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PART I -  Introduction.

Ihla year the Nursery Investigations in England and Males 
sere looated at tvro centres, namely the 1925 seedling studies 

at Bagley Nursery, Oxford, the 1924 seedling studies at Bush- 
f ie ld  Nursery, Bagshot and the transplant studies at Rapley 

N\rsery, Bagshot*
It w ill be recalled  that in previous years the nursery 

experiments in England & Sales were Interfered with to  a greater 
or less degree by Inseat pests, fungal diseases, mloe, drought, 
eto* It  has been found st Bagley Nursery that potential ena- 

mlee are no le ss  numerous than elsewhere. The follow ing Inseat 
pests have had to be dealt with, Meloloittha vulgaris, Series 

brunnea, Hhlsotrogus s o la t i t la l ls ,  Otrorhynohus sp*, Agrlotes 
llnnestus, Agrostls and Mameatra spp*, Chermea oooley l and 
C.strebiloblus* A Fuaarium sp* and Botrytie sp. were also 

potential fungal diseases, mlee were present and there was a 
alx weeks drought. As the resu lt, however, o f eontinuoua 

supervision which enabled the f i r s t  symptoms to be noted and 
the preparation o f control measures in advance with the entomo
lo g is t  and nyoologlat, a l l  these pests were sdntrolled* ^he 
damage a one was n eglig ib le  and when any loss  resulted the amount 

was determined with the result that the experiments were net 
Interfered with* In the transplant studies at Rapley Nursery, 
Melolontha damage was stopped promptly* It  is suggested that, 
In I t s e l f ,  i t  Is a resu lt o f some Interest to have demonstrated 
that the admitted d if f ic u lt ie s  and dangers o f nursery experi
mental work and nursery work In general in the South o f  England 
have been overcome*
Sell Conditions*

Bagiev Nursery. Oxford.

The nursery is looated on Plateau gravel* The s o i l  Is a
stoney loam, variable In heaviness, In amount o f  stones and In
depth. The depth Is 8-12 Inches and the s o il  rests on yellow
send but occasionally  clay* The s o i l  conditions increased the
d if f ic u lt ie s  o f  nursery experiments this year*
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Hanley Nursery. Bagshot.
The nursery la looated on the Bagshot Sands. Ihe s o il  In 

the section used vras 6" lig h t , grey, brown sandy loam with a few 

flin ts*  on 6" grey brown sand with pockets o f sandy humus on 

yellow sandy clay . The s o i l  is  well drained and works well at 
a ll  times. In 1924 the section  carried lupins whloh were dug In. 
This did not clean the land o f couch which had to be removed be- 
f ir e  the experiments were carried out*

Weather Conditions*
The follow ing Tables give an analysis o f the metereologieal 

data at Oxford and Bagshot during the periods o f the investiga

tions*
Begley Nursery and observatory, oxford*

Month.

1925.
Lroh
»ril
lTina
ily
igust
ipteaber

Bushfield Nursery. Bagshot.

Month. Temperatures in dears aa F. Rainfall
Inches.

Msan
Humidity

Mo.of daya 
32°P. in 
screen Jt un
der. 1

i Mean
Max.

Msan
Min.

Highest Lowest.

Utei.
otober l 6.8°F. 44.50 09° 27© 3.71 87 2
Dvembsr 0.0 39.7 59 24 2.66 88 4
•camber 7.3 37.2 64 26 4.18 92 6
i m .

anuary <5 .3 35.4 64 24 2.16 92 9 '«b ruary - 7.2 36.3 63 27 3.47 87 10
arch 6.9 32.8 53 22 .89 32 19pril 3.8 36.6 62 29 1.90 75 3
ay 2.1 43.7 77 33 2.99 76 0une f1 .0 46.5 84 31 0.00 66 1uly '2.5 51.6 84 43 3.46 76 0 Iugust 7.0 51.2 78 42 3. 08 61 0eptember 1 0.7 44.0 69 36 3.16 78 0otober I 9.0 42.0 68 30 2.63 88 5

Temoeratures in degrees F. Rainfall
inches

Mean
Humidity

%

Me.of days 
32°F. in 
screen & un 
der.

lean
fox.

mean
Min*

Highest Lewest.

fd.OPR 34.7° 66.60 24.6° 0.463 83 13
04.0 36.6 63*0 25.9 2.619 76 1
02 • 3 46.1 76*2 34*1 2.677 76 0
70.6 49.7 84*3 41.9 0.006 70 0
72.6 54.2 84*6 46.3 3.887 77 0
08.1 53*6 79.1 46.8 2.340 81 0
01.4 46.1 70*7 40.9 3«2r6 79 0
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Features o f this season wore
(a) Frosty weather In February and March when the lin in g  out 
was being done in the Transplant Studies•
(b) A period o f  low ra in fa ll In Marsh follow ing that work.
(s) A period o f high ra in fa ll , particu larly  in oxford in May

during the sowing season.
(d) A period o f drought and high temperatures In June and
July. From the 2nd June to  19th July inclusive rain  f e l l  on
3 days namely, the 87th June, .06 Inches, 4th July .26 inches 

and 7th July .29 inches.

Seed Data.
As in previous years, the seedling studies were lim ited to 

the species which give d if f ic u lty  In the nursery namely, Douglas 
f i r ,  Sitka spruce, and European larch . In the rase studies a 

large number o f  other species were raised. fte follow ing Table 
gives the seed d ata :-

Specids Ident.
Ho.

i
Purity Oe ruination. ------------------1

............ -i
% 1 Hearson I Sand. 1

% Fresh
Seed.

% ^ rdah
^Seed. * 1 Fresh 

Seed. j

ouglas Fir
roj.il Ma
1*177 ■** 27 4 17 8 33H n 25/6 94,1 72 1 44 16 63 m |

titka Spr. 25/16 93.1 83 4 82 2 87 as I
fur. larch 25/10 80,3 31 3 40 2 30 “

louglas F ir ‘
Seats Ju
8l77 \ 19 0 16 6 16 j

lltka Spr. 26/16 90.8 70 1 80 2 84 *
!ur. larch 25/10 79.3 31 0 35 2 32

I

It w ill be noted that Douglas f i r  26/7 is  wall below sverag^ 
in quality and is  unsuitable fo r  experimental work fo r  whloh aver 
age seed is best. i t  was Issued by Headquarters and used fo r  
some experiments before its  quality was known*

£ £ £ !£  -  PMEMS7
l a? ..§?•,gljlftfl, .Ste&lgSA 

1. The Relation between Season o f Sowing and Qerwination and grout 
Registered Experiment M.S.No.l 

This experiment was earrled out with three species, Douglas 

f i r  25 /7 , Sitka apruce 26/16 and European larch  2B/10.

