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PART I

In trod u ction .

This year the Nursery in v estig a tion s  In England and Wales 

were lo ca te d  at the Bagley .Nursery and the new Kennington Nur

sery , Oxford. There were two transplant experiments term inating 

at Rapley Nursery, Bagshot.

Nursery in seot and fungal p e s ts .

I t  is  o f in te re s t  to  record  the occurrence and status o f  

the d if fe r e n t  pests and d iseases which have had to  he d ea lt with 

during the season.

The same in sect pests were present as In 1925, namely, 

the ch a fers , Melolontha v u lg a r is , Serica  brunnea and R hizotrogus 

s o l s t i t i a l i s ;  cutworms, larvae probably o f A grostia  and Mamestra 

sp p .; Chermes c o o le y i  on Douglas f i r  and C .s trob ilob iu a  on 

la rch . In general cha fers did not g ive so much trou ble  th is

year because there was th is  summer a major f l ig h t  o f  Melolontha 

and a ls o ,  probably , o f  S erica . In consequence damage did not 

take p lace u n t il  towards the end o f  August Instead o f  mid June ai 

in a normal year. The same general method o f  co n tro l was used 

fo r  the cha fers as in  1925 and with the same su ccess. I t  Is 

as fo llo w s  : -

1. The lo ca t io n  o f transplant beds as fa r  as p oss ib le  on 

ground which has been dug over or d isturbed during the 

previous season while the larvae were w ithin  one spade 

depth o f  the su rfa ce .

2 . In seedbeds the delaying  o f  the digging u n t il  March 

when the larvae are normally ascending again and thus 

w ithin  reach of p ick ing  when the land Is  turned over.

3. The larvae which escape observation  when digging and

those from eggs la id  since d ig $  ng are dea lt with by

c lo se  observation  o f  the beds and on the f i r s t  sign o f

damage, Carbon b isu lph ide  a p p lied . PI‘re gramme doses

are in je c te d , the number depending on the extent o f  the

damage. In th is  way the amount o f  Carbon b isu lph ide  is
- 1 -



r e s t r ic t e d  to  that a o tu a lly  needed. No general a p p lica 

t io n  o f  the s o i l  in s e c t ic id e  i s  made. j

i

Each patch where damage takes place is  recorded , the date 

o f the damage, the number o f  p lants destroyed and the 

number o f  in je c t io n s  g iven . The patch is  observed period* 

i c a l l y .  In the ipa jbrity  o f cases no fu rth er damage 

develops a fte r  one in je c t io n , in  others two and, in  a few 

cases, three in je c t io n s  are neoessary be fore  the damage | 

ceases. A large body o f  evidence has thus been obtained j  

on the e f f e c t  o f  Carbon b isu lph ide  fo r  ch a fer c o n tro l .

As usual cutworm damage began at the end o f August, when the 

f i r s t  larvae were found. Poisoned bran was used on the advice o f 

Dr Munro but the most su ccess fu l co n tro l was obtained with Carbon 

b isu lph ide used as against the ch a fe rs .

Chermes c o o le y i threatened to  do seriou s damage to  r is in g  

2 year seed lin gs o f Douglas f i r  in  experiments at Bagley Nursery.

A N icotine spray was used on the advice o f  Dr Munro. T r ia l 

showed i t  t o  be very e f f e c t iv e  against the adu lts and larvae and 

but le ss  e f f e c t iv e  aga inst the eggs. The spray was th erefore  

repeated when the eggs had hatched and the p lants were com pletely 

oleared  o f the p est. S im ila rly , Chernies s tro b ilo b iu s  was 

destroyed on the la rch .

Fungal d iseases were more seriou s th is  season. A f a i r ly  

severe a tta ck  o f MerEa la r io i s  developed which d id  considerable  

damage and did not cease u n t il  the dry weather In the autumn.

There are one or two in te re s t in g  observations to  re co rd  conoerning 

th is  d isease . In the f i r s t  place i t  attacked a D ensity o f 

Experiment which had varying d e n s it ie s  and two methods o f sowing, 

namely, broadcast and d r i l l ,  the p lo ts  arranged on a Latin Square 

chessboard. The r e la t io n  between method and den sity  o f  sowing 

and Meria la r i c i s  was thus observed. I t  was found that n either 

method nor density  of sowing was in any way co rre la ted  w ith 

in ten sity  o f  a tta ck .- Secondly, there were p lo ts  o f European 

larch  from seed o f  a large range o f o r ig in s  inolud ing  the A lps, 

T yrol, S i le s ia ,  and Scotland. There was no c o r r e la t io n  between
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o r ig in  o f  seed and in fe c t io n  or in te n s ity  o f  a ttack  o f Meria

l a r i c i s ,  a l l  were eq u a lly  attaoked .

Damping o f f  fungi were unimportant except in one instance 

and that an in te re s t in g  one. In the TEeed co n tro l experiment t o  

be d escribed , one treatment was the w etting down o f seedbed and 

paths w ith 1# Copper sulphate so lu t io n  one week b e fore  sowing.

This had the e f f e c t  o f u psetting  the t i l t h  and delaying  germ-; 

ination  about three weeks, u n t i l  July instead  o f June in the other 

treatm ents. Germination was u ltim a te ly  almost as good as in  

the co n tro l but towards the middle o f  July a severe a tta ck  o f 

damping o f f  developed and about 75# o f  the seed lin gs d ied .

The casual fungus was probably a Pusarium sp. -  as in the previous 

season. The p lo ts  o f  other treatments which germinated e a r l ie r  

escaped damage, although a l l  were sca ttered  together on a Latin 

Square Chessboard. There are two poin ts o f  some in te r e s t ,  f i r s t  

o f a l l  the apparent c lo se  co r r e la t io n  between the time and cond

it io n s  under which germ ination takes p lace and Fusarium damping 

o f f  and seoondly , that the presence in  the s o i l  o f  the copper 

ra d ic le  in  the quantity ap p lied  d id  not aot as a fu n g io id e .

Microsphaera on the Oak developed in June and again in 

August. 1# S alt so lu t io n  was t r ie d  but i t  damaged the fo l ia g e .  

Sulphur was used fo r  dusting . This was only s l ig h t ly  e f fe c t iv e  

and i s  a c o s t ly  method,

S o il C onditions.

Bagley Nursery.

See the 1925 Report f o r  d e ta i ls .  The s o i l  i s  a stony loam 

on Plateau Gravel.

Bennington Nurdery.

The nursery was grass land u n t il  the end o f 1925. There 

were abundant deep rooted  wee^s e .g .  Dandelion, P lantain , e t c . ,  

amongst the g ra sses. The s o i l  is  a deep, almost ston e less  brown, 

sandy loam on Calcareous g r i t  Sandstone. I t  works w e ll ,  i t s  only 

drawback is  a tendency to  bake hard under dry hot con d ition s but 

th is  has not yet taken p laoe .
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32 samples sca ttered  throughout the nursery were taken fo r  

mechanical an a lysis  in  three fr a c t io n s . 65# -  75# is  Pine gravel

and coarse sand# 15# -  25# Pine sand and s i l t .  1# -  2# Pine s i l t

and c la y  w ith a l i t t l e  hygroscopic moisture and 3# -  5# organic

m atter. The PH values range from 6 .5  to  7 .0  fo r  the f i r s t  9 inches

and 7 .0  to  7 .25 fo r  the s u b s o il, thus le ss  a c id  thai most nursery 

soils. The amount o f CaCOjj i s  almost n i l .  

le a th e r  C onditions.
ft .......... —  —  ■1 1

The fo llo w in g  Table g ives an an a lysis  o f  the m eteoro log ica l

data taken in  the Kennington Nursery, Oxford.

Month
1926.

Temperatur<>s in  decrees F. R a in fa ll
in

inches.

Mean
Humid
ity

%

No. o f  days
32° p . in 
screen and 

under.
Mean
Max.

Mean
Min.

Highest Lowest

February 53 43 57 35 .29 84 0
*

Mar oh 50 37 59 27 .64 82 7

A p ril 56 40 71 30 2.22 80 2

May 58 41 75 29 2 .5 1 77 1

June 65 47 73 39 2 .44 75 0

July 71 54 84 43 2 .58 79 0

August 70 51 82 41 1.34 82 0

September 66 50 85 35 1.36 87 0

Features o f  th is  season were

1. February was unusually favourable fo r  l in in g  ou t, dry but 

m ild .

2 . March had no ra in  from 10 -  24th in c lu s iv e  and during 

that p eriod , there were strong drying N. and N.E.winds, 

unfavourable to  lin ed  out p lan ts .

3. A p ril -  July had no d e fic ie n cy  o f ra in  and temperatures 

were normal fo r  the seasons. There were no prolonged 

periods o f  dry, hot weather. Conditions fo r  germ ination 

remained favourable throughout the season and a lso  

favoured fungal d isea ses .

4 . August and September had dry p er iod s . The h ighest 

temperature o f  the season, 85° P. was on the 19th Sept-



ember. The growing season was prolonged.

Lath s h e lte r , laths 1“ w ide, spaoed apart were app lied  

to  the 1926 seedbeds, when the maximum screen temperature ; during 

germ ination exceeded 65°P. fa r  two or more days and when germ

ination  was advanced the index temperature used was 70°F. When 

the s o i l  was m oist 70°F. was used throughout. The fo llow in g  

Table g iv es  the movements o f  sh e lter

On Off On Off Ch Off

30 .6 .26 5 .7 .2 6 10 .7 .26 19 .7 .26 30 .8 .26 31 .8 .26

Seed Data.

As in  previous y ea rs , the seed lin g  stud ies were lim ited  to  

the sp ecies  which g ive  d i f f i c u l t y  in  the nursery, namely, Douglas 

f i r ,  Sitka spruoe and European la rch . In the race stud ies a 

large number o f  other sp ecies  were r a is e d . The fo llo w in g  Table 

g ives the seed data ; -

Germination.
S pecies. Ident. P urity Jacobsen Hearson Sadd

No. %•
%

Fresh
Seed. %

Fresh
Seed. f

Fresh
Seed.

Tests. March 1926. 

Douglas f i r 26/15 91.9 43 7 36 17 52

Sitka spruoe 25/16 89.9 71
2

68 4 84 -

European la rch 26/1 78.6 35 2 37 2 32 -

T ests. June 1926. 

Douglas f i r 26/15 89.5 42 1 37 7 33

Sitka spruoe 25/16 85.9 66 2 62 1 66 -

European larch 26 /1 73.6 33 3 33 4 26

The q u a lity  o f  the seed f e l l  s l ig h t ly  below normal fo r  

each sp e c ie s . There was a s l ig h t  fa l l in g  o f f  in  q u a lity  

during March -  June as is  usual although stored  in  a ir  t ig h t  

b o t t le s .
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PART 2 .

M u r a e r y  I n v e s t i g a t i o n s .

( a ) Seedling S tu d ies*

1. The r e la t io n  between Season o f  Sowing and Germination and

Growth.

R e g i s t e r e d  E x p e r i m e n t  M . S .  M o . l .

Thla Experiment was ca rr ie d  out with three s p e c ie s , Douglas 

f i r ,  2 6 /1 5 , Sitka spruce, 25/16 and European la rch , 2 6 /1 , at 

Bagley Bursery.
The sowings were made with the standard zinc p la tes  and the 

nursery techifque was that used in  the previous year. The fo llo w 

ing are data fo r  d en sity  and depth o f  sowing j-
v

Douglas f i r  2 00 seeds per square f o o t .  depth.

Sitka spruoe 300 seeds per square f o o t .  depth.

European larch 300 seeds per square f o o t .  depth.

The sowings were made at s ix  seasons between mid-March and

June. The p n it was two p la tes  each 1 square f o o t .  There were

s ix  r e p e t it io n s  o f  two p la tes  fer each o f  the s ix  season, the 

p lo ts  being arranged on a Latin square ohessboard. The seed was 

soaked fo r  7 days in  tap w ater, the water being changed a t  the 

end o f the 3rd day. The seed was red leaded.

The fo llow in g  Tables summarise the r e s u lt s .

Table I .  Douglas f i r .

Time o f Sowing. Germination % at
Mean 
Seedling 
S is e .1 6 .6 .2 6 . 6 .7 .2 6 . 4 .8 .2 6 . 12.10.26

A. 17 .3 .26 50.6 53.2 55 .0 , *  53.9 1.11 a y
B. 1 .4 .2 6 43.4 47.4 50.9 47.4 _H l.46 2*

C. 17 .4 .26 38.7 4 4 .0 47 .7 4 6 .0  +- 1.49 2y

D. 3 .5 .2 6 2 1 .0 2 7 .0 34 .8 32.3 1.78 2"

E. 20 .5 .2 6 19.6 24.6 37 .8 37 .8  £  1.33 I f "
P. 4 .6 .2 6 0 10.8 24 .3 25.4 'V' 1.27 i y

Standard D eviation  o f  Mean.
x
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Table 2 . S it  ha apruoe.

Mean
me of Sowing. Germinat lo n  % at Seedliqg

5 .5 .2 6 31.5.26 7.6.26 16.3.26 5 .7 .26 4 .3 .2 6 ll.'Id.SS Size.

17.3.26 25 .0 52.6 5 2 .0 53.3 >1.4Ji?34 1 i"
1.4.26 25.7 38 .8 43 .8  <I3 .7 ff .2 5 1*

17.4.26 44.6 55 .1 57.4 55 .7 j2 .2 8

3.5 .26 36.5 57.3 60.5 37.4_il.93 F
19.5.26 6 0 .0 61.4 6 2 .0 59.9_fl.69 sn

4

3.6 .26 0 58 .8 58.6 55,9^1.80

x Standard D eviation  o f  Mean. 

Table 3 . European la rch .

Time o f  Sowing. Germination % a t
Mean 
Seed Ur 
S ize .23 .4 .2 6 4 .5 .2 6 7 .6 .2 6 16.6 .25 6 .7 .2 6 4 .8 .2 6 12.10.26

. 18.3.26 9 .4 17.4 22 .1 21 .6 21 .8 21.3+1.0* 2*

. 2 .4 .20 2 .6 13.3 2 3 .0 21 .3 21.6 2 0.4J7.95 2W

|. 19.4.26 15 .0 13.8 14.2 13.5+1.14 2”

. 4 .5 .26 16.4 16.1 16.4 15.7+- .88 1*“

. 20.5.26 2 0.6 2 0.3 20 .4 1 9 .4 j- .8 4 1"

< 4 .6 .26
r—■■ ...---- , .

.7 12.2 13.9 13.1+7 .53 4

x Standard D eviation  o f Mean.

During September there was a lig h t damage from Melolontha

grube and cutworms. These were s u cce s s fu lly  co n tro lle d  by Carbon 

b isu lp h id e  in je o t io n s . The lo sse s  were recorded  and the seedlings 

so lo s t  are not included in the above percentages.

CbservatIona and C onclusions.

1 . I t  w i l l  be noted th a t , r e la t iv e  t o  the percentage o f  v ia b le  

seed , the plant percentages are h igh , and are qu ite  up to  those 

o f  the previous season. I t  is  now w ell e sta b lish ed  that a 

very  high proportion  o f  the p oss ib le  number o f seed lings can 

be obtained under the best nursery p ra c t ic e .

S. The 1906 re s u lts  fo r  Douglas f i r  confirm  the requirem ents o f  

th is  s p e c ie s , namely, that ea r ly  spring sowing, not la te r  than
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mid A p r il , g ives  s ig n i f ic a n t ly  h igher production  and larger 

seed lin g s .

2 . In Sitka spruce the rainy spring and early  summer made i t s  now 

esta b lish ed  sen sitiven ess  to  su rfa ce  t i l t h  im portant. The la te r  

sowings which germinated more ra p id ly  were s ig n if ic a n t ly  b e tte r  

than the f i r s t  two in  production  but not growth.

4 . The re su lts  fo r  European larch  are always more ir r e g u la r . On 

the whole the March and e a r ly  A p r il sowings were b e s t .

2<> Weed Problems.

Registered Experiment M.S. S o .21.

This su b ject was again stud ied  f u l l y .  There was a s p e c ia l  

study on the e f f i c ie n c y  o f  d if fe r e n t  treatments on weed con tro l 

while the re la tio n sh ip  o f  season o f  sowing, d en s ity , e t c . ,  to  weed 

growth was studied fu rth e r .

In the sp e c ia l experiment to  study treatm ents the fo llow in g  

methods were u s e d :-

I .  Control?* no treatm ent.

2 0 Covering s o i l  trea ted  w ith a 1% Copper sulphate so lu tio n ,

1 g a llon  to  2 cubic fee t  o f  s o i l ,  7 days be fore  u se .

S . 7 days b e fore  sowing the roughly prepared bed and paths 

were treated  with a \% CuSO  ̂ so lu t io n , 1 pint to  lfe square 

f e e t .

4 . The seedbed prepared 7 days b e fore  sowing and the bed hoed 

to  k i l l  germinating weeds.

5 . A fte r  sowing the bed was gone over with a blowlamp.

As b e fore  S itka spruoe was used as an in d ic a to r .  The density 

o f  sowing was 1 lb .  to  450 square f e e t ,  broadcast. The u n it p lo t  

was 9 square fe e t  which was repeated 5 times on a L atin  square chess

board. The sowing was made on the 6th May 1926.

The p r in c ip a l weeds which had to be d ea lt with were Poa annua, 

Rumex acetosa  and Spergularia rubra.
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The fo llo w in g  Table suiran arises  the resu lts

Table 4 .

Treatment. An. No. o f  Minultes o f  I man on
4n. ?Jo. o f  
seedlings 
per s q . f t .7 .6 .26 26 r'o ta l

I , Cohtrol 24 17 2 43 140 i  23a

2. Covering s o i l  trea ted 7 7 1 15 160 t 18
with 1# CUSO4

3 . Seed bed wet down with 0 0 0 0 129: t  13b
1# CuSO  ̂ b e fore  sowing

4. Seed bed prepared In 34 21 2 57 147 t  14
advance

5. Blow lamp treatm ent 20 13 4
37

151 + 13

a Standard D eviation  o f  the ^ean.
u

In Treatment 3 the t i l t h  was upset s u f f ic ie n t ly  to  delay 
germ ination fo r  3 weeks u n t il  mid Ju ly . Damping o f f  from 
Fusarlum fo llow ed  and o f  the 129 + 13 seed lin gs  only 30 t  10 
per square fe e t  survived . There were few I f  any damping o f f  
lo s se s  In  the other Treatments. In Treatments 1, 2, 4 and 5, 
germ ination took  p la ce  during the second h a lf  o f  June in  dry, 
c o o l  weather, w ith  low r e la t iv e  h u m id ities . In Treatment 3 
germ ination took  p lace  towards the m iddle o f  July in  showery, 
hot weather, with gen era lly  high r e la t iv e  h u m id ities . This 
appeared to  favour Fusarlura damping o f f .

O bservations and C on clu sion s.

1 . No treatment a ffe c te d  seed lin g .p rod u ction  s ig n if ic a n t ly  but 

Treatments 3 a ffe o te d  the t i l t h  s u f f ic ie n t ly  t o  cause the 

lo s se s  re ferred  to  above.

2 . Treatment 3 elim inated weeds. The con tin u ation  o f  the 1925 

Experiment showed that the e f f e c t  p e rs is te d  during the second 

season.

3 . I t  Is  a 75 chance to  I that Treatment 2 gave a s ig n ifica n t  

redu ction  in  weeds. The con tin uation  o f  the 1925 treatment 

showed that the e f fe o t  p ers isted  during the second season.

4 . Treatment 4 gave no Improvement. This method only g ives  an 

improvement with la te  sowing i . e .  during a period favourable 

fo r  rapid  germ ination o f  weed seeds.

5 . I t  i s  only a 3 to  1 chanoe that the blow lamp treatment gave 

b e tter  r e s u lts .

-9 -



General C on clu sion s.

In a copper treatment we have a method o f  p o ten tia l value* 

Method 2 Is  not considered to be a p p lica b le  w idely In p ra c t ice  and 

more p r a c t ic a l  treatm ents such as No. 3 have produced t i l t h  com

p lic a t io n s .  Now that f a c i l i t i e s  are a v a ila b le  I t  Is  proposed to  

extend and In te n s ify  th is  study.

R elation  between density  o f  Sowing and weed growth.

This was studied  In the den sity  experim ents. I t  was reported 

In 1925 that there was no c o r r e la t io n  between density  o f  sowing 

and weed growth. During the second year there Is  a c o r re la t io n , 

the densest p lo ts  take only one h a lf  t o  two th ird s  the time to  

weed as the l ig h te s t  sown p lo t s .  However, as l i t t l e  weeding Is  

requ ired  during the second year no Important sowing I s  thereby made. 

R e la tion  between Method o f  Sowing and Weed growth.

There was no c o r r e la t io n  during the second year thus confirm ing 

previous r e s u lt s .

R elation  between ^lme o f  sowing and weed growth.

The fo llo w in g  Table g ives the comparative d a ta :-

Season o f  Sowing. N o .o f Weedings. T ota l Needing Time
1 man per sq lyard .

17 .3 .26 4 50 min t 12 S.D.

1 .4 .2 6 3 51 min 10 S.D.

17.4 .266 3 31 rain 1 6 S.D.

3 .5 .2 6 3 28 mln + 5 S.D.

19 .5 .26 3 13 mln ± ^3 S.D.

3 .6 .2 6 3 19 mln j 3 S.D.

Although le s s  marked than the previous year early  sowing 

Involves g rea ter  weed c o s t s .

3 . The r e la t io n  between method amd Penalty o f  Sowing and P roduction , 

growth and q u a lity , as measured by subsequent developm ent. 

R egistered  Experiment N .S. No.10.

An In v estig a tion  on th is  su b ject Is  in  progress fo r  Douglas 

f i r ,  S^tka spruce and European la r ch . The two year seed lin gs are 

now being l i f t e d  and th e  f i r s t  r e s u lts  w i l l  be a v a ila b le  sh o r t ly .
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Seedlings from the d if fe r e n t  methods and d e n s it ie s  are being 

lin e d  out In  c o n tro lle d  p lo ts  with a view to  assessin g  th e ir  

q u a lity  In the transplant l in e s .

4 . T i lt h  S tu d ies .

R egistered  Experiment N.S. No.22. Bagley Nursery.

The in v e s t ig a t io n  o f  the In flu en ce  o f  t i l t h  con d ition s  on 

production  was studied fu rth er and extended t o  Douglas f i r ,

S itka spruce and European la rch . As a resu lt  o f  the previous 

y e a r 's  work the study was d irected  to  seed co v er in g s .

The fo llow in g  treatments were ca rried  o u t :-

1 . C on tro l, ordinary nursery s o i l  as seed cover in g .

2 . d i t t o  with, the sowing o f  ground lim estone at the ra te  o f  

2 ounces per 9 s q . f t .  ( 5 - 6  cw ts. per a c r e ) .

3 .  A covering  o f  a mixture o f  nursery s o i l  and hardwood 

humus in  the proportions 2 to  1 by volume.

4 . Coarse sand as seed coverin g .

In  view o f  the adverse in flu en ce  o f  Calcium hydroxide in  a 

m oderately heavy dressin g  in  the previous season a change to  

Calcium oarbonate was made and the dressin g  much reduced.

The unit p lo t  was 13 s q . f t .  which contained four 5 fe e t  

d r i l l s  o f  Douglas f i r ,  S itka spruGe and European la r ch . The 

p lo t  was repeated four times In  a Latin  square Ghessboard.

The density  o f  sowing was :*•

Douglas f i r  -  2 grammes per d r i l l  approx.

1 l b .  to  290 square f e e t .

Sitka spruoe- 1 gramme per d r i l l  approx.

1 lb .  to  580 square f e e t .

European la rch -2  grammes per d r i l l  approx.

1 l b .  to  290 square f e e t .

The seed was soaked and red leaded as usual and sown on the 

30th A p r il  1926.
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The fo llow in g  Table summarises the r e s u lts  to  d a te :-

Table 5 . Douglas f i r .

Treatment 
(see  above)

No, o f  seed lin gs per d r i l l  at
2 4 .6 .26 21 .7 .26 30 .8 .26
Mn. 5 .1) Mn. S.D, Mn. 5.1).

I .  C ontrol 25 In.: 53 £ 2 .3 50 +  2 .4

2 . Lime 30 +  2 .: . 6 2 + 2 .7 66 +  2.7

3 . Humus 35 +  l.< 6 3 + 2 .6 67 + "2 .8

4 . Sand 26 -£ l . ( 5 4 + 2 .6 57 +  2.7

Table 6 . S itka spruce.

Treatment Ho. o f  seed lin gs per d r i l l  at
(See above) 3 .6 ..26 24 .6 .26 21.7.26 2 .9 .2 6

Mn. 8.D . Mn. S.D. Mn. S.D. Mn . S *D.

1. C ontrol 24 + 2 .2 1 2 3 +  6.7 144 + 7 .1 132 +  7 .5

2 . Lime 18 +  1 .6 1 2 0 +  5 .5 145 +7 .2 137 + 7 . 1

3 • Humus 23 + 1 .9 122 +  7 .0 139 £ 7 .9 134 + 8 .0

4 . Sand LQ2-+ 5.9 167 +  0 .4 182 + 9 .0 162 + 8 . 6

Table 7 .  European larch*

Treatment 
(See above)

Ho. o f  Seedlings per d r i l l  at
3 .6 .2 6 24.6 .26 21 .7 .26 3 1 .8 .2 6

1. C on tro l

2 . Lime

3. Humus

4. Sand

Mn. S.!) 

28 .0+  2 .4  

28 ±  1 .2  

30 +  1 ,8  

44 +  1 .6

> Mn. 5.1).

29 £ 2 .4

30 + 1 .7  

3 4 + 2 .1  

5 1 + 1 .6

Mn. S .5 

30 +2 .7  

33 + 1 .9  

3 5 + 2 .7  

53 + 1 .6

. Mn. S.D.

3 1 + 2 .6  

3 2 J -1 .8  

34__t2 .6 

52_+1.6

Observations and C on clu sion s.

Douglas f i r .

1. The only seed covering  which s ig n i f ic a n t ly  Inoreased the 

ra te  o f  germ ination as based on the f i r s t  count was No.3 , the 

Sol1-humus m ixture.

2 , Treatments Nos. 2 and 3 , namely. Calcium carbonate at the rate  

o f  2 ounoes per square yard ( 5 - 6  cwts per acre) and the S o l i  

humus m ixture both Increased f in a l  germ ination s ig n i f ic a n t ly .  

Sitka spruce.

1 . No. 2 Calcium carbonate depressed the ra te  o f  germ ination 

s lg n l f lo a n t ly • No. 4, sand, Increased I t  more than fo u r fo ld .
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2 . The only treatment which in creased  f in a l  germ ination was 

No.4 , sand.

S . These confirm ed. In  general, the previous year’ s r e s u lt s .  

European la r ch .

1 . Treatment 4, sand, Increased the ra te  o f  germ ination s ig n i

f i c a n t ly .

2 . This treatment a lso  had a marked in flu en ce  on the f in a l  

germ ination .

General con c lu s ion .

I t  i s  c le a r  that these three sp ec ie s  react d if fe r e n t ly  to  

t i l t h .  Douglas f i r  i s  r e la t iv e ly  In se n s it iv e  hence the 

su ccess o f  ea rly  sowings S itka spruce and to  a le s s  extent 

European laroh are very s e n s it iv e  and respond markedly to  

ooverings which do not make, e .g .  sand. Important Increases 

In production  can be obtained In these two sp eclee  by appro

p r ia te  seed cov er in g s . The use o f  su ita b le  sand, when 

a v a ila b le , I s  worthy o f  t r i a l  on a la rger  s ca le  fo r  Sitka 

spruoe and European la rch  as both sp ecies  only requ ire  th in  

co v er in g s .

5 . Hardwood S tu d ies .

R egistered  Experiment N.S. Ho.23, Bagley Nursery.

A prelim inary experiment was ca rr ie d  out with oak, the 

su b ject being  w inter and spring sowing. In con ju nction  with 

d if fe r e n t  methods o f  acorn stora g e . I t  was as fo llow s: -

1 . Acorns sown In December.

2 . Acorns stored  in  sand In  the open a ir ,  p rotected  w ith 

n ettin g  and sown In A p r il .

3 .  D itto  but under hardwood leaves and sown In A p r il .

4 .  Acorns stored  in  a dry open shed and sown In  A p r il .

Two lo t s  o f  acorns were used : -

(a ) Reputed s e s s i le ,  F loa tin g  te s t  gave 79$ sound 

cu ttin g  test 70$.
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(b ) Pedunculate from Swaffham, F loa tin g  t e s t  gave 68# and

cu ttin g  te s t  72#,

1,000 o f  each lo t  fo r  each treatment were used and sown in

d r i l l s  o f  50 in  f iv e  repeated p lo ts*

Although the beds were enclosed  with fin e  mesh n e ttin g ,

covered w ith s tr in g  n ettin g  and trapping was done system a tica lly ,

the December sowing su ffered  damage from mice and ja y s . Excluding

the d r i l l s  so attacked the r e su lts  were as f o l lo w s :-

Germination # 13,10.26 
Treatm ent. Reputed S e s s ile  Pedunculate.

1 69# 66#

2 69 66

3 68 61

4 29 17

Observations and C on clusions.

1 . I t  w i l l  be noted that the w inter sown acorns germinated w ell 

but where there i s  danger o f  damage from mice e t c . ,  as at 

Bagley, such sowings are u n d esira b le .

2 . Storage in  m oist sand or leaves gave good re su lts  although 

70# o f  the acorns had sprouted b e fo re  sowing,

3 . Dry storage gave poor r e su lts  although the acorns looked 

sound and f a i r ly  plump when sown.

6 . Studies on Race and Type o f  T rees .

R egistered  Experiment U.S. Ho.24.

This in v e s t ig a t io n  was continued and added t o .  The species 

now under study inolude S cots p in e , European la rch , Oak, Douglas 

f i r ,  S itka spruce, Plnus con torts  and Pinus ponderosa.

Two year seed lin gs o f  European la rch  from a range o f  o r ig in s , 

Including the A lps, S i le s ia  and Scotland are being l i f t e d  and the 

f i r s t  assessment o f  q u a lity  made.

These sp ecies  are being studied at each nursery stage and w ill  

be fo llow ed  out in to  the f i e l d .  P a rticu la r ly  in  Douglas f i r ,  

d if fe re n c e s  are appearing in  b o ta n ica l ch a ra cters , growth and 

l i a b i l i t y  t o  f r o s t  damage,
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Part 2 . Nursery In v e s t ig a tio n s .

(b) Transplant S tu d ies .

7 • The r e la t io n  between spacing o f  t r ansplant s and lo s s e s , 

growth  and subsequent su rv iva l and development.

R egistered  Experiment N .S .N o.18.

The r e su lts  obtained when the transplants frtsm th is  ex

periment In 1925 were l i f t e d  In March 1926 have a lready been 

reported  (See Appendix I . )  and w il l  not be Included here.Data 

I s  now a v a ila b le  fo r  lo sses  In these p lants o f  fou r  species at 

the end o f  the f i r s t  season In  the f o r e s t .

Table 8 .

S p e c ie s .
Where
planted
ou t.

Percentage bosses and 3.1>. at end of“ 1926 
In  stock ra ised  In  nursery l in e s  spaced

10" x 1" 10" X I t " 10" x 2" 16" x 3

Scots pine Bram shlll 1# .5 2# J -  .6 2# +- .6 1# ±  .6

Corsican pine Bram shlll 10# J - 2 .2 8$ t~ 1 .9 11# ^ 2 , 3 10# J -1 .9

European la rch Swaffham 20# 21# 24# 24#

Douglas f i r Swaffham 34# 26# 31# 29#

C on clu s lon .

1 . The r e s u lts  In  the fo r e s t  ere s im ila r  to  those obtained In 

the nursery, namely, that the lo s se s  do not appear to  be 

In fluenced  by spacing In the nursery l in e s .

The second r e p e t it io n  o f  th is  stud^ was ca rr ie d  out at 

Kennlngton Nursery, Oxford, with Scots p in e , C orsican p ine, 

Norway spruce, S itka spruce, European laroh  and Douglas f i r .  

The stock  was graded to  g ive  average p lants I . e .  the very 

la rge  and c u l ls  were excluded. The fo llow in g  Table g ives 

r e la t iv e  data : -
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Ta I s  * •

S p ecies•
Seed 

Id e n t . 
No.

Age.
Nursery

o f
O rig in .

Seedbed
s o i l .

Shoot
length
lim its

Seedbed
D ensity .

inches per s q . f t

Scots pine 24/26 2 y r . Rapley. Sand 3 - 6 67

Corsican pine 24/13 2 y r . R apley• Sand l| -  3 60

Norway spruce - 2 y r . A lic e  H o lt• Clay loam 2 - 4 222

Sitka spruce 24/15 2 y r . B u sh fle ld . Sandy loam 3 -  6| 61

European larch 24/11 2 y r . B u sh fle ld . Sandy loam 3 -  6h 29

Douglas f i r 24 /1 2 y r . B u sh fle ld . Sandy loam 4i-10 35

The u n it f o r  eaoh sp ecies  w a s  a  p lo t o f  3  rows, each 

ten  fe e t  longo This was repeated fo u r  tim es In a Latin square 

chessboard . The spacing between the lin e s  was 10” throughout 

and the spacing w ith in  the lin e s  1 ", 14" ,  2” and 3” re sp e ctiv e ly  

The open trench system with boards was used . The Lining out 

was done during February and March, 1926# the Scots pine was 

lin e d  out f i r s t  and the C orsican  pine la s t .  There was no error  

due t o  d iffe r e n c e  o f  time o f  l in in g  out, as t e fou r spaclngs 

were sca ttered  evenly throughout the period  o f  l in in g  out fo r  

each s p e c ie s .

