

p H  5.8

Sitka Corsican Pinus Jap. D ouglas Sitka Sitka
Spruce Tsuga Pine C o n to rta Larch F ir Spnice Spruce

M ean height,
inches ................ 2.6 1.6 1.5 2.7 7.1 4.1 1.8 1.6

Height increase fro m  treatment as percentage o f  mean
W inter amm . sul

phate  ................. 23 31 12 2 20 9 9 ( - 1 1 )
F o rm alin ................. 59 26 28 52 31 33 77 58
Sum m er amm . sul

phate  ................. 11 40 5 19 15 16 17 19
S tandard  erro r .... 2.5 4.6 3.3 2.2 3.0 2.8 4.1 6.7

D uring each of the last few seasons a num ber o f possible alternatives to 
form alin have been examined in the hope o f obtaining clearer indications on the 
mechanism  of “ soil disinfection” or “partial sterilization” , and o f finding 
m aterials m ore convenient to  apply in the nurseries. Paraform aldehyde, a solid 
polym er o f formaldehyde, has given good results in a few experiments but 
it  has sometimes failed. Closer study o f the conditions will be needed before it 
can  be used safely in forest nurseries. In experiments over six seasons, we have 
rarely failed to obtain responses to form alin in the neutral o r slightly acid 
nurseries discussed in this R eport, and, in some seasons, we have even had good 
results in very acid nurseries on heathland or forest sites. O ur irregular results 
w ith  paraform aldehyde raise the question whether some failures w ith form alin 
in  Conservancy “ user-trials” may have been due to using a polymerised formalin 
o r  one stabilised by some harm ful ingredient. In the last few years we have been 
careful to select form alin solutions which do not readily polymerise.

In tobacco seedbeds in the United States good results have been obtained with 
urea or mixtures of urea and calcium cyanamide, applied in very heavy dressings 
m any weeks before sowing. We did not wish to add large am ounts of basic cal
cium  and therefore tried urea alone and together with a polymer o f cyanamide. 
T h e  results with these treatm ents and with hexamine and gammexane were not
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promising. It is a strange circum stance that form alin treatm ent for conifer and  
tobacco seedbeds was abandoned years ago in the United States, whereas none 
o f the alternatives we have tried have approached form alin in efficiency and 
reliability. Chlorpicrin and ethylene dibrom ide are being tested in 1952.

Treatment of Transplant Beds
In  an experiment at Old K ennington there were m arked responses in the 

colour and early grow th o f  transplants from  heavy dressings o f am m onium  
sulphate applied in mid-winter, but no benefit was shown in the final heights. 
Form alin applied in winter m arkedly increased heights. The gain from form alin 
was less on plots which had received the heavy am m onium  sulphate treatm ent 
on the same day. This m ight be ascribed to  a chemical reaction between the 
am m onium  and the form alin. In  repeating the treatm ents in 1952, an interval 
o f a m onth  was allowed between the am m onium  sulphate and the form alin 
treatm ents, but this left only a m onth  between form alin-treatm ent and lining- 
out, and m any plants were killed on the form alin plots.

Forest Extension Experiments
The early extension experiments were inevitably scrappy. They were intended 

mainly to  test w hether plants raised with unusual treatm ents would grow well 
in the forests. Com parisons between experiments may include effects from  
site differences in nurseries and forests. Only recently has it become possible 
to com pare, w ithin a single forest experiment, plants differing in age, trea t
m ent and nursery o f origin. Some o f the results from  1948 plantings retain 
a certain interest provided their lim itations are recognized. Table 41 shows 
the average results in three forests in extension experiments from  four nurseries, 
two w ith one-plus-one transplants and two with one-year seedlings o f Sitka 
spruce and Scots pine. The nursery experiments had tested either com posts 
in conjunction with fertilizers or fertilizers alone. In three o f the series there 
are only trivial differences according to whether or not the plants had been 
grown w ith com post in the nurseries. The W areham  one-plus-one transplants 
from  the fertilizer experim ent were inferior to those from  the com post experi
m ent, but it happened tha t the fertilizer-transplants o f 1947 (reported in Tables 
41 and 42) had  been grown w ithout liming on a piece of very acid and irregular 
heathland (pH below 4.0) and probably suffered from  deficiencies o f calcium 
and magnesium aggravated in a drought year by heavy fertilizer dressings.

FOREST PERFORMANCE OF SEEDLINGS AND TRANSPLANTS FROM NURSERY 
EXPERIMENTS ON COMPOSTS AND FERTILIZERS 

M ean height in  inches, 1951, after four years in three forests:
Sitka spruce— Broxa (Allerston Forest), D artm oor, St. Gwynno 
Scots pine — Broxa (Allerston Forest), D artm oor, King’s Forest.

Table 41

S itka  spruce 
raised with

Scots
raised

pine
with

Com post +  
Fertilizers

Fertilizers
only

C om post +  
Fertilizers

Fertilizers
only

Nursery
1 + 1  ex W areham  ................. 34 29 26 24
1 + 1  ex K ennington Extension 37 37 30 31

1 + 0  ex W areham  ................. 28 28 22 20
1 + 0  ex W ytham  ................. 24 23 22 23
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A m ore elaborate experiment with a different basis o f com parison was laid 
o u t in 1948. Batches of seedlings and transplants were taken from  the Old 
Nursery at W areham, where they had been grown with com post on repeatedly 
com posted soil, and also from  the New Nursery, where they had been grown with 
fertilizers as the first crops after clearing the heath. The four lots were planted 
in the forests in 4 x 4  Latin Squares, half o f each plot receiving N P fertilizers. 
The results in Table 42 show that seedlings grew well, except at K ing’s Forest, 
and  on unm anured land at Decoy Heath, where both seedlings and transplants 
Sitka spruce soon went into check. A t Broxa the Sitka spruce seedlings reached 
about the same height as the transplants. N P fertilizers had m arked effects on 
Sitka spruce, except at St. Gwynno, and on Scots pine at Broxa and Decoy 
Heath.

HEIGHTS AFTER FOUR SEASONS IN FORESTS OF WAREHAM SEEDLINGS AND TRANS

PLANTS RAISED W ITH COMPOST IN THE OLD NURSERY AND W ITH FERTILIZERS

IN THE NEW  NURSERY
Table 42

Height in inches, 1951

At
planting

1948

A fter 4 years in forests, 1951

Broxa
(Allerston) D artm o o r

Decoy
(W areham )

St.
G w ynno

SITK A  SPR U C E 
Unmanured in forest

1 + 1  ex Old nursery 7.2 35 19 14 45
1 +  1 ex New ,, 5.9 28 18 II 44
I + 0  ex Old 2.4 32 13 6 34
1 + 0  ex New ,, 1.8 34 16 7 38

N P  fertilizer in forest
1 + 1  ex Old nursery 7.2 47 32 27 46
I + 1  ex New ,, 5.9 44 33 22 44
1 + 0  ex Old 2.4 38 22 20 35
1 + 0  ex New ,, 1.8 42 28 29 38

SCOTS PIN E
Unmanured in forest 

1 +  1 ex Old nursery 2.8 28 28 22

K ing’s
Forest

27
I + 1  ex New , 4.1 30 27 22 27
1 + 0  ex Old ,, 2.2 22 19 13 18
1 + 0  ex New ,, 2.3 30 21 14 18

N P fertilizer in forest
1 +  1 ex Old nursery 2.8 35 28 37 25
I + 1  ex New ,, 4.1 39 30 37 28
1 + 0  ex Old ,, 2.2 29 22 31 17
1 + 0  ex New ,, 2.3 33 24 32 17

The Sitka spruce seedlings from  the New Nursery grew taller than those from 
the Old Nursery, but the transplants from  the New N ursery rem ained smaller 
than those from  the Old Nursery. Scots pines from  the Old and New Nurseries 
behaved in much the same way.

Samples o f these plants taken at planting time were examined by the late 
D r. Rayner and Dr. Levisohn, who found norm al m ycorrizha only in the Sitka
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spruce and Scots pine seedlings from  the New Nursery, and the Scots pine 
transplants from  the Old Nursery. As far as these observations go there seems 
to be little relationship between com post, m ycorrhiza and forest perform ance.