-3 -



The sowings wore made with the perforated slno pie tee used 
In the previous year* The nursery technique was that used fo r  
suoh Investigations by me In Scotland# The follow ing is  data fo r

density and depths*
Douglas f i r  300 seeds per s q .f t .  depth#
Sitka spruce 500 " * * " w*
3ur. larch  BOO " " * £" ■

The sowings were made at six  seasons between mid-March and
June* The unit was 2 plates each 1 s q .f t .  There were s ix  repe

tit ion s  o f  the 2 plates fo r  each o f  the s ix  seasons, the p lots be
ing arranged in the chessboard manner*

The seed was soaked in tap water fo r  7 days the water being 
changed at the end o f  the 3rd day# She seed was redleaded, The 
seedlings were sheltered fo r  the periods noted In Experiment No. 3.

The follow ing Table summarises the resu lts *-

j>eoies
ulity.

Date o f 
Sowing. Mean Plant Percentage at

Mean , 
Seed*)

m 30.4*25 14.6.25 16.6.26 16.7*26 e.io*  se
lin g
SiseJ

t.spruce 25.3.25 s few. 33# 61# 69# 8fl#t 8 I f81# 1*4.26 - - n i l . 12 64 61 61—1*6 I f
17.4*25 • • n i l . a few. 66 60 69± .9 I f5.5*25 - - n i l . n i l . 66 60 58±6.2 I f22*5.25 - - n i l . n i l . 27 28 32*3.1 l f
11.6.25 * — nil* n i l . n i l . a few* 4i  .6 **

i- ............  -
_ 14*5*25 4.6*26 26.6.26 14.7.25 5.10.2

;

\

fig .flr 26.3.25 a few. 14 17 17 17 i  .6 36!
2156 2.4*26 • _ a few. 11 14 14 16* .6 3 «

18*4*26 _ m n il* 5 11 12 13 i  .6 2f|
7.5*25 m n i l . 8 16 17 18 -  *6 3*1

23*6*26 - - n il* a l l . 3 4 6 i  ,3 2*1
11.6.25 - •*«» n il* n i l . n i l . n il* n i l .

20.4.25 30.4.25 14.5.25 4.6.26 26.6.25 13 * 7 *85 5.10.21 5 —,
••larch

'!
27.3.25 6 14 20 21 21 21 20 ± .9 4}38# 3.4*26 a few 13 21 21 21 20 20 * .6 4*1
20.4.25 n i l . n i l . 12 19 19 18 17 ± *6 264
11*5.86 n i l . n il* n il* 26 28 26 25 1.2 g li
26*6.26 n i l . n il* nil* n i l . 13 13 13*1.4 x «
12.6.26 n il . n i l . n il* n i l . n i l . n il* n i l .

There was sligh t damage from Serloa brunnea In the second, 

third and fourth sowings o f Sitka spruce and European bu t 'in  each 
oase the loss  was ls s s  than 1#*
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OBSERVATIONS and CONCLUSIONS.
1. It  w ill be noted that, re la tive  to  the percentage o f

viable seed, the plant percentages are high. Although

exceeded In Scotland In the previous year, they are o f  
quite a d ifferen t order from that obtained in experimental 
work on theae specie# in England previously. Translated 

into production per lb . they give
x 59% fo r  Sitka Spruce r 35,550 1 y r. seedlings

per lb .
x 18 % Douglas f i r  = 11,160 *
x 25 % European larch a 14,360 "

(Laboratory germination 81$, 21^ & 33/ re sp ectiv e ly ).

9* The resu lts  fo r  Sitka sprues show that fo r  th is season
the production from sowings from the 25th Sarah to 5th 
May is reasonably uniform, thereafter there is  a marked 

f a l l .  The else o f  seedling decreases with lateness o f 

sowing•
3. The resu lts  for Douglas f i r  are sim ilar. There is  a dip 

in the plant percentage in A pril, probably due to  leas 
favourable weather and s o i l  conditions.

4* The results fo r  European Larch are sim ilar.

8 . THE RELATION BETWEEN SUMMER SHELTER & PRODUCTION AM) GROWTH.
Registered Experiment K.s. No. 3.

This species was carried out with three species, Douglas 

f i r ,  25/7, Sitka spruce, 25/16, and European Larch, 25/10.
The d r i l l  method o f  sowing was axed*. The seed was 

soaked 7 days in water, the water being changed at the 
end o f  the 3rd day. The seed was BwdLeaded. Tha
following is a note o f density and date o f  sowing

Douglas f i r  6 grammes o f seed per d r i l l  sown 23/4/25.
Sitka spruce i t  " « « . . . • »  « 1/ 5/25

European larch 3 " " M " " " 13/5/25
The unit fo r  each apaelea was a plot o f  6 d r i l ls



unshaded and 5 d r i l ls  shaded* This wed repeated 4 times 

In the llnnear A», B♦> 9* A* , e t c * method•
The shelter consisted o f  lathe 1" wide spaoed apart.

It  was applied to the plots to  be shaded when the maximum 
temperature in the screen exceeded 60°F fo r  2 or more during 
germination and 70° a fter germination was advanced.

The follow ing table gives the movement o f  the shelter 

during this season:-

OFF OH OFF OH OFF OH OFF OH OFF OH OFF

'6 /
3*

20 /3 /
25

3/6/25 24/6 /
20

29/6/
25

3 /7 /
20

5 /7 /
20

10/7 /
25

12/7 /
20

28/7 /
20

18/8 /
201

20/8/25,

This season, particu larly  in June end July, provided an 
opportunity fo r  the study o f  th is su b ject.

The follow ing Table summarises the resu lts o f  the influenoe 

o f  shelter . -

Species Treatment
Mn. Ho. o f  s«*d^£ggi£ P*r Min. else 

o f
seedlings.18.6.25 29.7.25 9.10.20

ttka Spruce Unsheltered . . . 3261 8.6 221*10.6 215*9.0 1*"
Sheltered . •. 342± 0.9 323i  6 .5 31020.8 t*

ouglas f i r Unsheltered 812 1.8 512 3.5 5323.3 2 f"

Sheltered 412 1.6 012 3.2 6222.7 *4*
uropean Larch Unsheltered . . . 1042 1.9 942 2.0 9322.1

Sheltered . . . 1342 4.3 1282 4.2 12524.0 2f«

These resu lts bring out points o f in terest. Before d is 

cussing these i t  Is necessary to state that the ^ount at the 
16th June was too late to give the production before drought an< 
sun losses , as these had begun. A complete count o f  a l l  
plants was thus made to enable the actual lose to be determined 
Actually on the 18th June a mean number o f 37 seedlings were 
dead in Sitka spruce unsheltered p lo ts ; 14 in ^ouglae f i r ,  and 
5 In European larch . In the sheltered p lots the losses were