The fo llo w in g  Table summarises the data to  the end o f  the 

f i r s t  season . The species other than the spruces w i l l  be l l f t e i  

and graded In  the spring 1927 and studied fu rth er when planted 

out In the New F orest.

Table 10.
-------------------[
{Species.

Losses per ce n t , and standard d ev ia tion s  in  Nursery Spaoings.
x 1" 10" x 14" 10" x 2 10" x 3"

16 .7 .56 7 . i d . 26 16.7 .20 7 .1 0 .2 6 16,7 .2d 7 .1 0 .26 16.7 ,2fi 7 .10 .26

'ts pine 4$ ’ 8 "t .9 &%
- f7 -  1 .3 7* 8 2" 1 .9 5# 6 ^  . &

^alean pine 38 43 1.7 31 42 ^ 2 . 6 37 5 0 ' t  2 .5 38 58 -  3 .2

►say spruce 6 8 -  1 .0 7 8 ^  1 .8 5 6 ^  1.3 5 6 t  i #2

fka spruoe 2 4 t .6 2 2 .4 2 4 ^  .0 2 2 t  .7

ijopean laret 4 7 t  1 .1 2 4 ^  .7 2 2 ”4" .6 2 2 -  .6
^glas f i r
i—

2 3 ""£• .5 2 2 ,4 1 1 ^  .3 1 1 -  -

-1 6 -



Observations and C on clu sion s.

1® I t  w i l l  be noted th a t, w ith the exception  o f  C orsican  p ine, 

the lo s se s  are low e s p e c ia lly  fo r  a new nursery, which was grass 

land the previous season. The C orsican pine su ffered  from the 

dry N. and N.E. winds In March a fte r  l in in g  ou t.

2 . With the exception  o f  C orsican  p in e , spacing in  the trans

plant l in e  w ith in  the lim its  o f  1” and 3" has had no in flu en ce  

whatever on lo s s e s .  In th e  case o f  Corsican pine the two 

wider spaoings gave s ig n if ic a n t ly  higher lo s se s  than the two 

c lo s e r  sp acln gs. This may be corre la ted  to  mutual p ro te ct ion  

from drying winds.

General co n c lu s io n .

I t  1s not proposed t o  draw f in a l  con clu sion s u n t i l  the in 

v e s t ig a t io n  covers  three seasons with f i e ld  t r ia l s  o f  the stock 

fo llo w in g . The evidence from the seasons 1925 add 1926, both in  

the nursery, and th e  f i e l d ,  In d ica tes  that c lo s e  spaoings are 

sa fe  and that under con d ition s  which seem to  favour wider spac

lngs namely, luxuriant growth. I f  th is  la  f in a l ly  substantia

ted  and a p p lied , important economies w i l l  fo llow  because labour 

charges fo r  d igging and weeding are on an area basis ,h en ce  the 

cost per u n it number o f  stock  f a l l s  with In creasing  d en s ity . 

Further, as has already been shown, the c o s t  o f  l in in g  out per 

un it number, p a r t icu la r ly  with boards, f a l l s  almost pro rata 

with c lo s e r  spacin g .

8 . The In flu en ce  of  the Grading o f  seed lin gs on losses .grow th .

subsequent su rv iva l and developm ent.

R egistered  Experiment M.S. Wo.19.

The r e su lts  obtained when the transp lants from th is  ex

periment in  1925 were l i f t e d  In  March 1926 have already been 

reported  on (se e  Appendix I ) .

Data i s  now a v a ila b le  fo r  lo s s e s  in  these p lants fo r  four 

sp ec ie s  at the end o f  the f i r s t  season In the fo r e s t .  No quality 

assessment fo r  c u l ls  e t c . ,  can yet be made f a i r ly .
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Table 11.

Speoles.

jots pine 

^rsican pine 

r̂opean larch  

|uglas f i r
f-

Where 
Planted 
o u t .

Bram s h i l l  

Bram shill 

Swaffham 

Swaffham

Percentage lo s s  awl S.D. at end o f  1926 in  
stock from seed lin gs graded before  lin in g
out as ____________________  _____
flrade 17~ grades U  2 , itirade £ . flrade 3 .

4% -  1 .1 t 3 .0

16 — 3 .0 13 +- 2 .2

8 ^  2 .5 17 t 2 .8

24 i  * ?O # C* 31 3 .0

4$ *v l«0

18 t 4 .6

19 t  i , g  

26 1.0

12$, -  1.0  

28 - 2 . 0  

54 -  4.7 

40 -  4.7

C on clu sion .

This f i r s t  t r i a l  in d ica te s  that there i s  no marked d iffe re n ce  

in  lo s s e s  in  these sp ecies  from s to ck  from seed lin gs Grades I ,  I If.

2, and 2 . In th e  case o f  Grade 3 , the c u l l s ,  the markedly heavier 

lb sses  encountered in  the nursery are continued in  the fo r e s t  but to 

a le s s  extent excepting European la r ch . I t  should be noted that no 

grading was done at the time o f  l i f t i n g  In 'th e  nursery and these

plants represent the product from the o r ig in a l  seeding grading.

This su b ject was studied  fu rth er  at Kennington Nursery during 

1926 with Soots p in e , C orsican  p in e, Norway spruce, S itka spruce, 

European la rch  and Douglas f i r .

The same system o f  seed lin g  grading was ap p lied  as in  1926 

nam ely:-

Grade I .  S eed lings one h a lf  the maximum shoot length  (not con*

s ld e r ih g  ex cep tion a lly  large  p la n ts ) , with the exceptions noted in

Grade 3 .

Grade 2 « Seedlings le s s  than one h a l f  the maximum shoot length , 

with the exception s noted in  Grade 3 .

Grade 3 .  C u lls , i . e .  badly rooted , suppressed, drawn, weakly, 

damaged and diseased seed lin g s .

This worked out fo r  the d if fe r e n t  sp ecies  as fo llo w s  : -
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Table 12

S p e c ie s »
_ — g r ^ e _ D^script!on and. Proportion. _
Grade I .  Grade 2 . Grade 3 , c u l l s .

Scots pine 

C orsican  pine 

Norway spruoe 

S itka spruce

European larch  

Douglas f i r

4n and over 33# 

2” and over 13# 

3" and over 32# 

6W and over 10#

Under 4W 59# M ultip le  tops and 
jbadly rooted  7# .
i

Under 2" 63# lUnrlpened lammaa shoots
land badly rooted  23#.1

Under 3" 42# [M ultiple tops,suppressed 
land badly rooted  25#oI

Under 5" 66# [Severely cockchafer dam- 
laged roo ts  and very small 
(seed lings 23#.

4# ' and over 32  ̂ Under 4,1 

7" and over 9#

M ultip le  tops and very 
( small seed lin gs 1#.

Under 7” 43# Suppressed and severely  
cockchafer damaged roots 
46#.

For o r ig in  and d escr ip tion  o f  stock , lay out and technique 

used see R egistered  Experiment U.S. No, 18 Just d escr ib ed . The 

spacing was 10" x  2n . In the se c t io n  "Grades I and 2" only the 

c u l ls  were removed. The fo llow in g  Table summarises the data to 

date: -  

Table 13.

1108808 per c e n t , and Standard Dev ia tio n s  In  and at
S p e o l e s . Grade 1 . Grades 1 & 2 . Grade 2» Grade 3 . ]

23.7 .24 7 .1 0 .2 6 23 .7 .2 6 7 .1 0 .2 6 23 .7 .2 6 7 .1 0 .2 6 2 3 .7 .2 6 7 ,10.26j

1# 2 I" .4 6# 7 J "1 .6 10# 18 1.4 32# 36~tfc.il

13 28 2 .5 18 24*^~2 .6 27 35 t l . 9 53 56 -2.4

3 3 .7 3 .4 5 7 ^  .6 15 18 -2.4

0 2 — .6 5 1 .4 3 s t , 8 14 17 -1.9

1 2 -  .7 3 4^~ .7 2 3 ^  o5 10 13 -1 .6

1 2 - t  .4 3 3 -^  .9 2 3 ^  .7 13
-4-

15 -1.6

o

r

ts  pin® 

■lean pine 

*y spruce 

(to spruce 

bpean larch  

Rl&s f i r

Observations and C on clu sion s.

1 . This sea son 's  r e su lts  agree c lo s e ly  w ith those obtained in  1925 

at Rapley nursery.

2 . In Scots pine and Corsican pine s ig n if ic a n t ly  higher lo sses  

were obtained in  Grade '2 and Grade 3 seed lin gs compared with 

the b e tte r  grades.



3« In Norway spruce, S itka spruos, European larch  and Douglas f i r ,  

there are no r e a lly  s ig n if io a n t ly  increased  lo sses  u n t i l  one comes 

to  Grade 3 and the lo s s e s  there are r e la t iv e ly  higher than in  the 

previous season*

General C on clu sion .

I t  i s  not proposed to  draw f in a l  conclu sions u n t i l  a ft e r  three 

seasons and w ith fo re s t  t r i a l  assessm ents. The evidence to  date , 

however, i s  that i t  i s  in  Scots pine and C orsican pine that c u l ls  

su ffer the grea test m orta lity*

Part 3« P lanting In v e s t ig a tio n s .

I , R e la tion  between Season o f  P lanting and lo sses  and growth o f  

C orsican  pine*

Registered Experiment P .S . No,501*

This experiment was continued at Wangford, T hetford Chase*

The in flu en ce  o f  autumn p lantin g  was studied  p a r t icu la r ly  and the 

f i r s t  y e a r 's  r e s u lts  from the monthly p lantin g  from September 1925 

to A p r il  1926 are now a v a ila b le .

For d e scr ip t io n  o f  the i t t e  and methods see the 1925 Report.

The fo llo w in g  Table summarises the r e s u lts  up to  December 1926:- 

Table 14.

Season o f lioss Percentage and S .0 . at
P la n tin g . 3 .7 .2 6 lS .lS .2 6

15. 9 .25 11# 21#^ 3 .1

15 .10 .25 1 6 1.3

15 .11 .25 1 3 ±  .6

15 .12 .25 .5 5 jh ,6

15. 1.26 1.5 4 ±  .7

16. 2 .26 4.0 8 ±  1 .2

15. 3 .26 4 .0 18 ±  2 .0

15. 4.26 9.0 32 3.3

I t  w i l l  be noted that an endeavour was made to  meet the 

o b je c t io n  that a favourable day i s  se le cted  fo r  p lanting  by 

having the p lantin g  done on the same date in  eaoh month.
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Although the 1 f t .  p lants had the lowest lo s s e s , the

m ajority  have heen fr o s te d .

Wykham. A lle r s to n .

3 fe e t  p lants once transplanted , 2 fe e t  p lants tw ice

tran sp lan ted .

Type o f  P la n t. T>oes $ during the f i r s t
season.

3 fe e t  12$

2 " 1

1 " 3

There has been l i t t l e  fr o s t  damage t o  date .

A lle r s to n .

Type o f  P lant.

2i  fe e t  tw ice transplanted Pew deaths, no f r o s t  damage.

1 fo o t  once transplanted Few deaths but much fr o s t
dama g e .

O bservations.

1 . So con clu sion  can yet be made but i t  i s  lnd lcatecfthat the 

use o f  la rger  p lants o f  S itka spruce avoids f r o s t  damage.

2 . Twice transplanted large  s to ck , where I t  I s  t o  be la rg e , Is  

more e a s ily  esta b lish ed  than once transplanted s to ck .

Part 4 . Major A ffo re s ta t io n  Problems In England and W ales.

As a r e s u lt  o f  d iv is io n a l  v i s i t s  in  1925 the fo llow in g  major 

a f fo r e s ta t io n  problems were defin ed  : -

1 . Forth Tyne Peat A reas.

2 . North Wales Peat A reas.

3 . Eastern Yorkshire Moor Problem s.

4 . D irect Sowing Problems.

5 . Bagshot Sand Problems.

6 . The Oak Problem.

The T ech n ica l C ommlssloner ->dlreoted that the North Tyne and 

North Wales areas were most p ress in g .
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North Tyne,

During Ju ly 1926 ft s i lv io u lt u r a l  study was mad® o f  the North 

Tyne V a lle y . This Is  the su b ject o f  a sp eo ia l re p o r t .

The fo llo w in g  su b jects  were d ea lt with

1. The d e f in i t io n  o f  the p r in c ip a l vegeta tion  types and 

th e ir  sues es si on in  r e la t io n  to  s i lv ic u lt u r e .

2 . The study o f  the data a ffo rd ed  by e x is t in g  p lantation s 

on the p la n ta b il ity  o f  i i f f e r e n t  vegeta tion  types, the 

ch o ice  o f  sp ec ie s  and th e ir  establishm ent.

3 . The form ulation  o f  a scheme o f  Experim ental work.

Experiments are now being planned at Smales on the basis

of th is  r e p o r t .

North W ales.

Three experim ental areas have beeridemarcated at Hafod 

Ruffwd and work has been proceeding on them sin ce  the spring o f 1926. 

The only p o in t o f  in te re s t  t o  report i s  the s a t is fa c to ry  resu lts  

obtained during the f i r s t  season with Belgian tu r fin g .

Qeneral.

1. At the request o f  the T echnical Commissioner a study o f  the 

l it e r a tu r e  on the c u lt iv a t io n  o f  Walnut was made and a Report 

e n t it le d  "Walnut Culture" subm itted.

2* The Sample P lot party was supervised in  England and Wales and 

v i s i t s  t o  p lo ts  at W elshpool, Vyrnwy and Bagshot made. The 

whole o f  the temporary p lo ts  in  England and Wales were card 

Indexed and cross  re fe ren ced . S im ilar work i s  proceeding on 

the Permanent P lo ts .  Data on the con d ition  o f  the permanent 

p lo ts  i s  being c o l le c t e d .  A programme fo r  fu ture Sample PJot 

work in  England and Wales was form ulated*

3 . Ordinary and Advanced le ctu re s  on A r t i f i c i a l  regeneration  were 

d e livered  at the Im perial F orestry  I n s t it u t e , O xford.

3 1 .1 2 .2 6 .
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APPENDIX I .

R eg istered  Experiment N.S. No,18 . (1925 - 2 7 ) .

Rapley Nursery.

Table g iv in g  the percentage lo sse s  during one year In  

the transplant l in e s  d ivided  in to  deaths during season and 

c u l ls  when l i f t e d  in  March 1926.

Spacing l w o Spacing l i w . Sjracing 2” • Spacing 3n •

D C T D C T ) C T D C T j
% % % S .ft. % i % S .D . % % % S .D . % % % 5 .T>. *

m

m
No ■, i i fte d  as 2y r . .y r .

2.0 4.7 6 .7 ^  .82 2 .0 2.7 4.7 ^  .67 1.1 1 .8 2 .9 ^  .74 L.8 1.1 2.9 -  .67

1.9 10.1 12 Xit .92 2 .5 9.8 .2.2 i l .2 3 1.0 9.0 LO.otl.29 L.8 7 .9 3.7 t j i4 8

• 4.4 5.7 10.1 - 1 J07 5.7 2.6 8.3 ^1.14 4.4 •3 4 ,7 -1 .0 2 CD•fTk. .4 1.2 t  .71

• ' 3.4 2 .4 B .e  ft.14 6 .5 L.4 6 .9  i l . 0 1 6.4 1.7 e . i t i . 8 5 L.8 1 .1
4-3*9 • • 86

Sp. . . . . . . . . . . . . .  Species* D. % . . . . .  Deaths percent

N .S    Norway spru ce .

3 .S ................ S itka spru ce . C. % . . . . .  C u lls  " "

D .F . .  . ......... .. Douglas f i r .

E . L . . .  . ......... .. European la r ch . T . % . . . . .  T ota l " "

S .P .................... .. S cots p in e .

C ,P .................. C orsican  pine*



R egistered  Experiment K .S. Wo, 19. (1925 -  1987).

APPENDIX.

Rapley N ursery*

Table g iv in g  the percentage losses  during one year In 

transplant lin e s  d ivided  in to  deaths during season and c u l ls  

when l i f t e d  In March 1926.

Grade I . Grades I  & 2. Grade 2 . Grade 3 •
p«

D C T D C T D C T D C T
% % % S.D. % % S .D. % % % S.D. % % % s.D .

• * • • • -  )

J.
■

m
)

-  )
Not ]L ifted as 2yr. 1 yr.

f.\..9 2 .5 4 .4 ^  .67 1 .2 2.1. ■ 3*2^  *60 3 .0 4 .4 7.4^1 .60 16.1 24 .8 *0.9+1.7

J i ,8 6.4 6 .9

03f
t 2.7 11.5 14.2+1.32 2 .0 11.9 13.9+1.13 9 .8 16.0 25.8+2.11

.1 0 2 .1  ±  .62 4 .2 4 .2 Y .3 £ l . l l 13.5 4 .0 17.5^2.19 46.7 20.9 57 .6^2.2
>#; .7 •3

O•o•V* 2*2 •4 2 .6+  .76 6.0 1 .8 7.8+1 .56 32 .9 9 .4 42,3+2.2

Deaths per c e n t .

C u lls per c e n t•

T o ta l per ce n t .

S .P ..................................S cots pine

C .P   .................. C orsican  p in e .

Sp.................... ...............S p e c ie s • D. %

H .S  ............................. Horway spruoe

5 .S . . . . .........................S itka spruoe C. %

D. F ................................. Douglas f i r

E . L ................................. European laroh  T . %
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SAMPLE PLOTS.

Annual Report by Mr. J.Maodonald. 1925/26.

The fo llo w in g  ie  a rep ort o f  the work oa rr led  out by the Sample 

Plot P arties under my su perv ision  In the year ended 30th September 1926 

X have to  thank Dr.H.M.Steven f o r  oarrylng on the work during my 

absence on s lo k  leave In Maroh and to  thank a ls o  Dr.M.L.Andarson fo r  

taking charge o f  one party In  Sootland while I was In England with the 

other.

The fo llo w in g  i s  the l i s t  o f  p lo ts  which have b e e n 'd e a lt  with in  

the year under review ,
Mew P lo ts , Remeasurements.

England and Wales 1 14
Scotland 3 24

4 38

The present p o s it io n  with regard to the number o f  P lots  in  eaoh

country is  as fo llow s
England, Sootland,

No, o f  P lots  la id  down up to
September 1925, 84 72

Less p lo ts  abandoned
(Oressage 1 , Dymook 4 ) 5 -

At beginning o f  present year 79 72
New P lots  1926  1_  3__

80 75

Abandoned 1926 -  3X

Present T ota ls 80 72

Grand T otal 162.
x Plot 7 F e lle d .

Plot 12 Blown.
Plot 63 Blown.

This marks a decrease o f  one in  the number o f  e f fe c t iv e  p lo t s .  

During the year. Miss B eil and Miss Dunn have departed and th e ir  

Places have been taken by men.

The women a ss is ta n ts  had given splendid  serv ioe  and so thoroughly 

were they acquainted with the work that i t  was f e l t  that they would be 

d l f f i o u l t  to  r e p la ce . N evertheless the new arrangement is  working 

w ell and the men who have been ohosen as Sample P lot A ssistan ts are 

g iv ing s a t is fa c t io n .

There fo llow s  a se r ie s  o f  d e scr ip t iv e  notes on the P lots  whioh 

have been d ea lt with in  the course o f  the year togeth er with the Final

Summary data .



Now P lo t , England and Walea.

P lo t No.8 5 . Mixed Jap.Larch and Douglaa F ir . Lake Vyrnwy
Montgomery.

This p lo t  wae esta b lish ed  da a s y lv ic u ltu r a l  experiment and 

not fo r  the purpose o f  ob ta in in g  y ie ld  ta b le  data though th is  

purpose may be served in  p a rt.

I t  was la id  down in  a p la n ta tion  formed in  1908 with a 

m ixture o f  Douglas F ir and Japanese Larch planted a lte rn a te ly  

a t  about 4*6n . At the beginning, the Jap.Larch sprang ahead 

and succeeded in  m aintaining the lead and in  alm ost com pletely  

suppressing the Douglas. When the p lo t  was form ed, the great 

m a jority  o f  the Douglas, though capable o f  fu rth er development, 

were suppressed and fa r  below the la rch  which formed a complete 

canopy ov er  them. on ly  in  one or  two p laoes had the Douglas 

struggled  in to  the upper s to re y s . The o b je c t  in  trea tin g  the 

P lot was to  fin d  out whether i t  would be p o ss ib le  by th inning, 

to  rev ive  the Douglas and to leave a crop  o f  almost pure Douglas 

on the ground. A ccord in g ly , a heavy thinning -*as made in  the 

Japanese Larch and the Douglas l e f t  p r a c t ic a l ly  untouohed. i t  

w il l  be in te re s t in g  to see what the r e s u lt  w i l l  prove to be. 

Further treatment may be neoessary in  two years tim e.

A measurement was taken o f  the Japanese Larch by the usual 

Sample P lo t method while the volume o f  the Douglas was estim ated 

over-b ark .

The fig u re s  a r e i -  

Japanese Larch.

Age 19. No. o f  trees  per a c r e , 483. Mean H eight, 37 fe e t .  

Mean G irth  16 in ch es . Form F a c to r ,*367. Basal area per a cre , 

a f t e r  th in n in g , 68 .2  s q . f t .

Volume per acre a f t e r  th inn ing, 926 oubio f e e t .

In the th inn ing, 397 trees  per acre were removed, with a mean

h eigh t o f  36 f e e t ,  mean g ir th  o f  14& in ch es . Basal area o f  46.4 

s q . f t .  and Volume o f  569 oubio fe e t  per a o re .

The t o t a l  volume was thus 1495 oubio f e e t  and the mean annual

increment has been 79 cu b ic  f e e t .
-2 -



There were l e f t  1037 Douglas to the acre , with a mean g ir th  o f  

6 lnohee and a volume over-hark (estim ated ) o f  271 ouhlo fe e t  

per a ore .

Remeasurements• England and Wales.

P lo t Wo.2 3 . Japanese Laroh. Leighton, Montgomeryshire.

This p lo t  i s  in  an e x ce lle n t  p la n ta tion  o f  Japanese Larch
9 s' o

grown a t an e le v a t io n  o f  1100 fe e t  and with a n orth erly  exposure.

On detablishm ent, I t  was thinned to a D .grade, hut in  1926 

a moderate 0 , grade thinning was a p p lied .

The orop i s  o f  a very good typ e , wavy and deformed stems 

being the ex cep tion . Growth continues good and there i s  no 

Immediate danger o f  damage from exposure as the p la n ta tion  is  

sh e ltered  from the p rev a ilin g  winds which blow from the S.W. 

along the Severn V a jiey .

The fig u re s  fo r  192© a r e : -

Age 18. &o. o f  stems per a cre , 915. Mean H eight, 36$ fe e t .

Mean G irth , 14| in ch es . Form F aotor, *350. Basal Area per acre 

a f t e r  th in n in g , 103.2 s q . f t .

Volume per aore a f t e r  th inn in g , 132Q cubic f e e t .

In the th inn ing, 651 trees per aore were removed, with a mean 

heigh t o f  32 f e e t ,  mean g ir th  o f  9& in ch es . Basal area o f  32.6 

s q . f t .  and volume o f  234 cubic f e e t .  The to t a l  volume was thus 

1554 cubic f e e t  and the p e r io d ic  mean annual increment was 2 io  

cub ic f e e t .

P lot Mo.2 4 . Douglas F ir . Leighton Montgomeryshire.

This p lo t  was e sta b lish ed  a t  the end o f  1920 when the crop 

was twelve years o ld  but was not thinned a t that time*

In 1926 a C.grade th inning was app lied  and sim ila r  thinnings 

w in  be necessary in  the near fu tu re .

The Q uality  G lass Is  I I ,  The e lw a t io n  900-950 f e e t .

As a r e s u lt  o f  the pruning in  1920 which was ca rr ie d  out

- 3 -



by inexperienced  workmen using b i l l -h o o k e , muoh damage was done 

to the trees re su lt in g  in  a very severe a ttack  o f  Phomposis, in  

co lla b o ra t io n  with Dr.W ilson some work was done on th is  problem 

and w i l l  be mentioned and more f u l l y  desoribed  below.

The fig u re s  -'or 193d were*.-

Age 17 y ears . So. o f  stems per acre* 1095. Mean h e ig h t. 32$ f t  

Mean g ir th .  14$ in ch es . Form F actor. .355. Basal Area per aore. 

a f t e r  th inn ing , 133.3 s q . f t .  Volume per aore a fte r  th inning, 

1403 oubio f e e t .

In the th in n in g . 618 trees  p er  aore were removed, with a mean 

h e igh t o f  27$ f e e t ,  mean g ir th  o f  11 Inches. Basal area per acre 

o f  43 s q . f t .  and volume o f  338 c ibio f e e t .

The t o t a l  volume was thus 1296 oubio fe e t  and the p erlod lo  mean 

annual increm ent was found to  be 259 cubic fe e t  per a cre .

P lo t No.2 6 . Corsican Pine. Leighton, Montgomeryshire.

This p lo t ,  e sta b lish ed  a t the end o f  1930 is  represen tative  

o f  a rath er poor p la n ta tion  o f  Corsioan Pine o f  Q uality  Class I I  

grown in  a f u l l y  exposed s itu a t io n  a t  900 f e e t .

I t  has been thinned to a B.grade and would probably Improve 

as a r e s u lt  o f  h eav ier  th inn ing , but the exposed s itu a tion  oa lla  

f o r  ca u tion .

The fig u re s  f o r  1936 a r e : -

Age 37. B o .o f  stems per a o re , 311. Mean Height 45 f t .  Mean 

Girth 23 Inches, Form F a ctor , *385. Basal Area per a ore , 241.7 

and Volume per a c re , a f t e r  th inn in g , 4186 oubio f e e t .

In the th inn ing, 149 stems psr aore were removed, with a volume 

o f  408 eubio fe e t  per a cre . The t o t a l  volume was thus, 4594 

oubio f e e t  and the mean annual increment over the p er io d , 276 

oubio fe e t  per a ore .
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P lo t  Ho.2 6 . Douglas Fir* Lake Vyrnwy, Montgomery*
  s h ir e .

This i s  a s in g le  p lo t  es ta b lish ed  in  September 1920 and 

remeasured in  February 1926* A C .grade thinning was pre

s c r ib e d , but owing to the s iz e  o f  the trees  and the in creasin g  

exposure, l i t t l e  more than a B.grade oou ld  s a fe ly  be oa rried  

o u t.

The crop  is  rather ir re g u la r  as to  etook ing , and height 

growth but the type o f  tree  i s  good and there are few mis

shapen stems*

The Q uality  Glass Is  I I ,

Some damage had been done by Chermes C o o le y i.

The fig u re s  fo r  1926 a r e : -

Age* 26 years* No* o f  stems per acre* 490* Mean H eight, 63** 

Mean g ir th ,  27 inches* Form F aotor, *397. Basal Area per aore 

a ft e r  th inn ing , 195*3 a q . f t .  Volume per aore a ft e r  th inning, 

4678 oubio fe e t*

in  the th inn in g , there were removed 93 trees  per a ore , with a 

mean h e igh t o f  56 f e e t ,  a mean g ir th  o f  21 ln oh es, a basal 

area per aore o f  22,9  s q . f t .  and a volume o f  504 oubio fe e t  per 

a ore .

The t o t a l  volume was thus 5382 oubio fe e t  and the mean annual 

increment over the period  1920-1925 was 400 onblo fe e t  per 

aore .

P lo t No ,2 7 .)
) Douglas F ir ,  Lake Vyrnwy, Montgomeryshire.

P lo t No.2 8 .)

This p a ir  o f  com parative th inn ing p lo ts  was la id  down in  

September 1920 in  a th irteen  year o ld  p lan ta tion  a t Lake 

Vyrnwy,

P lot 27 was thinned on establishm ent, h e a v ily , to a C.grade 

standard while P lo t 26 rece ived  a D.grade or  Crown th inning.

The p lo ts  were in  every way comparable and now o f f e r  good 

examples o f  these p a r ticu la r  types o f  th inning.

In  1926 the o r ig in a l  thinnings were repeated and as growth
had been very rap id  muoh m ateria l was out from oaoh.
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The fig u res  f o r  1926 a r e i -  

P lot 2 7 .

Age 18. Ho. o f  stems per a o re , 745. Mean h e ig h t, 40£ fe e t .  

Mean g ir th ,  16 in ch es . Form F actor, *361. Basal Area per 

a o re , a f t e r  th inn ing, ll'O . s q . f t .  Volume per aore a fte r  

th inn ing, 1591 oubic f e e t .

In the th inn ing, 576 trees per aore were removed with a 

volume o f  736 oUfblo fe a t  per a ore .

The t o t a l  volume was thus 2323 ouhlo f e e t  per aore and the 

p e r io d ic  mean annual increm ent, 343 oubic f e e t .  This i s  very 

s a t i  s fa o to ry .

P lo t  No .2 8 .

Age.1 8 . Ho. o f  stems per a o re , 1329. Mean Height 4Q §ft, 

Mean G irth , 13 & in ch es . Form F a ctor , .356, Basal Area per 

aore 137.1 s q . f t .  Volume per a ore , 1974 oubio f e e t .

In the th inn ing, 426 trees per.c aore were removed, with a mean 

h e igh t o f  35$ f e e t ,  a mean g ir th  o f  12£ in ch es , a basal area
BCJ «

per aore  o f  3 7 .7 /fe e t  and a volume per aore  o f  486 oubio fe e t ,  

The t o t a l  volume per aore was thus 2460 oubio fe e t  and the 

p e r io d ic  mean annual increment was 359 cublo f e e t ,  This is  

rather h igher than in  P lot 27 , but the stooldng was muoh 

denser.

P lo t . Ho.3 2 . European Larch. Haldon, Devon.

This p lo t  which i s  s itu a ted  o lo se  to  P lots  33 and 34 is  

f iv e  years younger and should be considered  sep arate ly .

The orop i s  e x ce lle n t  and o f  Q uality Glass I but appears 

to be o f  a type rather d if fe r e n t  from that in  the other p lo ts . 

There i s  no in form ation  as to the o r ig in  o f  the plants or seed 

The p lo t  was esta b lish ed  in  Hovember 1920 and thinned to 

a D.grade to  g iv e  a general comparison with p lo ts  33 and 34 

thinned r e s p e c t iv e ly  to  Q. and B .grades.
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In 1926 th is  thinning was repeated but when thinning f a l l s  

due again  i t  w i l l  be neoessary to  change from a crown thinning 

to a low thinning*

The D.grade th inning was ca rr ie d  out in  1926 beoause o f 

the la rge  number o f  badly shaped dominants, most o f  which were 

removed. As a r e s u lt ,  the crop  appears rather irre g u la r  but 

fu tu re  thinnings should remedy t h is .  Many o f  the small trees 

l e f t  in  1920 round the gaps oaused by the removal o f  large  trees 

were found in  1926 to be bent over by the wind. This appears 

to  be a common feature  o f  la rch  thinned In th is  way.

Round the edges o f  th is  p lo t  and in  the p lo t  i t s e l f ,  Ash 

seed lin gs  are ooming up in  abundance. This should be borne in  

mind when the present crop Is removed.

Figures fo r  1926 :-

Age. 27 , No. o f  stems per a o re , 799, Mean H eight, 54$ fe e t .  
Mean g ir th , 17& in ch es . Form Faotor .391 . Basal Area per aore 

a f t e r  th in n in g , 136.7 s q . f t .  Volume per a o re , a fte r  th inning, 

2891 cubic f e e t .

In the th inn ing, 178 tre e s  per acre  were removed, with a mean 

h eigh t o f  51 f e e t ,  a mean g ir th  o f  16 in oh es , a basal area per 

aore o f  25 .2  s q . f t .  and a volume o f  480 cubic fe e t  per a c re .

The t o t a l  volume was thus 3371 oubio fe e t  and the p e r io d ic  mean 

annual increment was 202 cubic f e e t .

P lo t Ho.53 . )
) European Larch. Haldon, Devon.

P lo t Ho.34 . )

This p a ir  o f  p lo ts  whloh a d jo in , from an e x ce lle n t  con tra st

o f  the B. and the C.grades o f  th inning.

The crop is  very f in e .  D e fe ctiv e  trees are few and indeed 

in  the 0 . grade p lo t  have a l l  been removed. There i s  p ra otioa lij 

no canker.

The Q uality  Glass i s  I .  P lot 33 was thinned to a C.grade

in  1920 and in  1926. P lot 34 to a B ,grade.

The fig u re s  fo r  1926 a r e : -  

P lot 3 3 . —7 —



P lo t 33.

Age.32 , Ho. o f  stems per a ore , 438, Mean H eight, 56$ f e e t .

Mean g ir th , 19$ ln oh es. Form Faotor ,409. Basal Area per 

a ore , 101.3 s q . f t .  Volume per a ore , 2340 oubio f e e t .

In  the th inn ing, 194 trees  per aore were removed, with a mean 

h eigh t o f  53 f e e t ,  a mean g ir th  o f  16$ inches, a basal area per 

aore o f  28 .9  s q . f t .  and a volume per aore o f  592 cubic f e e t .

Hie t o t a l  volume was thus, 2932 cubic fe e t  and the p eriod ic  

mean annual increm ent, 169 cubic fe e t .

P lot 34 .

A ge.32. Ho. o f  stems per a ore , 748. Mean Height 55 f t .

Mean g ir th  18$ in ch es . Form Faotor .406, Basal Area per 

aore 141.2 s q . f t .  Volume per acre  3153 cubic f e e t .

In  the th inn ing, 40 trees  per acre  were removed with a volume o f

76 oubio f e e t .  The to ta l  volume was thus 3229 onbio fe e t  and

the mean annual increment over the period 175 oubio f e e t .

U s *  % f f ; >
" ” 37, ) Soots P ine. Bagshot, Surrey.
w " 38. )
" " 39. )

This se t  o f  f iv e  p lo t s ,  though o r ig in a lly  la id  out about
sample

1915 were esta b lish ed  as perm anent/plots in  1921.