If the mycorrhizal equipm ent o f seedlings influences forest perform ance, 
it might be expected that seedlings raised on form alin-treated soil might differ 
from those on untreated soil. In  any event, since form alin allows usable 
seedlings to be raised in established nurseries, it is im portan t to  obtain evidence 
about their survival and grow th in forests. The results o f such experiments 
after two seasons are given in Table 43. Plants raised on steamed or formalin- 
treated soil grew well in the forests. One-year seedlings from  steamed or 
form alin-treated soil at A m pthill and Ringwood (both very poor nurseries) 
grew alm ost as tall in two years as one-plus-one transplants from  Old 
Kennington.

EFFECT OF FORMALIN AND STEAM IN SEEDBEDS ON GRO W TH IN FORESTS

Table 43 Seedlings and transplants planted 1950

H eight in inches

Planted as As 1 + 0  
Seedlings

As 1+ 1  
Transplants

After two years in forest, 1951

Cwm Ysgawen, 
Coed Sarnau

Riddings W ood, 
K erry Forest

1 +  1 transplants 
E x  Old Kennington

No form alin ................. 1.07 4.7 7.4 15.3
Form alin .............................. 1.52 5.5 8.4 15.7

1 + 0  seedlings 
E x Ringwood  

N o form alin ................. 0.86 6.8 8.1
Form alin .............................. 1.67 — 10.8 14.6

I + 0  seedlings 
E x Am pthill 

None .............................. 1.04 5.5 6.9
Steam .............................. 2.38 — 8.0 13.5
Form alin .............................. 2.13 — 8.1 12.2
Steam -Fform alin ................. 2.63 --- 9.1 15.3

In experiments planted early in 1950 in two forests in Central Wales, there 
were severe losses, largely thfough soil wash from  the exposed furrows, perhaps 
with some frost-lift. The smallest plants suffered most, as might be expected. 
It does not, however, appear that size alone was the determining factor. The 
percentage o f  deaths are given in Table 44 in order o f nursery heights. A bout 
15 per cent of transplants from  Old Kennington and Kennington Extension were 
lost in Cwm Ysgawen. Only negligible num bers on one-year seedlings from 
Ampthill, W areham , Ringwood and W ytham  (Oxford) Nurseries, but a high 
proportion  of those from  K ennington Extension, Bagley W ood and Old 
Kennington were lost. A t Riddings W ood the transplants survived well, but 
losses were particularly severe for Bagley W ood and Old K ennington seedlings. 
A lthough such small seedlings would not be planted in practice, some o f the 
experiments are of interest in showing that small seedlings from  some o f the 
nurseries could survive and grow well under very difficult conditions. There 
was no indication that survival depended in any way on whether the seedlings 
had been raised with com post or fertilizers.
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PERCENTAGE DEATHS OF SITKA SPRUCE, 1 9 5 1 , AFTER TW O SEASONS IN THE FORESTS 

Table 44

Height in inches 
in nurseries

Percentage deaths 1951

Cwm Ysgawen Ridding's Wood

Plants raised w ith: P lants raised w ith : P lants raised w ith :

C om post Fertilizer C om post Fertilizer C om post j  Fertilizer

Planted  1950 as:
1 + 1  transplants

W ytham  .............................. — 7.8 — 2 — 0
Bagley W ood ................. 8.6 7.6 2 2 0 0
W areham  .............................. 6.2 7.4 2 0 1 0
O ld Kennington* ................. — 5.5 — 18 — 1
K ennington Extension 5.3 5.3 15 12 2 3

Planted 1950 as: 
1 + 0  seedlings

Am pthill* .............................. — 2.1 — 5 — 17
W areham  .............................. 1.9 1.8 2 2 12 11
R in g w o o d * .............................. — 1.7 — 1 — 2
W ytham  .............................. — 1.6 — 4 — 17
K ennington Extension 1.5 1.4 41 30 19 20
Bagley W ood ................. 1.6 1.2 23 30 34 38
O ld K ennington* ................. -- 1.2 -- 49 -- 37

In nurseries m arked * form alin  had  been applied to  th e  seedbeds

Forest Manuring Experiments
In  forest m anuring experiments started early in 1948 at Decoy Heath, 

W areham , fertilizers applied shortly after planting had increased heights by the 
end o f 1951 from  11 to 30 inches for Sitka spruce transplants, from  6 to 25 inches 
for Sitka spruce seedlings, from  17 to 46 for Scots pine transplants and from 
14 to 36 for Scots pine seedlings. F o r all four kinds o f plants superphosphate 
gave taller plants than equivalent am ounts o f Bessemer basic slag or Gafsa 
phosphate rock. There were negligible effects from  “ N itro-C halk” and 
potassium  fertilizer.

In three other forests planted early in 1948 superphosphate increased growth 
o f Sitka spruce seedlings and transplants. Potassium  fertilizer increased 
heights o f Scots pine seedlings and transplants on a thin sand over chalk in 
King’s Forest.

Root Examination
A t the annual meeting of the Sub-Com m ittee in October 1951, there was a 

long discussion on possible m ethods o f characterising the roo t systems of 
plants raised in experimental plots and tested by forest plantings. H itherto , a 
limited num ber of plant samples had been examined each season by D r. Levisohn 
for m ycorrhiza and pseudom ycorrhiza, and a large num ber of samples has been 
weighed and subjected to chemical analysis a t R otham sted, where attem pts 
had  also been m ade to record empirical observations on crude m orphological 
characters o f the roots. O ur observations led to the suggestion tha t a fine 
fibrous roo t system m ight result from  dam age to the m ain tap -roo t and laterals, 
and thus be a sign o f lack o f vigour. This view is opposed to  an  opinion 
com m only held am ong foresters, and it was therefore suggested by the late 
Professor F. T. Brooks that some batches of one-year Sitka spruce seedlings 
from  contrasted treatm ents in  several nurseries should be sent under code to  a 
forthcom ing Foresters’ Course and that each forester should be invited inde
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pendently to  record his opinion o f them. Each batch was taken from  a single 
plot in  an  experim ent and does no t necessarily represent the treatm ent tested. 
Details o f treatm ents other than form alin are therefore not stated in Table 45. 
The samples were classified by 25 foresters at N ortherw ood House and then by 
19 members o f the Alice H olt staff.

CLASSIFICATION OF SITKA SPRUCE SEEDLINGS BY VISUAL JUDGMENT

Table 45

C ode
Letter

N um ber o f placings in classes M ean Scorest

Very
good

5
G ood

4

M ed
ium
3

Poor
2

Very
poor

1

N o rther
wood 

Foresters 
25 judges

Alice H olt 
Staff 

19 judges

Panel o f 
4 selected 

judges

Bagley W ood .... C 13 14 11 3 4 4.3 2.9 1.2
I 10 15 12 5 3 3.9 3.2 1.8

B* 25 16 4 0 0 4.4 4.6 4.0
H* 12 26 7 0 0 4.2 4.0 3.2

W areham K 0 7 18 18 2 2.7 2.6 2.5
F 0 6 24 13 2 2.8 2.6 2.5

G* 5 19 17 3 1 3.3 3.7 4.0
O* 1 12 20 12 0 2.9 3.2 3.2

K ennington E 5 22 11 7 0 3.7 3.4 3.2
Extension .... N 2 11 21 9 2 3.2 2.8 2.8

L* 12 23 10 0 0 4.0 4.0 4.8
A* 4 13 15 11 2 3.3 2.8 2.8

Am pthill D* 10 15 14 6 0 3.5 3.8 3.8

Old K ennington M* 6 18 15 6 0 3.7 3.3 2.8

*From  plots which had received form alin.
fC alcu lated  by allowing 5 po in ts fo r a  “ Very good” placing, 4 for a  “ G o o d ” , and so on. 

N ote: T he Panel o f  four selected judges included 3 o f the Alice H olt judges and one chemist 
from  the R otham sted staff. A ltogether 45 judges took  pa rt in the test.