-  6 -



2 , 1 dr 1 respectively* The loaaee took place from the 
12th June onwards* It may be questioned whether these 

losses were due to sun, drought damage or pathological 
causes. There Is no doubt on th is point. The results and 
the arrangements o f the plots are su ffic ien t answer but in 
addition the entomologist ce r t ifie d  that they were not due 
to insect damage and specimens were submitted to the my
co log ist but were not reported on. Later a mean number 
o f  2 plants per d r i l l  were lost from series In the sheltered 
plots o f  Sitka spruoe and Douglas f i r  between the dates o f  
the f i r s t  and seoond counts, and 4 In the sheltered Sitka 

spruce between the dates o f  the second and third counts*

COMCLUSIQMS
(1) For Douglas f i r ,  It is  conclusively shown that shelter even 

for limited periods when the screen temperature exceeded 6 G °F  

during germination has d e fin ite ly  retarded germination,
SI i  1.6 unsheltered compared with 41 ±*1.6 fo r  sheltered. 
Later, however, In the period o f  high temperature there was 

a heavy loss in the unsheltered p lo ts , a f a l l  from 8 l£ l.8  
to 51 * 3 .5 , while In the sheltered plots (when the screen 

temperatureex-cebded 70°P fo r  more than 2 days) there vai an 
inorease from 41 £ 1.6 to 51 £ 3 .2 . The fin a l figures were 
53 £ 3.3 and 62 £ 2 .7  respectively . The shelter decreased 
growth s lig h tly , 2 f” to 2 § " .

The conclusion for this species Is that shelter should 
not be applied during germination unless the screen 
temperature much exceed 6Q°P - probably 70°P would be safe. 
The condition o f s o i l  moisture should also be considered.

(2 ) For Sitka spruce, shelter during germination when the screen 

temperatureesccee&d 60°P fo r  two days, did not retard 
germination. Later in the unsheltered plots there was a 
heavy loss 326 + 8.6 to 221 + 10.6, while in the sheltered 
plots i t  was much less-;- 342 + 6.9 to 323 -  6*6. The 

fin a l figures were 213 £ 9 .8  and 315 £ 6 .8  fo r  unsheltered



and sheltered respective ly . Shelter decreased growth 

markedly, 1^” to •
The conclusion is  that fo r  th is species shelter on the 

principle applied was markedly b en e fic ia l as regards pro

duction but not growth.

(3 ) For European larch shelter during germination ae applied 
increased germination to a s ign ifican t extent, 104 £ 1.9 
and 134 £ 4.3 fo r  aasaeltered and sheltered respective ly .

The losses in th is species were not marked, namely 94 £ 2 .0  
128 £ 4.2 fo r  the corresponding treatments. The f in a l 
figures were 93 A 2 .1  and 128 A 4 .0 . The corresponding 
growth data was 3|M and 2 f” fo r  unsheltered and sheltered 
respectively .

The conclusion fo r  this species that shelter on the 
principle applied was benefio ia l but principa lly  during 

germination.

(4 ) The production was sa tis fa ctory . Tsklng the fin a l 
sh eltered 'resu lts , the outturn per lb . o f  seed was Sitka 
spruce 94,250 1 y r . seedlings, Douglas f i r ,  4368 and 
European larch 19,150.

(5 ) Taking the fiv e  seasons during which th is study has been 

proceeding the 1925 season is  the f i r s t  one since 1921 in 
whioh shelter has been markedly b en e fic ia l in the Southern
England zone.

No. 3. WEED PROBLEMS.

Registered Experiment U.S. No. 21.
This subject was studied rather fu l ly . In the f lr e t  

p lace , there was a special study o f  the influence o f  s o i l  
treatments at and before sowing and secondly the relationship 
between weed growth and method o f sowing, density o f  sowing, 
season o f  sowing, shelter and t i l t h  was determined by 
observations and timing studies In the d ifferen t experiments



on these su b jects .
In the experiment on s o i l  treatment the follow ing 

methods were studied
1. Control, no treatment.

2• Covering s o i l  treated with a 1% solution  
o f  CUSO4 , 1 gallon to 2 e u .f t .  o f  s o i l ,  7 
days before use*

5. After sowing and covering, the s o i l  wet
down with 1% CUSO4 solution  1 p t. to 1 s q .f t .

4* The seed bed prepared 26 days In advanoe o f
sowing. Before sowing the surfsee hoed to 
k i l l  germinating weeds*

5* The standard s o i l  covering burnt before use. 
Sitka spruce was used as the Indicator species as being 
lik e ly  to be sen sitive . The den sity  o f  sowing was 1 lb*
to 360 sq* ft*  The unit was a plot 3 feet square* It
was repeated fiv e  tines fo r  each o f  the fiv e  treatments, 

the plots being arraiqged on the chessboard principle*

The sowings were made on tbs 21st Hay.
The principal weeds which had to be dealt with were 

Poa annua, Rumex aoetosa and Sper^ularla rubra*

The follow ing Table sumsarieee the resu lts 1-

Treetnsnt
Mn. &o. o f  Minutes o f  1 man taken to 

weed 1 eq. yd. on lfel.R0 . O f  
Seedlings

90.6.26 2 2 .6 .8 6 2 2 .1 c .25 to ta l per s q .f t .
Control 27 ♦ 1.8 6 £ .8 6 ♦ 1.0 38 148£10 ♦ 6X

covering S oil trea t
ment with 1% CuS04 19 ♦ 1.5 6 £ .6 4 * .7 26 142*13 * 9*
ift e r  sowing and 
covering s o il  wet 
down with 1% 0uS04 0 0 0 0 10* 3 * 1 *

Seed bed prepared 
26 days in advanoe 
and hoed before 
■owing* 18 £ 1.4 6 v 1.0  «• 9 ♦ 1.7 33 127*19 *10*

Burnt s o i l  used 
for oovering 21 * 1 .7 3 £ .2 7 t  1.3 31 92£13 * 4

Mn. Ho• o f plants per sq . f t .  k illed  by Series and not lnoludsd in the



CONCLUSIONS
1. The treatment o f  the covering s o i l  with 1% CuSÔ  

has decreased the amount o f weeds to a sign ificant 
degree &n the f i r s t  weeding. There are deoreases
in the subsequent weedings, but these are not quite adg- 
n iflea n t. The production o f seedlings has not been

a ffe c te d •

2. The wetting down. with 1% C11SO4 a fter sowing and cowering 
eliminated weeds but decreased production seriously*

3. The preparation o f  the seed bed 26 days in adwanoe with

hoeing at the time o f sowing decreased the amount o f
CtriL"

the yaw. weeding to a s ign ifican t extent. The pro
duction o f seedlings has not been affected  significaM Jty.