Though f iv e  thinning grades are represented , the p lo ts  do 

not form a good s e r ie s .  P lots  35 and 36 are o f  Q uality Class 

I I I  and are comparable with eaoh o th e r . P lots  37, 38 and 39 

are o f  Q uality  Class I I  and though P lots 38 and 39 oompare w ell 

with eaoh o th er , yet n e ith er i s  comparable with P lo t 37, which 

is  a year younger, was planted with a d if fe r e n t  spaolng o f  

p lants and is  s itu a ted  on a s o i l  which departs rather from the 

type on which the oth er p lo ts  are standing.

P lo t 35 was thinned to an A .grade. P lot 36 to  a B .grade, 

P lo t 37 to  a D .grade. P lot 38 to  a C^grade and P lo t 39 to a Cjg 

grade.

The p lo ts  were f i r s t  measured in  June 1921 and remeasured in
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March 1926, The increments have been calculated on a 5 year 
basis but 4& years would probably give a truer Indication of 
the development.
The fig u re s  f o r  1926 a r e : -  

P lot 35.

Age. 40 . No. o f  trees  per a o re , 1638. Mean H eight, 34 fe e t .  

Mean g ir th , 12 in ch es . Form Faotor .307. Basal Area per aore 

130.9 s q . f t .  Volume per aore , 1364 oubio f e e t .

In the th inning, 78 trees  per aore were removed with a volume 

o f  8 cub ic f e e t .  The t o t a l  volume was thus 1372 onblc fe e t  

and the p e r io d ic  mean annual Increment, 95 oubio f e e t .

P lo t 36 .

Age 40 . No. o f  stems per a cre , 1049. Mean H eight, 36£ f e e t .  

Mean g ir th  13£>■ in ch es . Basal Area per a c r e , 109,3 s q . f t .

Volume par a ore , 1369 cubic f e e t .

In  the th inning, 323 trees per acre  were removed with a 

volume o f  72 cu b ic  f e e t .  The t o t a l  volume was thus, 1441 

cubic f e e t ,  g iv in g  a p e r io d ic  mean annual Increment o f  98 c . f t .

P lo t 37.

Age 39. No* o f  stems per aore , 845. Mean Haight, 39$ f e e t .

Mean g ir th ,  1 5 f in ch es . Form Faotor ,360 . Basal Area per

aore , 1 1 5 .3 . Volume per a ore , 1640 oubio f e e t .

In  the th inn in g , 140 tre e s  per aore were removed, with a

volume o f  349 oubio f e e t .

The t o t a l  volume was thus 1989 oubio f e e t ,  giving a mean 

annual increm ent f o r  the period  o f  81 oubio f e e t .

P lot 38.

A ge.40. No. o f  stems per a o re , 650* Mean H eight, 39& f t .

Mean g ir th ,  16|- in ch es . Form F aotor, ,397. Basal Area per

a cre , 95,7 s q . f t .  Volume per aore a f t e r  th inning, 1500 o . f t .

In  the th inn ing, 392 trees  per acre were removed with a volume

o f  312 oubio f e e t .  This makes the to ta l  volume 1812 cubic

f e e t  and the p e r io d ic  mean annual Increm ent, 110 oubio f e e t .
-9-



P lo t 39.

Age 40. Ho. o f  stems per a ore . 580. ^ean H eight. 42 f e e t .  

Mean g ir th  16^. in ch es . Form Faotor *389. Basal Area per 

aore a f t e r  th inn ing. 89.9 s q . f t .  Volume per aore . 1467 c . f t .  

In  the th inn in g . 416 tre e s  per aore were removed with a volume 

o f  347 cubio f e e t .  The t o t a l  volume was thus 1814 oubic fe e t  

and the p e r io d ic  mean annual Increm ent. 101 cubio f e e t .
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Now P lo ts , Sootland.

P lo t . No.7 3 * Sitka Spruoe. Drumlanrig, D um friesshire,

Area • ,366 a cre .

We have heen fortun ate  enough to ob ta in  another p lo t  o f  thin 

sp ecies  a t  Drumlanrig.

The new p lo t  Is younger than the e x is t in g  P lot (N o.9) by 

three years, being 23 years o ld .

I t  was planted a t a time when Sitka spruce were rathdr 

e a s ie r  to  ob ta in  and the p lantin g  d istan ce  was 4 '6 rt x 4*6 ".

'Kils makes i t  d i f f i c u l t  to oompare with P lo t No,9 . which was 

p lanted a t  9* at 9* and la  consequently abnormal but i t  w i l l  be

a l l  the more valuable  fo r  y ie ld  table purposes,

We were allow ed to  f e l l  e igh t sample trees*  Other s ix  

were measured standing.

A l ig h t  thinning was app lied  in  which suppressed trees and 

low fork s  ware removed.

The number o f  stems per a cre  a f t e r  th inning i s  872*

average h eigh t 45& f e e t ;  average g ir th  2 i£  in ch es ; Form Factor

•409; Basal Area per acre  221 ,3  and Volume per acre  ( u ,b , )  4118, 

In  the thinning 198 trees per aore with a volume ( u .b , )  o f  51 

cubic fe e t  per a cre  were removed.

The t o t a l  volume waa thus 4199 cubic f e e t ,  g iv in g  a mean 

annual Increment o f  181 cubic fe e t .

P lo t No.7 4 . )
) European Larch, Sham bellie, K irkcudbright. 

P lot No.7 5 . )
A p a ir  o f  com parative th inning p lo ts  were la id  down in  a 

p la n ta tion  o f  young la r ch , 15 years o f  age , in  August, The crop 

is  q u ite  good, though a l i t t l e  ir re g u la r  and the growth is  fa s t ,  

the q u a lity  c la s s  being I . «3 I I ,

P lo t  74 Is to  be thinned to a B.grade and P lo t 75 to a C. 

grade fo r  com parison. The p la n ta tion  had o n ly  re ce n tly  been 

thinned and very  few tre e s  were removed from P lot 74,
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The fig u re s  a r e : -

P lo t 74 , -  Area ,298 Aore.

Age 16. No. o f  stems per aore , 1584. Average Height 29 f e e t ;

average G irth 11& in ch es ; Form Factor ,2 o 8 ; Basal Area per

acre 114, s q . f t .  and Volume per a o re , under bark, 925 cubic ft*  

The mean annual increment has been 58 cubio fe e t  per a cre .

P lo t  75 . -  Area .290 A cre.

Age.16, No. o f  stemB per aore, 1369, Average Height 27^ f t .

average G irth  11& in ch es ; Form Factor ,284. Basal Area per

a ore , 99 ,6  s q . f t .  and Volume per aore , 777 cubic f e e t .

In the th inning, 414 trees per acre were removed with a 

volume o f  74 oubic f e e t .

The t o t a l  volume per aore was thus 851 cubic f e e t ,  and the mean 

annual increment ha3 been 53 cubic f e e t  per a cre .

The P lots  are qu ite  oomparable and should form a valuable

a d d ition  to the l i s t .
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P lots  Remeasured, Sootland,

P lo t Mo,7 , Norway Spruce. Drumlanrig, Dumfriesshire

n ils  p lo t  has not been out over and In consequence, f a l l s  

to  be removed from the l i s t  o f  Sample P lo ts ,

A measurement was taken by Dr.Anderson in  May, Just be fore  

the p lo t  was f e l l e d  and we are now in  the possession  o f  figu res  

f o r  two th ree-year increment p e r io d s .

The fig u re s  f o r  1926 a r e j -

Age 48 years. No, o f  stems per a o re , 925; Average H eigh t,51 f t .  

Average O irth , 2 3 i  in oh es; Form F aotor, .440. Basal Area per 

a ore , 272 ,5  s q . f t .  Volume per a ore , 6227 cubic f e e t .

For the period  1925-26, the annual Increment was 157 oubic fe e t  

per acre to  be compared with 142 fe e t  per acre  fo r  1920-25.

P lo t  No.10 , Japanese Larch. Driunlanrig, D um friesshire.

This p lo t  i s  one o f  the few which are measured at th ree - 

yearly  in te r v a ls .  I t  was esta b lish ed  in  1920 and was measured 

then and again in  1925, The thinning app lied  here i s  a 0 .grade, 

In  1920, the p lo t  was not thinned, but in  1925 a heavy low th in 

ning was a p p lie d . in  1926, the same grade o f  thinning was 

app lied  but n e ce s s a r ily  on a m ilder soa le  on account o f  the short

in te rv a l between the th inn ings. The Q uality Class i s  I .
The fig u re s  fo r  1926 a r e : -
Age 25. No. o f  tre e s  per aore 600. Average Height 49&ft.

Average Girth 21 in ch es j Form F a ctor , .383 ; Basal Area per 

a cre , a f t e r  th inn ing , 119 .3 ; Volume per a c re , a fte r  th inn ing, 

2275 cubio f e e t .

In the th inn ing, 102 trees  per aore were removed with a mean 

g ir th  o f  19" and a mean heigh t o f  45& f e e t .  The Volume taken 

out per acre  was 345 cubic f e e t .

The t o t a l  volume was 2620 cub ic fe e t  and the annual increment 

over the period  1923-26, 239 oubio f e e t ,  as aga in st 199 cubio 

fe e t  fo r  the preceding 3 year p er io d .
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p^ot N o.11. Douglas F ir . D u rris , K inoard insh ire .

This p lo t  was la id  down In September 1920,along with P lo t 12 

which a d jo in s  IN, to  serve as a pa ir o f  comparative thinning p lots , 

P lo t  11 being thinned to a B.grade and P lo t 12 to  a C.grade*

In 1920 and la te r  in  1923 both p lo ts  were treated  on the 

lin e s  o r ig in a lly  prescribed* Since the d is a s te r  which has over

taken P lo t  12, the com parative element i s  no longer o f  account 

and I t  has been decided to lead P lot 11 over from a B.grade to  a 

C .grade. This i s  rendered a l l  the more necessary  by the 

extreme danger to which th is  p lo t  i s  su b je c t  from wind damage, 

f o r  to  leave i t  dense by the a p p lica t io n  o f  r ig id  B.grade th in 

nings would be to in v ite  widespread d estru ction *  A ccord in g ly  

in  192$ a l ig h t  c .g ra d e  th inning was app lied  with the o b je c t  o f  

strengthening the remaining orop as fa r  as p o ss ib le  and such 

thinning should be continued a t in te rv a ls  o f  not more than three 

years.

I t  i s ,  however, h ig h ly  probable that w in d fa ll w i l l  oontinue 

and i t  i s  p o ss ib le  that the whole p lo t  may be la id .

At present there is  on ly  one gap in  the p lo t  some ten  yards 

wide by n in e , but in d iv id u a l trees  are being uprooted e s p e c ia lly  

along the d itch es  a t  oth er po in ts  and th is  w i l l  oon tinue.

Further, to the south there is  an extensive gap in  the surround 

and th is  in creases yearly  and in  the d ir e c t io n  o f  the p lo t .  In 

a d d ition  a sm all gap has been formed w ith in  the la s t  year in  the 

surround on the north s id e .

The measurement ca rr ie d  out in  September 1926 y ie ld ed  the 

fo llow in g  figu res*

Age 29* Bo* o f  stems per aore a ft e r  th inn ing, 755* Mean Height

59 f e e t ;  Mean G irth , 23$ in ch es ; Form Factor *392; Basal Area 

per aore a f t e r  th inn ing, 234*8 s q . f t .  Volume per a ore , a ft e r  

th inn in g , 6438 c>blo f e e t .

In  the th inning, 175 trees per aore were taken o u t , mean h eigh t 

54 f e e t ,  mean g ir th  17£ in ch es , with a basal area o f  2 9 ,6  s q . f t .  

and a volume o f  651 cubio f e e t .  The t o t a l  volume thus was 0089 

oubio f e e t .
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The mean annual increment fo r  the period  1923-26 was 344 oubio 

f e e t  per a o re , as aga in st 259 oubio fe e t  fo r  the p eriod  1920-23.

P lo t Wo.12. Douglas F ir .  D u rris , K incardine s h ire .

This p lo t  has been so damaged by su ccess ive  storms that 

now on ly  88 trees  remain standing.

These were g irthed  in  1925.

The on ly  purpose which can be served by th is  p lo t  is  to  

g ive  in form ation  as to  any ohanges in  form which may ooour In 

the standing trees  growing under q u ite  open con d ition s  by way 

o f  con tra st to  the trees in  P lo t 11 grown r e la t iv e ly  dense 

tog e th er . This purpose can be served on ly  i f  the tre e s  which 

remain oontinue to  stand.

As I t  i s  u se le ss  now fo r  any purpose other than t h is ,  the 

p lo t  should be removed from the l i s t  o f  Sample P lo ts .

P lo t  N o.14. Sitka Spruce. D u rris , K incard inesh ire.

This p lo t  was la id  down in  1920 and was measured then and 

again in  1923. Owing to i t s  age and exposed s itu a tio n  on ly  the 

l ig h te s t  o f  thinnings could be app lied  and extreme d i f f i c u l t y  

has been encountered in  obta in in g  sample t r e e s . The minimum 

number of sample trees  was not obtained in  1926. Those whioh 

were f e l le d  were n ot a t a l l  represen ta tive  and as the standing 

trees  were dangerous to  clim b a s u f f ic ie n t  number o f  measure

ments on eaoh standing sample tree  was n ot obta in ed . The 

fig u re s  r e s u lt in g  from the measurement th is  year are th ere fore  

not put forward w ithout re se rv a tio n . The p er iod ic  mean annual 

increment 1930-23 was 355 cubio f e e t ,  fo r  1923-26 I t  was 146 o . f t  

a very marked fa l l in g  o f f .  That there had been a fa l l in g  o f f  

in  growth is  shown by the fa c t  that while the mean g ir th  had in 

creased from  28" in  192o to  30" in  1923, i t  had on ly  inoreased 

to  30 i” in  1926 and though the th inning in  1923 was h eav ier  than 

in  1926 the d if fe r e n c e  cannot e n t ir e ly  be explained in  th is  way.

But part o f  the fa l l in g  o f f  in  Increment i s  to  be explained
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by the fa o t  that in  1023 a f a i r ly  good se t o f  aample trees  was 

obtained*

The fig u re s  fo r  1926 g a v e :-

Age 44 years . No. o f  stems per aore 503. Mean Height 71 f e e t .  

Mean Girth 5 0 •  Form Faotor .414 . Basal Area per aore a ft e r  

th inning 2 6 1 .9 . Volume per aore a fte r  th inning 7696 oubic fe e t .  

In  the thinning* 6 trees  per aore were taken out with a volume 

o f  54 oubio f e e t .  The t o t a l  volume was thus 7760 oubio f e e t .

P lo t N o.16. Soots P ine. Glendye, K incard inesh ire .

This p lo t  was la id  down In 192Q along with P lo t No.16 . 

to  implement the data on the growth o f  Soots Pine in  the North

east o f  Sootland and to serve as a p a ir  o f  comparative thinning 

p lo t s .

P lo t 16 was thinned to a s t r l o t  B.grade In 1920 and again 

in  1926.

The fig u re s  fo r  1926 a r e : -

Age 39. No. o f  trees  per aore 1176. Mean Height 39& fe e t .  

Mean G irth  16&w. Form Faotor .33 9 . Basal Area per aore a fte r  

th inn ing. 175.8 s q . f t .  Volume per aore a ft e r  th inning. 2353 

oubio f e e t .

In the th in n in g . 209 trees  per aore were removed with a mean
i

g ir th  o f  11 ", a basal area o f  13.9 s q . f t .  per aore and a volume 

o f  100 oubio fe e t*  The t o t a l  volume per aore was thus 2453 

oubio fe e t  and the mean annual Increment over the p eriod  1920-25 

was 104 oubio f e e t .

P lo t  No. 16. Soots P ine. Glendye, Kino ar dine sh ire .

Thinned In 1920 and In 1926 to  a 0 .grade whloh was on ly  o f  

a moderate strength  in  order to  meet the wishes o f  the esta te  

management.

The fig u res  f o r  1925 a r e : -

Age 39 . No. o f  trees per aore a ft e r  th inn ing. 883. Mean 

Height 41 f e e t .  Mean O irth , 18". Form Faotor .349. Basal

Area per aore 156.3 s q . f t .  and volume per aore a f t e r  thinning 
2238 cubic f e e t .
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In the th inn ing, 255 tre e s  per aore were removed with a mean 

g ir th  o f  13 ", a hasal area o f  23 .8  s q . f t .  and a volume o f  243 

oubio f e e t .

The t o t a l  volume was thus 2481 oubio f e e t  and the mean annual 

increment fo r  the period  1920-25 was 119 oubio f e e t  per annum.

The increment here has thus been s l ig h t ly  b e tte r  than in  P lot 16.
large

P lo ts  15 and 16 are ty p ic a l  o f  a /p o r t io n  o f  the Soots Pine 

in  the North and N orth-east o f  Sootland. having su ffe red  severe

ly  from s q u irre l damage.

P lo t  N o.17. Japanese Larch. Glendye, K incard inesh ire .

This p lo t  is  o f  In terest on account o f  the r e la t iv e ly  slow

growth and o f  i t s  s itu a tion  on a g ra n it ic  moraine a t  800 fe e t

e le v a t io n .

I t  forms part o f  a p lan tation  whioh was esta b lish ed  o r ig in 

a l l y  as sh e lte r  f o r  deer but has remained p rotected  by a fen oe .

The crop is  very good and un ifonn . The trees  are o f  good 

shape and there is  a marked absenoe o f  wavy or  misshapen stems.

The fig u re s  fo r  1925 a r e t -

Age 28. Ho. o f  stems per acre a ft e r  thinning 992. Mean 

Height 4 0 i* . Mean G irth 16", Form Faotor .356. Basal Area 

per aore a ft e r  th inning, 139 s q . f t .  Volume per aore a ft e r  

th inn in g , 2003 oubio f e e t .

In the th inn ing, 352 trees per aore were removed with a basal 

area o f  26 .7  s q . f t .  and a volume o f  250 oubio f e e t .

The t o t a l  volume was thus 2253 cubio fe e t  and the p eriod lo  mean 

annual increm ent, 191 cubio f e e t .

P lo t .  N o.18. Japanese Laroh. F yvle , Aberdeenshire.

This p lo t  was la id  down in  November 1920 and remeasured in  

November 1925.

The p lo t  Is  situ ated  on the rather steep elope o f  a v a lle y  

In a sh e ltered  plaoe and the growth has been ra p id . Some o f  

the tre e s  are amongst the la rg e s t  to be seen in  th is  country .
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The orop hat Buffered aeverly  from s q u irre l damage and in  

a d d ition  there are many deformed stems and d e fe o t iv e  crowns*

A heavy th inning was ca rr ied  out in  1985 with the o b je c t  o f  

removing as many bad stems as p o ss ib le  but i t  i s  doubtfu l i f  

the orop has been much improved.

The fig u re s  f o r  1925 a r e i -

Age 24 years. Mo. o f  trees per a o re , 469. Mean H eight,

47 f e e t .  Mean G irth , 2Q", Form Factor ,584. Basal Area per 

acre a f t e r  th inn in g , 105.3 s q . f t .  Volume per acre  a f t e r  th in 

n in g , 1900 cu b ic  f e e t .

In the th inn in g , 450 trees  per acre were removed, with a mean 

h e igh t o f  40 f e e t ,  a g ir th  o f  15$ in ch es , a basal area per aore 

o f  60 .1  s q . f t .  and volume o f  897 cubic fe e t  per a cre .

The t o t a l  volume was thus 2797 cubic f e e t  and the p er iod ic  mean 

annual increm ent, 230 cubic f e e t .

P lot Ho.1 9 . Norway Spruoe, F yvie , Aberdeenshire.

This is  a s in g le  p lo t  o f  Norway spruoe, now 36 years o ld  an< 

o f  Q uality  C lass I I .

The p la n ta tion  was formed on o ld  a g r ic u ltu r a l ground.

There is  a p roportion  o f  ro ig h  and c o a rs e ly  branching trees 

in  the p lo t  but the general average aB to q u a lity  i s  f a i r l y  high, 

The stems, to  judge by those which have been f e l le d ,  are m ostly 

a l l  sound.

The fig u re s  fo r  1925 a re s -

Age 35 years. No. o f  trees  per a c re , 553. Mean H eight, 48$ f t .  

Mean G irth  35 in ch es . Form F actor, .409* Basal Area per acre 

a ft e r  th inn in g , 193.5 . Volume per aore a f t e r  th inn ing, 3817 

oubio f e e t .

In the th in n in g , 167 trees  per acre  were removed with a mean

h eigh t o f  46$ f t .  a mean g ir th  o f  30 in ch es , basal area per acre

o f  37 .3  s q . f t .  and a volume o f  696 cubic f e e t  per a ore .

The t o t a l  volume was thus 4513 cubic fe e t  per acre g iv in g  a mean

annual increment over the period  o f  316 oubio f e e t .
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P lo t Fo |201 )
irT T . ) European Larch. F yvle, Aberdeenshire.

M " 2 2 .)

n ils  aeries  o f  P lota was esta b lish ed  In November 1920 aa 

a s e t  o f  thinning p lo t s , No .20 being thinned on a B.grade s o a le , 

No.21 on a C.grade and N o.22 on a D .grade. Thinnings on the 

same sca le  were a p p lied  again In 1925 and the p lo ts  now o f f e r  

good examples o f  the ohanges in  appearance brought about by the 

d i f fe r e n t  types o f  treatm ent.

Already I t  appears that the C.grade thinning has had the 

best r e su lt  so fa r  as the e f f e o t  o f  th inning on the laroh  canker 

Is ooncerned f o r  here the cankers are hea lin g  over and l i t t l e  

fresh  In fe c t io n  i s  to  be observed* in  the other p lo ts  l i t t l e  

change Is  to be n o t ice d .

In the D.grade thinning p lo t  considerable  damage had been 

done by wind In bending over the sm aller t r e e s .  This r e s u lt  

o f  the p a r t icu la r  type o f  thinning has been n o tice d  a lso  a t 

Haldon f o r  the same sp ecies  and a t  Stourton fo r  Japanese Laroh. 

I t  would appear th ere fore  that D. grade thinnings In laroh  stands 

and In oon iferou s stands g en era lly  (w ith the excep tion  perhaps 

o f  Soots P ine, which Is slower to  respond to  treatm ent) w il l  

have to  be ap p lied  with ca u tio n . This se t  o f  p lo ts  Is  o f  con

siderab le  va lue from the s i lv ic u lt u r a l  p o in t o f  view and any 

re s u lts  which w il l  obtained from th is  side  o f  the work are l ik e 

ly  to  be o f  more value than the m erely s t a t i s t i c a l  retu rn s.

The fig u re s  for^the p lo ts  taken in  1925 are as fo l lo w s : -  

P lo t  20 . B.Grade.

Age 25. No. o f  stems per a o re , 985. Mean Height 38 f e e t .  Mean 

G irth  14 Inches. Form Factor .330. Basal Area per aore a fte r  

thinning 105.8 s q . f t .  Volume per a c r e , 1328 cubic f e e t .

In the th inn in g , 423 trees  per aore were removed with a mean 

h eigh t o f  27 f e e t ,  mean g ir th  o f  8& in ch es , basal area per aore 

o f  17,9 s q . f t .  and volume per acre o f  44 oubio fe e t .

The t o t a l  volume per aore was 1370 cubic fe e t  g iv in g  a p er iod ic  

mean annual lnorement o f  135 oubio f e e t .
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P lot  21 . C.Grade.

Age* 25. No, o f  stems per a ore , 586. Mean H eight, 38 f t .

Mean G irth  15£ Inches. Form Faotor .335. Basal Area per a ore , 

a ft e r  th inn in g , 80 s q . f t .  Volume per a o re , a f t e r  th inn ing,

1019 cubio f e e t .

in  the thinning were removed per aore , 308 stems with a mean 

h eigh t o f  32& f e e t ,  mean g ir th  o f  12 in ch es, has&l area per 

acre o f  24 .4  s q . f t .  and volume per aore o f  222 oubio f e e t .

The t o t a l  volume was 1241 cub ic f e e t  and the mean annual In 

crement f o r  the period 116 cubic f e e t .

P lo t 22 . D.Grade.

Age 25, No. o f  stems per aore 805. Mean Helg£vt 37£ f e e t .  

Mean G irth  14 Inches. Form Factor .321, Basal Area per aore 

84 .4  s q . f t .  Volume per aore 1014 cubio f e e t .

In the th inn ing , 390 trees per aore were removed, with a mean 

h eigh t o f  29 f e e t ,  a mean g ir th  o f  9& in ch es , a basal area per 

aore o f  19.1 s q . f t .  and volume per aore o f  124 oubio f e e t .

The t o t a l  volume waB 1138 oubio fe e t  and the mean annual In 

crement fo r  the period 1920-25, 116 cubic f e e t .

P lo t No.2 3 . Douglas F ir .  G len tress , P eeb lessh ire ,

a s in g le  p lo t  o f  th is speoles was esta b lish ed  in  March 

1921 and remeasured fo r  the f i r s t  time in  March 1926.

The Q uality Claes Is I I  -  III*

The orop la o f  a good type being fre e  from misshapen stems 

which have been removed in  su ccessive  th inn ings.

The fig u res  fo r  1926 e r e : -

Age 23. No. o f  stems per a o re , 647. Mean Height 46|f . Mean 

G irth  19& in ch es. Form Factor .390. Basal Area pea? a c re , 

a ft e r  th inn ing, 134.6 . Volume per aore under bark, 2443 o . f t .  

In the thinning were removed, 163 stems per aore with a mean 

heigh t o f  42& f e e t ,  a mean g ir th  o f  17 in ch es , a basal area 

per aore o f  26 .5  s q . f t .  and a volume o f  439 oubio f e e t  per acre . 

The t o t a l  volume per aore was thus 2882 cubic fe e t  and the



mean annual Increment fo r  the period  1921-26 was 363 cubic f e e t .

P lot No.2 4 . )
j European Larch, Sham bellie, K ircu dbrigh t-

P lot Mo.2 5 . )  s h ir e .

This p a ir  o f  p lo ts  were la id  down a t Sh&mbellle in  A p r il 

1921 and though small In exten t they are o f  some In te re s t .

P lo t 24. was thinned very h e a v ily  In 1921 and the C,grade

th inn in g , though le s s  in ten se , was repeated in  1926.

P lo t  25 . has been treated  on a s t r i c t  B,grade sca le  and

the p lo ts  now o f f e r  a good con tra st as to stock in g .

There had been some wind damage in  the surround o f  P lot 24, 

o r ig in a t in g  in a wet area but the blow did not extend to the 

p lo t  i t s e l f  and the area appears now to be s ta b le ,

The heavy thinning in  P lo t 24 in  1921 appears in  no way to 

have a ffe c te d  the growth f o r  i t  w i l l  be seen that th is  p lo t ,  

with on ly  three f i f t h s  o f  the number o f  trees contained in  P lot 

24 , has put on an increment almost id e n t ic a l .

The fig u re s  fo r  1926 a r e : -  

P lo t 24 .

Age 37. No. o f  stems per a ore , 322, Mean H eight, 59 fa s t .

Mean G irth , 25^ InoheB. Form paotor .400. Basal Area par acre 

a ft e r  thinning 116,2 s q . f t .  Volume per aore a ft e r  th inning, 

2776 cubio f e e t .

In the th inn ing , 68 trees per acre were removed with a mean 

heigh t o f  54 f e e t ,  a mean g ir th  o f  21% inohes, a basal area o f  

17,2 s q . f t .  and a volume o f  391 cubic fe e t  per a cre .

The t o t a l  volume was thus 3167 cubic f e e t  and the p eriod ic  mean 

annual inorem ent, 192 oubio fee t*

P lot 25.

Age 37. Mo. o f  stems per a c r e , 618. Mean H eight, 60 f e e t .  Mean 

G irth , 25| in oh es. Form Factor ,385. Basal Area per aore a fte r  

th inn ing, 188.2 s q . f t .  Volume per aore a f t e r  th inning, 4349 

oubic f e e t .

Un the thinning there were taken out 57 trees per a ore , with a

mean h eight o f  51 f e e t ,  a mean g ir th  o f  171 Inohes, a basal area
- 21 -



o f  9 .5  s q . f t .  and a volume o f  170 oubio f e e t  per aore .

The t o t a l  volume was thus 4519 oubio fe a t  and the p er iod ic  mean 

annual increm ent, 195 oubio f e e t .

P lo t No.26 . Thuja p lio a ta . Munches, K irkcudbright
sh ire  ,

This is  a sm all p lo t  which is  o f  in te re s t  on aooount o f  

the r e la t iv e  r a r it y  o f  the sp e o le s , the slow growth to commence 

with and the very high stock ing  ca rr ie d .

The p lo t  was la id  down in A p r il  1921 and remeasured in 

A p r il 1926. In 1921, a t 19 years o f  age, the mean h eigh t o f  

the p lo t  was on ly  25 f e e t ,  by 1926 i t  had reached 34 f e e t  and 

I t  Is l ik e ly  that height growth w i l l  oontinue more a t th is  rate 

than a t the e a r l ie r  and slow er, as is  general with Thuja. Hiere 

are s t i l l  2163 trees  to  the acre and the mean g ir th  is  on ly  14 

in ch es . Very few tree6 had d ied in  the in te rv a l between the 

thinnings though suppressions were numerous.

The fig u re s  fo r  1926 a r e ; -

Age 24 . No. o f  stems per a o re , 2163. Mean Height 34 f e e t .

Mean G irth  14 Inohes. Form Factor .322. Basal area per acre 

a ft e r  th inn ing, 227. s q . f t .  Volume per acre a ft e r  th inning, 

2491 cub ic f e e t .

In  the thinning there were taken out 492 treea  per aore with a 

volume on ly  o f  16 cubic f e e t  to the a cre .

The t o t a l  volume was thus 2507 oubio f e e t ,  and the mean annual 

increment over the period  was 305 oubio f e e t .  This is  a very 

high f ig u r e .

P lot N o.27 . )
) Japanese Laroh. Kirkennan, K irkcudbrightshire 

P lot No.28 . )

Laid down in  Ap r i l  1921, as a p a ir  o f  comparative thinning 

p lo t s ,  these were remeasured fo r  the f i r s t  time in  A p r il 1926.

The orop is  good and s in g u la r ly  fre e  from the misshapen 

stems which are so common a feature o f  some p lantations o f  this 

sp e o ie s .

The Q uality  Class is  I ,
- 2 2 -



P lot 27 has bean su bjected  to heavy low thinnings c .g ra d e  

and P lo t  28 to  l ig h t  B.grade th inn ings.

The fig u re s  f o r  1926 are as fo llow s  

P lot No .2 7 .

Age 2 o . No. o f  stems per acre 761. Mean Height 40 f e e t .  Mean 

G irth 14$ Inches. Form Faotor .382. Basal Area per aore a ft e r  

th inn in g , 89 s q . f t .  Volume per aore a fte r  thinning 1345 oubio 

f e e t .

In the th inn ing , 475 stems per aore were removed with a volume 

o f  436 oubio f e e t .

The t o t a l  volume was th ere fore  1781 onblc fe e t  and the mean 

annual lnorement fo r  the p er iod , 199 cubio f e e t .

P lo t No.28 .

Age 20 . No. o f  trees per a o re , 1299. Mean h eigh t 39& f e e t .

Mean G irth  13 Inches. Form Faotor .331 . Basal Area per a cre , 

a f t e r  th inn in g , 126 s q . f t .  Volume per a o re , a f t e r  th inn ing,

1491 cu b ic  f e e t .

In the th inn ing, 504 stems per aore were removed with a volume o f  

57 oubio f e e t  per a ore .

The t o t a l  volume amounted to 1548 cubic fe e t  and the p erlod le  

mean annual inorement 140 oubio fe e t .

P lo t  No.2 9 . )
) Soots P ine. Balmoral, Aberdeenshire.

fUrfi.V 9̂1?9. * )
These p lo ts  are s itu ated  in  a famous Soots pine area on the 

edge o f  Ballochbule F orest. U nfortunately they are not ty p ica l 

o f  the sp ecies  as i t  grows In the v i c in i t y  and the p la n ta tion  in  

whloh they are s itu ated  has probably been formed with p lants from 

fo re ig n  seed .

The orop is  o f  the seoond Q uality C lass .

P lo t No.29 has been thinned to  a B.grade both in  1921 and in  

1926 while P lot Ho.30, fo r  comparison, has rece ived  C.grade 

th inn ings•

in  these p lo ts  there i s  very  l i t t l e  sq u irre l damage.



The f ig u r e 8 fo r  1926 a r e : -  

P lot No.29.

Age 40 . No, o f  stems per a o re , 745, Mean H eight, 41& f e e t .

Mean G irth  21 Inches, Form Factor ,349 . Basal Area per a o re , 

a f t e r  th inn ing, 185,8 s q , f t .  Volume per aore a fte r  th inn ing,

2686 oubio f e e t .

In the th inn ing, 175 trees per aore were removed, with a mean 

h eigh t o f  35 f e e t ,  a mean g irth  o f  14£ inches and a volume per 

aore o f  204 cubio f e e t .  The to ta l  volume was thus 2690 cubio 

f e e t ,  and the p er iod ic  mean annual increm ent, 138 cubic f e e t .

P lo t No,30.

Age 40, No, o f  stems per a ore , 560* Mean Height 41 f e e t .  Mean 

G irth 22& in ch es . Form Faotor ,341, Basal Area per a o re , a fte r  

th inn ing, 157,8 s q . f t .  Volume per acre a ft e r  th inn in g , 2209 c . f t  

In the th inn ing, these were taken a t 192 trees  per acre with a 

mean h e igh t o f  35| f e e t ,  mean g ir th  o f  16 inches and volume per 

aore o f  330 cubic f e e t .  The to ta l  volume was thus 2539 oubio 

fe e t  and the p e r io d ic  mean annual increment 110 on bio f e e t .