The results in Table 45 show how m any judges placed each sample in five 
classes from  “ Very good” to “ Very p o o r” and the mean scores by three groups 
o f observers.

There was a fair measure o f agreement, Bagley W ood plants being generally 
ranked high and W areham  ones low. There were, however, a few striking 
discrepancies, especially w ith the Bagley W ood plants grown w ithout formalin 
(Samples C and I). M ost of the foresters ranked these among the best, but four 
other judges (three sylviculturists and one chemist who had taken part in the 
Sub-Com m ittee’s discussion at N ortherw ood House and who therefore knew 
some o f the points at issue) classed them  as the worst. Some individual comments 
on the Bagley W ood plants w ithout form alin were: “ Ideal root system” , 
“ Slightly pathological” , “ H orrid , black, unhealthy appearance” .

It appeared that foresters attached high value to the predom inance of fine, 
fibrous roots in these samples, but a few officers o f the Research Branch shared 
our suspicion tha t this kind o f roo t system was pathological. Plants with stout 
straight tap  roots and thick laterals may be more troublesom e to plant but they 
will probably  anchor themselves and start to grow m ore quickly than those with 
fine fibrous roots. The characterisation o f experimental planting m aterial 
seems to call for systematic observations by botanists if full value is to be 
obtained from  current investigations on nursery treatm ents in relation to forest 
perform ance.



EFFECT OF PARTIAL STERILIZATION BY STEAM 
OR F O R M A L I N  ON D A M P I N G - O F F  OF SITKA  

S P R U C E  S E E D L I N G S  IN AN OLD  
FOREST NU RSE RY

By D r . J. H. W A R C U P
Botany School, University o f  Cambridge

Three species of Pythium, including P. ultimum, isolated from  soil o f an 
alkaline old-established nursery at Ampthill, have been found to be parasitic to 
Sitka spruce seedlings. Symptoms varied from  typical dam ping-off to a slow 
root-rot. Field study suggests that not all infected seedlings die, but some 
may survive as stunted plants w ith partly diseased roo t systems. Pathogenic 
Pythium  species were com m on in nursery soil at Am pthill, but absent from  forest 
soil there. P. ultimum  was abundant in soil from  three alkaline nurseries 
(pH 6.8-7.2) including the one at Ampthill, and rare o r absent in soil from 
two acid nurseries (pH  5.3-5.5). In nursery sections of different ages at 
Kennington, Pythium  species (pathogenic and non-pathogenic) were m ore 
abundant in the old than in the newer sections.

The effect o f partial sterilization in nursery plots a t Am pthill was, in part, 
to destroy pathogens. There was no evidence tha t Pythium  species survived 
either the initial steam or form alin treatm ent, and subsequent recolonization 
o f treated soil has been slow. Form alin has been found to be highly toxic to 
Pythium  species in agar cultures and in soil. Trichoderma viride was often the 
dom inant recolonizer o f form alin-treated soil; experiments have shown that 
T. viride is m ore to lerant o f form alin than  are m ost other soil fungi.

Steam or form alin treatm ent m arkedly im proved num bers and height of 
Sitka spruce seedlings in the first year after treatm ent, showed a m oderate 
residual effect in the second year, but gave little im provem ent in the third year.

R E S E A R C H  I N T O  T H E  P H Y S I C A L  A N D  
C H E M I C A L  P R O P E R T I E S  OF F O R E S T  S O I L S

By P. J. R E N N IE  
Department o f  Forestry, O xford University

Physical Investigations: Porosity and Aeration
By July, 1951, the field work of the initial part o f this investigation was 

concluded. Continued observations over four seasons were com pleted on the 
fluctuations of aeration and m oisture content of natural Calluna vulgaris m oor
land, deeply ploughed m oorland, and twenty year old Sitka spruce plantation. 
Likewise, data illustrating the annual fluctuations of these factors over almost 
all the soil types o f the Allerston area supporting natural vegetation, deeply 
ploughed and “ reclaim ed” m oorland, were available.

The laboratory  work at Oxford associated w ith this investigation is nearing

108
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com pletion, and steady progress is being m ade on the digestion and interpre
tation o f the data. So far the data has shown:

(a) The Calluna peat overlying all geological types remains waterlogged for 
a considerable part of the year, the aeration only increasing for prolonged 
dry periods.

(b) Peat supporting Eriophorum  and to a lesser extent Erica tetralix is 
only slightly aerated during dry summer periods.

(c) M edium  depth and deep single-furrow ploughing, whether carried out 
three or eleven years previously, possess the ability to provide highly 
aerated peat and soil horizons for tree rooting all the year round.

(d) “ Reclaimed” m oorland soils, which are known to support good tree 
growth, have a higher pore space and aeration at all horizons to 70 cm. 
(about 27 inches) depth, com pared to  natural m oorland.

(e) Four tree species tested upon a m oorland soil vary in their capacity 
to reduce the high m oisture status in the following decreasing order: 
Japanese larch, Pimts contorta, Sitka spruce, birch.

Rooting Investigations
The in terpretation o f this project, which was undertaken in relation to 

m oisture studies (briefly m entioned in last year’s report), has now been com 
pleted. As may be seen from the related diagrams m any interesting contrasts 
have become apparent. (Each curve represents the mean of five soil profiles). 
Some notew orthy aspects are:

(a) the tendency o f older Calluna (last burned thirty years ago) at W ykeham, 
Allerston Forest, to form  a secondary zone of rooting just above pan 
level, in addition to the outstandingly high “ root density” in the peat 
horizon. (Fig. 6). This tendency is not apparent in the younger Calluna, 
last burned ten years ago.

(b) the ability o f Corsican pine on a difficult Wold site at Scardale Forest, 
East R iding o f Y orkshire (about 10 cm. (4 inches) o f loam over a hard 
lam inated chalk) to exploit the subsoil and eventually deepen the 
easily rootable soil depth. (Fig. 7).

(c) differences in density and distribution o f roots between various tree 
species in Experiments 11 (Fig. 8) and 6 (Fig. 9) respectively at W yke
ham , A llerston Forest, due partly to differences in depth o f ploughing, 
and partly to site differences.

In Experiment 11, Sitka spruce and birch appear much less able to 
penetrate to below 50 cm. (20 inches) than Japanese larch or Pinus 
contorta, and all species appear to develop a zone o f maximum rooting 
correlated with the old heather peat buried by ploughing.

(cl) basic slag applied to Sitka spruce in Experiment 11 appears to increase 
“ roo t density” twofold in the 0-30 cm. (0-12 inches) zone but five fold 
in the 40-50 cm. (16-20 inches) zone (Fig. 10). The ability o f slag to 
deepen the rooting zone in this very stony subsoil is a factor o f im port
ance in drought years when the main root system o f m ost species would 
be confined to a zone of depleted water reserves.

(e) the variability o f rooting o f Sitka spruce according to soil type. The 
“ roo t densities” for Sitka spruce in Brown E arth soils (Bakers W arren 
and Skellers G arth) steadily decrease with depth. This steady decrease is 
distorted when a hum as pan (Sutherbruff Rigg) or buried peat (Wykeham 
Low M oor, Experim ent 6) is present (Fig. 11). Considerable distortion 
is apparent for Japanese larch on medium depth single-furrow  
ploughing (Brom pton M oor) where rooting reaches its maximum 
developm ent in the old peat horizons (Fig. 12).
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Growth of Sitka spruce in Relation to Cultivation (Experiment 52 Silpho Moor)
The assessment da ta  for the first three seasons grow th (a) on deep (13 inch) 

single furrow  ploughing, (b) deep (5 inch) ro tary  hoeing, (c) shallow (1-2 inch) 
ro tary  hoeing, has now been analysed. D eaths on deep ploughing occurred 
during the first season only and were less than  1 per cent. Subsequent grow th 
has been satisfactory, a superimposed heather m ulch on certain plots giving a 
small increase in growth.