4. The deorease in the weeding with the burnt s o i l  is  not 
s ig n ifica n t. The production o f  seedlings has been 
decreased to  a s ign ifican t extent. On burning* the 
s o i l  lost i t 8 struoture and did not make a good cowering 
s o i l .  It washed down into the underlying layers.
The follow ing Table give the weeding times per bed o f 

21 sq. f t .  for  the 1% CuS04 treatment o f cowering s o i l  
and controls carried out at 3ushfield in 1924. The data ob
tained in the previous year is  added fo r  comparison :•

Species & Treatment. 192<i Weeding 1926 Weeding.
1st • 2nd. Total 1s t . 2nd. to ta l

itka spruce Bed s o il  
Humus
Humus CUSO4[

bps an laroh Bed S o il 
Humus
Humus CuSO*£

12 mln. 
43 "
8 "

29 n 
45 "
4 "

15 min 
14 "
8 "

22 " 
13 "
6 "

.27 mln.
57 "
16 ”

51 n
58 "
10 "

3 mln 
5 "
2 "
7 "
11 "
3 "

»3min 
7 B 
3 "

5 "
7 *
2 "

6 mln. 
12 "
5 "

12 n 
18 "
5 "

Conclusion : -

1. The influence o f the Copper su£f>ft&i6 treatment has per
sisted during the second season. There has been no adverse 
influence in growth.
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RELATION BETWEEN DENSITY OF SOW!NO & WEED GROWTH.
An analysis o f  tbs data fo r  both broadeaat and d r i l l  

sowInga fo r  3 spools* showed that there was no relationship 
between these faotors during the f i r s t  year.

. ..RELATION BBT1'1 FEN METHOD OF SOWING & KEEP GROWTH.
An analysis o f  the data fo r  3 apeoles showed that 

d r i l l  sown beds took longer to weed than broadcast beds.
The comparative figures per sq. yd. o f  1 nan during the 
f i r s t  year were 28 ♦ 1.1 and 22 ♦ 1. The d r i l l  figure 
includes seme cu ltivation  against drought.

RELATION BETWEEN SEASON OF SOWING k WEED GROWTH.
The follow ing Table gives the oomparatlv* data

SEASON OP SOWING. NO. OF WEEDINOS* TOTAL WEEDING TIME
1 man per sq. yd.

26.3.25 4 73 mln. ♦ 6.1
2.4.25 4 79 M ♦ 6.8

18.4.25 3 42 n ♦ 4.3

7.5.25 3 34 n ♦ 4.2
23.5.25 2 17 H * 1.0
11.6.25 1 14 n ♦ .8

It la aean that the March -  lat April sowings shown 
e<ignlf tcael^y greater weeding times than tha 2nd April -  
lat May, whloh in turn are higher slgn lflaantly  than tha
2nd May - 1st June.

HE LATION BETWEEN DIFFERENT TYFES OF SOIL COVERING, IMGLODINO 

HUMPS & LIME MANURING As WEED GROWTH.
An analysis o f  the date for  the 7 treatments in 

Experiment No. 22 (see la ter) showed that the weed growth 
waa not influenced. No. 2 lime manuring gave a to ta l 
eeasonal weeding per sq. yd. o f  33 mln. * 3.8 compared 
with 23 * 2 .1  fo r  con tro l. This, howevsr, is  not quite 
s ig n ifica n t. Tha resu lts fo r  the other treatments were



uniform.

RELATION BETWEEN SHELTERING ft WEED GROWTH.

An analysis o f the data o f  unahaltered and sheltered plote 
o f  3 apeoles a hosed that aheIter had decreased the weed growth 
hut not to a sign ifican t extent.

4 . THE RELATION BETWEEN METHOD ft DENSITY OF SOW I NO AND PR CD DOT ION. 
GROWTH It QUALITY, AS MEASURED BY SUBSEQUENT SURVIVAL IK CONIF
EROUS SEEDLINGS.

Registered Experiment U.S. Ho.4*
An Investigation on thia subject haa been begun with 9 

speciea , Douglas f i r , 25/9, Sitka spruce, 26/14 and European 
larch , 25/10. Two methods o f  sowing are studied , broadcast 
and d r i l l  and four denaltlea In each* The unit p lot la 1 

sq. yd. and there are four repetitions for eaeh o f  tha four 

densities in each method. The p lots are arranged in tha chess
board method. Germination, evenness o f  d istribu tion  and 

growth have been exce llen t. The plants have been protected 
successfu lly  to date from pests, d iseases, e tc . The data 
w ill be presented when the plants are l i f t e d .

A* TILTH STUDIES.
Registered Experiment N.s.No.22.

The importance o f  t i l t h  in seedling production has been 
demonstrated in previous investigations. Improvement wee 
sought along three lin e s , namely the use o f  humus, 11ms and 
aand. Sitka sprues was ussd as the indicator sp a d e s , i t  
being known to be very sensitive to t i l t h  conditions.

The influence o f  the follow ing treatments was studied : -
1. Control, untreated nursery s o i l  and oovaring s o i l .
2 . d it t o , with quick lime applied at tha rata o f  1 lb . 

par 9 aq .ft.(approx . 2 tons per acre) in spring.
3. Nursery s o i l  with humus covering s o ll(^  gar£s ^sd^stjll +
4. " " " coarse aand M " M

3 , Deep humus muloh ft humus covering t o i l  (as above).
6 . d it t o , with lima aa No. 2.

-  12 -



7. Deep humus mulch and coarse sand covering s o i l .

These treatments were devised to study
(a ) The Influence o f lime on surface caking (Ho.2 ) and 

general consolidation o f s o i l  (No .6 ) .
(b ) the Influence o f  humus (No.3) and coarse sand (No. 4) 

on surface ea&lng.
(o ) The influence o f humus on general consolidation .

The consolidation o f the s o i l ,  an adverse factor experienced 
in English Experimental work In the past was found on 

investigation to be due to the misapplying o f the treading 
method o f seed bed preparation. This is  a useful method on 

very light dry so ils  with broadcast sowing but should not be 
used with other methods o f sowing and on other than very ligh t 

dry s o i ls .
The unit p lot was 1 sq. yd. The 7 methods were each re 

peated 4 times, the plots arranged on the chessboard method.

The Sitka spruce was soaked 7 days, redleaded and sown 
on 30th May. The density o f sowing was l£ grammes per d r i l l .  
There were 5 d r i l ls  per p lo t .

The follow ing Table summarises the resu lts

Treatment. Mean No. o f Seedlings per d r i l l  at
• Z ti .b .20 11.10.20.

.  Control, nursery s o il 146 + 6.2 213 £ 5.9 ♦
X
1

.  Nursery s o i l  with lime 43 ♦ 4.0 95 * 4.4 ♦ 2

. Nursery s o il  with humus 
covering 113 6.5 189 ♦ 3.9 ♦ 0

.  Nursery s o i l  with coarse 
sand covering 175 I 7.3 284 j  10.2 r 2

• Humus mulch and humus 
covering 39 a 3.1 174 ♦ 7.5 ♦ 6

. D itto . with lime 10 * 1.0 62 * 1.2 m a 1
• Humus mulch 4c coarse sand 

covering 109 ♦ 6.4 250 ♦ 7.6 ♦ 4

Bln. number o f  seedlings per d r i l l  k illed  by series brunnea.