P lo t  No,3 1 , Douglas F ir ,  Balm oral, Aberdeenshire,

This s in g le  p lo t  is  o f  value on account o f  I t s  age, now 44 

years, and i t s  slow growth. Q uality  Class IV. o r  thereby.

The p lo t  Is  very  f u l l y  stocked and the crop  is  good , i t  is

s t i l l  growing in  h eigh t but exposure is  beginning to  t e l l  and 

there are many broken top s . The e le v a tio n  is  almost 1000 f t .

The p lo t  was found to be su ffe r in g  from a very 8evere attaok 

o f  Chermes C ooley l in  June 1926,

Figures f o r  1926:•

Age 43. No, o f  stems per a ore , 391. Mean Height 72 f e e t .  Mean 

G irth 37& in ch es . Form Faotor ,363, Basal Area pre a c re , 300.1

s q . f t .  Volume per a o re , 7833 oubio f e e t ,  a f t e r  th inning.

In the thinning (B .grade) 42 trees  per acre  were removed with a 

volume per aore o f  297 oubio f e e t .

The t o t a l  volume was thus 8130 oubio fe e t  and the p er iod ic  mean 

annual increm ent, 329 oubio f e e t .  This Is s a t is fa c to r y .



P lot No.3 2 . Douglas F ir ,  Klldrummy, A bordeenshire.

A s in g le  p lo t  esta b lish ed  in  June 1921 and treated  on the 

C.grade standard, th is  has shown very s a t is fa c to r y  growth during 

the f iv e  year period  which has ju s t  come to an end.

The crop  is  not o f  a very good form however, and in

a d d ition  is  gen era lly  coarse with a high p roportion  o f  heavy 

branohing dominants.

The Q uality  Class is  II  -  I I I .

A C.grade thinning is  p rescribed  and has been applied  in  

1921 and 1926.

The fig u res  fo r  1926 a r e : -

Age 26 . No. o f  stems per acre  506. Mean Height 54£ f e e t .  Mean

Girth 26| inohes. Basal Area per aore a ft e r  th inning 195.3 s q .f l  

Volume per acre a ft e r  th in n in g ,3790 cubic f e e t .

In the th inning, 145 trees per aore were removed with a volume o1

573 oubio f e e t .

The t o t a l  volume was thus 4396 cubic fe e t  and the mean annual

increm ent fo r  the p er iod , 354 oubio f e e t .

P lo t No.53 . )
) Soots Pine. Novar, R oss -sh ire .

P lo t N o.34 . )

These p lo ts  are unique among the S oottlsh  P lots o f  th is

sp ecies  in  being o f  Q uality  Class I .

At the time o f  the f i r s t  measurement, in  1921, they were 

almost fre e  from sq u irre l damage but during the past f iv e  years 

th is  pest has beoome so a c tiv e  that now almost every  tree  in  

both p lo ts  has su ffe re d , indeed w ithin a fo r tn ig h t a ft e r  th in 

ning o f  the p lo t s ,  no few er than s ix  trees had th e ir  tops, b itte n  

almost through by s q u ir r e ls , removed by a very moderate wind.

I t  i s  muoh to be regretted  that these animals are allowed to

work what d estru ction  they p lease and to m u ltip ly  unohecked.

As things a re , i t  i s  not p o s s ib le , in  the north  o f  Sootland to 

grow Soots Pine with any hope o f  obtain ing more than f iv e  good 

stems out o f  every hundred in the f in a l  crop .
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The fig u re s  fo r  1926 are as fo llow s 

P lot No.33• B.Grade.

Age 32. No. o f  stems per aore 1G98. Mean H eight, 43 fe e t*

Mean G irth  17£ inoh es. Form Faotor .379 . Basal Area per aore 

a ft e r  th inn in g , 186,6 s q . f t .  Volume per aore , a f t e r  th inn in g , 

3003 oubie f e e t .

In the th in n in g , 313 stems per aore were removed with a volume 

o f 169 oubio f e e t .

The t o t a l  volume was thus 3172 oubio f e e t  and the p e r io d ic  mean 

annual increm ent, 150 cubio fe e t*

P lo t No•34• C.Grade•

Age 32. No. o f  trees  per a o re , 947. Mean Height 44§ f e e t .

Mean G irth 1 7 £ in ch es . Form Factor .377 , Basal Area per aore , 

157,4 s q . f t .  and Volume per a cre , 2642 oubic fe e t  a f t e r  thinning 

In the th inn ing, 284 steins per acre were taken out with a 

volume o f  386 cubic f e e t .

The t o t a l  volume was thus 3028 oublo f e e t  and the mean annual 

increment over the period  1921-26 was 191 cub io  f e e t .

This is  very h ig h .

Ta^mount Douglas F ir  P la n ta tion .

A measurement o f  th is  p la n ta tion  was made by QvAnderson in  

March o f  1926,

The fig u re s  a res-

Age (from  rin g  coun ts) 65. No. o f  trees  per a c re , 130. Mean 

H eight, 105& fee t*  Mean G irth , 62 in oh es. Form Faotor .326. 

Basal Area per a ore , 277.8  s q . f t .  Volume m der bark per aore 

9595 oubio f e e t .

The t o t a l  volume o f  the wood which extends to  9 .89 acres Is  

estim ated at 73,030 cubio fe e t  under bark, or 82,989 oubio fe e t  

over bark .

"The Q uality Class i s  I I I  . . .  The growth i s  irre g u la r  over 

the area , f a l l in g  o f f  everywhere from the centre o f  the wood 

which l ie s  in  a s l ig h t  depression . Up to 60 fe e t  or  more, the 

stems are f a i r l y  s tra ig h t and sym m etrical. Above th a t, oon -

-2 6 -



con siderab le  deform ity o ccu rs , owing to crown breakage by snow 

or wind . . .  There are some signs o f  exposure on the t a l l e s t  

trees but the height growth is s t i l l  v igorous and the curves 

show no signs o f  fa l l in g  o f f  in  recen t years. The average lead 

ing shoot has been 13 inches In the la s t  6 y e a r s .”

OTHER WORK.

1. P ainting o f  P lo t s .

(a )  Pyroook. P lots  29 ,30*31.

These three oak p lo ts  were repain ted  and put in  o rd e r . The 

tre e s  in  each were g irth ed  and c la s s i f i e d .  Ho th inning was 

p o s s ib le  but something should be done In f i v e  yeax*s tim e.

(b )  P unster. P lots  4 0 *4 1 ,4 2 ,4 4 ,4 5 ,4 6 ,4 7 .

These p lo ts  were repainted by the women a s s is ta n ts  in  p re

paration  fo r  the w inter.

3 . Repair o f  P lo t s .

P lo ts  Nos. 41 and 42, Douglas F ir ,  M urthly. 

Considerable damage was done in  these p lo ts  by a snowstorm 

in  January 1926 and a week was spent In  June In  c le a r in g  up the 

damage. As a r e s u lt  both p lo ts  have sev era l large  gaps with 

groups o f  is o la te d  and insecure trees and the general oon d ltlon  

is  very  seriou s*  Further damage from wind is  alm ost in e v ita b le ,

3 . C o-operation  with oth er Branches.

(a )  Forest Products Research.

Samples o f  Timber from the P lots are being sent reg u la r ly  

to Hr. L.Chalk a t  O xford.

(b )  M ycology.
As has been mentioned, treatment and observation  o f  P lo t No. 

2 4 ^ L eigh ton  Park, W elshpool, have been oa rr ied  out in  oo -op era - 

t lo n  with D r.W ilson.

-2 7 -



The Douglas F ir  had been damaged as a r e s u lt  o f  pruning 

with b i l l -hooks and a heavy attack o f  Phoraopsls was the resu lt*  

The branoheB were not taken o lea n ly  from the stems but were 

ca t o f f  two to  three inches from them. U nsightly snags were 

the re su lt*  I t  was decided  to prune these o f f  but in  view o f  

the p o s s ib i l i t y  o f  fu rth er in fe c t io n  i f  th is  were done with 

the saw* I t  was agreed that one th ird  o f  the trees should be 

pruned with the saw, one th ird  with a secateur and the r e 

maining th ird  l e f t  untouched. This was done and by taking 

twenty trees  a t  a time in  con secu tive  numbers, the treatments 

were spread throughout the p lo t ,  in  a d d it io n , a count was 

made o f  a l l  cankers v is ib le  on the stems o f  standing tr e e s .

-28
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MR E.V.LAING'S REPORT ON RESEARCH 

1926 -  1926.

C ONTENTS.

Water Content o f  Nursery Seedlings and Transplants 

P e r io d ic ity  o f  Root Growth.

Peat Rea ear oh .

ta ) Age and Type o f P lant.

(b ) S p ecies .

( c )  E ffe c t  o f shade.

(d ) E ffe c t  o f  S p ecia l Nursery Treatment. 

M yoorrhlsa.

Pood Reserves o f  T rees.

V is it  to  Inchnaoardoch Peat Area,

Proposed Research.



1 . Water Content o f  Nursery Seedlings and Transplants -  

completed A p r il 1926.

This In v estig a tion  was commenced In  A p ril 1926, and 

was p a rtly  reported  on In  the Report fo r  1926. In  that Report 

the methods used were d escr ib ed . The re su lts  are as fo llo w s , 

the sp ecies  d ea lt  with being Norway Spruce, S itka Spruce, and 

European Laroh .

The data obtained bea* out the general p r in c ip le  that 

there are seasonal d iffe re n ce s  In  water con ten t: that there Is  

an extended period  o f low water content and a period o f  high 

water con ten t. In  a d d itio n , however, i t  i s  found that

(1 ) w ithin  the main v a r ia tio n  there are sm aller va r ia tion s

(2 ) r o o ts  shoot and plant as a whole behave d if fe r e n t ly  
from eaoh other In  the spruces

(3 ) sp e o fle s  d i f f e r  from eaoh oth er .

The flu ctu a tion s  w ithin the main v a r ia tion  are w ell 

marked in  the spru ces. The d iffe re n ce s  which occur in  the 

amount o f  water in  the roo t are great and these d iffe re n ce s  

depend on d iffe re n ce s  in  r a in fa l l  and s o i l  m oistu re . In  the 

Laroh not only i s  th ere  a c o r r e la t io n  between ro o t  water content 

and r a in fa l l  but the co r re la t io n  extends to  the sh oot. The 

f i r s t  fa c to r ,  and the one which i s  probably o f  most importance 

as in flu e n c in g  the amount o f  water in  the pteant i s  the r a in fa l l  

or s o i l  m oistu re . The h igher the water oontent o f  the s o i l  or 

the h igher the r a in fa l l ,  the h igher I s  the water content o f  the 

ro o t  except from June to  Novqnber.

The second fa c to r  In flu en cin g  the amount o f  water in  

the plant i s  tem perature. In  the Spruces w ith in crea se  o f  

temperature in  the Spring there i s  an in crea se  o f  water in  the 

p la n t. A point i s  reached however when at h igher temperatures 

the water oontent f a l l s  i . e .  there i s  probably an in te ra ct io n  

between temperature and s o i l  m oistu re . A fte r  the water con

tent has reached i t s  h ighest poin t there i s  no r e la t io n  between 

tem perature s o i l  m oisture and water con ten t. I t  w il l  be noted 

that the f a l l  in  the water content continues from June to

- 1-



Ootober or November d esp ite  an Increase  In  the s o i l  m o istu re .

As higher temperatures In  the Spring lead to  

Increased water contents co ld  on the other hand leads t o  le s s  

water oon ten t. Follow ing a night o f  severe fr o s t  a t  the end 

o f  A p r il ,  fo r  example, both Norway and Sitka Spruce showed a 

marked f a l l  on water content o f  shoot, the roo t not be in g  

ev id en tly  a ffe c te d *

A th ird  fa c to r  a f fe c t in g  the water content o f  
p lants I s  the age or type o f  p la n t. Seedlings have a h igher 

minimum water content than transplants -  except Larch. Further 

the o lder  the seed lin g  or transplant the le s s  are the varia tion s 

The o ld er  the Beedllng or the o lder the transplant the more 

s ta b le  I t  I s ;  the le s s  does I t  rea ct  to  external v a r ia t io n s .

As between sp ecies  the fo llow in g  poin ts may be

noted •

1 . The Larch presents a rather marked con trast to the Spruces

(a ) The water content begins ^o In crease  much e a r lie r  In 
the season than In  the two Spruces.

V i

(b) A marked fea tu re  la  the In flu en ce  o f m oisture on the 
water content o f  a l l  parts o f  the Larch.

( c )  The la rch  seed lin g  p lant and ro o t  shows the grea test 
range o f  va lu es . The Larch roo t Is  c lo s e ly  follow ed 
by Sitka Spruoe.

2 . G enerally as regards p lan t, r o o t  and shoot the Laroh reaohes 

the h ighest water contents The Sitka Sprhoe Is  Interm ediate, 

the Norway Spruoe le a s t  frcm M arch-October. In  the other 

months the Larch f a l l s  t o  the low est p os it ion *

3* The minimum and maximum periods o f  water oontents vary as 

between speoles s l ig h t ly  but they vary more markedly as between 

d if fe r e n t  parts o f  the same p la n t . The periods o f  minimum 

contents are as fo llow s : -

Shoot Foot Plant

2nd y r .  European Larch Oct .-March July-D ee. S ept.-Jan
2nd " S itka  Spruce Nov.-May July-D ee. Aug* -F eb.
2nd " Norway Spruce Dec.-May July-D ee. Sept.-May
2 /2  S itka Spruoe Oct.-May Ju ly-F eb. O ot.- May
2 /2  Norway Spruce Oct.-May July-D ee. O ct .-  May

- 2 -



G enerally fo r  a l l  species  the roo ts  show small oontente 

from J u ly . -  Deoanber. The shoots are variab le  but gen era lly  

In  the Spruces they show small contents from Oct. -  May and In 

the Larch from O ct. -  March. Although there may be s l ig a t  

v a r ia tion s  the period Oot. -D ec. I s  n a tu ra lly  a period o f  low 

water oontent fo r  a l l  the species  te s te d . The lowest poin ts 

are reached In  September and O ctober. From then onwards there 

I s  a r is e  In  the roo t culm inating In  June In  the la rch . In  AprllJ 

In  S itka Spruoe, In  May In  Norway Spruce.

ThQ an a lysis  o f  the data would appear to  y ie ld  ce r 

ta in  poin ts o f  va lu e.
*

1 . There I s  the e f f e c t  o f  s o i l  m oisture and r a in fa l l  on water 

oontent during the period  December -  May or June.

2 . The water oontent In  a l l  sp ecies  decreases from June to  the

end o f  the year I r r e s p e c t iv e  o f  s o i l  m oisture or r a in f a l l .  This

f a l l  i s  p a r t icu la r ly  w e ll marked In  the r o o t s .  A fte r  October 

there Is  a r is e  in  the water content o f  the r o o t .

2 . S ince the in flu en ce  o f r a in fa l l  and s o i l  m oisture on the 

plant i s  so marked, the water con tent. I f  i t  was so d es ired , 

could  be Increased

(1 ) by a r t i f l l a l  watering o f  the transplant l in e s  or seed 
beds;

(2 ) by shading, slnoe shading a f fe c t s  s o l i  m oisture and 
tra n sp ira t io n .

I t  was found that by shading the plants gen era lly  from November 

t o  May th ere  was no s ig n if ic a n t  d if fe r e n c e  In  va lu es. In  the

other period  a decided Increase  was obtained.

4 .  The minimum amount o f  water in  the plant Is  Im portant. The 

minlmun v a ries  with d i f fe r e n t  speoies o f  d if fe r e n t  ages and fo r  

sh oot, r o o t ,  and t o t a l  plant o f  any one species  o f  any given 

type* Never fo r  in stan ce  in  the Norway br S itka Spruce trans

plant i s  the water percentage o f  the shoot found to  f a l l  below 

100# o f  the dry weight o f  the p la n t, or fo r  the ro o t  below 170- 

180%. I f  we take trees  on peat i t  has bean found that at the 

lowest the values fo r  the shoots are about 102# -  106# fo r  the 

Spruces. This minimum o f  100# fo r  transplants (slhaots)



fo r  in stan ce  would appear to  y ie ld  a  c r i t e r io n  o f  th e ir  con

d it io n  a t the time o f  p la n tin g . Probably i f  the water content 

i s  below 100# the p lants are in  a w ilted  con d ition  -  i t  may be 

permanently. Hie minimum which the seed lin gs oould sa fe ly  

reash would b^much h igh er, 3 a y  in  the neighbourhood o f  140 -  

150#. Proa the point o f  view a t e s t  o f  the speed with which 

Norway Spruoe, S itka Spruoe and Laroh lo s t  water was made by 

exposing 2 /2  y r . old  shoots in  the Laboratory a t  room temper

ature w ith the fo llow in g  r e s u lts  fo r  three determ inations

I n i t i a l A fter
Water 24 48 72
C ont e n t . h r s . h r s . hrs

Det erm Norway Spruce 122# 85 48
in e  t i  on Sitka Spruoe 147# 111 72

1 . Larch 145# 135 75
N.S. 121 90 68 47

2 . S .S . 120 100 83 69
E »L. 157 138. 123 85

N.S. 125 92 69
S . .S .S . 141 106 95

E »L. 155 122

In  every instan ce  a ft e r  24 h rs . S itka Spruoe s t i l l  

had a value equal t o  or h igher than the minimum found when the 

plants were fu n ction in g , Norway Spruce dried  out rap id ly  

w h ilst Laroh, as might be expected, lo s t  water slow ly .

6 . The water content v a r ia tion  fo r  any speoies i s  so great as 

to have an important bearing on weight fo r  any u n it number o f 

p la n ts . Two th ings go to  make up the weight o f  a package 

v i s .  plants and s o i l .  As regards s o i l  th is  probably o o n s t i-  

tues a very  great part o f  the to ta l  weight -  the proportion  

depending o f  course on the c lea n lin ess  o f  l i f t i n g  o f  the par

t i  ou lar plant and the degree to  which the s o i l  i s  shfeken from 

the r o o t s .  Of the three species  under review Larch l i f t s  with 

the le a s t  s o i l  attaohed . The Spruoes tend to  have a much 

la rg e r  weight o f  s o i l  attached to  the r o o ts . Frcm a la rg e  

number o f  weighings i t  was found that taking dry weight h a lf  

the t o t a l  weight (40# -  60#) i s  s o i l  in  the Spruces about Vs
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(27 -  38$) in  the Larch. In  the wet s ta te  18 -  22$ o f  the 

to t a l  weight in  the Laroh i s  s o i l ;  in  the Spruces 24 -  40$ 

(g e n e ra lly  about 3 7 $ ). F luctuations in  weight o f  s o i l  are 

small s in oe  the water va ria tion s  show small va r ia tion s  (15 -  36$] 

whereas flu ctu a tion s  in  the water content may be very g rea t.

The number o f  plants per u n it o f  weight, th e re fo re , i s  dependent 

more on flu ctu a tion s  in  plant water than in  s o i l  water, although 

the w etter the s o i l  the more earth i s  there l ik e ly  to  be on 

the r o o t s .

2 . P e r io d ic ity  o f  Root Growth.
Although the in v e s t ig a tio n  was undertaken prim arily  

t o  fin d  when roo ts  grow or to  confirm  previous work on p eriod 

i c i t y  o f  ro o t  growth short observations were a lso  made on nur

sery p la n ts .

The in v e s t ig a tio n  was carried  out with nursery seed

lin g s  although observations have a ls o  been made as regards root 

growth on trees  growing under d if fe r e n t  growth co n d it io n s . The 

In v e stig a tio n  so fa r  has been more or le s s  prelim inary.

The nursery species used were Norway and Sitka Spruce 

and European Larch r is in g  two y ears . Measurements consisted  

in  weigjiing la rge  numbers o f  seed lin gs at frequent in te rv a ls  

d ried  t o  a constant weight at 100° C. The in v e s t ig a tio n  was 

ecmmeneed in  A p ril although data are a v a ila b le  from the previous 

year fo r  can pari son .

The observations to  date are b r ie f ly  as fo llow s j-

1 . NORWAY SPP.UCE; ro o t  growth as determined by weight begins to  

in crea se  ra p id ly  in  the la s t  fo rtn ig h t o f  June, although the 

grea test in crea se  takes p lace  during Ju ly . Shoot in crea se  

becomes decided in  th e  beginning o f  June with maximum in  Ju ly .

2 .  SITKA 8PRUCE: weight in crea se  in  root takes p lace  la te r , 

namely during July and the g rea test in creases occur during Aug

ust and again at the end o f  September. Shoot in crea se  i s  d e c i

ded in  July becoming grea test in  August.
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3* EUROPEAN LARCH: re su lts  rather v it ia te d  as beds fran whioh 

p lants were taken were badly fro s te d  and la t t e r ly  Merla la r lo e s  

did a great d ea l o f  damager. In th is  Instance however main 

in orea se  In  ro o ts  took p lace  In  August and although there were 

Increases In  the shoot r ig h t through the main Increase took 

p la ce  In  August*

Root Increases fo llow  shoot In crea ses .

A l l  the outstanding Increases In  weight o f  the 

ro o t  were accompanied by observable Increased root growth. There 

was a flu sh  o f  new growth at time o f  eaoh outstanding weight 

1 herease.

4 . An attempt was made to  find  the r e la t io n  between height 

growth and Inorease In  w eight. I t  was found that height 

growth commenced In  Norway, Spruce without Increase In  to ta l  

plant w eight. In  Sitka Spruce with height growth the to t a l  

weight o f  plant In creased . In Laroh had Increase In  height 

without in crea se  In  w eight. The la t t e r  obviously  uses up i t s  

reserves In  the new growth as no starch  occurs fo r  instan ce In  

the roo t  at the time o f  new growth. I t  was found to  be d iffer*  

ent with the Spruces. The question  I s  in tim ate ly  bound up 

with the movement, nature and behavious o f  food re se rv e s . In

the Spruces no redu ction  in  the amount o f  starch  cou ld  be noted

during the period  o f  growth in ce p tio n .

Notes made on other trees  fo r  Instance on peat and 

under woodland con d ition s  w il l  requ ire  further v e r i f i c a t io n  

b e fo re  being reported  on.

3 . Peat Research.

Work was continued further as regards

(a ) Age and type o f plant fo r  peat;

(b ) S p e d e s  fo r  peat p lantin g ;

(•) E ffe c t  o f  shade;

(d ) E ffe c t  o f  s p e c ia l treatment in  the nursery.

(a ) Age and type o f  p la n t.

During the seas on an experiment was la id  out to



t e s t  the Importance o f  age d iffe re n c e s  on peat and t o  obtain  

m ateria l fo r  roo t a n a ly s is . The speoles used were Norway 

and Sitka Spruce, and the ages were as fo llow s Seed, 

one year old  seed lin g s , two year old seed lin g s , three year old 

se e d lin g s , 2 y r . ,  1 y r . ,  2 y r . ,  2yr. P lanting was done by the 

B elgian  method. Seeding has been found to  be o f  no va lue.

With the others I t  Is  too  early  yet to  make an assessment but 

o f  the seed lin gs  f i r s t  year Norway Spruce appears very prem ising

(b ) S pecies fo r  peat p la n tin g .

Muoh b e t te r  re su lts  have been obtained by the 

d ir e c t  sowing o f  Scots Mountain Pine and European Larch than 

were obtained with Norway Spruce and Sitka Spruce.

Thuja p llca ta  and Fraser F iver Douglas fran the 

previous y ea rs ' planting are showing good promise under condi

t io n s  In  which Sitka Spruce and Norway Spruce fo r  in stan ce  have 

more or le s s  f a i l e d .  The former i s  capable o f producing a 

healthy ro o t  system under cond itions where Spruce f a i l s  to  do so. 

Fraser R iver Douglas although i t  has shown small growth, i s  

bushy, w ith w ell developed healthy s id e  shoots, w h ilst the roo t  

system, although not v igorou s, has produced numerous small r o o t 

l e t s .
Speoies planted th is  season (A p r il 1926) in clu d e  

Mountain Pine, Beech, Tsuga albertlana, Tsuga canadensis, Pinus 

m on tioola , Abies sp .

( c )  E ffe c t  o f  Shade.
The shading o f  Norway Spruce ca rried  out In  1925 

has been eminently s u cc e s s fu l. The shaded plants (2 y r . 1 y r . )  

are o f  a deep green co lou r and put in  a height growth o f  2 In s . 

(average) whereas the unshaded plants possess the c h a ra c te r is t ic  

yellow  needles o f  Spruce on peat and have put on a growth o f 

| In . or le s s  on the average. By shading i t  i s  possib le to  

bring about the tra n s looa tlon  o f  s ta rch .

Further, p lants shaded during the present year 

(2 y r .  2 y r .)  o f  the same age as the former have not responded
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to  the same degree, as regards height growth, although the 

needles are deeper green than In the unshaded p la n ts . Both 

Norway Spruce and Sitka Spruoe, however, planted during the 

present year and shaded Immediately, have maintained a co lou r 

and hfeight growth much b e tte r  than the c o n tr o l .

I f  shading Is  to  be su ccess fu l i t  must be app lied  

immediately a ft e r  p la n tin g . I t  prevents the d estru ction  o f  

ch lo ro p h y ll by in ten se  l ig h t  under con d ition s o f  poor feeu ln g , 

and prevents the d estru ction  o f  d ia sta se  in  the leaves and so 

the conversion  o f  starch  to  sugar. Hence the accum ulation o f  

sta rch  noted In  the report o f  1926. I t  i s  o f  importance that 

ye llow in g  o f  the leaves and d ia sta se  d estru ction  r e su lts  fran 

absence o f  Potash (a v a ila b le ) in  the s o i l .  The a p p lica t io n  

o f potash to  yellow ed spruce has so fa r  given negative re s u lts  

on peat although p o s it iv e  re su lts  were obtained in  the Nursery. 

(See Report 1926). On peat at P arkh ill a re s to ra t io n  o f  

normal fu n ction in g  o f  the needles o f  Spruce has however been 

obtained with the a p p lica tio n  o f  Magnesium carbonate.

(d ) E ffe c t  o f  S p ecia l treatment In  the Nursery.

Plants whioh had breen s p e c ia lly  trea ted  in  the 

Nursery (Seaton) were planted in  the peat at P arkh ill in  small 

p lo ts  o f  50 in  d u p lica te . The sp ecies  were Norway Spruce and 

S itka Spruce (2  y r . 2 y r . )  lin ed  out at Seaton Nursery as 2 yr* 

seed lin gs as fo llow s -  deeply p lanted, shallow p lanted , con trd , 

normal and lim e, normal and potash, normal and manganese. In 

the nursery experiment the b e n e f ic ia l  e f fe c t  o f  potash in  im

proving the v igour and co lou r  o f  Norway Spruce was p a rticu la r ly  

w e ll dem onstrated. There was l i t t l e  t o  choose amongst the 

other p la n ts . The deeply planted trees  a l l  gave the ty p ica l 

su rface  ro o ts  o f  plants so trea ted .
i

I t  i s  to o  early  yet to  estim ate any d iffe r e n c e  In  

growth or appearance o f  the p lants in  the p lantation  stage .

4• M yoorhiza.

W<j>rk has been continued with regard- to  anatomy



and physio logy  and the r e la t io n  o f  fungal in vasion  t o  the food 

s tores  o f  the roo t  s tu d ied . R esu lts have been obtained which 

w il l  g iv e  valuable  in form ation  regarding the r e la t io n  between 

tr e e  and fungus.

5 . Pood Reserves o f  Trees#

Continued from previous year, and i s  s t i l l  in  

p rogress, fo r  the three sp ecies  s p e c if ie d  -  Norway Spruce,

S itka Spruce, and European Larch.

6 . V is it  to  Inchnacardooh Peat Area.

A v i s i t  was made to  the Inchnacardooh Peat Experi

mental Area from 23rd November -  26th November, 1926. The

prem ising re su lts  o f  experiments devised  to  preserve the nursery
g r o w t h

ro o t  system and to  produce the new roo t/from  the nursery system 

when placed in  peat were seen. Arrangements have been made 

fo r  a d e ta ile d  examination o f  the roo t systems o f  the trees 

from the d if fe r e n t  experiments to  determine the type o f  roo ts  

developed and th e ir  u ltim ate behaviour and fa te , and t o  compare 

them w ith those roo t  systems already examined in  which the 

nusery roo t  system d ies or becomes unhealthy -  observations o f  

which the experiments at Inchnacardoch are the seq u el.

The comparative success o f  seed lin g s , and the bene

f i c i a l  e f fe c t  o f  Magnesium S a lts  on the growth and co lou r  o f

the Spruoes were features o f  the experimental work in  view o f

Ithe re su lts  got with these in  research . A d e ta ile d  examina

t io n  i s  to  be made and the development o f  these plants c lo s e ly  

watched.

I t  i s  suggested that the S helter experiment might 

be made more o f  the nature o f  a Shading experiment f<r the

reasons given in  the present report (Sect# 3# par# c# )

Proposed Research 1927#

The main su b ject o f  Research (as in d ioated  at the 

meeting with Mr P .I..Robinson, Mr W.O.Ouillebaud and P rofessor 

Borthwick -  22nd November, 1926) in  the immediate fu ture i s
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to  be

"M yoorrbiza: I d e n t i f i c a t io n , d is t r ib u t io n , habit 

and behaviour with sp e c ia l re feren ce  t o  peat 

s o i ls "  .

I t  i s  proposed t o  determine the fungi forming Mycorrhiza 

on trees  in  nurseries and to  id e n t i fy  those forming Myoorrhiza 

on d if fe r e n t  peat ty p e s . I t  i s  considered that the M ycorr- 

h izai fungi in  the nursery may be  qu ite  unsuited to  l iv e  on 

a peat moor and that a complete change over may be necessary . 

Some peats may not possess the necessary fu n g i, which w il l  

e n ta il  a study o f  the fungi o f peat and the con d ition s under 

which su ita b le  fungi d eve lop . A tten tion  w i l l  a lso  be paid 

to  fungal d is t r ib u t io n  in  other s o i l s  e .g .  sand and in  the 

s a i l  p r o f i l e .  The fa te  o f  Mycorrhiza form ing fungi requ ires  

to  be worked out and th e ir  p a ra s it ic  nature under ce rta in  

con d ition s  determ ined. Further work on the a ction  o f  Mycorr

h iza  w il l  be done to  e sta b lish  the r e la t io n  o f  fungus to  triee 

i t s  b e n e f ic ia l  nature or otherw ise.

Ernest V. Lalng,

30th November, 1926.
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Mr O .K .Fraser*8 Report on Research. 1926.

(1 ) Peat aeration  by chem ical means.

This has been in vestiga ted  in the lab ora tory  during the 

year by two methods ( I )  by measurement o f  the rate and degree o f  

com pleteness o f  p re c ip ita t io n  o f  peat suspensions by s a lt s .

The re su lts  so fa r  obtained in d ica te  that : -

(a) previous r e s u lts  in  e a r l ie r  reports are confirmed as re 

gards Hydrogen Ion con cen tra tion ) rate o f  p re c ip ita t io n  increase) 

w ith increase in Hydrion con cen tra tion , but probably not w ithin 

the ordinary p r a c t ic a l  l im its  o f  Hydrion concentration  in  the 

f i e ld .

(b ) Ions o f  the metals and o f  ammonia have a s p e c i f i c  a ction  

on peat depending to  some extent at le a s t  on t h e ir  own rea ction  

to  hydrogen Ion concentration  e .g .  Iron and Aluminium do not 

cover the same p re c ip ita t in g  range ofy6  H va lu e .

( c )  Mixtures o f  lens have a d if fe r e n t  a c t io n  from what would 

be expeoted as a re su lt  o f  the sums o f  th e ir  ind iv idu a l a c tio n s .

(d )  Mot on ly is  the rate o r  degree o f  p re c ip ita t io n  from so lu 

t io n  important but the form o f  the p re o ip ita te  v a ries  and is  

apparently o f  considerable  importance in  re la t io n  to  a era tion , 

e .g .  In acid  media the p r e c ip ita te  obtained from a given quantity  

o f  suspension may be double in volume that obtained from the same 

qu antity  o f  peat in a lk a lin e  media; the same phenomenon is  shown 

between d if fe r e n t  ion s , e .g .  Lime g ives a sm aller bulk o f  p r e c i 

p ita te  than Aluminium under s im ila r  con d ition s  o f  Hydrion concen

tr a t io n , while mixtures again react in  a d if fe r e n t  manner from 

the sum o f  t h e ir  components.

This work is  incom plete and is  being in vestiga ted  s t i l l  

w ith a view to  obta in ing  lig h t  on the question  o f  the aotlon  o f  

Basic s la g  in  the improvement o f  peat.

-1 -



I I .  P ari passu with these p re c ip ita t io n  experiments have 

been e a rr ied  out p e rco la tio n  experim ents, the technique o f  

which however has not been put on a s a t is fa c to r y  b a s is ; wher< 

r e l ia b le  re su lts  can be got these bear out the conclusions
l

stated  in I (d ) above. !

In the f i e ld  i t  has been found that Basic slag  has a 

sp e c ia l a c tion  in th is  connection  as shown in th e  pomplete 

change o f  peat to  a "mouldy" cons 1stanoy when compjosted with 

s la g , a resu lt  which was expected from observations on peats

treated  w ith  slag  f o r  p lantin g  purposes. None o f 1 the other
\

a g r icu ltu ra l manures produced qu ite  the same e f f e c t  although 

Lime approximates th is  and n itra te  o f  lime in very  large  

q u a n tit ie s  may produce a s im ila r  e f f e c t .

(2 ) S eries  o f  analyses have been carried  out w ith t y p i 

ca l peats on the ava ila b le  food  m ateria l as opposed to  the 

t o t a l  food  m a teria l. The lease-exchange hypothesis and 

methods o f  a n a lysis  have been used fo r  a va ila b le  m inerals 

and Sodium C hloride s im ila r ly  fo r  the determ ination o f  

Ammonia.