D eaths on shallow cultivations were observable during the first season, and 
continued throughout the subsequent seasons. G row th was unsatisfactory and 
weeding or m ulching has failed to  im prove growth, in  fact, m ulching has 
depressed grow th in  m any plots. I t can be seen therefore th a t the principal 
value o f deep ploughing is no t solely the suppression o f heather; the mere 
suppression o f heather will no t always m ake Sitka spruce grow.

F or certain shallow cultivation plots a contour m ap o f the absolute ironpan 
level has been prepared. Over 17 per cent o f the area, the ironpan is in the 
form  o f closed basins from  which there can be no lateral drainage. A  further 
15 per cent o f the area may be classified as alm ost equally badly drained peri
pheral zones to  the basins above. D eaths occurring in the first three seasons 
within the closed basins (i.e. the 17 per cent) am ount to  48 per cent, elsewhere 
to only 17 per cent.

f IG. 6.
ROOT'DENSITY FUNCTION” IN RELATION TO SOIL HORIZONS

KILOCRAMS O f OVEN DRIED  ROOTS PER  ACRE PER  CM. D EPTH .

CALLUNA VULGARIS: 1950 WYKEHAM LOW MOOR
E.6  : HEICHT OF CALLUNA b j C M S : LAST BURNED  IN 1920



FIG. 7.
ROOT "DENSITY FUNCTION"IN RELATION TO SOIL HORIZONS
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K ILO G RA M S OF OVEN DRIED ROOTS PER  ACRE PER  CM. DEPTH

ROOT "DENSITY FUNCTION"OF DIFFERENT TREE SPECIES F I C 8
KILOGRAMS OF OYEN DRIED ROOTS PER  ACRE PER  CM. DEPTH
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FIG.12

ROOT "DENSITY FUNCTioN"OF JAR LARCH ACCORDING TO SOIL TYPE: 1950 '
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KILOCRAk'S OF CYE.H DRIED ROOTS PCH ACRE PER CM. DEPTH.

C.59.P.I933. BROMPTON MOOR . m ed iu m  depth s in g l e  f u r r o w
PLOUGHING .

Limestone Experiment, Springwood Spur, Silpho Moor
An experim ent incorporating  coarsely ground oolitic limestone, applied to 

uncultivated, deep com plete and deep single furrow  ploughed Calluna m oorland 
has recently been commenced. Two species, Sitka spruce and sessile oak, are 
used separately, and unplanted controls are included.

It is know n tha t these Calluna m oorland soils are extremely deficient in 
available nutrients; the object o f this experiment is to find out whether by 
employing a com bination o f deep single-furrow or deep complete ploughing 
with a slowly weatherable limestone this deficiency may be corrected to allow 
for higher ra te  o f tree growth.

G ood progress has been m ade on the investigations of base exchange of 
representative soils o f  the A llerston area. The main emphasis so far has been 
on reliability and suitability o f m ethods, but certain notable features of the data 
are already apparent:

(a) the extremely low nutrient levels o f all horizons for all m oorland 
soils, but the variability between them.

(b) the higher available nutrient content o f the Calluna peat relative to 
all deeper horizons.

(c) the higher available nutrient levels for soils which are supporting 
good quality Sitka spruce, whether “ reclaim ed” from  m oor or on better 
geological strata.

(d) the rapid  rem oval o f  calcium from  the upper mineral soil horizons under 
good quality Sitka spruce, and its partial accum ulation in the litter.
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W ork on soil phosphorus has been started. One m ethod o f analysis has 
been successfully adapted  to  a micro-scale and  used for the determ ination 
o f the phosphorus content o f  some Allerston soils.

Historical Land-use Maps
These six-inch m aps covering the whole of the A llerston and Langdale 

Forests have been completed. All forest com partm ents are shown, together 
w ith the areas o f the land used for agricultural or forestry purposes both  up to 
1854 and after 1854. Soil profiles have been draw n, and m uch quantitative 
physical and chemical da ta  is available for representative sites illustrated on the 
maps. These are, o f course, prim arily afforested areas.

A lthough agricultural land in 1854 was confined essentially to the better 
geological types, considerable “ conversion” o f m oorland to  agricultural soils 
on poor geological types has occurred in some localities since 1854, notably 
in the H arw ood Dale area.

The m aps have been invaluable for accurately recording the history of 
sam pling sites, where failure to  take into account previous land use can lead to 
erroneous conclusions. F o r example: (a) im proved grow th o f Japanese larch on 
parts o f B rom pton M oor has been traced to the sites being arable land for a 
considerable period before afforestation; (b) natural regeneration o f oak and 
birch within certain plots o f E .l l  W ykeham  appears to be related m ore to  the 
position o f stumps o f  Scots pine growing in 1920 than  to  the present tree crop 
planted in 1928.

TH E I N F L U E N C E  OF T R EE  G R O W T H  ON S O I L  
PROFILE D EV ELO PM EN T

By T. W. W R IG H T
M acaulay Institute fo r  Soil Research, Aberdeen

Nitrification Studies
The m ain w ork of the past year has been the study o f nitrite and nitrate 

form ation in soils percolated with am m onium  sulphate solution in the Lees 
apparatus. N itrification was observed in samples o f surface soil from  the 
N orway spruce sample plots a t Bowm ont Forest, Roxburghshire, and from  the 
beech-ash-sycamore association o f D unno ttar Forest, K incardineshire. In all 
cases it followed the fam iliar pattern  reported by Lees and others for agricultural 
soils, namely an initial production o f nitrite after a short lag period, followed 
by the appearance o f nitrate, building up to  a m axim um  at the expense o f nitrite 
form ation, and finally declining under the influence o f denitrification processes. 
The quantities produced, however, have been m uch less than those reported for 
the agricultural soils, and the m ethod as applied at present to forest soils has 
been found to suffer from  the following serious lim itations:—

(1) N o appreciable n itrate is produced at p H ’s below about 7.4, necessi
tating a considerable raising o f pH  o f all samples of forest soil and 
consequent production o f extremely artificial conditions.

(2) N itrate production  appears to  be strongly influenced by relatively 
small changes in pH , and reproducibility o f results has been poor.
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For these reasons the use o f this m ethod has been discontinued, and it is 
proposed to use an incubation m ethod for further work.

Work at Culbin Forest, Morayshire
A suitable bridge for m easuring the resistance of the Bouyoucos gypsum 

m oisture blocks installed in the sample plots a t Culbin was obtained in time 
to take a short series o f trial readings before the sand became saturated in the 
autum n. These confirmed that the apparatus is suitable for qualitative detection 
of water movement in the dunes, although, owing to the very low tensions at 
which m oisture is held by the sand, reliable quantitative data can only be 
obtained by sampling and drying. A “ Speedy” moisture tester is being used 
for this purpose.

In order to investigate further the cyclic movement o f available nutrients 
taking place in the planted areas, the litter fall on the sample plots is being 
collected at bi-m onthly intervals by means o f a num ber of shallow wooden trays, 
and its weight and nutrient content is being determined on a statistical basis.

Other Work
Preparations are being m ade to study a new radioactive method of soil 

m oisture determ ination recently developed by Canadian and American workers, 
which depends on the slowing down of fast neutrons emitted from  a source by 
the hydrogen in the w ater molecules, and their subsequent detection and counting 
by a com bination o f a Geiger counter and a metal screen. It is hoped that this 
m ethod will prove independent o f soil type or texture.

GROWTH AND NUTRITION IN HEATHLAND  
PLANTATIONS

By Dr. L. LEY TO N  
Department o f  Forestry, O xford University

Investigations continue into the grow th and mineral nutrition of Sitka 
spruce and pine planted on Calluna heathlands. In June 1949, plots were laid 
out to  test the effects o f heather removal (screefing) and the application of 
various levels o f ground mineral phosphate (0 to 6 oz. per tree) in an eight- 
year-old plantation o f Sitka spruce and Corsican pine in Yorkshire (W ykeham 
M oor, Allerston Forest) and o f Sitka spruce and Scots pine o f similar age in 
Scotland (C lashindarroch Forest). In both areas the spruce were in partial or 
complete check. A t the end of the 1949, 1950 and 1951 growing seasons, growth 
assessments were m ade and analyses carried out on current years needles 
sampled from  lateral shoots. Enough data have been collected to give some 
insight into the phenom ena associated with the checking of spruce by the heather 
and the effect o f phosphatic fertilizers on these soils.