-  13



The follow ing are observations and oonolualone on the 

undernoted points
A. The re la tion  between type o f  covering and the rate o f 

germination*
(1) The addition o f  lime In spring has Inhibited 

germination (Nos. 2 * 6 ) .  This Is markedly 
s ig n ifica n t.

(2 ) The addition o f  humus has inhibited germination 
(Nos. 3 , 5 & 7 ). The greater the amount o f  
humus (No.5) the greater the in h ib ition .

(3) Coarse sand is the only covering giving s 
sign ifican t increase in the rate o f  germination 
compared with the control (No. 1)

The influence o f these coverings on the rate o f  
germination ( i . e .  up to 26/6 /25) was not due principally  

to caking# as l i t t l e  rain  f e l l  during the period.

6. The re la tion  between type o f  covering end seedling pro

duction : -
(1 ) The spring addition o f  11ms has decreased production 

markedly.
(2 ) The addition o f  humus (other than 7) has decreased 

production by a much smaller amount whloh is  Just 
s ig n ifica n t. Germination has lnorsassd mors in 
the humus plots than In the lime p lots between 
28/6/26 and October. This i l  due probably to  
water retention  and the pi’s vent Ion o f  oakl^s*

(3 ) The use o f  a coarse sand fo r  covering has in 
creased production to a sign ificant degree.

C. The influence o f  the above tooatments on growth.-

(1 ) At the end o f  the f i r s t  season there is  no 
v is ib le  d ifference in growth.

ST OP IBS QH HARDWOOD NURSERY PRACTICE.
Registered Experiment N.3. No. 25.

The projected experiments on th is subjeot oould not be
* -  14 -



carried out owing to tha In ab ility  o f  tha Assistant 
Commissioner for England k Nalee to supply tha nsosssary 

seed.

7. STUDIES ON RACE & TYPE OF TREES.
Registered Experiment N.s. No. 24.

Douglas f i r  from 4 Canadian orig ins and 1 U.S.A. orig in  
were sown in 1924 at Bushfleld Nursery, Bagshot. They were 
severely attacked by Melolontha la r v a l during that season# 
but they were projected successfu lly  th is season and a 
varying number o f  seedlings obtained.

The follow ing are notea on the d ifferen t types.
More detailed lo ca lity  data was given in the 1924 Scottish  

Report pp. 13-14.
Douglas f i r  24/28 U.S.A. presumed from Coast.

A typical coast type seedling. ShoDt average 
length 6* maximum 12". Needle medium green# 

stem olive to orange green; buds red; terminal 
buds hidden by needles. This is a well branched 

plant# the branches being largely  second or late 

growth.
Douglas f i r  24/^2. C raigsllaohie, B.C. Mean annual 

ra in fa ll  3 0 - 3 2  inches.
Shoot average length 2&H, maximum 9"; needle 
colour dark bluish green; stem grey grasn; buds 
reddish brown; terminal bud prominent. There 
are a few branches second growth.

Douglas f i r  24/23. Shuawap Lake, B.C.# similar to 22, 
but ra in fa ll 24 - S3 Inches.
Shoot average length 3&" maximum 9 "; needle colour 
medium green; stem eolour variable o live  green to 
red; buds red to reddish brown; terminal buds 
either prominent or hid; a l i t t l e  second growth. 

Douglas f i r  24/24. Louis Creek, B .C ., Rainfall under
20 lnofeea.
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Shoot length average 4 " , maximum 9 ".
Needle colour medium to ligh t green; etem o live  
green to red; buds red to reddish brown; terminal 
buds prominent or hid; very l i t t l e  second-growth# 
l i t t l e  branching*

Douglas firm 24/25 - Salmon River, Rainfall 17".
Shoot length average 3 ", maximum 6 "; needle colour 

dark bluish gresn; stem grey to reddish grsen; 
buds reddish brown; terminal buds generally 

prominent; very l i t t l e  second growth.

In thK orig inal o f  my 1924 working Plan on th is sub ject, 
one o f  the purposes o f  such Investigations was stated to  be the 
supply o f material fo r  related pathological studies. Dr.ltunro 
has already found the need fo r  such materiel in connection with 
Cher me a ooo ley i.

During this eeason the follow ing rase studies wars started. 
There is nothing as yet to report

European Larch, seed o f  12 origins including the Tyrol, 
S iles ia  and Scotland.

Pinus Contorts, seed o f  3 orig in s , partly School o f  Forestry
seed.

Pinus pgnderosa seed o f  2 o r ig in s .
Japanese species, 8 d ifferen t spsolss or races.
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FART-2 -  HUTftOT t e M t t o t l W l i
(b) Transplant Studies.

8« Relationship between Season o f Transplanttag.Coraloan pins 
and losses tnd growth.

Registered Experiment NS. Ho.13.

This 1b a continuation o f the study begun In the season 

1922-23. Transplant ings we re made with both 1-yr and 2-yr seed
lings st  6 seasons between December and Hay, Bae unit p lot was 
4 rows o f 60 plants repeated 6 times and scattered at eash o f the 

s ix  seasons.
The seedlings both 1-yr and 2-yr were raised in Rapley 

Hursery on 9-12” grey sandy loam on a very so ft  iron psn on sand. 
The density in the seed bed wae 59 per s q . f t .  fo r  the 1 -yr seed

lings and 83 per s q .f t .  fo r  the 2 -yr seedlings.
The follow ing Table summarises the re su lts j-

leAson o f  Lining Out. Feroentags Loss at
15.5.25. 26.6.26. 28. 9. 26.

rear seedlings.

3. 12. 24 .76# • 2 .0  * .26
3. 1. 26 .26 - 1 .0  * .26
3. 2. 26 . 4q - 1 .2 t  .22
3. 3. 26 .26 - •8 ± .20
2. 4. 25 .20 - 1.0  ±r .22
2. 6. 26 0. 17.0 18.0 *  1.20

Lyear seedlings.
3. 12. 24 3.40 m 10.0 t  .98
3. 1. 25 4.10 m 6 .0  ± .60
3. 2. 25 1.26 - 3.0  i  .42
3. 3. 26 .40 - 1.2 ± .22
2. 4. 25 • 10 - 14.0 ± 1.74
2. 6. 26 0.00 33.0 70.0 ± 2.10

With regard to  growth there is  no r is ib le  d ifference in sise  
and quality in the d ifferent seasonal transplanting from December 
to April. At the end o f the f i r s t  growth, the ris in g  2 -yr 1-yr 
were larger than the ris in g  1-yr 1 -yr. 3hia difference is  now 

leas beetuss a larger proportion o f  the la t te r  hare made s aeoond 
growth.
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Observations and Conclusions.