N itrogen as Ammonia and as N itra te  have been d eter

mined in some oases only and in  fresh  peat these (e s p e c ia lly  

the la t t e r )  have been found to  be la ck in g  o r  present in very 

small q u a n tit ie s .

With regard to mineral food  supply the re s u lts  are 

somewhat v a r ia b le ; on the whole i t  may be sa id  that a l l  the 

usual m inerals have been found to  be present in the peats 

analysed but in some peats on ly  in very small q u a n tit ie s . The 

sm aller the t o t a l  m inerals, the le s s  on the whole is  a v a il 

able but exception s have occurred . In the shallow er types 

there is  a rapid inorease in  some m inerals with Inorease in 

depth. The b e tte r  q u a lit ie s  o f  peat have at le a s t  more



abundant lime in an a v a ila b le  form . In d ica tion s o f  oth er in 

te r e s t in g  fea tu res  o ccu r , but the numbers o f  analyses required 

f o r  g en era liza tion  is  grea ter  than have been as yet ca rried  ou t.

The best q u a lit ie s  e f  peat in  Borne oases contain  as 

muoh lim e, and P otash ,in  a rep laceab le  form as does the average 

a g r icu ltu ra l s o i l .

(3 ) Apart from the com pletion o f  analyses along the usual

l in e s  noth ing has been done in connection  w ith the continuous 

cropping experim ents. The crops are duo to  be removed th is  

w inter when crop samples w il l  be taken f o r  a n a ly tica l purposes 

and the assessment o f  the crops w i l l  be made.

(4) A sp e c ia l report is  included upon the present p o s it io n

as in d ica ted  by l it e r a tu r e  in  regard to  f o i l in g  Crops. 'J-'his is  

trea ted  from the fundamental poin t o f  view , the s i lv ic u lt u r a l  

aspect , be longing  to  Dr Steven ’ s p rov in ce .

(6 ) Moss con tro l in  the nursery.(N ot weed c o n tr o l ) .

Aim o f  experim ent:- I t  was found that d ilu te  so lu tion s  o f  m etal

l i c  s a lts  w hile having no e f f e c t  on pot cu ltu res o f  S itka spruce 

were strong enough to destroy  moss develop ing  on theee cu ltu re s . 

This fa c t  might be made the b a sis  o f  a method o f  dea lin g  w ith 

moss-grown s o i ls  in the nursery. The o r ig in a l te s ts  were ca r 

r ied  out w ith p lan ts in  the dormant w inter co n d itio n ; tto so lu 

t io n s  were app lied  as fa r  as p o ss ib le  without coming in  con tact 

o r  at le a s t  being l e f t  in  con tact with the green parts o f  the 

seed lin gs . S o lu tion s o f  l/LOOO were used with these cu ltu res .

At Seaton so lu tion s  o f  s im ila r  t o x i c i t y  were applied to 

Spruce in  the transp lant l in e s  on a se c t io n  whloh had form erly 

shown growth o f  moss. This y ea r , however, no moss development

took  p laee  at a l l ,  ao th aC ^ S is  po in t o f  view the t r ia l  was w ith
out re s u lt .
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The p lan ts showed no flizns o f  being a ffe c te d  f o r  the 

worse o r  f o r  the b e t te r , th erefore  these oonoentrations can 

qu ite  s a fe ly  be app lied  to  plants In the dormant con d ition . 

Hates o f  A pp lica tion  2 galons per sq .yard . 

C orrosive  Sublimate -  l/LOOO

Copper Sulphate -  1/750

Zinc Chloride -  1/750

Perrons Sulphate -  1/500

Sulphuric Acid -  1/500

Stannic C hloride -  1/500

At C ralbstone, on a 1 year o ld  Spmoe seed bed a 

fu rth er  se r ie s  o f  experiments was la id  down at a la te r  d a te , 

ju s t  b e fo re  growth commenced. As the e a r l ie r  experiments in 

d ica ted  that greater concentrations could  be used without bad 

e f f e o t s ,  th e  fo llo w in g  concentrations were used : -  4 ga llon s

per sq .yard .

(a) (b) (O

A. Sulphuric Acid 1/260 at lA o o

B. Copper Sulphate 1/500 l/fe50 1/100

C. Potassium Permanganate- l /5 o o 1/260 lA o o

D. Sodium Dlohromate 1/500 1/250 l A o o

The re su lts  were d isa strou s  so fa r  as the young 

p lants were concerned; In a l l  oases m orta lity  was very  g rea t, 

w ith perhap s the exception  o f  Sodium dichromate at the low est 

con cen tra tion , D (o ) .  Blanks were l e f t  between each o f  the 

s e r ie s ,  A,B«0aD ., and blanks l e f t  at each end.

I f  an average o f  the blanks at e ith e r  side  o f  eaoh 

p lo t  be used as an index than the estim ated percentage o f  

p lan ts k i l le d  was t -

A. B. C. D.
(a ) 56 65 90 15

(b ) 10 50 70 6

(c )  5 0 0
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*he growth o f  the p lants was a lso  a ffe c te d , to  a 

marked degree in B ( c ) ,  C ( e ) ,  and throughout D .# in A no 

marked e f fe c t  could be seen. In D, the p lants were appar

e n t ly  h e a lth ie r  and had a muoh b e tte r  blue-green  co lou r  dur

ing the season, while longer growths occurred than in the 

untreated beds and blanks in the same area.

The cause o f  the h eavier death l i s t  than was ex 

pected la y  in  the unexpected weather con d ition s . When the 

actu a l spraying was started  rain  had fa l le n  frequ ently  fo r  

a day o r  two and the weather fo reca st ind icated  a continuance 

o f  th lc  weather. The work w-'S ca rried  out in the a fternoon  

w hile the sun was sh in ing and no ra in  f e l l  and there was 

l i t t l e  wind during the next two days. Death took p lace  

through contact with the green leaves as the roo ts  were in 

most cases fresh  when the stem and needles were withered 

w hile in a few oases buds were afterwards sent out from the 

remains o f  the stem.

In any case i t  is  concluded that without fu rth er  

experiment these concentrations are on the high s id e .

The e f fe c t s  upon moss ; -  Here again , p o ss ib ly  ow

ing to  the dry summer moss growth was very s lig h t  although 

th e  area was chosen as one o f  the most l ia b le  to  that kind o f  

trou b le  at C ralbstone. In the neighbouring beds the remains 

o f  former y e a r s ' moss were abundant. Only a l i t t l e  moss 

developed around and in the blanks small q u a n tit ies  o f  moss 

and o f  green algae were found. Won e occurred in  any o f  the 

trea ted  p lo t s .

The e ffe c t  o f  the treatment on weeds) a few notes 

were made in  th is  connection  and counts were made. Where 

the p la n ts  were badly a ffe c te d  weeds were badly a ffe c te d  in 

some cases even where the plants su ffered  l i t t l e  the numbers 

o f  weeds was con sid era b ly  reduced, but the growth o f  those 

remaining w*s in almost every ease more luxuriant than in  the

- 5-



blanks, so th at the net resu lt is  more or le s s  n e g l ig ib le .  A 

second weed growth at the end o f  the season is  greater in  the 

treated  p lo ts  than in the blanks. (This is  at variance with 

some American res\ilts, er  at le a s t  th is  grea ter second growth 

Is passed o v e r ) .

The experiment as a -vhole has shown that as fa r  as 

i t  goes the co n tro l o f  moss by Chemical means is  accompanied 

by considerable  r isk  and that any b e n e f ic ia l  r e s u lts  obtained 

might he negatived  by a greater growth o f  weeds, against which 

might be set the p o s s ib i l i t y  o f  g rea ter  growth o f  p lants p ro 

duced by a su ita b le  w eed k iller  (e .g .  Sodium Dichrom ate). At 

the same time the p o s s ib i l i t y  o f  such oon tro l is  not ruled out 

by the experim ent.

(6) Peat p lan tin g  w ith the add ition  o f  manures : -

This experiment has been continued along the lin e s  

in d ica ted  in  the o r ig in a l  p lan . The crops o f  the f i r s t  y e a rs ' 

p lantin g  have been assessed but i t  is  considered  that another 

y e a rs ' growth is  necessary b e fore  con clu sion s d f value can be 

drawn. Growth o f  la s t  year has been very irre g u la r . Soluble 

manures are dangerous, e .g .  K ainlt has k i l le d  out many plants 

where the vegeta tion  Is mainly Eriophorum augustIfolium  

(supernatant water'' ; so fa r  as is  shown they are not markedly 

b e n e f ic ia l  on peat i f  app lied  along w ith  the p lants. Among 

the manures t r ie d  Basic Slag has produced the best re su lts  in 

in d iv idu a l p la n ts .

(A point o f  note wiiioh has arisen  during the la s t  

w inter i s  the great amount o f  damage which may be done t o  plants 

(S itka spruce, 2 yr 1) by mice. This may be due to  our prox

im ity to  a g r icu ltu ra l land but may be a poin t o f  general note 

in connection  w ith  the d r ie r  p e a ts ).

The a p p lica tion  o f  so lu tion s  (d i lu te )  o f  manure to  

p lants a lready in the peat has not produced any marked resu lt  

in e ith e r  d ir e c t io n . This w il l  bo repeated w ith more concen

tra ted  so lu tion s  next season.
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(7 ) Extension o f  the work on peat to other areas wis

not attempted th is  season. work at Teindland was to  have 

been ca rried  out in con ju nction  with Dr Anderson, arrange

ments were made f o r  a survey in the south peat area but these 

apparently were abandoned.

(S) A cp eo ia l report is  annexed on the In vestiga tion  o f

l it e r a tu r e  and conclu sions arrived at from those sources upon 

the e f f e c t s  o f  adding non-manurial "Chem icals” to  the s o i l .

Seheroa o f  woik fo r  1927.

A. Laboratory work : -

(a ) In v estig a tion  into  the f lo c c u la t io n  o f  peat w i l l  be

continued aa a lab ora tory  research , w ith a view to  obta in in g
/

a ba sis  upon which the use o f  am ellorants in the f i e ld  may 

be s c ie n t i f i c a l ly  ap p lied . The in v estig a tion  as before  w il l  

be orien ted  round the con stitu en ts  o f  Basic Slag, which has 

been found to  be s p e c ia lly  u se fu l in th is  respect. From the 

re su lts  i t  is  hoped to  be ab le  to supply Slag to  peat in  a 

q u a n tita tiv e  manner and p o ss ib ly  to  su bstitu te  f o r  s lag  

oheaper waste m ateria ls i f  such can be found having the same 

p rop ertie s  in  th is  re sp ect .

(b ) Laboratory woxk In connection  with field In v estig a tion  

Analyses o f  peats in  regard to  A eration, A cld lt^ , Food mater

ia ls  e t c .

B. F ie ld  work : -

(a) The e e o lo g io a l in vestiga tion s  h ith erto  con fined  to  

In v e r lie v e r  w ith few general observations throughout the 

western area o f  higa. r a in fa ll  w i l l  be extended to  areas t y p i 

ca l o f  peat ground throughout th e  country.

As fa r  as p o ss ib le  c o rre la tio n  between p ea ts , 

v eg e ta tion a l types, geology (in e lu d in g  topography), and tre e  

growth w il l  be stu d ied . D escrip tion s o f  peats w i l l  be made
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with a view to  a c la s s i f i c a t io n  o f  peats as a whole.

The edaphio con d ition s  w ill  be studied such as -

Water l e v e l ,  Aeration (in elu d in g  the e f f e c t s  o f  d ra in 

a g e ), A c id ity , F ood -m ateria ls, and peat s tru ctu re , together w ith 

such clira a tio  fa c to r s  as are o f  importance) a l l  with a view to  

the p r a c t ic a l  ch a ra cteriza tion  o f  these peat types, and the 

c o l le c t io n  o f  inform ation regarding fa i lu r e  or  success o f  crops 

and l ik e ly  means o f  ach ieving the s a t is fa c to r y  u t i l i s a t io n  o f  

these types as p lanting  ground.

The in v estig a tion  w il l  be carried  out as be fore  with 

the idea o f  p r a c t ic a l  u t i l i t y  as a basis  but at the same time in 

such a way as to  admit o f  p u b lica tion  as a complete s c i e n t i f i c  

study) f o r  example though s c i e n t i f i c  summation o f  v eg e ta tion a l 

types is  t o  he made, the p oss ib le  tra n s la tio n  o f  these d e s cr ip 

t io n s  into a sim pler form o f  p ra c t ic a l  use w il l  be con tin u a lly  

aimed a t.

The areas suggested as ty p ica l and su itab le  fo r  th is  

study are • -

In v ertiev er  -  South Western (High R a in fa ll) .

Fort Augustus -  Central.

Borgia -  Northern.

New C astleton  -  Southern.

Aberdeen d is t r i c t  - Eastern, 

e .g .  Drumtochty -  (Sub A lp in e).

(b ) Experiments on hand at p ark h ill on peat-manuring and c u l t i 

va tion  w il l  be continued.

A. tiine o f  manuring and type o f  manure.

Continued to  com pletion and f i r s t  assessment made.

B. The a d d ition  o f  peat am eliorants and manures to p lants already

on the ground -  r e p e t it io n  with increased doses.



C. Small patches t o  bo esta b lish ed  in whioh very 
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Manuring In Nurseries w ith s p e c ia l re feren ce  to

Green -  manuring.

(A Resume o f  the present p o s it io n . )

APPENDIX I .

U ntil about h a lf  a century ago the a p p lica tion  o f  manures to  the 

forest nursery was carried  on in a somewhat haphazard way; and fo r  

some tin s  la te r  there ex is ted  a d iv e r s ity  o f  op in ion  regarding the 

question o f  whether plants in  the nursery should be a ss isted  in th is  

respect in  any way -  the idea being that i f  plants were rendered "hardy" 

by a stru ggle  w ith adverse con d ition s in  the nursery they should be 

more l ik e ly  to  survive poor l o c a l i t y  con d ition s in the f o r e s t .  This 

Idea s t i l l  has i t s  p rotagon ists  amongst fo r e s te r s ,  a fa c t  which may be 

traced to  the u n s c ie n t i f ic  use o f  various manures, e s p e c ia lly  notrogen - 

ous manures, and there oan he no doubt that the question  o f  the proper 

a p p lica tion  o f  manures is  even more important fo r  nursery stock  than 

for a g r ic u ltu ra l crops which a re , on the whole, o f  the annual type and 

are adapted by c u lt iv a t io n  to  r ic h  s o i l  co n d it io n s .

U nfortunately system atic in v e s t ig a tio n  into the e f fe c t s  o f  n u tr i

ent substances on plant metabolism and form o f  growth have been made 

almost e n t ir e ly  w ith the "a g r icu ltu ra l"  type o f  plant and may not be 

d ire ct ly  applicable* to  p lants grown In the fo re s t  nursery over one or 

more periods o f  a ctiv e  growth.

I t  may be u se fu l to  recount in the f i r s t  Instance as fa r  as is  

known the general fa c ts  underlying the manurial f e r t i l i t y  o f  nursery 

s o i l ;  on ly  those substances which i t  appears necessary to  apply to  

the s o i l  w i l l  he con sid ered , e .g .  though Iro n , Soda, e t o .  are e s s e n t ia l 

to plant l i f e ,  yet they are s u f f i c ie n t ly  present in  a l l  c o i l s ,  or might 

be expeoted to  be in  a l l  s o i l s  chosen as n u rser ies , to  render th e ir  

spp lloation  unnecessary.

The food  m ateria ls requ ired  by fo r e s t  p la n ts , and l ik e ly  to  be 

d e fic ien t in  the s o i l  are N itrogen , Phosphorus, Potash and Lime (and 

perhaps M agneela); these are a v a ila b le  or at le a s t  more r e a d ily  a v a il 

able to  the p lant in  the forme o f  N itrate and Ammoniam s a lt s .  Phosphates



potash sa lts*  and Lime s a lts  or p re fe ra b ly  carbonate.

In natural s o i l s  the amounts o f  these substanoes apparently r e 

main about the same over a long p er io d , s in ce  the death o f  plants or 

of th e ir  organs returns the m ateria ls removed to the s o i l ,  while fur - 

ther d is in te g ra tio n  o f  mineral matter and the f ix a t io n  o f  Atmospheric 

Nitrogen may counter-balance on the whole lo sse s  due to  leaching by 

rain e t c .  In cropped s o i ls ,  on the other hand, the removal o f  the plant 

or o f  a large part o f  the plant means the removal o f  the food  mater

ials It co n ta in s , w hile c u lt iv a t io n  i t s e l f ,  by In ten sify in g  b a cte r ia l 

a c t iv it y , tends to  Increase lo s s e s ,  so that the s o l i  may be depleted 

In a com paratively short tim e. In the fo r e s t  nursery the same p ro 

cesses go on , to  perhaps a le s s  Intense degree In some re sp e o ts , but 

It has been sta ted  that the annual lo sse s  In Phosphate, Potash e t c .  

produced by the usual nursery p ra ctice  are about equal to  those r e 

su lting  from the average crop o f  c o m .

I t  fo llo w s  th ere fo re  that s o i l  d ep le tion  w i l l  c e r ta in ly  r e s u lt  

from the continued removal o f  nursery crops from a s o l i  o f  any d es 

c r ip t io n , the length  o f  time required  f o r  the process to  make i t s e l f  

n oticeab le  depending on the o r ig in a l q u a lity  o f  the s o i l ;  and that 

th erefore  manuring o f  the fo r e s t  nursery is  nulte n ecessary . Instances 

are auoted from con tin en ta l experience where n u rseries , turned i n f e r t i i  

a fter  long use have been renewed simply by one a p p lica tion  o f  su ita b le  

manure. In th is  connection  a tten tion  must be drawn to  the fa c t  that 

In s u ffic ie n cy  o f  manure may not demonstrate. I t s e l f  in reduction  o f  

growth or poor development but in greater l i a b i l i t y  to  d iseases -  

damping o f f ,  e t c .

U nfortunately  S o il  an a lysis  is  on ly  o f  comparative value In d e 

termining the qu estion  o f  what manures might be lacking in a s o i l ,  

although present in v estig a tion s  throughout the world seem to  he ten d 

ing toward greater d e f in it io n s  in  such l in e s .

Manures in  general may be a v a ila b le  to  p lants or un& valiable, 

depending on th e ir  c o n d it io n . For example Bitrogen fo r  most plants 

requires to  be in  the form o f  n itra te  (N itrate o f  Lime e t c . )  or p er

haps in the form o f  Ammoniam s a lts  fo r  a considerable number o f  

plants; the large amount o f  N itrogen contained in dead organlo matter
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is immediately u se less  to  p la n ts , u n t il  such time as b a c te r ia l or 

fungal a c t iv i t y  has lib e ra te d  i t  in  one or oth er o f  these forma, 

e s p e c ia lly  N itra te , Potash, phosphate, and lime may be present in the 

s o i l  in  a m ineral con d ition  which renders them s im ila r ly  u se less fo r  

thd immediate needs o f  the p la n t, owing to  th e ir  in s o lu b i l i t y ,  a l 

though they may be a ll-im portan t as future reserv es . Again, d i f f e r 

ent plants have d if fe r e n t  ca p a c it ie s  fo r  making use o f  such food 

m aterials as are in the s o i l ,  and requ ire  d if fe r e n t  amounts o f  these 

for s a t is fa c to r y  growth and normal development and h ea lth . On th is  

side o f  the problem data as regards fo re s t  plants are very meagre, and 

it  is  necessary  to  apply the general laws to these p a rticu la r  p la n ts .

The part played by manures in the growth o f  p la n ts .

N itrogen: -  The statement that a l l  plants th rive  b e tte r  with N itrate 

than w ith ammoniam sa lts  is  shown to  be too  sweeping by severa l workera. 

A number o f  plants are able to  make use o f  ammonia, such plants as are 

found on the whole on s o i l  types freq u en tly  su ited  to con iferou s tr e e s , 

and contain ing l i t t l e  or no n it r a te , e .g .  (From Russel -  S o i l  conditio®  

and Plant growth) : -

Nheat grows best supplied w ith N itrate and in  a mild S o i l .

Mangolds is  s im ila r  to  wheat.

Oats, B arley, Mustard grow equally  w e ll w ith N itrate or Ammonia and 

are u su a lly  best grown on somewhat more acid  or le s s  mild s o i l .  Pota

toes and Maize grow best when supplied with Ammonia and grow best on a 

s t i l l  more acid  s o i l .  ( I t  must be noted In th is  connection  that N itrate 

reduces and Ammonia inoreases s o i l  a c id ity  - a probable explanation  o f  

the fa c ts  even although the Ammonia in a l l  cases were a ctu a lly  taken 

from the s o i l  as n i t r a t e ) .  C onifers w il l  rea ct s im ila r ly  to  the la s t  

o f these three types mentioned s in ce  they occur n a tu ra lly  on the more 

acid than le s s  a cid  s o i l  types.

Other n itrogenous manures are fo r  a l l  p ra c t ic a l  purposes tra n s 

formed in to  these two types before u t i l i z a t io n  by plants and are im

portant sim ply as sources o f  th ese .
t

Nitrogen is  an e s s e n t ia l  con stitu en t o f  the protoplasm and is

therefore o f  f i r s t  importance in  oonneotlon w ith a l l  the v it a l  a c t i v i 
ties  o f  the p la n t . During germ ination the higher nitrogenous
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compounds are ra p id ly  produced from stored  nitrogenous matter in 

order to  produce the necesaary organs o f  a ss im ila t io n , im bib ition  e t c . ( 

but a fte r  th is  i n i t i a l  store  has been used , growth ceases in the ab

sence o f  a v a ila b le  n itrogen  in the s o i l  since fu rth er l iv in g  tissu e  

cannot be b u ilt  up. S im ila rly  nitrogenous reserves are brought in to  

use in  the in i t i a l  stages o f  seasonal growth in perennial p la n ts , but 

very soon requ ire  to be augmented by an extraneous supply o f  n itrog en . 

Nitrogen S ta rv a tion : -  When n itrogen  is  d e f ic ie n t  in the s o i l  growth 

is retarded and a l l  the general a c t iv i t ie s  o f  the plant are in te r 

rupted. The p lants produced are small in s iz e ,  have a weakly general 

appearance and the normal green co lour o f  the younger parts is  changed 

to a s i c k ly  green ish  ye llow ; the needles are short and th in  as i f  

growth from the bud had prem aturely stopped short and root growth is  

scanty and s h o r ty  In o ld er  plants in  transplant lin e s  the w iry 

"starved" appearance o c ca s io n a lly  seen in sandy nurseries is  u su a lly  

due to  n itrogen  s ta rv a tio n . Secondary e f fe c t s  are seen in the appar

ent scoroh ing o f  the yellow  needle t ip s  and in l i a b i l i t y  to  death in 

cold weather; w hile deaths (accompanied by a tendency to  those symp

tom s), from other than w e ll-d e fin ed  causes may be m ostly re fe rre d  to  

th is  cause, lack  o f  n itrogen . Extreme cases l ik e  the above a re , how

ever, perhaps not very common; u su a lly , and e s p e c ia lly  w ith broad

leaved p la n ts , d e f ic ie n c y  in iitro g e n  makes i t s e l f  f e l t  in  the grea ter 

l i a b i l i t y  o f  the plants to  succumb to  attacks o f  phyto-phagous animals 

e .g .g .  s lu g s , wireworms, cockchafers e t c .  I f  th is  be s o , the add ition  

o f small qu a n tities  o f  n itra te  during the e a r l ie r  growing season w i l l  

give a marked in d ica tiv e  respon se, at lea st fo r  a tim e. In some 

American nurseries the incidence o f  such pests as the above has been 

reduced to  a remarkable degree, i t  is claim ed, by greater a tten tion  to  

manuring.

On the w hole, excess o f  ava ila b le  n itrogen  is aB dangerous in  the 

fo res t nursery as is  d e f ic ie n t  - in fa i r ly  w e ll managed n u rseries i t  

is more dangerous because le s s  d ir e c t ly  apparent. Even in o lder  wood

lands grown in s tron g ly  humose s o i ls  th is has been described  as a cause 

o f the development o f  d iseased  woodlands in some cases on the continent
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The e f f e c t s  o f  excess o f  N itrogen supply are at f i r s t  seen in
»

the abnormally deep green co lou r o f  the le a v e s , w ith fu rth er  excess 

these may become large and fla b b y  and, to  use the ordinary term ap

p lie d , the plant as a whole becomes e x ce s s iv e ly  "Sappy", a con d ition  

shown m orp h olog ica lly  in  the larger c e l l s  and thinner w alls  o f  th ese .

In o lose  form ation  in the n u rsery-beds, the p lants look  h ealthy  

but are long drawn up, unable to  bear th e ir  own weight o f  le a v e s , un

evenness o f  growth is  apparent and re su lts  in a much la rg e r  number o f  

suppresssed p la n ts . Starch form ation is  upset since  there is  appar

en tly  in  some cases an increase in  sugar production  at the expense o f  

starch . C orrelated w ith these con d ition s there is a greater l ia b il ity  

to d ise a se , la ck  o f  re s is ta n ce  to fu n g i, sap-sucking in sects  e t c . ,  

greater danger o f  "heating" during tran sp ort, l i a b i l i t y  to  in ju ry  by 

rough handling and so on -  a l l  o f  these resu lts  being o f  a nature not 

u su a lly  ascribed  to  n u tr it io n a l cond itions at a l l .  (And i f  any truth  

is to  be found in the idea o f  "b rin g in g  up the plants hardy" by sub

je c t in g  them to  severe nursery cond itions i t  l ie s  in  th is  fa c t  that 

such plants although they " lo o k  w ell"  are unhealthy and in general 

lore  l ia b le  to  the dangers in ciden t to  transp lanting  into  the f o r e s t ,  

than slow er growing but otherw ise healthy plants from le s s  h ea v ily  

manured s o i l . ) .

In the fo r e s t  nursery perhaps the most important e f f e c t  produced 

by exoess Nitrogenous food m aterial is the prolon gation  o f  the period  

o f aotive  growth. In crop plants wheat f o r  example, too  much n itra te  

resu lts  in .a  very heavy production  o f  straw which is s t i l l  in  a green 

con d ition  when norm ally treated  crops are yellow and r ip e  -  the e f 

fe c t  is o fte n  seen where manure-heap drainage runs in to  a corn f i e l d ,  

patches o f  dung e t c .  With young trees the e f fe c t  is  s im ila r , the 

plants oontinue to  grow a fte r  the normal period  o f  growth is  past so 

that when e a r ly  f r o s t  comes the plants have not hardened o f f  or r ip en 

ed; even when growth ceases these ripen ing processes may not take 

P lace, so that the p lants are exposed to a l l  the d i f f i c u l t i e s  o f  

winter in  an unprepared oon d ltion .

I t  is  th ere fore  apparent that the a d d ition  o f  dressin gs o f  r e a d i

ly  a v a ila b le  n itrogenous manure is  attended w ith considerable  r is k ,
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e s p e c ia l ly  i f  these are not exhausted both w ithin  and without the 

plant by the end o f  the season -  the former because n itra te s  may be 

stored at le a s t  in  many p la n ts , and may be u t i l is e d  a t the end o f  

the season w ith  bad r e s u lt s .

It is  th ere fore  ooncluded that nitrogenous food  m aterial should 

be supplied to  or made ava ila b le  to  plants in  p roportion  to  th eir  

a b i l i t y  to  assim ila te  i t  in  a normal way, otherwise the e f f e c t s  

produced by excess supply may produce re s u lts  as harmful at le a s t  as 

an in s u f f ic ie n c y .

N itrogenous manures and th e ir  a c t iv i t ie s  in  the s o i l .

N itra te s : -  These are so lu b le  and immediately a v a ila b le  to  p la n ts , 

they are not reta in ed  in the s o i l ,  the n itra te  unabsorbed by plants 

being r e a d ily  washed from the s o i l  by drainage water and thus l o s t ;  

thus w ith heavy a p p lica tion s  d ir e c t  f in a n c ia l lo s s  may ooour through 

wastage. The base (Lime, Soda e t o . )  w ith which the n itra te  is  com

bined in the manure is  not so re a d ily  washed o u t, hence n itra te s  tend 

to  reduce s o i l  a c id i t y ;  as compared with the lime s a lt ,  however, 

n itra te  o f  soda tends to  puddle heavy s o i ls  and render them le ss  

su ita b le  fo r  plant growth and more d i f f i c u l t  o f  t i l l a g e ,  so that most 

probably n itra te  o f  lime is  the more su ita b le  f o r  nursery work where 

n itra te  is  requ ired .

Ammonium S alts  (Sulphate o f  Ammonia): -  Ammonia is  reta in ed  by the 

s o i l  as such and is  gradu a lly  changed by b a cteria  in to  N itra te , thus 

forming a gradu a lly  more u se fu l manure fo r  p la n ts . The re te n tio n  o f  

the acid  (Sulphate) along w ith the conversion  o f  the ammonia to  

n itra te  tends to  cause inorease o f  s o i l  a c id ity  which has in  a g r ic u l

tu ra l p ra c t ice  been found to  eause reduced y ie ld , th is  is  l ik e ly  to  

be o f  aoMfltaetflt le ss  importance in  fo re s t-n u rse ry  p r a c t ic e .

Ammonium suajcphate is  probably the b etter  o f  the two fo r  a p p lica 

t ion  in ord in ary  manurial d ress in g s ; N itrate o f  soda or o f  lime 

b etter  app lied  in sm all qu an tity  to  make up fo r  a marked d e fic ie n c y  

in n it r a te . A l l  are harmful i f  allowed to  re s t  in con tact with, 

plants even fo r  a short tim e.

Other a r t i f i c i a l  n itrogenous manures are o f  le s s  importance

in fo re s t-n u rse ry  p ra o t ice , have not been tested  in nursery work,
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or produce ammonium compounds when a p p lie d  to the s o i l  fo r  some 

time (th ey  must be applied  when the crop is  o f f  the ground) and are 

sim ilar to  th ese .

Natural and organio manures u su a lly  contain  more than n itrogen 

ous food and w il l  be considered as a group.

Phosphate: -  Phosphorus is absorbed by p lants in the form o f  

phosphates and o f  course these must be in so lub le  form. • The p ro 

ducts o f  plant refu se  decay in the s o i l  to th is  form w hile in so lu b le  

mineral phosphates have to  be weathered to  so lu b le  forms before  be

coming a v a ila b le  p la n ts .

Phosphorus 1b contained as fa r  as is known in sp e c ia lis e d  parts 

o f  the l iv in g  tissu e  o f  the p lant where i t  seems to  act as a regu la 

tor  o f  v i t a l  a c t iv i t y  rather than to  be an a ctive  fa c to r  i t s e l f .

That is  to  say that in the absence o f  phosphate c o rre la t io n  o f  a ction  

w ithin the plant is  in terfered  w ith , some processes may occur normal

ly  u n t i l  hindered by the stoppage o f  o th e rs . For example the forma

tion  o f  s ta rch , may proceed norm ally but I ts  transference as food 

m aterial throughout the plant is  in h ib ited  by the lack o f  phosphate. 

Hence the d e f ic ie n c y  o f  phosphate may have no marked e f f e c t  on the 

general appearance o f  a plant apart from the slowing down o f  the rate 

o f  growth. Certain e f fe c t s  however are n ota b le , redu ction  num

bers o f  r o o t le t s  and a general e f f e c t  s im ila r  to  la ck  o f  w ater.

The e f fe c t s  o f  a good supply o f  phosphate are most n oticea b le  in 

the e a r ly  and la te  periods o f  annual growth. Seeds u su a lly  contain  

a store o f  phosphorus and phosphorus is  u su a lly  stored  in perennial 

plants in p rov is ion  fo r  spring growth. Young plants w ell supplied 

with phosphate r a p id ly  develop a strong fib ro u s  root-system  so that 

d e fic ie n cy  o f  w ater-supply is  not so markedly fe lt ,a n d  the s ta r t  thus 

obtained e a r ly  in  the season is  r e fle c te d  in the b e tter  general 

growth o f  the plants through the summer.

The seoond and h ig h ly  important e f f e c t  o f  a good phosphate sup

ply is  the seasonal regu la tion  o f  growth. Phosphate-starved plants 

( l ik e  n it r a t e - " poisoned" ones) tend to  grow w ell in to  the autumn; a 

good supply o f  phosphate on the otherhand hastens the processes o f



o f  r ip en in g  so that p lants w ell supplied with th is  manure are 

le s s  l ia b le  t o  s u ffe r  from spring fr o s t  and the general r igou rs 

o f  w in ter . In  short the e f fe c t s  o f  Phosphate in  the plant are 

a n t ith e t ic a l  to  those o f  n it ra te ; the p lant i s  s t i f f  strong and 

hardy, w ell-rip en ed  o f f ,  with a good r o o t  system, and le ss  l ia b le  

to  d isea se  or c lim a tic  d isturbance and to the disturbances i n c i 

dental t o  tran sp la n tin g . At the same time the e f fe c t s  o f  

d e f ic ie n c y  or abundance o f  phosphate are much le ss  marked than o f  

n it r a te .

Phosphatlc Manures A con siderab le  number o f  these are in  u se ; 

the two most s a t is fa c to ry  are Basic s lag  or Thomas phosphate, and 

Superphosphate; the former i s  a ba sic  manure contain ing  free  lim e 

or oarbonate o f  lim e which tends to  reduce s o i l  a c id ity ,  the 

la t t e r  contains su lphuric a cid  and Gypsum which tend to  make the 

s o i l  more a c id . On the whole i t  would appear that p ra ct ice  

favours the former as a nursery manure but at the same time there 

i s  l i t t l e  in  the way o f  d e f in it e  preference fo r  e ith er  as fa r  as 

nursery p ra c t ice  g oes .