Tree grow th assessments are normally based on annual height increment. 
W ithin the range of ages, height, and conditions dealt with, it was found that, 
independent o f treatm ent, the annual height increment of a tree was directly 
proportional to its height. Since in these experimental areas, tree heights 
varied considerably from  plot to plot, the evaluation of growth responses has 
been based, not on increment alone but on a so-called relative increment value,
i.e. the annual height increment adjusted to the height o f the tree a t the end of 
the previous growing season.
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Wykeham Moor, Allerston Forest

S itka  Spruce. A t the end of the 1949 growing season, approxim ately five 
m onths after treatm ent, screefing had already led to  significant changes in the 
potassium , calcium and manganese status of the needles, and the various 
phosphate applications had  resulted in significant changes in their phosphorus 
sta tus; but no corresponding changes in grow th were observed. In 1950, the 
trees on the screefed plots were o f a very much improved colour, their needles 
were significantly higher in dry m atter, and they contained about double the 
am ount o f nitrogen com pared with needles from  the trees on the non-screefed 
plots. In spite o f these changes, growth on the screefed plots was significantly 
poorer than on the non-screefed plots—possibly the trees were affected by 
drough t conditions following the removal o f the heather the previous dry 
year. In 1951, however, the growth of the trees on the screefed plots was 
significantly higher, the difference between average height increments for 
“ screefed” and “ non-screefed” trees o f the same height am ounting to almost 
six inches. G row th on the screefed plots was also increased where phosphate 
h ad  been applied, but though this was associated w ith the higher phosphorus 
contents in the needles, the absence o f a significant correlation between growth 
and the phosphorus status o f the needles suggests that the phosphorus nutrition  
o f  the trees is not the controlling factor. A significant relationship between the 
phosphorus and nitrogen status o f the spruce needles suggests instead tha t the 
phosphate is in some way stim ulating the nitrogen uptake by the tree. Thus it is 
possible that the ground m ineral phosphate exercises an  indirect influence on 
tree grow th either by stim ulating roo t grow th or microbiological activity in 
the soil. I t is interesting to note the very m uch reduced phosphate influence on 
the growth of the trees in the presence o f the heather.

The m arked rise in  the nitrogen status of the needles following screefing, 
and  the improved growth o f the trees in the following year, suggest th a t m uch of 
the  “Calluna effect” can be interpreted in term s o f nitrogen nutrition. In the 
presence of heather, significant relationships have been established between 
height increm ent and the concentration of nitrogen in the needles, suggesting 
th a t grow th is limited by the availability o f this nutrient. This is supported by 
the fact tha t other measures which have stim ulated the grow th o f spruce on 
these heathlands (e.g. m ulching or the application o f nitrogenous fertilizers) 
have also led to  increases in the nitrogen status o f the needles. Though the 
trees on the screefed and non-screefed plots showed such m arked differences 
in  grow th in 1951, there is little difference in  the nitrogen contents o f their 
needles, and it therefore remains to be seen w hether these differences in growth 
will be m aintained in 1952.

Corsican Pine. The response o f the pines to treatm ent has been m uch less 
th an  the spruce. The data on pine have not yet been worked up in  detail, 
bu t in 1950 the needles of the pines on the screefed plots showed a significant 
increase in dry m atter and nitrogen content over the non-screefed pine needles, 
and  the difference was m aintained in the 1951 samples. Phosphate applications 
also appear to  be having some positive effect on the dry weights o f the needles, 
bu t no figures are ydt available as to the significance o f these changes in terms 
o f  tree growth.

Clashindarroch Forest

Sitka  Spruce. The trees at C lashindarroch were very much m ore checked 
th an  those a t .Wykeham M oor, and the resulting grow th reponses have been
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much m ore difficult to assess. The changes brought about by screefing and phos
phate fertilizing however are very similar to those at W ykeham M oor, except 
that they have been much less m arked. In all three samples (1949, 1950 and 
1951) the phosphate content of the needles has revealed significant changes with 
increasing applications o f fertilizer, and again in 1950 and 1951 screefing has 
resulted in significant increases in the nitrogen status o f the needles. There 
appears to have been a similar reponse in the height increment growth o f  the 
trees, but statistical analysis o f the results has not yet been completed.

Scots Pine. The results obtained so far suggest responses very similar to those o f  
the Corsican pines, i.e. increased phosphorus contents o f the needles, with 
phosphatic fertilizing, and increased nitrogen contents with screefing.

RE S EA R CH ES  IN SOIL MYCOLOGY

By D r . IDA LEVISOHN
Bedford College fo r  Women, London University

Mulching
Investigations concerned with the effect of pre-mulching of seed beds and 

mulching in the field were continued. In experiments at Sugar Hill Nursery, 
W areham  Forest, D orset (Expt. W ar. 21 P. 51 and others), sowings on pre
mulched ground produced one-year seedlings of Pinus contorta and Sitka spruce 
which, in height and vigour, were practically indentical with seedlings raised 
on com posted soil. While, as usual, controls o f P. contorta possessed m ycorr- 
hizas o f a subnorm al type and controls o f Sitka were non-mycorrhizal, b o th  
P. contorta and Sitka spruce from  plots which had been pre-mulched were well 
equipped w ith norm al mycorrhizas (like the seedlings from the com posted 
plots).

It is of interest that pre-mulching w ithout further treatm ent produces 
satisfactory seedlings although, according to soil analyses, there is no increase 
in available phosphate during and after the period o f mulching.

New experiments o f mulching plants in the field provided additional evidence 
o f the striking effect o f mulching on shoot and roo t improvement, as described 
in the Report on Forest Research fo r  1951. It is difficult to assess the time factor 
concerned in the effect on shoot and root, i.e. to  determine which occurs 
first, im provem ent in shoot development or in roo t condition. The problem  
has been approached tentatively by systematically recording the development 
o f roo t and shoot in control and mulched plants. In cases where mulching was 
started during the summer, the changes in roo t conditions were observed 
before im provem ent in shoot development was noticeable “externally” .

In order to assess the role of available potash supplied by organic mulches 
like fresh bracken, treatm ents with sulphate o f potash were included in a plant
ing experiment with Lawson cypress (Expt. 99 P.51). After seven m onths o f  
application, the effect on shoot and root conditions was obvious on the mulched 
plants only, while plants from  potash treatm ents were indentical with controL 
plants.
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Forking and Infection in Pine Roots
Pot experiments have been carried out w ith the object o f studying the 

separate phenom ena o f roo t forking and roo t infection in the genus Pinus and, 
through such analysis, to determ ine the role o f actual mycorrhizal infection in 
the life o f the host plants.

Pots w ith actively growing pine seedlings were fitted in the necks of 
earthenw are jars, and the leaching water allowed to accumulate in these 
containers. The roots growing from  the bottom  o f the pots into the leaching 
w ater below were examined and the following facts observed:

(1) W hen the seedlings in the pots had no roo t associations (i.e. in 
sterilized soils), the roots submerged in the leaching water did not fork 
(nor was there any roo t infection present).

(2) W hen the seedlings in the pots were mycorrhizal, the submerged roots 
were profusely forked but did not show any infection. This result 
conform s with Slanki’s observations on excised pine roots, tha t forking 
o f the short root system can be produced by exudates o f mycorrhizal 
mycelia.

(3) W hen the seedlings in the pots had haustorial roo t infection, the 
submerged roots showed a fair am ount o f forking with deep haustorial 
infection.

F rom  these results it would appear that not only m ycorrhizal fungi but also 
the fungi responsible for haustorial infection can induce forking o f the short 
root system. As regards the haustorial infection, the foregoing experiments 
supply additional evidence tha t this type o f intracellular infection, as occurring 
in this country, is an infection sui generis and not a “ converted” m ycorrhizal 
association.