1. The losses in the 1 -y r  1-yr stook are less  than In the
2-yr 1-yr* This Is most mariced In the less  favourable seasons.
2. In the 1-yr 1-yr stook there Is no sign lfleant difference 

in the lessee from December to April Inclusive (March ,Q% loss
Is low est). May has a higher loss whloh is  markedly s ig 
n ifica n t.
3. In the 2-yr 1 -yr stook each difference Is s ig n ifica n t, May
very much so. (The lowest loss is Maroh 1 .2# ).

It may be considered useful to summarise the results ob
tained at Rapley during the period 1922-26t-

Tear and 
Glass o f 
Stook.

_ Percentage 3Lioss fro* transDlaintlnjr In -

November Decamber January February March Aorll May.

1-vr stock
7 .0

13.0
9.0  

16.0
2 .0

11.0
13.0
1 .0

10.5
12.0

1.2
34. 0 
14.0 

•8
58.0
1.0 18.0 ,

1.19S&2-S5
2.1923-24
3.1924-25

Mean 10.0 9.2 8.3 7.9 16.3 26.6
2-yr stock

49.0 31.0
IPnO

14.0 
6 .0  _

18.0
3 .0

47.0
1.8

46.0
14.0 70.0 j

4.192^-54
5.1924-26

Mean . 20.6 10.0 10.6 24.1 89.6 m

ConcluBion:
1. During this period , although the results havs varied, 

January and February lin ings out have given low losses consist
ently , in both classes o f seedlings.

.N o.9 The relation  between snaeIns o f transplants and losses, 
growth and subsequent survival.

Registered Experiment N.S.No.18.

This Investigation was carried out with the undernoted
six  species. The plants were graded to give average plants.

. The follow ing Is relative data;-
—i

Species.
6eed
Ident. Age.

Nursery
o f

Origin.
ISeedbed

S o il.
Shoot
length
lim its

6es<ibed
Density.

aoots pine
Corsican " 
Norway sp. 
Sitka sp. 
Fur. larch 
Doug.fir

23/31
85/B
28/20
84A0
22AJL

2-yr
2-yr
2-yr
2 -yr
1-yr
g-JS

Rapley
i?

Swlnley 
Bushf ield 
Swlnley 

.Bufihfiftl<

Sandy
loam.
R

Clay - 
Sandy" 
Clay " 
aindv" _

lfc k 3" 
4 it 7" 
4 k 8" 
3 k 6"
4 - j j l s:

76 p r .s 'q .ftt

85 " “ *
128 " n " 
72 " " "
90 " " n 
70 " "
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The unit fo r  each species and treatment was a p lot o f 4 rove 

each 5 ' long. i t  was repeated 6 times in soattered p lo ts .
The spacing between the lin es was 10” with variations o f  

1*« 2” and 3” within the lin e s . Hie notch system was
used and the work was carried out In February and March begin
ning with Douglas f i r  and fin ish ing  with Norway spruce. Hie 
so il  conditions o f the lin in g  out s ite  are described in the 
introduction.

The follow ing Table summarises the results j -

Species. Percentage loss in fa c in g s  o f -

1” !£■ _ 2" 3"
Norway sp* 
Sitka sp. 
Doug.fir 
European larch 
Soots pine 
Gore.pine

0 %
•1

1.4
•6

2*9
2 .0 (2 .8 )x

0 0 
.5

1.6
.8

4 .4 (4 .7 )*  
3 .6 (4 .5 )*

O0(.3)x 
» l ( .4 ) x 
•8 
• 3

4.3
2 .8 (5 .6 )x

.4*
•2

1.6 ' 
.8 (1 .2 *

5”X  ̂1 .0 (1 .6 ?

- ...........-1
x The figures in brackets give the losses when the plants 
k ille d  by Melolantha larvae are included.
Observations and Conclusions..
1 . It w ill be noted that the losses are low (00 to  4.40) and 
uniform throughout the d ifferen t spacing*.

2 . As regards size  o f  atook, this can only be determined accu
rately  when the stook is l i f t e d ,  hut in Norway spruce, Sltks 

spruce, European larch, Soots pine and oorsioan pine there is 
no marked difference in alee in the d ifferen t qpaoInga. In 
Douglas f i r  the two imflsr spacings have on the whole larger 
plants than the two closer ones. In the la tte r  species also 
the needles are shorter and paler in oolour in the two oloae 
spaoinga.

3. As regards symmetry and strength o f  branding, there is a 
progressive decrease from the 3” to 1" spacing, in a ll  speoles 
except Corsican pine which has not a well developed system of 
branding. It la not marked however u n til the 1” spacing is 
reached*
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It is considered that the only true assessment o f the results o f 
such an experiment is  the subsequent development o f t.he plants 
when planted out. For this purpose an Experimental Garden where 
suoh work oould be done under control and supervision la an imme

diate necessity .
Mo.10. flae Influence o f the grading o f  Seedlings on lo sses , growth 
pad subsequent survival.

Registered Experiment N.S.No.19.

Hi is study was made with the same s ix  species and lo ts  ss
before. Has follow ing system o f grading was applied to the seed

lin g s :*
Grade 1. Seedlings one h a lf the maximum shoot length and over, 

excluding exceptionally large plants and exceptions 
noted in Grade 3.

Grade 2. Seedlings less  than one h a lf the maximum shoot length
with the exceptions noted in Grade 3.

Grade 3. C ells , badly rooted, suppressed, drawn, weakly, 
damaged and diseased seedlings.

This worked out with the d ifferen t species ae fo llow s• -

Species. Grade D ecorlotion.

Grade 1* ...... Grade 2. Grade 3 cu iia . 7
pise 4“ k over Under 4" Cause o f c u l l s : -  Imperfectly 

ripened lammas shoots,2 or 
more leaders, suppressed and 
severe Lophodermium attaok.

can pine 2" ft over Under 2" 2 or more leaders,suppressed
and severe Lophodermium 
attack.

iy spruce B® k over ttader 6® Multiple tops, a few badly 
rooted and suppressed.

; spruce 5® k over Under 6“ Very small seedlings,m ulti
ple tops and cockchafer 
damage.

>®an hrch 3fc" & over Under 3&" Principally very small 
plants.

Las f i r 7™ k over Under 7" B otrytis, suppression, 
multiple tops.

^he follow ing grades were studied, the scale and lay out being 
as fo r  Experiment No. 18. Tha spacing was 10" x 2 " (except iv)which 
was 6" x 1§" and the work carried out between February and March.
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( i )  Grade.1.
(11) Grades 1 and 2 i . e .  only cu lls  exoluded. 