Ground m ineral phosphates are much le s s  immediately 

a v a ila b le  to  p lants than these; Bone meal i s  s im ila r ly  not so 

r e a d ily  a v a ila b le ; Bone Flour i s  a v a ila b le ; but frrm the p o in t o f  

view o f  eoonomy and rea ction  the two former are to  be prepared 

in  nursery p r a c t ic e .  Phosphates are not re a d ily  removed from 

the s o i l  by dra inage. In  p ra c t ice  bone meal i s  much favoured -  

i t s  e f f e c t s  are due t o  a considerable  degree to  the readiness with 

whioh i t  se ts  fre e  a v a ila b le  N itrogen .

Potassium : -  The absorption  o f potash by p lants i s  a sim ple one -  

potassium ions are absorbed, so that the e ffe c t iv e n e ss  o f  a l l  

p o ta ss ic  manures depends (as far  as th is  con stitu en t i s  conoerned) 

s o le ly  on the s o lu b i l i t y  o f the sa lt  used . The part played by 

potash in  the protoplasm o f  the p lant i s  perhaps meagrely known 

but i t s  general e f fe c t s  on growth are qu ite  re a d ily  dem onstrated. 

D efic ien cy  in  th is  element re s u lts  in  weak general tone o f  the 

plant -  slow growth and greater s u s c e p t ib il it y  to  and in a b i l i t y

to  recover from d ise a se . The apparent e f fe c t s  are not n otioeab le
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in  any s p e c ia l way in  the plants themselves although early  shed

ding o f  n e e d le s , ' w ithering o f  n e e d le -t ip s  and such may occur#

The processes o f  starch  form ation seem to  be retarded by lack  o f  

potash ( c . f .  gen era l a g r icu ltu r a l expression  "potash makes sugar 

and s ta rch ") but a t  the same time d if fe r e n t  workers have found 

d if fe r e n t  r e s u lts  in  th is  resp ect -  i t  may be the case that trans

port not form ation b f sugar i s  in te r fe re d  w ith. The general 

e f fe c t  o f  in crea sin g  potash supply seems to  be shown in  j robust 

growth and co lou r  and lower seedbed m o r ta lity .

Potassium Manures : -  The e f f ic ie n c y  o f  a potash manure i s  simply 

prop ortion a l to  the percentage o f  potash i t  contains e .g .  one 

unit o f  m uriate o f  potash i s  the same as one unit o f  sulphate o f  

potash ;at the same time the C h loride or Sulphate contained in  the 

s a lt  has a s p e c l f io  a c tion  o f I t s e l f  and fo r  th is  reason sulphate 

may be more u se fu l than C h loride o f  potash. Potash i s  not 

r e a d ily  washed out o f  the s o i l  so that lo sses  through over-manur

in g  are not con s id era b le . Other sources o f  potash such as wood 

ashes, l e a f  compost e t c . ,  are t o  be considered, as mixed manures 

rather than p ota ss lc  manures.

Lime s- Calcium i s  an essen tia l plant food ; but i t s  p r in c ip a l 

Importance and the p r in cip a l n eoessity  fo r  i t  as a manure i s  

conneoted with i t s  fu n ction  in  the s o i l  as a n eu tra liz in g  agent 

fo r  a c id ity  and other tox io  s o i l  substances and co n d itio n s . In 

the plant i t  i s  required probably as a re a c t io n -re g u la to r , g iv ing 

p lants v igour and strength , and la ck  o f  lim e In the s o i l  (s im ila r 

ly  t o  lack  o f  potash) i s  seen mainly through secondary e ffe o ts  

such as weakened re s is ta n ce  t o  d isease  and higher general m orta l

i t y .  Although i t  i s  now known that calcium i s  necessary as a 

counteracting agent to  the e f fe c t s  o f  excess so lu b le  a lk a li  ( l ik e  

potash, soda, magnesia) in  the c e l l ,  the cumulative e f fe o ts  o f  

in s u f f ic ie n c y  o f  lime fo r  nourishment in  the s o i l  apparently have 

not bean so lv ed , although the great dim inution o f ro o t  development 

whioh occurs on lim e -d e fic ie n t  s o i ls  may be connected with th is  

fa c t .  Most co n ife rs  as w ell as the m a jority  o f  broadleaved



trees  belong to  the o a lc lfu g e  type or are In d if fe re n t  to  the

absence o f  fre e  calolum  carbonate in  the 9 o i l .

Calcium in  the s o i l  : -  Calcium ( in  the form o f  Quicklime or

Spent lim e) Is  necessary to  the s o i l  apart a ltogeth er  from i t s

value as a food m a ter ia l. I t  i s  not e a s ily  washed out, being

required  in  la rger  amounts than other manures i t  requ ires to  be

applied  in  fa i r ly  large  q u a n tities  to  make up fo r  lo s s e s .  I t s

e f f e c t  in  the s o i l  may be summarised as fo llow s : -

I t  n eu tra lises  sourness, improves t i l t h  e s p e c ia lly  in

con ju n ction  with le a f  mould and in  h eavier s o i l  types; renders

other food m a teria l more a v a ila b le ; improves b e n e f ic ia l  b a c te r ia l

a c t iv i t y  such as the production  o f  n it r a te ; and probably reduced
%

the tendency t o  develop harmful organisms such as moulds; and in  

short produces those s o i l  condition 's which are grouped together 

by a g r ic u ltu r a lis t s  as m ild or "sw eet". I t s  e f fe c t s  In  neutra l

iz in g  the a ction  o f  natural or a r t i f i c i a l  tox in s in  the s o i l  are 

o f  secondary im portance but s t i l l  worthy o f  note in  connection  

with nursery s o i l s .

Magnesium i s  probably always present In  nursery s o i ls  

in  s u f f ic ie n t  quantity , or i f  n ot, i s  added along with other 

manures ( e .g .  Potash s a lt s ,  l im e ,e t c . , )  in  s u f f ic ie n t  amounts.

On some sands i t  might be la ck in g ; i f  these are otherwise good, 

a yellow  co lou r  and tendency t o  slim ness In the p lants may be due 

t o  m agn esia -deficien cy  which can be counteracted by the use o f  

magneslan lim estone or low er grade Potash s a lt s  conta in ing  

magnesia.

Other necessary mineral con stitu en ts  o f  the s o i l  are 

u su a lly  present In  s u f f ic ie n t  amounts fo r  normal p lant growth 

sandier types being most l ia b le  to  s u ffe r  from lack  o f  any p a r t ic 

u la r  p lant fo o d .

In  summing up the p o s it io n  I t  may be said that on the 

whole the question  o f  nitrogenous manuring Is the most im portant 

from the poin t o f  view o f  nursery p ra c t ic e , and com pletely 

dominates the question  o f  the most su ita b le  method o f applying 

manure in  the nursery. In  ad d ition  to the plant food in  the
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s o i l  there i s  necessary a ce rta in  con d ition  o f  the s o i l ,  obtained 

only by the presenoe o f  a grea ter or le s s  amount o f  humus, which 

aots as an absorbent fo r  food m a teria ls  and water, as a b u ffe r  

against v io le n t  change in  s o i l  re a c tio n , as an agent promoting 

t i l t h ,  and as a medium fo r  the b a o te r ia l and fungal a c t iv it y  o f 

the s o i l ,  and such l ik e ,  there being no f e r t i l e  s o i l  which does 

not con ta in  th is  con stitu en t in  fa ir  qu antity . Therefore in  the 

nursery s o i l  where t i l la g e  causes more rapid decay o f  humus and 

the soanty production  o f  l i t t e r  does not supply s u f f ic ie n t  

m ateria l fo r  i t s  renewal the a d d ition  o f humus or o f  humus-form

in g  m ateria l becomes e sse n tia l fo r  the continuance o f s o i l  f e r t 

i l i t y .

This may be accomplished through the medium o f  farmyard 

manures, oompost, or green (o r  s o i l in g )  crop s , as w ell as by 

other plant or animal waste prodiicts o f  lo c a l  o r ig in , With 

regard to  animal waste and substances l ik e  d ried  b lbod , fish-m eal 

e t c . ,  they are s o V ic h "  i . e .  they are so e a s ily  decomposed and 

act so re a d ily  as a medium o f  growth fo r  v iru len t fungal d isease 

th a t, w ithout fu rth er experience than has so fa r  been gained, 

th e ir  use in  the nursery fo r  crops o f  tre e  seed lin gs or tran s

p lants i s  only in  the experim ental stage , so great are the 

dangers o f  damping o f f ,  through over rapid  growth due t o  n itra te  

poison ing and s o i l  heatin g .

Farmyard manure i s  undoubtedly the most s a t is fa c to ry  

manure fo r  a g r icu ltu ra l and market gardening sd l-a m e itio ra tion  

both  as regards humus and n itrogen ; in  the fo re s t  nursery, i f  

applied  in  s u f f ic ie n t  qu an tities  to  supply humus over a few years, 

i t  possesee3t o  a con sid era b le  extent the d is a b i l i t ie s  noted in  

conn ection  with animal manures -  e sp e c ia lly  I f  not w ell ro tted  

and probably fa i r ly  w ell leached o f  ammonia. In contact with 

seeds, seed lin gs or young plants i t  tends t o  hasten germ ination 

and spring growth, with the r e su lt  o f  la te  fr o s t in g ; owing to  i t s  

heavy fungus f lo r a ,  seeds sown a fte r  i t s  a p p lica t io n  may be 

destroyed b e fo re , during, or a ft e r  germ ination and growth have

begun, a1 danger t o  whioh they are rendered l ia b le  a ls o  through
- 11-



the excess ive  n itrogen  a v a ila b le  to  them from the decom position  

o f  the manure. A s im ila r  d is a b i l i t y  occurs in  transplant l in e s ,  

though to  a much le s s  marked degree . I f  applied some con s id er

ab le  time b e fore  the u t i l i z a t io n  o f  the s o i l  fo r  con iferou s 

plants these dangers are considerably  minimised but where farmyard 

manure has been used regu la r ly  and with care i t  has been noted 

that deaths from dam ping-off and unexplained causes i s  higher 

than where compost has been the only source o f  manure.

I f  th is  manure i s  a v a ila b le  and cheap then i t  should 

be used as a con stitu en t o f  the canpost heap or as a green -crop  

manure, when i t s  g rea test a c t iv i t y  w i l l  have been expended b e fore  

i t  has nursery p lants brought in to  oontact with i t .

Compost i s  in  very general use as a s o i l  im prover. I f  

p roperly  made I t  co n s is ts  o f  a m ixture o f  earth and m ild humus, 

o ften  however no lim e i s  added t o  the heap, when i t  not only i s  

le s s  u se fu l as a s o i l  improver but i s  more l ia b le  to  bring about 

d isea se  in  the crop through abundant development o f  fu n g i.

Compost may be f o r t i f i e d  with a r t i f i c i a l s  and farm-yard 

manure, animal waste and such l ik e ,  and i f  obtainable in  s u f f i c 

ie n t  q u a n tities  would form a most s a t is fa c to r y  and com plete 

manure fo r  the re ten tion  o f s o i l  f e r t i l i t y  in  the nursery. Un

fortu n a te ly  i t  Is  not u sua lly  produo ed In large enough q u a n tit ie s . 

I f  the vegetab le  m atter i t  i s  mainly oanposed o f i s  not s u f f i c 

ie n t ly  w ell r o tte d  and neutra lised  with lime i t  i s  as dangerous 

as farmyard manure in  seme re sp e cts , and not so u s e fu l .  I t  

should be turned over regu lar ly  fo r  two years, under sh e lte r  

b e fo re  a p p lica t io n .

The s c a r c ity  o f  compost and the r isk s  attending  the 

use o f  farmyard manure, together with the Idea o f  th e  a p p lica t io n  

o f  the a g r icu ltu ra l R otation  to  market-gardening and fo r e s t  

nursery p ra c t ic e  has led  to  the development o f the p r a c t ic e  o f  

s o i l in g  crops or green manuring. The th e o re t ica l basis  on which 

th is  may he ju s t i f ie d  i s  d iscussed  la t e r .
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The tim e o f  a p p lica t io n  o f  manures i s  o f  some im port

ance. The general ru le  may be la id  down that no a c t iv e  manure 

should be app lied  w hile seeds or p lants are in  the ground, slnoe 

plants are a b le  to  deal with only very d ilu te  concentrations o f  

so lu b le  m atter and th ere fo re , however w e ll ground down and w ell 

spread a manure may be , at le a s t  lo c a l  con cen tra tion  o f  the s o i l  

s o lu t io n  w i l l  be caused r e s u lt in g  in  plasm olyses and death (or  

"burn ing") o f  the c e l l s  o f  the seed or p la n t. An exception  to  

th is  ru le  occurs when, fo r  immediate improvement In  growth small 

q u a n tities  o f  manure are added to  the s o i l  between the rows o f  

p lants In  l in e s  or d r i l l s ,  ( f o r  example n itra te  sta rva tion  may 

be countered in  th is  w ay). Any so lu b le  manure must be applied  in 

th is  way only in  small amounts s in ce  otherw ise they may be washed 

over or through the s o i l  and thus In ju re  the p la n ts . In a ctive  

manures such as bone meal and ground m ineral phosphates could be 

app lied  e ith er  along with seeds without in ju ry , or to  plants in  

beds or lin e s  with such t r iv ia l  in ju ry  as may be caused by the 

temporary c log g in g  o f  the le a f  su r fa ce s . Although so lu b le  manures 

are apparently app lied  in  small amounts to  p lants in  wet weather 

( t o  prevent lodging on the leaves) even then there i s  always seme 

danger o f  in ju ry  so th at the p ra c t ic e  had b e tte r  be d iscon tinu ed .

On the other hand there i s  no point in  applying a 

manure which may be washed out by ra in  ( e ,g ,  n itra te ) any con sid 

erable time b e fo re  the crop  i s  on the ground as th is  would en ta il - 

con sid era b le  l o s s .  Of the manures used in  nursery p ra o tlce  Ni

tra tes  are most d i f f i c u l t  to  handle fo r  th is  reason and in  fa c t  

the sp e c ia l problem o f  nursery manuring i s  to  the connected with 

the developm ent, o f a su ita b le  method o f applying Nitrogenous 

manure to  the s o i l .  On the one hand the a p p lica t io n  o f  n itra te  

(o r  ammonia e t o .)  to  the s o i l  at the time o f  sowing or p lant

in g  or w hile  a crop  i s  on the ground i s  attended by r isk s  which 

are s u f f i c ie n t ly  seriou s t o  p roh ib it  th is  method o f  a p p lica t io n ; 

on the other hand the a p p lica tio n  o f such manures b e fo re  the 

s o i l  i s  cropped i s  exceedingly  w asteful ( e .g .  i t  i s  shown that 

lo s s  o f  n it r a te  i s  d ir e c t ly  p rop ortion a l to  r a in fa l l ,  and again

-13 -



lo s s  may be extra Dr d in arly  rapid  In  lig h te r  s o i ls  i . e .  in  good 

nursery s o i l s ) .

Hesselman and others have shown by experiment that 

the e sse n tia l con d ition  fo r  good growth o f trees as regards 

n itrogenous manure i s  not so much an abundant supply o f  n itra te  

but rath er a continuous supply throughout the growing season, 

in  sm all amounts a t  any given tim e. As compared with a g r ic u l

tu ra l p la n ts , trees  are unable t o  deal witn temporary abundance 

o f  n it r a te ; they grow' n a tu ra lly  on s o i l s  in  which n itra te  

form ation proceeds at the low ra te  regulated by the seasonal 

decom position  o f  decaying vegetable  m atter by seasonal a c t iv i t ie s  

o f  b a o te r la . Hence i t  i s  necessary that nitrogenous food 

m ateria l should be supplied in  such a form as w il l  liberfet®  

n it r a te  more or le s s  in  p roportion  to  the normal seasonal rate 

o f  a c t iv i t y  o f the t r e e .  This con d ition  is  supplied to  some 

extent by farmyard manure, but here as already noted the r a te  

o f  b a c te r ia l  a c t iv it y  may be s o  much greater than the optimum, 

in v o lv in g  n it ra te  poison ing , heating o f  the s o i l ,  e s p e c ia lly , 

and consequent greater frequency o f  damping o f f  d isea ses . Compost

again , i s  admirably su ited  fo r  the manuring o f nursery s o i l  ju st*

fo r  the reasons s ta ted , and i t  appears to  be the case  that some 

o f  the la rg er  commercial nurseries on the oontinent have been 

ab le  t o  oarry on fo r  a considerab le  number o f  years, using only 

th is  fon t o f  manure, the m ateria l from which i t  i s  formed being 

c o lle o te d  from various sources, -  nursery weeds, street^, re fu se , 

l e a f  l i t t e r ,  straw, e t c . ,  but a l l  w ell ro tte d  ( f o r  two years or 

more) under con d ition s  which reduce waste o f  manurial constituents 

to  a minimum, and with the add ition  o f  the amounts o f  lim e neces

sary to  reduce danger from fungal d isea se  and conserve the t i l t h  

o f  the compost. Any d e f ic ie n c ie s  appearing are made up fo r  by 

the a d d ition  to  the compost o f  a r t i f i c i a l s  -  s la g , k a in lt ,  wood- 

ashes e t o .

The amount o f  compost a v a ila b le  in  the usual nursery, 

(from weeds and re fu se ) i s  qu ite  inadequate to  make up fo r  the 

lo sse s  from the s o i l  o f  Nitrogenous food material caused by the
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removal o f  crops and by leach ing  In  the drainage water, Hence 

the usual method o f  nursery manuring advocated by most nursery

men both In  th is  country and on the con tin en t. In  American 

s c ie n t i f i c  l it e r a tu r e  on the su b ject the tendency seems to  be 

toward the t r ia l  o f  a g r icu ltu ra l manures.

The method o f re ta in in g  the f e r t i l i t y  o f nursery s o i l  

by means o f  green or s o i l in g  crops Is  now estab lished  as a 

recogn ised  part o f  nursery orga n iza tion . The p ra ct ice  has 

developed not so  much on the s c ie n t i f i c  s ide  but by t r ia l  as an 

approved p r a c t ic a l  method. The s c ie n t i f i c  basis o f  the p ra ct ice
i

i s  in d ica te d  gbove but no p u b lica tio n  dea lin g  s p e o if io a l ly  with 

the su b ject has been d iscov ered .

In  p ra c t ice  the operation  bears two a sp ects , i . e .  

i t  may be ourely cu ltu ra l, with a view to  s o i l  am elioration  and 

s im ila r  desid era ta , or i t  may be intended to  combine p r o f ita b le  

a o i l  u t i l i z a t io n  with th is  o u l^ tra l operation  e .g .  t o  grow a 

maketabb c ro p . This la t t e r  aspect no doubt has had a con sid er

ab le  weight in  commercial nursery p r a c t ic e , otherwise i t  does 

not form part o f  the aotual operation  o f  green-manuring, the 

cen tra l idea o f  which i s  the ad d ition  o f  a s u f f ic ie n t  supply o f  

humus conta in ing  nitrogenous and other food m ateria l which w il l  

improve the texture o f  the s o i l  and a ffo rd  a v a ila b le  food mater

ia l s  as these are required  by the plant during the severa l years 

over whioh i t s  e f fe c t s  are expected to  operate. At the same 

time advantage Is  taken o f  the opportunity o f applying a r t i f i s c a l  

or other concentrated manures which may get locked up in  a temp

o r a r ily  unavailable  form.

Prom the cu ltu ra l poin t o f  view , th e re fo re , the 

plants used should be such as w il l  produce a good crop , f a i r ly  

r ich  in  nitrogenous m atter, and not so  fibrous as to  prevent 

th e ir  ready h um ifica tion  in  the s o i l .  Nitrogenous manure may 

be ap p lied  to  help  the production  o f  such a crop  but the more 

economic method would be the use o f  n itro g e n -fix in g  crops such 

as Legumes, l ik e  peas, beans, ta res , Lupine, e to . Of these i t  

i s  g en era lly  considered  that the yellow  lupine i s  the best ftor
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most nursery s o i ls  on the continent and In th is country I t  

seems to  be favoured, at any ra te  on sandier and warmer s o i l s .

C hoice o f  sp ecies  In  any p a rticu la r  Instance depends 

on sev era l fa c to r s ;  (a ) the plant must be su ited  to  the s o i l :  

c o n d it io n s , e .g .g .  Lupines on sandy s o i l s ,  tares or vetches on 

h eavier s o i l s ,  Buckwheat on more sour s o i ls  and on co ld er  areas, 

(b) Commercial con sid era tion s  may d ecid e  the crop s, marketing 

con d ition s  in  sp e o ia l l o c a l i t i e s ,  vegetables in  urban areas, 

tares in  sm all.hold in gs areas e t c .  (o ) Secondary con d ition s  o f  

l o c a l11ty  may prove important ©;.g. Mustard i s  u se fu l in  very 

weedy ground and produces a la rge  quantity o f  good humus althoug) 

not a n it r o g e n -fix e r  w hile i t  a c ts  as an a n tid ote  t o  s o i l  in se c t  

peats such as Chafer and wireworm; (d) the use o f  r ic h  a g r ic u l

tu ra l crops such as tu rn ip s , cabbage, potatoes on s o i l  which i s  

su b ject to  fungal d isea se , i s  to  be avoided . Potatoes are 

apparently s p e o la lly  dangerous In th is  re sp e c t .

No general ru le  can be la id  down as to  the most 

"s u ita b le "  p lant fo r  green manuring! the above may be considered 

as the lin e s  gen era lly  in d ica ted  in  such l it e r a tu r e  as Is  a v a il

a b le . Again the r e la t iv e  frequency with which green cropping 

should be applied  varies  with a considerab le  number o f  conditions!*

(a ) S o i l  type -  G reen-crop more frequ ently  on l ig h te r  and on 
the poorer q u a lit ie s  o f  s t ick y  heavy s o i l s ;  le s s  frequently 
on good loams and on the r ich e r  h eavier s o i ls  with good 
t i l t h  but liable to  d ise a se .

(b ) Mode o f  crop p in g : -  where the bulk o f  the crop i s  removed 
( e .g .  with tares used as fodder) and only stubble or 
small waste i s  ploughed in ,  cropping must be repeated at 
sh orter  In terva le  than where a bulky complete crop i s  
ploughed in  e .g .  Lupines or Buckwheat .

(o )  I f  heavy a g r icu ltu ra l dressings o f  manure are applied  with 
the green crop then le s s  frequent cropping i s  necessary .

(d ) Forest crop -  Broad-leaved trees  requ ire  on th e  whole more 
frequent s o i l  improvement than c o n i fe r s .

(e ) Bad d isea se  attack  o f  con ife rs  may be fo llow ed  by a " r o ta 
t io n a l” green crop to  a s s is t  the d is in fe c t io n  o f the s o i l .

e t o .

Apart from suoh guides i t  appears that the general 

p ra o tio e , developed through experience and corre la ted  with con t-
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ln en ta l te s ts  as fa r  as oer. be determined, I s  to  allow  o f  a

green crop bein g  Introduced In to  the whole o f  the nursery area

over a period  o f  four t o  f iv e  y ears ; that Is to  say normally In  
year

any g iv e n /i  to  l / 5  o f  the whole nursery area Is green-oropped.

The usual p ra ct ice  Is  apparently to  fo llow  up th is

green crop  by seed beds and such crops as would be expected to
h e a v y

make h eavier demands on the s o i l ;  but i f  a /g reen  crop i s  

ploughed in  at the end o f the year then i t  may be advisab le  to  

use the ground fo r  transplants in  the fo llow in g  year to  minimise 

the r isk s  due to  premature heating o f  the s o i l  in  spring* Fre

quently a good green crop may be Introduced w ithout the in terru p 

t io n  o f  tree -orop p in g  fo r  a whole year, e .g .  in  the south w inter 

crops may be grown between autumn l i f t i n g  and spring lin in g  out, 

or a aatohorop may fo llow  la te  l i f t i n g  o f  transp lants; and one 

advantage o f  u t i l i z in g  the ground in  th is  way i s  the consequent 

red u ction  o f  weed carrying  fa llow  land and reduction  o f  general 

weeding c o s ts ;  during the summer a t le a s t  no ground which might 

be oropped should be l e f t  to  grow weeds.

Any id e a l  system o f  green cropping can not be la id  

down as p o ss ib le  in  d e ta il  as a p ra c t ica l  measure. These d e ta il !  

are  a m atter rath er o f  pure nursery p ra ct ice  and are considered 

to  belong fa'or© to S ilv ic u ltu r e  than t o  S o il  s c ie n o e .
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APPENDIX I I .

C onclusions a rr ived  at as the r e s u lt  o f  a search o f  

L itera tu re  r e la t in g  t o  the e f fe o ts  o f  non-manural s a lt s ,  e t c .  

upon the s o i l  as a medium fo r  plant growth.

A fa i r ly  exhautive search in t o  and d e ta ile d  comparison 

o f  the r e s u lts  o f  In v estig a tion s  in t o  the e f fe c t s  o f  substances 

other than manures on plant l i f e  leads in  the f i r s t  instanoe to  

the con clu s ion  that d if fe r e n t  workers have arrived  at con clu s ion  

w idely d ivergent and indeed d ia m etrica lly  opposed, with regard 

t o  almost any given  substance or io n . TbLs apparent o o n f l lo t  

i s  r e a d ily  e x p lica b le ; the in v e s t ig a tio n s  Involved f a l l  in to  

two d is t in c t  c la s s e s , (1 } C ulture experiments ca rr ied  out on 

p lants growing in  pure water, d i lu te  nutrient so lu tion s  or in  

so lu tion s  held  in  pjuafified sand. (B) Experiments ca rried  out 

in  the f i e ld  or in  normal s o i l s  ( in  pots e t c . )  under oon tro l 

conditions.

( l )  With regard to  the f i r s t  two media here mentioned i t  

may be sa id  a t the ou tset that as fa r  as roo tin g  p lants are 
concerned the e f f e c t  o f  the mediun i t s e l f  i s  s u f f ic ie n t ly  great 

to  emphasise beyond a l l  p r a c t ic a l  con sid era tion s the harmful 

e f fe o t s  o f  any to x ic  substance -  indeed in  the case o f  pure 

water a p o ss ib le  explanation  o f  the b e n e f ic ia l  e f fe c t  o f  very 

d ilu te  so lu tion s  o f  to x ic  substanoes ( e ,g .  Copper Sulphate, 

Io d in e , e t c . )  l i e s  in  th e ir  exertin g  a n eu tra liz in g  a otion  on 

the t o x lo lt y  which pure water possesses fo r  l iv in g  t is s u e . 

Regarding sand cu ltu re s , in  the present conn ection  they p ossess, 

owing t o  the small s o lid  surfaoe which they expose, so much o f  

the nature o f  water cu ltu res  as to  be considered id e n t ic a l  with 

these in  an in v e s t ig a t io n  where the study o f  io n ise d  substances

i s  on f o o t ;  here they have been considered as such (se e  however 
page 6 ) .

Any in v e s t ig a t io n  in to  the behaviour o f  p lants under 

the in flu e n ce  o f  s a lt s  in  water cu ltu re , w hile having a value as 

a q u a n tita tiv e  measure o f  th e ir  t o x i c i t y  to  the plant used under
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these co n d it io n s , i s  w orth less as an estim ate o f  the l im it  o f  

sa fe  a p p lica t io n  o f  these to  the s o i l  in  which p lants are growing 

or a re  t o  be grown.

An example o f  th is  may be quoted from an experiment

ca rr ie d  out on a somewhat rough plan fo r  another purpose some

time a go . Fran th is  i t  would appear that although young beech

plants are r e a d ily  k i l le d  in  cu ltu re  so lu t io n  by ;;2# Sodium

C h lorid e , yet a young beech tree  was grown (but not in  a healthy
con d ition ) in  s o i l  contain ing &% o f  i t s  dry weight o f  s a lt  and

c e r ta in ly  a ffo rd in g  on a ba sis  o f  -c a aa lt so lu t io nWater Content
o f  more than 70 times that con cen tra tion .

Again most p lants succumb to  a Copper so lu t io n  o f  1/ 

1 ,000 ,000 but the same plants have been grown in  s e l l s  watered 

with so lu t io n s  o f  1,000 times th at strength  without harmful 

e f fe o t s  and o ften  with increased  growth as a r e s u lt .

These examples d e f in it e ly  show that water cu ltu re  and 

s im ila r  experiments have no d ir e c t  bearing on the question  o f  the 

t o x i c i t y  o f  substances in  the s a i l  and have s t i l l  le s s  cm the 
e f fe o t s  o f  the prolonged use o f  poisons on the f e r t i l i t y  o f  the 

s o i l .  Therefore they are not considered  further in  thiB 

con n ection .

Further, s in ce  the a p p lica t io n  o f  these takes p la ce  in  

the form o f  in s e c t ic id e s  and fu n gio ides (o r  perhaps as weedkillers 

when the crop  i s  not on the ground) they are app lied  in  forms and 

at d ilu t io n s  ca lcu la ted  to  be harmless to  the crop in  the inmed- 

la t e  p resen t. I t  may be said that very few In v estig a tion s  have 

been made d ir e c t ly  in t o  the question  o f  th e ir  e f fe o ts  on the s o i l ;  

most o f  the con clu sion s arrived  at have been the resu lt o f  obser
vation  oi* long continued a p p lica t io n .

The substances under con sid era tion  may be separated 

in to  two c la sse s  -  (1 ) Those in  which the M olecule aots as a 

s p e c i f i c  u n it  i . e .  n o n -e le c tro ly te s  or such Carbon d isu lp h id e , 

Bensfene and w ith these the C arbolic d er iv a tiv es  phenols, C reosote, 

e to j (2 ) Those whioh in  contaot with water form so lu tion s  con ta in 

in g  to g le  l io n s  or u n its  as w ell as n on -tox ic  or le s s  to x ic  units



which may have an e f fe e t  on the s o l i ,  e .g .  Copper sulphate In  

whioh the Copper io n  Is  to x ics  the sulphate p r a c t ic a l ly  non- 

to x lo  but more a o t iv e  In  the eoonomy o f  the s o i l  I t s e l f .  For 

th is  reason  i t  i s  neoessary to  r e fe r  t o  these substances in  

two d is t in c t  connections e .g .  the above as Copper and as S u l- 

pahet.

( l )  Group one may be separated in to  two c la sse s  (a ) 

V o la t i le  and (b) N on -V ola tile .

(a) The former c la s s  Inclu d in g  Carbon B isu lph ide, Benzene,

Toluene, e t c .  may be dism issed In  a few words; as they are 

r e a d ily  and com pletely v o la t i l e  there are no d ire o t  perma

nent e f fe c t s  on the s o i l  whatever, s in ce  w ithin  a few hours 

or a few days they are d ilu te d  or swept out o f  the s o i l  

by the processes o f  d ifu s ion  and v e n t ila t io n , the traces 

l e f t  being com pletely  n e g l ig ib le .  Their immediate e f fe c t s  

on the s o i l  are apparently b e n e f ic ia l  as they a ct as 

p a r t ia l - s t e r l l i z e r s  and in orease  b a c te r ia l s o i l - a c t iv i t y .  

This e f f e o t  a ls o  i s  probably lim ited  in  degree and transient 

Chloroform , through form ation o f  h ydrooh lorlc  a c id , 

and Carbon B isu lph ide, through Sulphuric acid  may in crease  

lea ch in g , bu t, in  the q u a n tities  used, t o  a n e g lig ib le  

degree .

S im ilar re su lts  may fo llo w  the a p p lica t io n  o f  any 

ra p id ly -a c t in g  and ra p id ly -d estroyed  plant to x in .

(b ) N on -v o la tile  substanoes l ik e  phenol, c re o s o te , naph

thalene, e t c .  a l l  apparently disappear fran the s o i l  in  a 

very short tim e. This in  the case o f  phenol a t le a s t  i s  

a scrib ed  t o  the a ctio n  o f  B a cteria , but ocours in  a se p tic  

con d ition s  apparently through the a c t io n  o f Manganese in  

the s e l l .  The end prouots o f  the process are carbon 

d io x id e  and w ater, having no e f f e o t  on s o i l  c o n d it io n s .

The h is to ry  o f  other c o a l-ta r  products in  the s o i l  has not 

been so throughly in vestiga ted  but apparently fo llo w s  a 

sim ila r  cou rse .
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Other organic p lant poisons oan be classed  along with 

those Ind ica ted  above; where s a lts  are In qu estion , the 

base has to  be considered among those o f  the second group.

( 2 )  Triorganic Plant p o ison s . The un its  o f  these may be 

again considered  under two groups (a ) evanescent and (b ) Perma

nent ( r e la t iv e ly ) .

(a ) The most im portant o f  these are the groups known as

Cyanides, Sulphooyanidea, C arbides, e t c .  in  which the 

compound ra p id ly  breaks down in  normal s o i ls  forming 

mannrial or r e la t iv e ly  innocuous substances e .g «g .

Cyanide in to  Ammonium Carbonate.

Sulphocyanlde in t o  Ammonium Sulphate and Carbon d le s id e  

and so on. These have no permanent e ffe o t  on the s o i l  

in  the strengths in  which they are used.

(b ) The main controversy  has ranged round the s a lts  o f

the heavy m etals and m e ta llic  poisons l ik e  Copper, Iron , 

Lead, Mercury, Zinc e t o . ,  which are usually  applied in  

the form o f  S a lts  or a t  le a s t  prepared from s a lt s ,  the 

so lu t io n  applied  con tain ing  the S a lt  u n its .

I t  may et once be sta ted  that these substances in  so lu 

t io n  and in  d ir e c t  oontaot w ith p lant ro o ts  in  anything 

but the low est con cen tra tion s are t o x i c ,  and d id  they 

remain in  so lu t io n  in  the s o i l  should render i t  i n f e r t i l e .  