M O R P H O L O G I C A L  V A R I A T I O N S  IN  
CONIFEROUS SPECIES

By D r . E. V. LA IN G  
Department o f  Forestry, Aberdeen University

Research has continued along the following m ain lines— (1) the identi
fication o f hybrid larch in the very young seedling stages; (2) a study in the 
variations of Japanese larch; (3) the identification o f European larch races 
by means of cone and seed; (4) the m orphological distinction between Pinus 
contorta and P. murrayana.

From  the data now available it is considered possible to state the proportion  
o f  hybrid larch in any sample o f seedlings derived from  Japanese larch m other 
trees. The determ ination of seedlings derived from  European larch m other 
trees still presents great difficulty. The determ ination lies in the structure o f  the 
cross-section o f the cotyledons o f the newly germinated seedling. The hybrid 
larch cotyledon shows mainly European characters in respect o f endodermis, 
epidermis and sclerenchyma form ation. It is found that if suspected hybrid 
larch seed is tested a proportion  is true Japanese, some have interm ediate 
characters and some have predom inantly European larch characters. There 
would thus seem to be two hybrids apparent even at this early stage—one which



V A R IA T IO N S  I N  CONIFERS 121

is very near European and one which is intermediate. This is what is found in 
bigger trees. The test takes from three to four weeks as the seed has to be first 
germinated.

Colour tests have been m ade but so far no colour reaction has been found to 
be entirely satisfactory.

The variation in cone structure in Japanese is being found to be almost as 
great as in European larch. The variations are being described in the same way 
as for European larch.

The botanical differences between shore pine and the lodgepole pine have 
been studied in m ore detail and are being found to be sufficient to define them as 
distinct species, namely Pinus contorta and P. murrayana. Differences exist in 
respect o f seed size and colour and surface texture, num ber and length of 
cotyledons, serrations and apices o f prim ary leaves, leaf anatom y and bark. 
The tim ber shows anatom ical differences which are being investigated.

A S T U D Y  OF THE N A T U R A L  P I N E W O O D S  OF 
S C O T L A N D

By A. CARLISLE
Department o f  Forestry, Aberdeen University

This study has been in-progress since the 1st January, 1950, and research 
has been on two distinct but related subjects, as set out below:

Morphological and Silvicultural Variations of the Native Scots Pine in Scotland
First o f all the variations o f individual morphological characteristics within 

single stems were studied. Ten trees were felled in a planted wood at Dalliefour, 
Alltcailleach Forest, Aberdeenshire, and each tree subjected to an intensive 
analysis. Sample shoots were taken at various heights and aspects in the crown, 
and their m orphology and anatom y studied. The data showed that the following 
features, although varying between trees, were relatively constant within 
individual trees:

Cone form  Bud form  and colour
Apophysis developm ent M ean leaf length
Seed colour Leaf colour
Seed wing form  and colour Leaf sclerenchyma development
Shoot colour Leaf persistence
All other features were too variable to be o f use as potential characteristics 

o f strain. N one o f the variations occurring within trees showed any relation to 
either height or aspect.

Using this data  as a guide to sampling m ethods, the variations of the m or
phological characteristics from  tree to tree were studied in native pinewocds 
in different parts o f Scotland. On the basis of this work and further investi
gations in certain natural pinewoods, the following characters were selected tor 
detailed study:

Bark Type. A t least three definite bark types were distinguished, together 
with a num ber o f intermediates. An investigation was made of the correlation 
between bark type and age, increment and environment.
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Crown form . The native Scots pine was found to exhibit a num ber of crown 
forms, some o f which are probably genetic, but m any are due to  varying site 
factors.

Angle o f  Branching. D ata  collected from  trees in isolated positions suggest 
tha t the native Scots pine has three types o f branching angle.

Buds. Three bud forms have been recognised, and further studies as to the 
significance o f the variation have been initiated.

L e a f Colour. In  spite o f the difficulties presented by the seasonal variations 
in leaf colour, it has been possible to  distinguish three leaf colours that remain 
constant within individual crowns. The colour variation appears to be inde
pendent o f age and environm ent. I t is encouraging to note tha t a similar range 
o f leaf colour has been observed in two-plus-one transplants grown from  native 
seed.

L e a f Anatomy. This work is still in its early stages. A t present the only 
feature to exhibit constancy within a single tree, and variation from  tree to tree, 
is the developm ent o f the leaf sclerenchyma.

Cones. The cone is one o f the m ost variable features o f  the native Scots 
pine. Six cone types, w ith interm ediates, have been distinguished.

Female inflorescence. Two, possibly three, colour variations in the young 
(one-to-two week old) cones have been recognised.

M ale inflorescence. Two colour variations, w ith one interm ediate, have been 
differentiated.

Seed. Investigations are in progress into the significance o f variations 
in seed form  and colour.

Seed Wing. The seed wings from  the native Scots pine exhibit variations in 
form  and colour tha t are quite distinct. The seed wings are being classified 
on this basis.

F uture investigations will be directed to  considering w hether or not there 
is any correlation between the individual characters, and whether this corre
lation exhibits a constancy tha t will perm it the recognition o f definite strains 
or varieties o f the native Scots pine on a m orphological basis.

Ecological Survey of Natural Pinewoods in Scotland
D uring the years 1950 and 1951, surveys were m ade o f 42 reputed natural 

pinewoods. The areas visited were:
A chnacarry, Inverness
Achnashellach, W. Ross
Aigas, Inverness
Alladale, E. Ross
A m at, E. Ross
Ballochbuie, Aberdeen
Cannich and M ullardoch, Inverness
Cladich, Argyll
Coire Guibsachan, (Ballachulish) 

Argyll 
Cougie, Inverness 
Coulin and Loch Clair, W. Ross 
Crannach, Argyll 
Creagan, (Appin) Argyll 
D oire D arach (Loch Tulla), Argyll 
Fasnakyle, Inverness

G len Affric, Inverness
Glen Einig, Ross
Glen Etive, Argyll
G len Falloch, Perth
G len F uar (Loch Tulla) Argyll
Glen Garry, Inverness
Glen Loy, Inverness
Glen Mallie, Inverness
Glen M or and Diebedale, E. Ross
Glen M oriston, Inverness
Glen Nevis, Inverness
Glen Orchy, Argyll
Glen Strae, Argyll
Glen Tanar, Aberdeen
Glenure, Argyll
G uisachan, Inverness
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Leckmelm, W. Ross Strathfarrar, Inverness
Loch Arkaig, Inverness Strath Oykell, Ross and Sutherland
Loch Awe Islands, Argyll Struy, Inverness
Loch M aree Islands, W. Ross Torridon, W. Ross
Loch M aree, South-east end, W. Ross Tyndrum , Perth
R hidorroch, W. Ross

A n investigation o f these woods showed that some may be planted wood
lands, or naturally regenerated from  planted woods. As far as is known to date, 
there are still twenty-two woods to be investigated.

In each o f the w oodlands inspected the following data were collected:
1. The present woodland boundaries and corrections to the Ordnance Survey 

six inch to  one mile maps.
2. Location, area, topography, elevation, aspect.
3. Geology, soils, drainage.
4. Com m unications.
5. Climatic data.
6. History.
7. The policy o f the owners as regards the woods.
8. Reasons for the survival o f the Scots pine.
9. D am age due to  bo th  biotic and physical factors.

10. N otes on the fauna, including the entomology.
11. The ecology o f the m arginal and extra-m arginal communities.
12. The ecology o f the m ain pinewoods and associated native broadleaved

communities.
13. Stocking, distribution, and density o f the pinewoods.
14. The occurrence o f natural regeneration o f Scots pine and the associated 

plant communities.
15. Plant list.
16. Fauna list.
17. Incidence of m orphological variations in the Scots pine.
18. Q uarter-girth at breast-height, height, increment and age of Scots pine.