( I l l )  Grade 2.
(It ) Grade 3 (bedded).

The follow ing Table summarises the resu lts ; -

Species. Percentage Lqas In

Grade 1 Grades 1 * 2 Grsde 3

rwsy spruce 
tka spruce 
fugles f i r  
ropean larch 
lots pine 
iralosn pine

.3#
0.
1*0
0.
2.1
1.6(2.® )

.7*
• 1
•6

3.3
•4(1.0)

1.0# * .3 
• 0

1*8 i .4 (2 .2 ) 
.8  i  .2

11.7 ± 1.3 
2.1 i .3 (3 .7 )

2 .2 * i  .4 (2 .4 )*  
2.8 ± .6 

13.9 1 .9  
6 .3  i  .9 

13.1i 1.3 
27.9- 1.6

*The figures In brackets give the losses when the cook* 

chafer plants are inoluded.
Conclusions;*

1. hi Norway spruce, S itja  spruce, Douglas f i r  and European 
lurch, there is  no s ign ifleant difference In the losses In Grade 

I f  Grades 1 and 2 and Grade 2. in Soots pine and to a loss 
extent in 0oraloan pine the losses in Grade 2 are higher than 
In Grades 1 and Grades 1 and 2*

2 2. The lessee In Grade 3 in a ll  species are higher, markedly
so In Scots pine, Corsican pine and Douglas f i r .

3. There Is a more or less  well marked decrease In average 
else from Grade 1 to Grade 3.

4. m this experiment also an experimental garden Is a 
necessity to enable the plants to be studied a fter  planting.
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PART 3 . Planting Investigations.

1. Tha Relation between Sea a on ex' Planting and the losses
and growth o f  Corsican Pine.

Registered Experiment P.S. Mo. 601.

In the autumn o f 1924, a new aerlaa o f  monthly plantings 

was la id  down at Langford, Thetford Chase, to  continue the 
1623-24 aeries. This new series oonslsted o f  two parts,

Part 1, monthly plantings from December 1924 to  May 1626 and 

Part I I , September 1926 to  May 1926.

The s o i l  is  a deep, yellow aand on chalk. The herbage

Is sparse bracken, Pestuea ovlna, a l i t t l e  Carex arenarla and

abundant lichen . The elevation Is 100 feet and the e lte  Is
moderately exposed from the prevailing wind.

Part 1 consists o f  6 monthly plantInge o f  30 rowe o f 60 
plants each, in 6 scattered ser ies . The stook was 2 y r .-ly r . 
Corsican pine raised at Langford Nursery. The follow ing 

Table gives the results at 30th September 1926.

t a t S B  o f  I’lanting. 1
16.12.24. 16.1.26. 12.&.fe6. 16*3.26. 1 6 . 4 . 2 6 . i 4«&*£4.

>

Mn. Loss % 

Probable Error
16

4 1.2
16 

t  »9
22 

-  1 * 8

20 
t i « 4

2 8  

1 1 * 8

1
70

i  2  *i
~ I _____________

Conclusion:-
1 . It  w ill be noted that from December to March Inclusive, 

the losses do not show sign ificant differences* April 
has a higher mean lose but this Is barely sign ifican t, 
May has a very much higher lo s s .

I t  may be considered useful to  summarise the results 
obtained to  date on thla su b jeot:-
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Mn. Loss # from Plantings In
Place a Year. Deo ember. January. February March.i A p ril• Ray.

Cannock, 2 y r .ly r . 
1922-23.

14 -  6 23 * 1.2 29 il*6 32 4 l . l 66 42.0 71 41-4

Allerston, ly r . ly r .  
1928-24. 24 * 1*6 26 4 1*3 24 * 1 «7 22 * 1.7 23 £2.(7 43 12*6

TSangford, 2yr .ly r . 
1923-24. 36  ̂ 1*6 14 * *9 36 *1*4 62 t  1-6 62 Si«e 46 S i .7

Langford, 2 y r .ly r . 
1924-26 16 - 1*2 16 * *9 22 S i*8 20 i  1*4 28 Sl-8 70 -2 *2|

Mean Loss # 22 20 28 34 40
8 8  I

The oonelusIons aret -

1 . Season o f  planting has an Important influenoe on losses

S. The actual resu lts depend on the s ite , the weather con
d ition s and the nature o f  the stock.

8* I t  has been shown that, on the average, winter planting 

particularly during ^ecember and January, gives much 

lower losses than spring planting.

2. On the Oao o f  Large Sitka Spruce.
Registered Experiment P.S. flo. 508.

A preliminary experiment on this subject was carried 
out at Cyneyd Forest, D ivision Ho. 2. The resu lts cannot 
be considered conclusive owing to  delays damaging the 3' 
plants. The follow ing is  a note o f the losses to da te :-

Sitka Spruce 1 foot high 
" 2 feet ^It R  ̂ it ii

• so
• • • 
wee

16# less.

69#

A number o f  existing experiments were Inspected and 
recorded during the d iv ision a l v is it s .  These were noted 
in the appropriate reports .
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A. flURSBRY EXffSRIMBSTS. 

EXPERIMENTS CONNBQTE.D WITH GERMIHATIQH.
Experiment 4b dealing with the e f fe c t  o f  the Treatment 

o f seed before sowing upon the germination in the nursery was 
oompleted*

A new experiment, Ho. 33, specia lly  undertaken, in 
order to ascertain i f  there was any connection between size o f 
seed and germinative capacity in the case o f  Iiaroh, was also 
completed.

Experiment 4b. On Treatment o f  Seed before Sowing, with
Iodine and Water.

Object. To throw further lig h t  upon the e f fe c t  o f soaking 
seeds o f con ifers in water fo r  varying lengths o f time and 
in Iodine solution , and to ascertain , more eBpeoially whether, 
in the case o f European Larch, seed soaked fo r  1 day in 
Iodine Solution gave a  better germination than Beed soaked 
for 1 day in water alone.
Results expected.

Owing to apparently contradictory resu lts obtained 
by Steven and Hiley, who have both already carried out work 
with the same object in view, in the oase o f  JLaroh, no 
defin ite  views were held as to the probable resu lts .
Plan o f  Experiment.

The method adopted fo r  investigation was, in the 
main, that used by Steven in Experiment 4a of 1924. Se~d o f 
Sitka Spruce and European Larch were used. The treatme e 
applied were
1. Soaking fo r  7 days in tap-water at room temp.'tfater ct  aged once
2. " " 2 4  hours " " ■ * * .
3. " " 6 " "  " n u n  and thereafter

fo r  18 hours in saturated Iodine solution .
4. Soaking for 24 hours in tap-water at 50<>c. and allowed to 

cool during that time.
Treatments 2 and 3 were the important ones. Treatment 

4 was added as Steven had included that in his experiment, but 
not the soaking for 24 hours in water at room temperature.