A ll  o f  than however are to  a grea ter or le s s  degree, and, 

w ith in  the l im its  o f  the in d iv id u a l a p p lica tion s  as Insect 

io ld e s  or F u ngicides, t o t a l ly  rendered in so lu b le  by 

absorption  in  the s o i l ,  so that only at very high concen

tra t io n s  do they come in t o  con tact with p lant roo ts  at 

a l l  in  so lu b le  form . Henoe so lu tion s  o f  m e ta llic  s a lts  

may be applied  even to  crops so long  as they are not 

s u f f ic ie n t ly  strong to  in lu re  the le a v e s .

A good deal o f  the e a r l ie r  work in  th is  connection  has 

to  be negleoted  s in ce  the in v e s t ig a to rs  in  question  were 

searching fo r  a oause o f  i n f e r t i l i t y  and having demonstra

ted  the presence o f  m etal ( e .g .  s in e , lead ) i n the s o i l
-4-



considered  they were ju s t i f ie d  in  a s cr ib in g  the observed 

e f fe o t  t o  these substances as causes; subsequently other 

causes have been shown to  be e f f e c t iv e .

Exaot work with most o f  these m etals has shown that

"th e  long-continued  p ra c t ic e  o f  spraying Grops with

m e ta llic  polsonshas in  no case resu lted  in  the reduced

fe r t i l i ty  o f  the s o i l  through the a ction  o f  these m etals" . 
ment

This s ta ts /h a s  however to  be q u a lifie d  by the p rov iso  

that should the s o i l  became stron g ly  acid  (o r  very sour) 

then i t s  harmful e f fe o t  on crops i s  apparently in t e n s i f le  

and extended by the presence o f  appreciab le  quantities o f  

s o lu b le  m etal which may under th ese  con d ition s  become a 

s o i l  to x in  -  e .g .  Ferrous Iron  i s  known to  a ct as a to x ic  

substance in  very sour s o i l s ,  and experim entally Copper- 

charged s o i l s  have reaoted as poisonous when a r t i f ic ia l ly  

a o ld i f ie d .

In  the nursery s o i l  however fo r  general reasons the 

re a c tio n  o f  the s o i l  w i l l  or ought never to  be allow ed to 

become so  a c id  as to  produce th is  e f f e c t .

In  normal s o i ls  th ere fore  m e ta llic  poisons have no 

e f fe o t  as such, being com pletely removed from the s o i l  

so lu t io n  by the ab sorp tive  p rop erties  o f  the s o i l  i t s e l f .  

For example one o f  the most harmful copper compounds, 

Copper su lphate, may be added t o  the s o i l  at the rate  o f  

about 2 ew ts. per acre  without bad e f fe o ts  on orop plants 

up to  over & ow ts. per aore have been added on good loamy 

or heavy s o i l s  with no bad e f f e c t  a ft e r  the f i r s t  year o f 

a p p lica t io n ; in  the le ss  so lu b le  forms such as in  Bordeau 

mixture muoh heavier a p p lica tion s  have been made, so that 

taking average q u a n tities  and assuming that none o f  the 

copper i s  washed from the s o i l ,  Bordeaux m ixture might be 

app lied  annually fo r  over 26 years without harmful e f fe o t  

always provided the s o i l  i s  otherw ise kept in  good con d i

t io n  with p len ty  o f  lim e and humus.

There i s  on record  statements that the a p p lica t io n  o
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copper s a lt s  has gone on continuously  in  th is  way in  the 

French vineyards without In ju ry  to  s o i l  fo r  over 100 

years.

The general ru les  deduced from copper s a lts  may be 

app lied  t o  a l l  other m e ta llic  Io n s . Arsenio which acts  

as a m etal and as a non-m etal, apparently i s  cm exception. 

In  the form o f  A rsen ites i t s  e f fe c t s  may be f e l t  in  the 

s o i l  fo r  some conslderabte time a ft e r  a p p lica t io n ; in  a l l  

p ro b a b ility  arsen io w i l l  not be used in  th is  form as a 

F orest spray.

(3) A c id s ; the second u n it o f  the m e ta llic  s a lt ,  the acid  

io n  i s  l ib e ra te d  as fre e  acid  henoe i t  might be expected t o  have 

some in flu e n o e  on s o i l  re a c tio n  and f e r t i l i t y .  As far as obser

vation s appear to  have been made the immediate e f f e c t  o f  small 

q u a n tities  o f  most o f  the a c id  groups has been b e n e f ic ia l ,  perhaps 

due to  the l ib e r a t io n  o f  food  bases fron the c o l lo id  complex. The 

u ltim ate e f f e c t  i s  no doubt t o  reduoe the amount o f  base present 

in  the s o i l  and render i t  le s s  f e r t i l e  through the development o f  

sourness. But s in ce  a l l  non-baslc manures -  K a in lt, Ammonium 

sulphate -  except the N itra tes , produce s im ilar e f fe c t s  from the 

same causes, and owing to  th e ir  much more concentrated a p p lica tio n  

these e f f e c t s ,  as may r e a d ily  he understood, may be n eg lected  and 

any s o i l  a c id ity  counteracted by the otherwise neoessary ad d ition  

o f  Lime to  the s o i l .

x  A l l  harmful e f fe o ts  in  very sandy s o i ls  are minimised 

by the ad d ition  o f  humus along with lim e to  counteract a c id i t y .

The general con clu sion  to  be gathered from lit e r a tu r e  on 

the aubjeot o f  p lant tox ins i s  that although in s e c t ic id e s  and 

fu n g icid es  are d e f in i t e ly  harmful (as should be expected) to  

plant ro o ts  with which they come in  con ta ct, in  the s o i l  they do 

not make con ta ct owing to  th e ir  absorption  and consequent in s o lu 

b i l i t y  in  the s o i l  s o lu t io n ; they are probably never added in
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Buoh q u a n tities  even as w eedk iller  (a rsen ite  an excep tion ) to  

produce more than an evanesoent e f f e c t  and would requ ire  to  be 

added re g u la r ly  over many years b e fore  th e ir  e f fe c t s  should 

become n o tice a b le  in  any crop , provided the s o i l  i s  kept in  a 

r ic h  and (m ild) "sweet" con d ition  by an adequate supply o f  lim e 

and humus. The danger o f  applying these in  la rge  quantity  to  

s o i l s ,  the a c id ity  o f  which might render them so lu b le , i s  w e ll 

I l lu s t r a te d  by cu ltu re  so lu t io n  re su lts  where death w il l  occur 

w ith, say, Copper s a lt s ,  a t  a concentration  o f  0.1 to  1 .0  parts 

per m il l io n  in  ordinary w ater. In c o n tra d is t in c t io n  to  th is  i t  

i s  emphasised that no s o i l  has been "poisoned" by I n s e c t ic id a l  

or F ungicidal sprays as fa r  as w e ll esta b lish ed  record  goes and 

that the general resultB  o f  such have almost always been in 

creased v i t a l i t y  in  the p lant and in te n s if ie d  b io lo g ic a l  a ctiv ity  

o f  the s o i l .
i

GKO. K. FRASBR.

Some o f  the p r in c ip a l l it e r a tu r e  analysed, and fo r  fu rther 

re feren ces  seen
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C o l l ie r
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tipman -  
G erieke »-
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P fe f fe r

In flu en ce  o f  copper compounds in  s o i ls  upon 
v eg e ta tion .

Sur la  t o x l c l t e  des se ls  de cu iro e  a C1egard 
des vegetaux superieurs.

The e f fe o t  o f  c o p p e r ,s in e , ir o n  and lead s a lt s  
on the s o i l .

Smelter wastes and Barley growth.

Bioohemie der P flazen . 

Pflansenphyei o lo g i e .

Various papers in  Landwirtsohaft V ers. S te t by Girard Jensen 

Sashaer e to .
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M egastl r a m .

I t  was proposed to  report on the status o f  MegastI m b u e  

as shown by the re su lts  o f  the exam inations o f  Douglas f i r  seed 

o o lle o te d  sinoe 1922. On going into the records I t  has been 

found th at no seed c o l le c t io n s  have been reoelved  from the same 

l o c a l i t i e s  In two successive  y ea rs . The records o f  examina

t io n s  are a l l  contained in  filea fa t R.Q. and can rea d ily  be 

ta bu la ted .

Meanwhile i t  may be sta ted  th at the h ighest percentage 

o f  sound seed found in  any home consignment was 60% In a sample 

reoelved  through Mr aoott from hrdverlkle In 1924 and that the 

percentage o f  In fe s ta t io n  o f  home seed by Megaatlgmus ranged 

from 7$ up t o  35%. In considering  these fig u res  i t  should be 

observed that the analyses were as fo l lo w s .

a. b.
Megast lgmus 7% 35%

Sound seed 33% 2%

Empty seed 60% 63%

This suggests that in  th is  country out o f  100 seeds 

o o lle o te d  on ly  from 40 to  50 per cent are developed and o f  these 

from 17% to  86% may be p a ra s itised  by Megast 1/anus.



Ptee Shoot T o r tr lx .

An in v e s t ig a tio n  in to  the Pine Shoot T o r tr lx  was proposed 

by the Technical Coirmissioner and a programme o f  work was drawn 

up and approved. U nfortunately owing to  the mining trou b les 

and t o  the general s tr ik e  the demarcation o f  experimental p lo t s  

and arrangement o f  experim ental hand-pick ing could not be made 

in  the sprin g  and has been postponed.

In sp ection s o f  the Wangford and Slvedon areas were made on 

A p ril 7th and July 22nd -  23rd. The April in sp ection  was con

fin ed  to  a general survey and by July 22nd one brood o f  moths 

had flown and tho most u se fu l work to be done w s to  ascerta in  

the s i t e s  o f  e g g -la y in g  and behaviour o f  the f i r s t  stags o a te r - 

p i l l a r t .

Bggs were looked f o r  a t the base o f  the buds on the new 

growth. The f i r s t  found was s itu ated  Just below a side bud 

between two needles sheaths and subsequently others were found 

s in g ly  o r  in  p a irs  e ith e r  ju s t  a t the base o f  a bud o r  on the 

sh oot, at most quarter o f  an inch d istan t from the base o f  a 

bud o r  bud a. m  two instances eggs were found on the buds 

them selves.

The eggs* were o f  the usual T o r tr io id  typ e , f l a t  roundly 

e l l i p t i c a l  s ca le s  s i t t in g  o lo s c ly  to  the green bark o f  tbe sh oot, 

They were o f  an lr ld e e e n t pink co lou r  and on being punotured 

w ith the p o in t o f  s pen -k n lfe  bu rst and d isc lo sed  a brownish 

sem l-llq u ld  mass.

Home eggc shewed signs o f  hatching in the form o f  minute 

e l l i p t i c a l  gray spots near the margin. A considerab le  number 

o f  shoots bearing eggs wore o o lle o te d  and the fo llo w in g  fu rth er  

observation s made In the la b ora tory .

On <*uly 26th severa l eggs hatohed and the emerging ca te r 

p i l la r s  orawled in between the needles and the needle sheathe. 

Sere they fed  on the sheath and needles throwing out minute
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p e l le t s  o f  gray green exorem ent. On August 3rd some o f  the 

o s t e r p l l la r s  had begun to form s ilk en  threads spun from the 

s id e s  o f  the buds and were feed in g  on the bud sca les and on 

August 23rd the s ilk e n  web formed a oomplete covering be

tween two o r  three beds in to  one o f  whloh the o a te r p llla r s  

had bored. At the date o f  w r it in g  (September 1st) a l l  the 

o a te r p llla r s  whloh have survived are concealed In the buds 

th e ir  entrance h o les  being blocked w ith res in . This Is the 

con d ition  In which the c a te r p il la r s  pass the w in ter.

The sp ecies  on whloh these observations have been made 

is  not c e r ta in ly  known to  me. Two very c lo s e ly  a l l ie d  

sp ecie s  have been o o lle o te d  by me at T h etford , B vetrla  

(T o r tr lx )  buoliana and B vetrla  turlonana. w hile In 1917 I 

reared a th ird  sp e c ie s , named by J .H artley  Durrant o f  the 

B r it is h  Museum, as B .p ostloan a . from pine shoots at M llden- 

h a l l .  A fou rth  sp ecies  .duplana* Is given by Meyriok 

(B r it is h  Lepidoptera) as occu rrin g  on Soots p in e.

The id e n t i f ic a t io n  o f  the species Is Important as the 

fo llo w in g  ta b le s  o f  the l l f e - h i s t o r l e s  taken (a) from May- 

r ic k  and (b) from Judelch-H ltsche show : -

S p ecies . M oth flles . Pupa,

buollana a . J u ly  -  August

b . June -  August June.

tarlonana a . June

b. May -  June A pril -  May

duplana a. May

b. A p r i l  -  Hay J u ly  -  A p r i l

I t  w i l l  be seen th a t th e  two speoles buollana  and

o ve rla p  both In  pupal p e rio d  and f l i g h t  tim e and 

have a s im ila r  l l f e -a y o l e .  T h e ir  modes o f a tta c k  on the

~ 2~

x I  am unoertaln  whether ooatloana and duplana are synonjmi 
«■ recent work on the group Is confined  to  purely wibomolo
g ic a l  Journals to  whloh access ean be had only In the 
B r it is h  Museum. Lack o f  time has prevented my going Into
the m atter.



plant* i r a ,  however, d i f f e r e n t ,  buollana tu n n ellin g  the 

growingshoota In early suimer While turlonana con fin es  i t 

s e l f  to  the cen tra l buds. The re su lt in g  in ju r ie s  are d ia - 

t ln o t  when the moths ooour s in g ly , buollana produces the 

deformed b a y on et-lik e  sh oot, turlonana produces a stunted 

top  In whloh the lead in g  bud newer develops o r  in which none 

o f  the buds develop .

Both types o f  In jury ooour in  the tfangford p lantations 

and the qu estion  as t o  whloh sp ecies  was found o r  whether 

both  sp ecies  have been found In the egg stage can be ascer

ta ined  on ly  by rearing  the m aterial now at hand*

With regard to  B*duplana th is  sp ecies  a lso  seems to  

ooeur at T h etford  aa two pupae were found In buds on A pril 

6th  w hile a l l  oth er buda examined contained oa te rp llla ra *

The p o s it io n  at T hetford w ith  regard to  these Pine 

Shoot Moths Is muoh as it  was when 1 reported on the area on 

Hay 26th 1924* In my report I suggested hand-ploklng on an 

experim ental scale* Some hand-pick ing waa done but was 

stopped by order o f  the A ssistant Commissioner be fore  enough 

had been done to  y ie ld  any evident good r e s u lt .  Mr Q u ills -  

baud Informed me that the cost was 1 / -  an aore and the meas- 

ure Wis e a s i ly  ca rr ie d  out*

In the absence o f  con tro l measures the moths are stead

i l y  spreading and oonslderable damage Is being  done.

The question  o f  p a ra sites  has been considered* An 

eg g -p a ra s lte  a species  o f  Chalold was obtained but no oth er 

p a ra s ite s  were obtained th is  y ea r . In fa o t ,  b e fore  any 

tiuatworttay work on p a ra sites  can be done the Id en tity  and 

l i f e -h la t o r le a  o f  the B vetrla  sp ec ie s  must be c lea red  up* A 

beginning has been made and I f  next w in ter experim ental p lo t  a 

can be e s ta b lish ed  good progress might be made towards the 

con tro l o f  th ese  moths*
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Chermea o o o le y l .

Work re la t in g  t o  Chennes o o o le y l  has been confined  to  ob ser- 

vatIons o f  I ts  spread or  Increase made In the course o f  f i e ld  work 

and to  observation s made In High Meadow and Lining wood in the 

fo r e s t  o f  Dean.

Reports reoelved  from correspondents, e ith e r  o f f i c e r s  o f  the 

Commission or p riv a te  in d iv id u a ls , show that 0 . c o o le y l  is  more 

gen era lly  and w idely  d is tr ib u ted  than was suspected. In part th is  

appears to  be the resu lt  o f  wider d isp ersa l and to  the in s e c t ’ s 

In trodu ction  In d is t r i c t s  where i t  c e r ta in ly  did not p re v io u s ly ’ 

occu r. C .c o o le y l Is now recorded as fa r  north as Laurencekirk 

on the P orfa rsh ire -S ln oa rd ln esh ire  border.

This question  o f  d isp ersa l is  a seriou s  one but i t  is  doubt

fu l  whether i t  can now be com pletely  checked. The c h ie f  means o f  

d isp e rsa l is  bn young p lants but th is  can be checked. The second 

means is  by wind and th is  cannot be checked and there is  now no 

doubt that i t  1b on ly  a matter o f  time unt i l  th is  Chermes w il l  be 

found in most Douglas f i r  p la n ta tion s throu#iout the country. This 

prospect may appear to render f u t i l e  the co n tro l o f  the Chermes 

in the nursery but i t  cannot be to o  stron g ly  urged that such a 

view ia e n t ir e ly  wrong. Even although i t  were ce rta in  that a l l  

p la n ta tion s  esta b lish ed  w ill  \iltim ately become Ghermea in fested  

the lon ger the in fe s ta t io n  is  delayed the b e tte r  and i t  would be 

very  bad p o lio y  knowingly to d is tr ib u te  p lants in fested  by Chermes 

o o o le y l w ith the excuse that th is  in sect is  already wide spread and 

a few more in fe s te d  p lan ts w i l l  make l i t t l e  d if fe r e n c e . Chermes 

o o o le y l can be and, in  many in stan ces, is  d e f in it e ly  in ju riou s  

to  young p la n ts . when heavy in fe s ta t io n  occurs i t  has a markedly 

in ju riou s  e f fe o t  on the plant retard ing  growth and rendering the 

plant su soep tlb le  to  attaok  by other in ju riou s  a gen cies . This has 

been amply seen in Dr 3teven*a experim ental work. Every e f f o r t  

should be made to  con tro l Chermes in the nursery and prevent i t s  

d isp ersa l on young p la n ts .

Several oon tro l methods have been advocated against C .o o o le y l
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both by spraying and by dipping and o f  th ese  the most e f f i c i e n t  

is  the N icotine spray recommended in B u lle t in  Ho.4 p .30. The 

success o f  th la  spray depends however on repeated a p p lica tio n .

An summer there -ire produced on the Douglas f i r  needles a se r ie s

o f  "P rogred iens" generations and at le a s t  three sprayings at

in te rv a ls  o f  10 days to  a fo rtn ig h t in the la t t e r  h a lf  o f  May

and In June are necessary f o r  proper co n tro l. That such con tro l

can be attained was shown by Mr Gray's sprayings In Dr Steven 's 

experim ental work th is  year,

In p la n ta tion s  the e f f e c t  o f  0 - o o o le v l In festa tion  var ies  

g rea tly  apart from v a r ia tion s  due to seasonal o r  weather cond i

t io n s . As I reported as a resu lt o f  a v i s i t  to  Lake Vymwy 

apparently d if fe r e n t  types o f  Douglas f i r  react d i f fe r e n t ly  to 

Chermes a tta ch . Experiments to a scerta in  what types o f  Douglas 

beat r e s is t  a tta ok , or  le a s t  s u ffe r  from I t ,  are in progress 

in Bagley Wood but at present a l l  th at can be reported Is that 

these p lants have been In fested  th is  year and that d iffe re n t  

rea ction s  to  In fe s ta t io n  w il l  not be seen f o r  a year or  two.

This experiment Is under Mr C h ry sta l's  charge and we are indebted 

to  Dr 3teven fo r  the p lants used.

Observations on p lantation s In High Meadow and at Lining 

Wood In the Forest o f  Dean have shown varied degrees o f  In fe s ta t io n . 

In 1925 in both p la n ta tion s , one near Bunjups and in  L ining Wood 

I t s e l f ,  th ere  appeared to be An improvement. The numbers o f  

Ohermes per needle were le s s  than In 1924 and the general In fe s ta 

t io n  was l^ ss  severe . This year in August the in fe s ta t io n  was 

e s p e c ia lly  severe both on the low and the high -round. Ab In former 

years the degree o f  In fe s ta t io n  varied from tre e  to  t r e e .  Some trees 

showed the needles shortened and ourled lengthw ise, shoot-growth 

short and adven titious buds numerous. Others ad jo in in g  such stunted 

tre e s  were growing w ell w ith leaders three and fou r fe e t  lon g . In su<±i 

circum stances i t  is  not p oss ib le  t o  consider that s o i l  con d ition s  ore 

respon sib le  f o r  these d iffe re n ce s  In growth and h ab it.B adly  attacked 

or  stunted tre e s  showed no evidence o f  Am111aria o r  Pomes at the
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base o r  on the r o o ts . N either can I t  be oonsldered that 

the Chermes Is w holly respon sib le  fo r  these co n d itio n s .

There must be some other le s s  evident fa o to r  Inherent In 

the Individual tre e s  themselves whioh produces so great a 

d if fe re n ce  in  the re a ctio n  to  the Chernies. The d isoovery  

o f  that fa o to r  l i e s  in  the realm o f  p h y s io lo g ica l research 

and meanwhile the p r a c t ic a l  step toward so lu tion  o f  the pro

blem is  to  determine by head mark, as the phrase goes, what^ 

types o f  tree  are le a s t  a ffe c te d  by Chermea. I t  ahould 

not be assumed th at Douglas f i r  is  a fo re s t  tree  reduced 

in value because o f  i t s  being the h ost o f  C .o o o le y j.

Q .ooo ley l attacks are not e n t ir e ly  harm ful. There is  

evidence on the tim ber te s t in g  side  that Douglas f i r  may 

in  th is  country grow to o  rap id ly  to  oroduce the best tim ber 

and, w hile the in trod u ction  and spread o f  Chensea c o o le y l  

In to , and in , B rita in  la t o  be deplored , the in sect may by 

slow ing down growth and by c a l l in g  a tten tion  to  v a r ia tion  in 

type o f  the Douglas f i r  serve a purpose not w holly in im ical 

to  fo r e s t r y .

The value o f  the la d y -b ird  b e e tle s  as s check on 

o o o le y l has received  fu rth er  con s id era tion . The o ccu rr 

ence o f  the species. Adalia o b l i t e r a t e , w s found at Bagley 

Wood and Lining Wood to  be irreg u la r  but th is  species is  

s t i l l  the on ly ladybird  b ee tle  occu rrin g  in any numbers in 

pure stands o f  Douglas f i r .

One important aspect o f  ladybird  b e e tle s  in th e ir  r e la 

t io n  to  Douglas f i r  should be mentioned; that these beetlea,
• .

thouga norm ally carn ivorou s, may become phytophagous.

M a ils  b lnunotata . a species  c lo s e ly  a l l ie d  to A, o b i H era t a

has been reoorded as feed ing  on yew b e rr ie s  and C oooln ella

blpunctata our common red lady-bdrd has been found in ju riou s
x.

to  S ilv e r  f i r  needlea .

The 0 . c o o le y l  question  i s ,  as 1 have p rev iou s ly  report

ed, c lo s e ly  bound up with s i lv ic u lt u r a l  questions and fu r -

th er  work on i t  should be carried  out in  conJunotion with
in Larauer’ s Fflanzenkrankheiten -  "Die herische Feinde" 1913.
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the s i lv ic u lt u r a l  and sample p lo t  o f f lo e r s *
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Pine Weevil Work.

This y e a r 's  Pine Weevil work has been con fined  to  the 

fu rth er study c f the experiments at Hawkhlll In closu re  in  the 
New F o re s t .

The experiments are the outcome o f  a proposal to   ̂

study the value o f  trapping Hyloblus in  standing woods one or 
two years b e fore  f e l l in g .  Owing to  u ncerta inty  as to  the 

times o f  f e l l in g  and, when fe l l in g  was decided on, to  I t s  
being  ca rr ie d  out Irre g u la r ly  as a market was found fo r  the 
tim ber, the con d ition s o f  experiment are not those o r ig in a lly  
d esired  and intended.

The experiments are properly  an endeavour to  con tro l 

H yloblus in  standing woods during fe l l in g  operations, experi-, 

ments whioh must by th e ir  very nature g iv e  le s s  e f f i c i e n t  

co n tro l than those ca rr ied  out w e ll in  advance o f  f e l l i n g .

The hypothesis on which the experiments are based i s  

that in  any given pine area Hyloblus occurs In varying num

bers and when fe l l in g  takes p lace  the in te n s ity  o f  Hyloblus 

attaok  on rep la n tin g  Is  d ir e c t ly  p roportionate to  the number 

o f  w eevils  present be fore  f e l l in g  takes p la ce . The e f fe c t  

o f  f e l l in g  Is  to  a ffo rd  breeding ground fo r  the w eevil whloh 

in crea ses  ra p id ly  in  numbers w ithin  a year a fte r  f e l l in g  and 

I f  unchecked w i l l  in  two or three years a tta in  such numbers 

as t o  menace rep la n tin g .

Assuming the w eevil population  in  a standing wood 

in  1925 to  be jand I t s  ra te  o f  Increase  140*, the population  

in  1926 would i f  everything favoured the w eevil be (j[ x 70) 

as the p orp ortion  o f  sexes Is  known to  be even. In  the 

second year (1927) the population  would be 70 j x 70 and so on.

Now the c h ie f  fa c to r  In  standing woods whloh cheoks Hyloblus 

in crea se  i s  la ck  o f  breeding ground. For example, in  Hawk

h l l l  I t s e l f  the numbers o f  w eevils present in  1919 a ft e r  the 

1916-1918 fe l l in g s  has g rea tly  fa l le n  as la s t  y e a r 's  trapplhg 

c le a r ly  showed and th is  i s  due to  two fa c to rs  f i r s t ,  the

so a ro ity  o f  breeding ground and secondly , the consequent
^r\£*uUre, I s based on a statement

« 6 wk °  examined the number of eggs
in a season by s in g le  fem ales .
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d isp e rsa l o f  the w eevil in  search o f breeding ground.

When f e l l in g  takes p laoe th e  c h ie f  check on 

HylobiuB in crea se  i s  removed and i t  i s  on th is  hypothesis 

that the Hawkhill experiments are based. The aim i s  to  

reduce j  because obviously  i f  the value o f  | i s  reduoed the 

va lye o f  70j[ I s  a ls o  reduced and i t s  s u f f ic ie n t  redu ction  

may mean the saving o f  much o f th e  replanted  crop .

The f i r s t  fe l l in g s  took p lace  in  Hawkhill in  

December 1924 and trapping was begun in  May when the f i r s t  

w eevils appeared from th e ir  w inter qu a rters . I reported 

on the p o s it io n  then on June 20th 1925.

S ince  then f e l l in g  has been ca rr ie d  out Irre g u la r ly  

and trapping i s  now in  fo rce  throughout the whole area . The 

numbers o f  w eevils  trapped are in crea s in g  but they do not 

show any such in crea se  as would occur under normal conditions 

where no trapping bad taken p la oe .

On the occasion  o f  my la s t  v i s i t  on 12th -  15th 

July and in sp e c tio n  o f  each f e l l in g  b e lt  was made and the 

fo llow in g  poin ts were noted

1 . Damage t o  plants

2 . Damage by In sects  other than H yloblus

3 . C ondition  and e f f ic ie n c y  o f  traps

4 . Extent o f  in fe s ta t io n  o f  stumps.

The damage to  plants observed was s l ig h t  except in  

s tr ip s  Nos. 6 and 7 and In  No. 6 th is  was ascribed  to  delay  

in  trapping and too few tra p s . In  No. 7 these fa c to rs  

were not present and except that in  th is  s t r ip  two other 

w eevil sp ecies  were present no cause o f  the in ju ry  can be 

assign ed .
In the e a r lie r  cut s tr ip s  the almost en tire  absence

( in  some s tr ip s  no in ju ry  at a l l  b a d  been in f l i c t e d )  o f

in ju ry  by H ylobius i s  su rp ris in g  even when i t  i s  considered

that in te n s iv e  trapping haB been ca rr ied  out and so far

there i s  no doubt as t o  the success o f  the measure. Except

in  s tr ip s  Nosi 6 and 7 there i s  good reason to  hope that
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the p lanting done w i l l  be sa fe  from d estru ction  by the w eev il.

Zn s t r ip  No. 7 and a ls o  here and there in  other 

•strips con sid era b le  in ju ry  has been caused by the two w eevils 

Otl orrhynohua p lot pee ( -  0_. _sin^ularis) and Strophosomus 

c o r y l i  . Corsican pine p lants have most su ffered  from these.. 

The type o f  in ju ry  resem bles that caused by H yloblus. as i t  

a f fe o t s  the stem, but Otlorrhynchus and e sp e c ia lly  Strophos

omus n ib b le  the needles and where severe n ib b lin g  o f  the 

needles occurs with stem in ju r ie s  i t  seems reasonable to as

c r ib e  the whole t o  these w eev ils . Otlorrhynchus gnaws the 

buds much more than H yloblus does and th is  a lso  strengthens 

the evidence fo r  a s cr ib in g  such in ju ry  t o  th is  w eev il. Both 

these w eevils occur in  the traps but are not a ttra cted  to  

them as H yloblus i s  and probably use them fo r  sh e lte r  on ly . 

E ck ste in  (Teohnik der F orst-sch u tz) reoanmendB bundles o f  

Rumex a o e to s e lla  as traps fo r  Otlorrhynchus but I have never 

t r ie d  th ese .

Both Otlorrfaynohua and Strophosomus have in  recent 

years become im portant in  planting op era tion s . Even in  Mull 

th e ir  in ju r ie s  have been reported  as severe and at Margam they 

are proving as serious a pest as H ylob ius. Both occur w idely 

throughout H aw khill. I observed th e ir  in lu r ie s  to  s e l f  sown 

pine in  December 1924 ani th e ir  attacks are not unexpected 

although the In ten s ity  o f  attack  i s  much greater than was to  

he expected . Their presence i s  important fo r  two reasonB, 

f i r s t  because o f  the in ju r ie s  in f l i c t e d  ard second because 

these in ju r ie s  may be a scrib ed  to  Kyi obi ua and the re su lts  o f

the experim ental work v it ia t e d .
An examination o f  the traps at Hawkhill showed that 

w hile in  the e a r lie r  cut b e lts  these were s u f f ic ie n t ly  numerous 

and w ell p laced , in  the la te r  cut b e lts  and, in  p a r t icu la r , in  

Nos. 6 , 7 and 8 more and fresh er  traps were needed. The 

whole success o f  th is  co n tro l method depends on e f f i c i e n t ,  

in te n s iv e  trapping and the po in ts  needing a tte n tio n  most are 

the numbers and freshness o f  tra p s . No in form ation  was ob



tained as to  the r e la t iv e  e f f ic a c y  o f  bark and b i l l e t  trap s , 

both are In  use, both I f  kept fresh  are e f f i c i e n t ,  but bark 

traps ra p id ly  dry up ahd b i l l e t  trpps must be c lo s e ly  In  con- 

ta ot with the s o i l  or s o l i  v eg e ta tion .

Last year I t  was ascertained  that trapping had not 

com pletely  prevented egg -la y in g  by the w eevil In the stumps 

and th is  was fu rth er looked in to  on th is  v i s i t .  In  many 

stumps only one or two grubs were found, in  some none were 
found and In a few frcm tw elve to  twenty were found. These 

were f u l l  grown grubs or pupae. Their numbers per b e lt  

oould not be ascertained  in  the time at my d isp osa l but they 

are c e r ta in ly  many times le s s  than normal. This again sug

gests  that the experiments are a t  le a s t  In  part s u cce s s fu l.

Apart frcm the experimental r e su lts  o f  the Hawkhlll 

trapping r e s u lts  o f  d ir e c t  value to  the re -p la n tln g  ought to  
be forthcom ing. These w i l l  depend almost wholly on the 
in te n s ity  o f  trapping next spring and on the care with which 

trapping i s  ca rr ie d  ou t. During the next f iv e  or s ix  years 
f e l l in g  w il l  take p la ce  in  H aw kbill. Apart a ltog eth er  from 

the p r in c ip le  I t  Is  d es ired  t o  e s ta b lish  or re fu te , that 
trapping b e fo re  or during fe l l in g  i s  b e tte r  than delay In  

p lan tin g , delay in  re -p la n tin g  in  Hawkhill u n t il  the w eevils 

oease t o  breed in  the stumps i s  im p ra ctica b le . I f  that 

method o f  avoid ing w eevil lo s s  were adopted the s o i l  con d i

t io n s  and the growth o f  weeds would in vb lve  muoh more expend

itu r e  in  preparation  fo r  p lanting than in ten s iv e  trapping 

would co s t  and meanwhile the w eevils bred in  the stumps would 

d isp erse  t o  other areas , sane o f  them not fa r  d is ta n t , where 

f e l l in g  and p lanting  i s  a ls o  in  p rogress .

Hyloblus i s  endemic in  the Hew F orest. As f e l l in g  

proceeds i t  may become epidemic and the redu ction  o f  i t s  

numbers throughout the fo re s t  ought to  be taken s e r io u s ly .

On p riv a te  estates where the fo re s t  area i s  lim ite d , the 

fo re s t  s t a f f  small and labour c o s t ly  in  p roportion  to  the 

area o f  woodlands, the co n tro l o f  Hyloblus must probably be 

lim ited  to  oon tro l b e fo re  or during f e l l i n g .  In  th e  New

F orest where the pine woodland area i s  la rge  and where the
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s t a f f  I s  organised an attempt should be made to  reduce the 

w e e v il. When new p lantations are being estab lish ed  H yloblus 

I s  qu ite  as Important a pest as the rabb it and expenditure 

o f  money and labour on I t s  suppression Is  no more unreason

ab le  than expenditure on ra b b it exterm ination . The Increase 

o f  H yloblus ought to  be regarded ju st as much as a mark o f  

woodland n eg lect as the Increase o f  the r fto b lt .

To begin  w ith , that se c t io n  o f  the New Forest which 

l i e s  south east o f  Brockenhurst and east o f  th e  Lyndhurst 

Road-Brockenhurst railwey l in e  might w e ll form a demonstra

t io n  or experim ental area fo r  the suppression  o f H yloblua.