In  addition, a photographic record was made o f each area. Specimen shoots 
and cones were collected for subsequent grafting and inspection of the m or
phological variations. Seed was collected from  different types of Scots pine in 
native pinewoods in all parts o f Scotland. D uring the tours of the pinewoods, 
trees o f desirable form , or which appeared to  be growing well in adverse con
ditions, were noted as potential sources of seed.

SOIL FAUNAL INVESTIGATIONS

By P. W. M U R PH Y  
Rothamsted Experimental Station, Harpenden

The writer, whose present appointm ent at Rotham sted dates from  July, 1951, 
has continued investigations o f the animal biology o f forest soils, investigations 
which had  been initiated at the D epartm ent o f Forestry, University of Oxford. 
The prim ary project in this study has been an examination o f the soil A rthropod 
fauna o f a heathland habitat in the Allerston Forest area, Yorkshire, before and 
after afforestation.
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Considerable progress has been made in the exam ination and analysis of 
samples obtained in previous years. As a result it is now possible to give a 
broad outline o f the faunal population occurring in natural and cultivated heath
land. Figure 13 contrasts the total population o f A rthropod organisms in 
natural heathland with that occurring in cultivated heathland planted with 
Sitka spruce (trees twenty years old and form ing canopy). These populations 
represent 570,000 and 835,000 individuals per square m etre respectively (2,305 
and 3,380 million per acre). The vertical distribution o f the fauna in both sites is 
illustrated in Figure 14. It will be noted that the population in the natural 
heathland is concentrated in the surface layers, 96 per cent o f the total being 
present in the first 2 \  inches o f the profile. The cultivated heathland with trees 
shows two zones: the litter layer on the surface where 40 per cent o f the popu
lation occurs, and the raw humus “ sandwich” formed in the ploughing process 
which contains 54 per cent o f the population.

FIG.I3.POPULATIONS OF SOIL ARTHROPODS

IN HEATHLAND.
1 5 0 0

|  Acari

□ Other 
Arthropodo

CULTIVATED NATURAL
& T R EES  HEATHLAND

SAM PLE = CYLINDER l7/&" x 11W  DEEP.
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QUALITATIVE STRUCTURE OF THE ARTHROPOD FAUNA O CCURRING IN HEATHLAND

Table 46

Sam ple type

T otal 
population  
per sam ple 

(506 c.c.)

Acari 
per cent

C ollem bola 
per cent

O ther 
A rth ropoda  
per cent

N a tu ral H eath land .................
C ultivated H eathland +  Sitka

998 95.2 3.8 1.0

Spruce ................. 1,462 90.5 8.1 1.4

The qualitative structure of the population is indicated in Table 46 and 
Figure 14. The m ost striking feature is the preponderance o f Acari in both 
habitats. However it would be unwise to draw  too m any conclusions from  the 
da ta  presented. In  the first place the populations represented are those occurring 
in November, a time of the year when num bers tend to reach a peak. Further, 
owing to the great variation from  sample to sample, these figures should be 
regarded merely as broad  indications o f the population structure. The 
Collembola figures are particularly subject to violent fluctuations from  sample 
to sample, and it is probable that they are here represented by minimal values.

D uring the period under review m ost attention  has been paid to the 
Prostigmata com ponent of the Acari population, and identification o f this m ost 
difficult systematic group has now reached the stage where the m ajor genera and 
species are known. In the undistributed heathland the Prostigmata are dom inant, 
but in afforested sites (trees in canopy) the Oribatei assume this role. The 
structure o f the Prostigmata population is rather similar to the Oribatei. F o r 
example it is faunistically poor and is often dom inated by one species, in some 
cases to the extent o f alm ost complete exclusion of other members o f this group. 
M uch attention has been paid to  changes brought about by cultivation, an 
essential process in this area if afforestation is to be successful, and as one 
would expect, considerable qualitative changes occur in the raw  hum us “ sand
wich” created by ploughing. F o r example, Nanorchestes arboriger Berl. 
(saltatorial and essentially a surface species), the m ost num erous Prostigm ate 
species of the natural heathland, disappears, the Oribatei becomes dom inant, and 
Nanorchestes appears to be replaced by Alicorhagia fragilis  Berl. as the dom inant 
Prostigmata. It is interesting to  note tha t these two species belong to the same 
family Pachygnathidae.

In his report for 1951, the writer drew attention  to the occurrence o f a 
species of the Acaridice in natu ral heathland. This mite (Schwiebia sp.) is o f 
interest because although form ing only 5 per cent o f the to ta l population, its 
distribution shows a m arked zoning in the profile. Figure 14 illustrates the 
vertical distribution o f Schwiebia sp. and  it will be noted that there are two 
peaks, one in the lower part o f the raw  hum us horizon (just below the main 
faunal concentration), and the other in the organic m aterial above the pan. At 
the second level this mite is virtually the only A rthropod representative.

There is little to report in the sphere o f biological studies. Stock cultures 
o f a num ber o f Acari species have been m aintained, and some experiments 
have been conducted to confirm  earlier investigations of litter preferences o f 
certain species. Nothrus silvestris Nic., one o f the largest O ribatid species 
occurring in the natural heathland, has proved a voracious feeder on Calluna 
litter in culture, and when provided with Calluna and Sitka spruce litters, has 
shown a preference for the former.



RE S EA R C H  ON M E G A S T I G M U S  INSECTS  
INFESTING CONIFER SEED

By N. W. HUSSEY 
Department o f  Forest Zoology, University o f  Edinburgh

New locality records come to light mainly in the course o f routine tests on 
seed at Alice H olt. I t is proposed, however, to arrange for m ore widespread 
collections from  larch and spruce when the cone crop makes this possible, as 
it is thought likely that Megastigmus seitneri and M . strobilobius Ratz. ( = M . abietis 
Seit.) may be m ore widespread than  present knowledge indicates. Ten localities 
have been selected for sampling o f Douglas fir seed in order to provide data 
over a num ber o f years on the m anner in which the extent of infection by 
Megastigmus is affected by the size o f the cone crop.

D uring the year the smaller form  o f M . pinus reared from  Abies grandis at 
Evanton, Ross-shire (1951 Report) was identified as M . milleri. A single female 
M . rafni was obtained from  Kincardineshire and  M . seitneri from  larch at 
D unkeld and Bedgebury. M . rafni is very similar to M . spermotroplius but 
occurs only in the seed o f Abies spp., whilst the latter is restricted to Pseudotsuga 
(cf. Scottish Forestry, 6.53.1952).

Three species o f Pteromalids (Chalcidoidea) have been reared from seed 
infested by Megastigmus and indentified as Amblymerus (?) apicalis Thoms., 
Anogmus (?) strobilorum  Thom s., and Trichomalus sp. near sunides Walk. 
Amblymerus was recorded from  Evanton, Rosehaugh, and Glen Tress (Peebles
shire). Parasitism  during the 1951 season reached approxim ately 50% at each 
locality. The parasite female lays her eggs at the end of O ctober on the 
M egastigmus larva within the ripe seed; hatching occurs the following May, and 
the ectoparastic larvae consum e the host larva within five weeks. Adult 
Amblymerus emerge about September, although some overwinter fo r a second 
year.

Details o f the biology o f Megastigmus spermotrophus have been worked out 
as follows:—

Adults appear over a period o f a week in late M ay or early June, the males 
a day or so before the females; the only feeding activity observed took place 
on the excretions o f the colonici of Adelges cooleyi. Fertilization occurs almost 
immediately after emergence, although facultative parthenogenisis is possible, 
and  the eggs are ripe for laying within four days. A t Bedgebury Forest, Kent, 
during 1951, an average o f ten eggs per female were laid, although examination 
o f  the ovaries showed that they were apparently capable o f laying m any more. 
The eggs hatch within five days, and the five larval instars are completed in 
eight weeks, when they enter diapause for a variable period o f up to two years. 
A num ber o f  experiments are in progress to  determine the factors influencing the 
proportion o f larvae overwintering for the extra year. A t present it appears 
that the m ore m oist the conditions under which the seeds are kept, the higher the 
percentage o f Megastigmus which remains in diapause. This indicates that those 
seeds which fall from  the cones will contain larvae which, owing to  the moister 
ground conditions, will tend to  rem ain w ithout development for an extra year 
and hence be subject to  contro l by birds and mammals for a longer period. 
Observations in  progress tend to show tha t loss of seed by birds is very slight, 
Samples o f litter show that about 30 per cent o f naturally shed seed is damaged
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by small rodents, but such an analysis does not take into account seed carried off 
to a store or consum ed whole, although this may affect a considerable p ro 
portion , for seed lots artificially laid out usually show dam age or loss am ounting 
to 90 per cent.