In th is  work b i l l e t  traps and stake traps w il l  be most 

s e rv ice a b le , b i l l e t  traps where fe l l in g  i s  sh ortly  to  take 

p laoe or i s  In  progress and. stake traps where f e l l i n g  i s  not 

contemplated fo r  a year or two.
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Chafer Work.

The oh afer work ca rr ie d  out th is  year has been d ire cte d  

towards c le a r in g  up the r e la t iv e  importance o f  the three spe- 

o ie s  d estru ctiv e  in  the Commissioners n u rseries  and determ ining 

the main fa c ta  o f  th e ir  l i f e - h i s t o r i e s  as they may a f fe c t  contnS 

work. k good foundation  has been la id  f o r  fu rth er  work and 

already the variou s problems to  be faoed have become c lea rer  

and more d e f in i t e .

The three sp ecies  o f  chafer concerned are the C ock-chafer 

M elolontha v u lg a r is , now known as Melolontha m elolontha. the 

Simmer ch a fe r , Rhlgotrogus s o l a t i t i a l l s . and the Brown ch a fer 

Serloa brunnea.

Two oth er chafers are re ferred  to  in B r it ish  entom ological 

l it e r a tu r e  as in ju r iou s  to  fo r e s t  crops namely Melolontha 

h ippooastan l and Phvllopertha h o r t lo o la . M .hlppocastanl is  con

sidered  as the northern M elolontha rep la cin g  M .vulgaris but i t s  

ooourrenoe even in Scotland is  rare and i t  has no status as a 

fo r e s t  nursery p e s t . Phyllopertha h o r t lc o la  the .Tune or  Carden 

oh afer i s  an exceed ingly  ooranon inseat in  England. I t  is  

se r iou s ly  d estru ctiv e  in  maricet gardens and allotm ents and in 

I t s  adult o r  b e e t le  sta te  is  commonly seen f ly in g  in the Dean 

F orest, Hew F orest and other woodland d i s t r i o t s ,  but has so fa r  

never been found in ju riou s  In the Commissioners1 n u rseries .

No explanation  oan be o ffe re d  why th is  ohafer should prove a 

pest in gardens and a llotm ents, be common in woodlands, and yet 

be absent from the fo re s t  nursery. It  may yet turn up but 

ca re fu l search f o r  i t  made w hile examining oh afer larvae from 

many l o c a l i t i e s  fa i le d  to fin d  i t

Some a tten tion  has been given to  oth er Lam ellioorn b e e tle s  

than the ch a fe rs . Not in frequ ently  the larve  o f  such L am elli- 

oorns as Aphodlua and Ceotropes are confused w ith  those o f  the 

tru e cha fers and requests have been rece iv ed  fo r  characters 

whereby to d is t in g u ish  the groups. in Aphodiua and Ceotropes
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the anus Is d o rs a lly  p la ced ; 3n the* ohafer larva  It l i e s  

v e n tra lly . Aphod3.ua larvae are frequ ently  introduced into 

the nursery in  oow and horse manure. They are e n t ir e ly  

eoprophagous and harm less. Oeotropes larvae are most common- 

ly  found when pasture land is  being broken up fo r  nursery 

work. Several speoies occu r but th e ir  la rva e  are much 

a lik e  and are best recognised by t h e ir  hump-backed appearance 

and b lu e-grey  co lou r  and on c lo s e r  in spection  by the much re - 

duoed th ird  p a ir  o f  legs  khich  are mere stumps. The (3eo - 

trop es grubs are a lso  ooprophagous and harm less. Aphodlus 

grubs are a lso  freq u en tly  found in pasture land. They oocur 

in patohes o f  oow o r  horse dung or  below s o i l  where dung has 

fa l l e n .

xhe Common Cook-ohafer.

Aims and progress o f  the work.

The main o b je o t  o f  the work ca rried  out th is  year has 

been to  determine the normal duration o f  the cha fers l i f e 

c y c le  from adult to  adult and to a scerta in  whether f l ig h t  or 

swam years, in which la rg e r  numbers o f  chafers appear than 

in oth er y e a rs , ooour in B rita in  as they do on the Continent. 

Duration o f  the l l f e - c y o l e .

There are two methods o f  ascerta in in g  the duration  o f  

the l i f e - o y o l e  f i r s t  by rearing  from the eggs a se r ie s  o f

grubs th r o n g  t o  the adult stage. This method has been

adopted but as I t  is  slow and must await the development o f

the grubs over three o r  fo u r  years the seoond method o f

c o l le c t in g  and measuring grubs o f  a l l  ages and so p ie c in g  

tbs l i f e - c y c l e  together has a lso  been used. The best 

period  f o r  detexm lning the age or  s ize  o f  the grubs is  la te  

autumn o r  w inter and the resu lt o f  la s t  w in te r ’ s c o l le c t io n s  

and examination from Surrey, Hampshire, Berkshire and ClLou- 

c e s te rsh ire  d is t r i o t s  wna as fo llo w s  ; -
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Hewly pupated b e e t le s  emerging 1926

3rd year grubs emerging 1927
2nd " M » 1928
1st " " " 1929

This summer's c o l le c t io n s  were as f o l lo w s : -

Eggs emerging 1930
Pupae " 1927
3rd year " 1928
2nd year " 1929

3h examining c o l le c t io n s  o f  larvae P e r r is 'C h a r a c te r s  f o r  

the re co g n it io n  o f  the variou s chafer larvae were used and 

were found t o  apply to a l l  stages o f  the th ree  sp ecies  found. 

These ch a ra cters  are a fford ed  by the la s t  abdominal segment 

and are best seen from the ven tra l asp ect.

1. Anal o r i f l o e  tran sverse , sp inu les on v en tra l surface in 

a double and lon g itu d in a l row.

2. Rows o f  sp inu les extending almost h a lf  way up the anal 

segment and beyond the a p ica l b r is t le s .

Melolontha P ig , 1 a.

2a. Rows o f  sp in u les extending on ly  about l /3 r d  o f  the way 

up the anal segment and not beyond the apical b r is t le s .

Rhlsotrogus P ig. 1 b.

I s .  Ansi o r i f l o e  lo n g itu d in a l, sp inules in a s in g le  tran s

verse row.

S eries F ig . l c .

These characters have been confirm ed by th e  rearing  o f  

larvae t o  the adult stage and from eggs. The s iz e  or  age, f o r  

In th e  present in v e s t ig a tio n  the terms are synonymous, has been 

determined by comparison o f  head measurements. Measurements 

o f  the bod ies o f  ohafer grubs a ffo rd  no in d ica tion  o f  age o r  

stage o f  development beoause they vary with the amount o f  food 

taken and the extent to  whloh the alim entary canal is  laden o r  

void  o f  food  o r  excrement.

Prom the examinations made i t  is  apparent that the l i f e -

cytae o f  M .vu lgaris in those l o c a l i t i e s  Is a fou r  year one and

confirm ation  o f  th is  w il l  be obtained by observ ing  Individual 
larvae from hatching out u n t il pupation,
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The h a b its  o f  th e adult M elolontha.

Pupae o f  Melolontha were f i r s t  found In the 
middle o f  June and,from August onwards to May and Ju n e,perfect 

b e e t le s  were found In the s o i l .  During the w inter the b e e t le s

remain dormant but contrary to  the accepted tex t book statements 

they beoome a ctiv e  in early  spring and appear above ground in 

mild weather returning again in co ld  s p e lls .  ObserVations on 

th is  poin t were made in the experiment oages but ou tride  under 

w ild  con d ition s  ohafer b e e t le s  were found ju st  a t and very l i t t l e  

below the su rfa ce  in  m ild weather in March. These observations 

tend t o  oonflnn the b e l i e f  expressed in e a r l ie r  reports  that in 

Great B rita in  the sudden or concerted  appearance o f  the cha fers 

on o r  about a given date is  rare and that our in su lar  c lim a tic  

con d ition s  are the causes o f  t h is  d if fe r e n c e  between the cock 

c h a fe r 's  swarming h ab its  here and on the Continent. in Southern 

and Central Europe where spring  comes with a rush and warm weather 

p e r s is t s  u n t il  summer, h ibernating  in sects  u sua lly  appear w ith 

uniform re g u la r ity  and proceed to  p a ir in g  and eg g -la y in g  without 

in terru p tion  from c lim a tic  d isturbances. This d iffe r e n c e  in 

swarming p eriod  has already been suggested as unfavourable to the 

c o l le c t io n  o f  cha fers by beatin g  from the trees  a method much 

favoured and g rea tly  p ra cticed  on the Continent.

P airing o f  C ock-ohafer.

P airing in the lab ora tory  oages which were kept at room tem

perature took p laoe as ea r ly  as February 26th but whether th is  

p a ir in g  w<*s e f fe c t iv e  has not yet been determined. In the f i e ld  

no p a ir in g  was observed u n til 3rd June and could not have been 

general b e fo re  the middle o f  that month.

The b e e t le s  f l y  on ly  at and a f t e r  dusk and i t  was freq u en tly  

10 o r  11 o ’ o look  (Summer time) before  they appeared in any num

b ers . during the day they were found on oak and ohestnut fo lia g e  

but on ly in two instances were couples found p a ir in g .

Egg-Laying.

The aot o f  egg -la y in g  was not observed. In the oages 

female b e e t le s  were freq u en tly  found burrowing in the s o i l  and 

e g g -o lu s te rs  were subsequently obtained. In the open, batches 

o f  eggs were found and one dead female was found among a group o f
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s ix teen  newly emerged grubs.

In the oages none o f  the eggs la id  produced larvae and th is  

was apparently caused by the con fin ed  con d ition s . Fabre (Souven

ir s  Sntom ologiquea, lOe Serie 9th Edn.) working with the Pine 

oh a fer, Polvphvlla found th at no auooessfu l p a ir in g  took  p lace 

under oage con d ition s  and i t  is  probable that in  fu tu re  ejp e r i -  

ments female oook -ch a fers  w il l  have t o  be c o l le c t e d  a fte r  swarming 

i f  f e r t i l e  eggs are to  be obtained.

F irs t  Stage Larvae.

F ir s t  stage o f  newly hatched larvae were found at perch 

Nursery in  the Forest o f  Dean and in Bagley Nursery on 9th and 

13th August. They showed the same chaototaxy or b r is t le  and 

spine arrangements on the anal segment as h a l f  and f u l l  grown 

larvae. These are the on ly observation s made on them to  date.

The bearing o f  t h is  y e a r ra work on p r a c t ic e .

The f i r s t  p o in t in  the ohafer l i f e - h i s t o r y  bearing on p r a c t i 

ca l co n tro l in the nursery is  the prolonged and Irregu la r  swarming 

p eriod  under our c lim a tic  con d ition s . This reduces the e f f i 

c ien cy  o f  two Important measures, the beating o f  cha fers o f f  the 

tre e s  and the p ro teo tion  o f  nursery beds again,;t egg -lay in g .

Beating o f  b e e t le s  o f f  the trees would require to  be done 

during June and July and furthermore even in main swarm years the 

numbers o f  oh a fers swarming never approach those a r is in g  on the 

C ontinent. Observations made during the past fou r  years support 

th is  view and ifurther evidence is  to  be found in o ld  w r ite r ’ s l ik e  

Mouffet and G ilbert White who make no mention o f  these b e e t le s  as 

d e fo l ia t o r s .

P roteotion  o f  nursery beds by qu iok-lim e and naphthalene i s  

im practicab le  because o f  the Irregu lar appearanoe o f  b e e t le s  in  

swarming and beoause our c lim a tic  con d ition s  during June and July 

ra re ly  a ffo rd  s u f f i c ie n t ly  long  s p e lls  o f  dry weather to  allow 

lime to  remain quick o r  unslaked or  to  permit o f  naphthalene re 

maining e f f e o t iv e .  The naphthalene question  is  d ea lt  with below 

but i t  may be here explained that although naphthalene fla k es
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remain lon g  In the s o i l  unaltered the oreay l o i l  and other 

Im purities which are the r e a l ly  potent ln s e o t lo ld a l c o n s t itu 

ents o f  orude naphtha are washed out from the s o i l  w ith in  quite 

s h o 't  p er iod s .

The seoond point o f  t h is  y e a r 's  work bearing on p ra c t ice  

la the oocurrenoe o f  f l i g h t  years. The p roportion  o f  adult 

b e e t le s  found th is  spring was fa r  in  excess o f  1st year and 3rd 

year larvae found. This confirm s the r e s u lts  o f  la s t  y e a r 's  

work and g ives the f l ig h t  years as fo llo w s  •-

1926, . 1930, 1934.

with minor f l i g h t  years in  1927 and 1929.

Q eavlest lo s s e s  occu r  in  the 2nd and 3rd years a ft e r  

f l ig h t  years bein g  caused by the 2nd and 3rd year grubs. Thiis 

In 1926 and 1929 heavy lo s s e s  caused by Melolontha grubs are 

to  be expected and fo re s te rs  in  oharge o f  nurseries should be 

Instructed  to pay sp e c ia l a tten tion  to  c o l le c t io n  o f  grubs In 

w inter 1927 and spring  1928.

Next sprin g  1927 the grubs may a ls o , and should a ls o ; be 

oo lle o te d  but they w i l l  be r e la t iv e ly  small and unless carefu lly  

looked fo r  w i l l  be n eg lected  by the ordinary worker engaged on 

p ie ce  work d igg in g .

The th ird  poin t o f  in te re st  in  th is  y e a r 's  woric is  that 

exoept during the 2nd and 3rd years fo llo w in g  sw^rm years 

M elolontha can be co n tro lle d  by Carbon b isu lph ide In je c t io n .

In normal years Melolontha attacks are u su a lly  sporadic and 

s t r i c t l y  lim ited  in  area, fea tu res whloh a ffo rd  con d ition s  

su ita b le  to  the use o f  C .S.2 In je c t io n .

A ll the observation s made th is  year show that the best and 

most p ra ct ica b le  means o f  erad ica tin g  cook -oh a fer In the nursery 

is  by oatch -oropp ing  and ro ta t io n . This w i l l  e n ta il  in crea s 

ing the nursery acreage by 25$ but th e adoption o f  catoh - 

cropplng and ro ta t io n  w il l  resu lt in oth er b e n e fits  than the 

e ra d ica tion  o f  oook-ohafer and the Increased expenditure 

involved In aoq u lrln g , fen oin g  and breaking up the a d d ition a l
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land required w il l  soon be repaid by b e tte r  tra n sp la n ts , reduced 

weeding co s ts  and freedom from Chafer.

June oh a fer. Rhlzotrogus s o l s t l t l a l l s .

This chafer Is  freq u en tly  confused In the la rv a l stages with 

Meloatontha. I t  i s ,  however, muoh more w idely  d is tr ib u te d  and 

is  In a g r icu ltu re  a more seriou s  pest than M elolontha.

The L i fe - c y c le  o f  fa la o t rogus.

Th^ee s ize s  o f  Rhlzatrogua grubs have been c o lle c te d  during 

the past y e a r 's  work and th e  l i f e - o y o l e  is  presumably a three 

year one. F u ll grown larvae o o lle o te d  from Kennington nursery 

during the w inter pupated tn May but owing to  rather rough hand

l in g  In tra n s fe r r in g  them from Kennington to  Bagley nursery In 

order to  p la oe  a l l  the experim ental pots and cages tog e th er  none 

emerged s u c c e s s fu lly . In the open flhlzotrogus b e e tle s  were seen 

during the la s t  week o f  June.

E ffo r ts  should now be made to eoure f i r s t  stage Rhlzatrogus 

grubs In order  to  resume 1he l i f e - h i s t o r y  woric.

Serioa brunnea.

L ife -o y o le .

Two stages o f  larvae were found la s t  w inter. F u ll grown 

larvae pupated In the end o f  May and emerged as adult b e e t le s  In 

Ju ly . Eggs were obtained In the experim ental pots in  the f i r s t  

week In August but were presumably I n fe r t i le  and fa i le d  to  hatch .

The l l f e - c y c l e  Is a two year one.

The r e la t iv e  Importance o f  the three ch a fe rs .

®hlle the Common C ock-chafer Melolontha v u lg a r is  has always 

been looked on as the most Important, I f  not the on ly Important, 

speoies o f  ch a fer in  the fo r e s t  nursery and Is the on ly  ohafer 

d ea lt w ith at any length  In the te x t  books, the work o f  the past 

three years has shown that that view Is In co rre ct . The grubs 

o f  Rhlzotrogus and o f  Serioa oause In the aggregate grea ter lo s s  

than M elolontha and because o f  the sh orter duration  o f  th e ir  l i f e 

cy c le s  are a c tu a lly  le s s  e a s ily  d ea lt  with In p ra o t lo e . The 

p o s it io n  given to  B elolontha has been given i t  because no seriou s
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in v e stig a tio n  o f  the ohafers on an entom ological ba sis  has been 

made in  B rita in  even in a g r icu ltu ra l entomology and the Whole o f  

fo r e s t  en tom ologica l teach ing  in the past has been derived  from 

German o r  at le a s t  from C ontinental sources ser ioa  brunnea is  

nowhere mentioned in E nglish  economic entom ologioal l i t e r a tu r e .  A 

short a r t io le  in  the Tharandter Z oologische M iscellan  f o r  1910 

d escr ib in g  a severe attack  by Ŝer ie s  in  a Saxon nursery and a 

b r ie f  n o t ic e  o f  a s im ila r  attack in Denmark contained in Boas' 

Dansk P orstp oo log i (2nd E dition  1923) are the on ly  re feren ces  to  

i t  in the European l i t e r a t u r e .x

On the Continent M elolontha undoubtedly predominates over 

Rhlgotrogus and Serloa  but in B rita in  these two sp ecies  are muoh 

the more im portant. in  Scotland S erlca  brunnea is  the most im

portant o f  the th ree  s p e c ie s .

R elation  o f  work done to  the p ra o tlo a l con tro l o f  ch a fer 

In n u rser ies .

The fo llo w in g  new inform ation has an important bearing on 

con tro l measures against ohafers.

1 . The re cog n it ion  and confirm ation  o f  the occurrence o f  three 

speoles where form erly on ly  one was considered .

2 . The establishm ent o f  the p eriod  o f  duration  o f  the l i f e -  

oy o le  o f  the three sp ecies  and o f  the p e r io d ic ity  o f  the cock- 

oh afer M elolontha.

The re co g n it io n  o f  the status o f  Rhlzatrogus and S erlca  as 

fo r e s t  n u rseries  peats is  a considerable  advance. Damage caused 

by the grubs o f  these b e e t le s  has in  the past been a ttr ib u ted  in 

many instances to  suoh agents as drought, wind and bad tra n sp la n t

in g . The type o f  in ju ry  in f l i c t e d  by Rhlzatrogus and Serioa 

d i f f e r s  from that caused by M elolontha. These b e e t le s  g ird le  the 

seed lin gs and tran sp lan ts and ra re ly  gnaw the roots  a oross . Melo

lontha gnaws the r o o ts , u nder-cu tting  them, and p lants more read ily  

recover  from M elolontha attack  than p lants g ird led  by Rhlzatrogus 

and S erioa .
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This has an Important p ra c t ic a l  s ig n if ic a n ce . Plants 

attacked by S erlca  and Rhlzotrogua lo se  oolour and w ilt  

ra p id ly  and i f  w ilt in g  p lants are examined whenever the 

symptoms show, measures can be taken to  prevent extension  

o f  the damage. ^ ith  Melolontha w ilt in g  occurs as a ru le only 

when a s p e ll  o f  dry weather fo llo w s  an attack  and not un

commonly C orsican and Scots pine transp lants o r  2 year seed

l in g s  may be almost com pletely deprived o f  roots  before  any 

evidence is  v is ib le  above ground. At Rapley Hursery in 1924 

Corsican pine tran sp lan ts looked healthy a lth ou gi they could  

be brushed out o f  th e  beds by a sweep o f  the hand. Some o f  

these p la n ts  formed new ca llu s  and would probably have sur

v ived  but f o r  a s p e ll  o f  dry weather which checked o r  prevent

ed the form ation o f  new roots  or absorbing su rfa ces .

At present i t  appears th at the methods o f  con tro l t o  be 

adapted against the three ohafers d i f f e r s .  Where Melolontha 

and Rhlgotrogus are concerned the use o f  catch  crops and a 

ro ta t io n  system o f fe r s  the best means o f  c o n tro l . Where 

Series is  concerned e a r ly  d e te ction  o f  damage fo llow ed  by 

Carbon b isu lph ide in je c t io n  is  most l ik e ly  to  prove e f f e o t iv e .  

I t  should be noted that 3erlca  grubs are most in ju riou s  from 

midsummer to September and that th e ir  work should be expected 

and looked fo r  from June onwards. Melolontha and Rhlzotrogus 

are u su a lly  most in ju r iou s  e a r l ie r  in the year from A pril to  

Ju ly .

The bearing o f  knowledge o f  the duration  o f  the l i f e 

c y c le  In the ohafer species on p ra c t ic e  is  that swarm years 

can be an tic ip a ted  and measures taken in advanoe. This ap

p l ie s  le s s  to  Serioa than to -th e  o th ers .

Where Melolontha and Rhlgotrogus are concerned every 

e f f o r t  should be made to  c o l l e c t  th eir  grubs during the coming 

w in ter and spring and in the fo llo w in g  autumn. A ll beds 

where transp lants can be moved out should he w ell dug over 

and where p o ss ib le  a K ainit dressin g  should be ap p lied . A i-
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though the evidence that potash Is e ith e r  in ju riou s or  noxious 

to ohafer larvae  is  s t i l l  based on ly  on sca ttered  observation s 

i t  1b s t i l l  trustw orthy and experiments to  confirm  i t  are much 

to be d e s ire d . Such experiments were proposed to  Mr Young 

in the F orest o f  Dean f o r  t r i a l  in  Perch Nursery.

The use o f  naphthalene fo r  cha fer co n tro l is  s t i l l  in  the 

experim ental stage. I'he r e s u lts  obtained from i t s  use in the 

Commission experiments have been varied  and s im ila r ly  varying 

and opposite  re su lts  have been obtained by the M inistry o f  

A gricu lture and at Rothamated. There appear to  be two main 

reasons f o r  t h is ,  f i r s t  that naphthalene o f  I t s e l f  is  on ly a 

l i t t l e  noxious to  in sects  and that i t s  t o x ic i t y  depends on im

p u r it ie s  contained in i t  o f  which the chief seem to  be cresy l 

compounds. Thus orude, "unwhizaed" naphthalene v a r ie s  in com

p o s it io n  with the mode o f  i t s  preparation  and even in the same 

r e to r ts  from time to  tim e. I understand that the M inistry 

o f  A g ricu ltu re , Plant Pathology Branch is  in v estig a tin g  th is  

m atter In con ju n ction  with the Bothampsted Research s ta t io n .

The second reason fo r  varying re su lts  from the use o f  naph

thalene i s  that i t s  e f f ic a c y  as an ln s e o t ic ld e  o r  ln seot de

te rre n t is  dependent on s o i l  co n d itio n s . The presence o r  ab

sence o f  ce rta in  b a cte r ia , the hydrogen ion concentration  in 

the s o i l  and the water oontent, a l l  appear t o  a ffe o t  the action  

o f  naphthalene.

For these reasons the use o f  naphthalene is not gen era lly  

recommended but i t  should be experimented w ith  in nursery ex

perim ental work.

The wurk o f  the Coranissloners on the ohafer problem has 

c lea red  the way fo r  d e f in it e  experim ental work and th is  should 

be continued along the fo llow in g  l in e s  : -

1. To asoerta in  the p eriod s  o f  a o t iv i t y  o f  the three species

w ith a view to  e a r ly  d etection  o f  damage.

2 . To determine the value o f  r o ta t io n  and catch  oropping.
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3. To improve c «3 .g  in je c t io n  methods.*

4. To dev ise  o th er  s o i l  in s e o t io id e  methods.

5 . To te s t  the value o f  Potash dressin gs.

* These methods are mentioned in previous reports and 

gen era lly  a p p lica b le  method i s  given in  my report on a 

v i s i t  to  the Forest o f  Dean on June 10th and 11th 1925

(S g d .) J.W.M.
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Report e f  C onsulting M ycologist f o r  1986.

Phomopals Dlseaae o f  C o n ife r s .

During 1926 a la rge  number o f  in fe c t io n  experiments were 

ca rried  out with Phomopsls Pseudotsugae. The fungus obtained 

from Douglas f i r  gave a large percentage o f  p o s it iv e  r e s u lts , 

when in fe c t io n s  were carried  out on Douglas f i r  and Japanese 

la roh . The experiments have been ca rr ied  out at G ientress, 

P eeb les, on tre e s  about 14 years o ld , and at the Royal Botanic 

Garden on pot p la n ts . Cankers are produced on la te r a l branches 

In about two months. On the main trunk in fe c t io n  la  slow er. 

Leading shoots are k i l le d  back from 12-19 In s . w ith in  6 -8  weeks 

and small la te r a l  branches are more qu ick ly  a f fe c te d . Cankers 

have been produced on the main stem o f  the Japanese la rch , but 

ln fe o t ie n s  on young shoots have not been s u cce s s fu l. The identity 

o f  the fungi on the Douglas and the Japanese larch  whloh was pre

sumed in  the B u lle t in  has thus been proved.

Phomopals Paeudotsugae has been found in  Holland and Den

mark, causing cankers and d ie  back o f  the shoots o f  the Douglas 

f i r .  Tho fungi from these cou n tries  are now being grown in  cu l

ture and they are id e n t ic a l  w ith the form found in  B r ita in .

A d isease  o f  th e  cedar (Codrua at la n t lc a ) caused by 

Phomops ls  Psoudotsugae. sim ilar t o  that on the Douglas f i r ,  has 

been rece ived  from near S a lisbu ry , and a lso  c o lle c te d  near Edin

burgh. The fungus from the cedar i s  being grown in  a r t i f i c i a l  

cu ltu re , and in fe c t io n  experiments have been oarried  ou t. A l

though the fungus i s  id e n t ic a l  In  form with that found on the 

Douglas f i r ,  in fe c t io n s  made with i t  on the la t t e r  have a l l  fa ile d . 

I t  appears th e re fo re  that the fungus on the oedar Is  a s p e c ia l  

form, con fined  t o  that s p e c ie s .

Work has been carried  out on the id e n t ity  and re la tio n sh ip s  

o f  Phoma p ithya . Phoma a b letln a  and Phomopsls Paeudotsugae and a 

paper on th is  su b ject i s  now nearly  com pleted. For th is  work



m ateria l o f  d iseased  plants has been obtained from H olland, 

Denmark, Franee (S chool o f  F o restry , Nancy), Norway and Ger

many (School o f  F orestry , the U n iversity , Munich), and the 

United S ta te s , and herbarium specimens o f  fungi from Kew, 

Hamburg, Copenhagen, a lso  Padua and Washington (U .S .A . ) .Great 

a ss is ta n ce  on th is  work has been given by Mr G.G.Hahn o f  the 

Bureau o f  P lant Industry , United S tates Department o f  A g r icu l

tu re , who i s  working in  the M yoolog ica l Department o f  the Uni

v e r s it y .

D iseases on Soots p ine, Douglas f i r ,  European la roh . 

S ilv e r  f i r  A bios grandts and Tsuga sp . oaused by sp ecies  o f  

Solerophoma have been in v e s t ig a te d . These whloh have undoubt

edly been confused with Phomopsls d isease in  the p a st, require 

much fu rth er In v e s t ig a t io n . The d isease on European larch  

oaused by t h is  fungus appears to  be s e r io u s .

Dutch Elm D isease .

Trees su ffe r in g  from th is  d isease  were examined during 

August at Wageningen, H olland and a short d e scr ip t io n  was 

given  in  the report on the v i s i t  t o  Holland and Denmark. A 

f u l l  report on the d isease  was sent to  the Secretary o f  the 

Commission In  December. (Copy a tta ch ed ).

Inform ation  regarding the d isease  in  Norway has recen tly  

been re o e lv e d . (Copy a tta o h e d ).

The M in istry  o f  A gricu ltu re  has now p roh ib ited  the 

im portation  o f  elms from the continent in consequence o f  the 

very v iru le n t nature o f  the d isease and i t s  wide d is tr ib u t io n  

in  H olland, Belgium and France.

Damping O ff o f  S eed lin gs .

A con sid era b le  number o f  specimens o f  seed lin gs apparent

ly  k i l le d  by R hlsooton la Solan l and Fusarium s p . have been 

reoe iv ed . C ultures o f  these fungi have been prepared fo r  

carry in g  out In fe c t io n  experiments In the coming season.
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Various m eta llic  s a lts  have been used very su cce ss fu lly  in  

United S tates  o f  America during the past season, fo r  the preven

t io n  o f  damping o f f .  I t  i s  proposed to  carry out experiments 

with these during the coming season.

Mer la  l a r l c la .

A con sid era b le  number o f  specimens o f  la rch , damaged by 

Merla have been examined and observations have been made at 

n u rseries  regarding the r e la t io n  between th is  d isease and f r o s t .

I t  i s  proposed t o  carry out experiments In spraying fo r  th is  

d isea se , at two or more n u rseries , conmenclng in  March, 1927.

B a cte r ia l Canker o f  the Ash e t c .

Work i s  being ca rr ied  out on the canker o f  the ash which 

Is  said  to  be caused by b a c te r ia . A b a c te r ia l  d isease o f  the 

poplar i s  a ls o  being examined, and in fe c t io n  experiments are being 

arranged to  determine the r e la t io n  o f  th is  d isease  to  the bacteria ] 

d isease  o f  W illow , and the Dutch elm d ise a se .

This work i s  being ca rried  out by Miss M .J.F .W ilson.

D iseases o f  Douglas f i r  and Lawson's Cypress 

caused by Dermatea sp .

D isease o f  th e  Douglas f i r  oaused by Permatea sp . has been 

described  by various authors In  Scotland , Holland a n d  Germany. 

M aterial o f  Douglas said to  be damaged by Derm&tea sp . has been 

c o l le c t e d  at Beauly, P eeb les, Aberdeen, and Montrose, and Lawson's 

Cypress apparently damaged by th is  fungus has been rece ived  from 

Devon.

A s im ila r  fungus has a lso  been reported  causing d isease  o f  

Abies grandls at Wovar. Specimens o f  the fungus have a ls o  been 

rece ived  from near Birkenhead.

S evera l cu ltu res o f  the fungus have been made and in fe c t io n  

experiments ca rr ied  out on Douglas f i r ,  and Lawson's C ypress. 

S u f f ic ie n t  tim e has not yet elapsed to  obta in  r e s u lts . This work 

i s  being ca rr ied  out by Miss M .J.F  .Wfclson.



D isease o f  Oak leaves caused by 

S o le ro t in la  Candolleana.

This was observed In  severa l l o c a l i t i e s  In  Scotland In  

1925 In an epidemic form and in  1926 was reported from many 

l o c a l i t i e s  In  Scotland and England. The l i f e  h is to ry  o f  the 

fungus has been In vestiga ted  and In fe c t io n  experiments have 

been ca rr ied  ou t, whloh show that the fungus i s  a strong 

p a ra s ite . Prelim inary accounts o f  the d isease  have been pub

lish e d  in  the Gardener’ s C h ron icle , and the Transactions o f  

the Royal S c o tt is h  A rb or lcu ltu ra l S o c ie ty , and a f u l l  account 

I s  now In  the press t o  be published sh ortly  In the Journal 

o f  app lied  B io log y .

Fomas annosua.

Pure cu ltu res  o f  the fungus from Beech, Hawthorn, Scots 

p in e , Douglas f i r  and S liv e r  f i r  are now being grown. Trees o f  

a number o f  sp ec ie s  have been planted out ready fo r  In fe c t io n  

experiments to  be made in  the sp rin g .

The d isease  has been In vestigated  In a number o f  l o c a l i 

t ie s  and te s ts  f o r  s o l i  a c id ity  have been oarriod  ou t.

A note on the host plants o f  Fomes annosus Is  now In 

the p ress .

Dise a se  o f  Pin es caused by Brunohorstla destru en s.

The fungus obtained from the Austrian pine has been 

grown In  cu ltu re  find In fe c t io n  experiments have been carried  

out with p o s it iv e  resu lts  on A ustrian , C orsican , and Mountain 

p in e s .

An account o f  the d isease has been published In the 

Transactions o f  the Royal S co ttish  A rb or !cu ltu ra l S o c ie ty .
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Sphaeropsls Plnea.

Speolmens o f  Austrian pins attacked by th is  fungus have 

been sent In  from Sussex and m ateria l on Scots pine from Devon. 

This sp ecies  has been described  as causing a serious d isease o f 

pines In th is  country and has attacked Finns Insign ia  In New 

Zealand. I t  I s  d escribed  as a d isease o f  Douglas f i r  In  I ta ly *  

I t  I s  p o ss ib le  that th is  d isease may cause some damage 

e s p e c ia lly  t o  p ines in  th is  country in  fu tu re .

During the year 35 specimens have been reported  on.The 

B u lle tin  on Fhomopsls D isease o f  C on ifers has been published 

and l e a f le t s  on Fomee annosus and A rm lllarla  mellea re v ise d . The 

fo llo w in g  papers have a ls o  been published in  the Transactions 

o f  the Royal S co tt ish  A rb orlcu ltu ra l S ociety

Rhlzosphaera K a lk h o ffll Bubak, as a cause o f
B e fo lfa t lo n  o f  C on ifers

By

Dr Malcolm W ilson and J.S .L .W aldie, fi.S e .,C .D .A .

Rhabdocllne Pseudotsugae Syd.i A New D isease o f  the 
Douglas f i r  In S cotland .

By

Dr Maloolm W ilson and Mary J .F .W ilson , B .Sc.

a D le-back Disease o f  P in es.

By

John S .L .W aldie, B .S c.. C.D.A.
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