Census studies on fecundity and all forms o f m ortality  are continuing at 
Bedgebury and Evanton. The Forester Training Schools are co-operating in 
studies to determine exactly at which stage in the developm ent o f the cone 
oviposition is possible. Present inform ation indicates that the cone is suscep
tible only for a week or so.

THE N E S T I N G  OF TITMICE IN BO XES

By D r. D. LA CK  
Edward Grey Institute o f  Field Ornithology, O xford

The enquiry organised through the Edward Grey Institute o f Field O rni
thology, Oxford, on the nesting o f titmice in nest boxes placed in selected woods, 
was continued in 1951. This completes the fourth  year o f the m ain enquiry, 
and it had been hoped to  issue a comprehensive report. U nfortunately delays 
were experienced in the collection o f the record cards from  one area, and it has 
now been decided to complete the fifth year’s work and then to  wind up the 
general investigation, though retaining the watch on a few woods for a much 
longer period. The results for 1951 are very similar to  those for previous years. 
Perhaps the m ost interesting factor brought out concerns the areas o f  Scots and 
Corsican pine in Thetford Chase, where, as in previous years, the breeding 
season was later (by over a week) in the Corsican than in the Scots pine. 
The areas in question are four miles apart, and to test the m atter further, the 
Lynford Hall Forester Training School group had boxes erected in a marginal 
belt o f Scots pine in the same plantation  as the Corsican. It was interesting 
to discover that though the titmice in this belt o f Scots pine were only a few 
hundred yards from  their fellows in the Corsican pine, they nevertheless 
nested several days earlier. O ther valuable data of a similar quantitative 
nature were obtained on breeding seasons, clutch size and nesting success, 
and will be reported fully in due course.

In all, nest record cards were subm itted for 308 G reat Tits, 290 Blue Tits, 
and 176 Coal Tits. The Forester Training School a t Lynford Hall (F. Pridham , 
G. Flint) completed record cards for 170 nests in Thetford Chase, N orfolk; 
Charterhouse School N atural H istory Society (T. R. G arnett) completed 140 
cards for Alice H olt Forest, H an ts .; J. M. D. M ackenzie completed 108 cards for 
Perthshire; the Forester Training School in the D ean Forest, Glos. (Dr. B. 
Campbell, W. P. Lewis, E. Roberts) completed 101 cards; A. C. A rcher com 
pleted 70 cards for Glentress Forest, Peebles-shire; for W areham  Forest 
(J. H. Styles) 53 cards were com pleted; R. Fletcher completed 23 cards for 
Gwydyr Forest, C aernarvonshire; P. L. F. Smith completed 21 cards in Ockley, 
Surrey, and Benmore Forest Training School in Argyll completed 6 cards. In 
addition records o f 82 nests were obtained by the Edward Grey Institute 
(J. A. Gibb, I. Dost) in W ytham  W ood, Oxford.

These nest-box investigations were started firstly to determ ine whether the 
erection of nest-boxes increased the population density o f titmice nesting in 
m anaged w oodlands, and secondly to determ ine w hether these insectivorous



T IT M IC E  N E ST IN G  IN  B O X E S 129

birds were of appreciable benefit to the forester. The first of these objects may be 
considered established. A fter nest-boxes have been set up in a wood, the 
population o f breeding titmice gradually rises over several years and then 
levels off. The new and higher level round which the tit population now 
fluctuates m ust be determ ined by some other factor, presum ably food supply. 
The second object, to m easure the im pact o f titmice on the caterpillar popu
lations o f w oodland, is to be studied at Thetford Chase Forest, East Anglia, 
by two members o f the Edw ard Grey Institute staff, J. A. G ibb, (ornithologist) 
and Miss M. Betts, (entomologist), with the help o f a grant from  the N ature 
Conservancy; this work commences in April, 1952 and is to continue for five 
years.

S T U D I E S  ON  TH E R E L A T I O N S H I P  B E T W E E N  
LARCH CANKER AND  

TRI CHOSCYPHELLA WILLKOMMII

By J. G. M A N N ER S 
Department o f  Botany, Southampton University

The object o f these investigations is to determine the relative importance 
o f the larch canker fungus, frost and other agents as factors involved in the 
initiation and persistence o f cankers on larch. The taxonomy o f the fungi 
associated with larch canker is confused, and this was studied before approaching 
the main problem .

Taxonomy of the Fungi Associated with Larch Canker
A num ber of collections from  both cankers and dead twigs of European 

larch and Japanese larch were made. These were examined in detail and com 
pared with exsiccati from  the Kew, Stockholm  and Geneva Herbaria. The 
results obtained confirm, in general, those of H ahn & Ayers (1934) in that two 
species can be clearly defined, one, usually known as Dasyscypha calycina, 
saprophytic on dead twigs and bark, the other, usually called D. willkommii, 
apparently parasitic on cankers. The valid name for D. Willkommii is Tri- 
choscyphella willkommii (Hartig) Nannf., (see N annfeldt, 1932). As pointed 
out by Dennis (1949), the name Dasyscypha calycina cannot be used for the 
saprophytic species on larch, and no acceptable name is at present available 
for this species, which will be described as Trichoscyphella hahniana (Seaver) 
n. comb, in a forthcom ing paper. The two species on larch can be separated in 
the field by an experienced observer. They are also separable on morphological 
characters, such as ascus and ascospore length and the nature of the paraphyses, 
and on cultural characters.

Inoculation Experiments
The object of these experiments has been to determine whether T. willkommii 

and /o r T. hahniana can cause cankers either with or without the intervention of 
frost, and to study the factors involved in the persistence o f any cankers p ro 
duced. These m atters have been the subject o f much controversy (Day, 1931; 
H ahn & Ayers, 1943). A num ber o f trees of European larch, 3 to 6 years old, in 
a nursery in a frost-free locality near Penzance were kindly made available by
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M r. T. R. Peace, the Forestry Com mission pathologist. Trees were inoculated 
in 1950, 1951 and 1952, and results so far obtained indicate that, o f 32 trees 
inoculated with T. willkommii, 22 (70%) became infected, and o f 22 trees 
inoculated with T. hahniana, 3 (12.5%) became infected. Several single spore 
cultures of each species were used for inoculation, and  the three infected by 
T. hahniana were all inoculated w ith a culture in certain respects interm ediate 
between the two species. The infections obtained consisted o f small cankers, 
no t very resinous, surrounded by small apothecia. These cankers are being 
kept under observation to  determ ine the time for which they will persist in the 
absence o f frost. N o difference in pathogenicity between cultures from  European 
larch and those from  Japanese larch was observed.

Preliminary experiments have been made, involving the freezing of small 
potted trees o f European larch in order to  obtain  frost damage. The trees are 
being grown in specially built cold frames so that fortuitous frost dam age cannot 
occur. D am aged and undam aged trees have been inoculated w ith T. willkommii, 
and there are some indications tha t cankers are m ore severe on dam aged than 
on undam aged trees.

Future W ork
The trees inoculated at Penzance will be examined at intervals to determine 

the extent to  which cankers can persist in  the absence o f frost. F urther experi
ments will be carried out involving the inoculation o f trees dam aged locally by 
m echanical means or by low tem peratures, and the effect o f further damage, 
e.g. at yearly intervals, on the persistence o f any cankers produced, will be 
studied. The fungus Erinella pommeranica, which is externally sim ilar to 
Trichoscyphella, and  which is associated w ith small cankers on Scots pine in 
the New Forest, will be investigated.
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