The experiment was carried out in Inverleith  nursery 
and the unit consisted o f 500 seeds sown by the perforated plate 
method, so that every seed was evenly spaced and at uniform 
depth. Soaking was so timed that a l l  treatments could be sown 
simultaneously and not on separate days. Only 4 series o f 
4 plates each could be sown in one day. A to ta l o f 10 series 
for  each speoieB was sown, with 1 plate fo r  eaoh treatment in 
each series .

The Sitka Spruce were sown on 7th, 8th and 9th April
and the Larch on 21st, 22nd and 23rd A pril. Weather conditions
were uniform over the period in the f i r s t  case, but the f i r s t  
four Larch series were sown on a dry day and the remainder in
wet weather. The beds were prepared on the f ir s t  day o f sowing
in both oases and were not Btirred up la te r .

Seedling oounts were made on 21st May, 3rd June,
2nd July and 3rd Sept. fo r  Sitka and on 21st May, 3rd June,
17th June and 3rd Sept. fo r  Larch. Much more frequent oounts 
would have been a decided advantage, as carried out by Hiley, 
fo r  i t  is  impossible to ascertain the complete germination 
otherwise, owing to  seedlings dying o f f  as fresh ones appear, 
the two sets cancelling one another out.
Results Obtained.

nothing abnormal occurred to interfere with the 
experiment, an attaok o f  Qut-worm coming too late to throw out 
the counts. (See Appendix I fo r  complete data)
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Sitka Spruos. 1* Compared ;ith  1 day1 a soaking in tap-water at 
room temp., , soaking in Iodine Solution did not increase the number 
of seed, which germinated in the nursery.

2. Soaking in water at 5Q°0. resulted in a alight 
inoreaae in germination as oompared with water at room temp.

3. Soaking in water at room temp, fo r  7 days oaused 
an appreciable increase in the number o f  s e e d  which germinated in 
the nursery and in the rate o f  germination.

European Laroh.l.Seed soaked in tap-water fo r  24 hours and 
seel soaked in iodine solution for 18 hours, follow ing 6 hours' 
eoaklng in tap-water, behaved in preoisely  the same manner when sown 
outside. 2. Seed soaked for 7 days in tap-water gave a 
lower germination in the nursery than any o f the other treatments.

3. Seed soaked fo r  24 hours at 5OO0. and allowed 
to cool showed no sign ifican t d ifference In germination from seed 
soaked fo r  24 hours at room temp.
R eliab ility  o f  Ssaulta.

xhis should lbs high as every precaution was taken to  
render possible the elimination o f  atmospheric and s o i l  influences 
and as nothing abnormal ooourred. She extremely olose agreement 
obtained In the ease o f  Larch between the 24 hours water and Iodine 
treatments, i s  clear from the follow ing figures

S3SRIE8 I to 17. sown £ ls t . SSkISS 7 to  7111, sown 22 nd,
f ate o f ‘floant i :----- 5175------3 /*   ST/5" 1 7 /6 -----373----------

r gourS "In"water V M '"3C T5'56.14 U . U  g§.fl5 5 0 4  U .S ^ T 6i
18 " " Iodine seed sown

and 6 in water. 30.85 33.63 34.65 36.50 23.26 29.63 30.96 34.45
SERIES I I  k I .  gown 83rd. A pril. 

in water 1 .̂7cJ 24.65 2f>.5o 5^.70 p o f  seed sown.
_in Iodine. 20.70 84.30 25.40 88.50 4> " ■ «_________________

Sha greatest variation ooours from series to series but there 
is  hardly any diffsrsnoe a t a l l  between treatments.

In the oase o f  Sitka Sprues, the fin a l oounta fo r  the three 
groups o f  series were :-

SERIES I to 17. Series 7 To V III. Series I I  and I .  
sown 7th A p ril, sown 8th A p ril. sown 9th A pril, 

dater fo r  U  hrs. 3T .W  ------  fcgU iT -------------------- S O T -------------
Iodine Teeatment. 32.75 26.25 22.3^

The .figu res  also show good agreement between treatments in 
spite o f a marked f a l l  o f f  from one group o f  series to another.
Agreement o f  Results with Other Investigations*

Miss le len  Grey carried out some tents with pot-grown 
seedlings from larch seed treated with Water and Iodine, amongst other
things. The results are given in the Trane. o f the R.s.Arborloultural
Society, 1983, Vol. HIVII .P t  1. Her figures show complete sim ilarity  
between the 1 day eoakings In water and in Iodine solution , as fo llow s:*

, , . _ Germination. Proportion o f viable seed
1<£ 14 16 21 56 37 54 germinated at end of

„ days a fter sowing. 14 days 21 days.
Cold water 3 21 30 43 46 46 47 .5  .9
Iodine solution S 18 33 43 45 47 47 .4  i9
(Both 24 hoursI ___________________________ __________

Steven carried out experiments in 1923-24, whloh showed that 
seed o f  Douglas f i r ,  Sitka spruce and European Laroh when put into 
•&P~wa,ter ^03r  ̂ hours and then into a saturated iodine solution fo r  
16 hours (.;^ve a s lig h t inorease in comparison with untreated seed. 
but no appreciable difference oompared with essd soaked in water fo r  
7 days: That soaking ia water at 50°C. fo r  1 day was less  e ffe c tiv e
than iodine: That soaking in water at 80°0. was very harmful.



Hiley, ae tho result o f more intensive experiment ehowed 
in 1934, that Iodine treatment la not better than soaking in 
water at iO to 15<>G. fo r  1 day nor to soaking in water fo r  7 
days. The result# obtained th is year w o u l d  appear to confirm 
a l l  the previous conclusions, at least In the case o f  Imreh.
There are some discrepancies in the ones o f  ttitka tfprnoe, which 
may be due to the d ifferen t methods o f experiment.
r moor tan t Indlreot He su its obtained.,

iTH She moett strik ing  resu lt obtained was the marked 
d ifference In the germination throughout the d ifferen t aeries, 
esp ecia lly  with Sitka Spruce. In treatments 2 and 3, the tendency 
was to f a l l  from, Series 1 to  JC and In treatments 1 and 4, the 
reverse was true. This would indicate either (a ) Variation in 
s o i l  f e r t i l i t y  along the seedbed, or (b ) Variation in the physical 
condition o f  the s o i l ,  duo to  dolayo o f  1 end 8 days in sowing 
a fter  preparation, o f  (a ) Variation in atmospheric coacitiona or 
14). Varying e f fe c ts  on the oeedooat i t s e l f  o f  the soaking, 
subsequent drying fo r  1 day or lo os  la te r , and subsequent 
moistening again in the s o i l .

As tho d ifference* are not gradual from series  I to X 
but ooour suddenly a fte r  series i l  and t i l l ,  tho f i r s t  alternative 
is  improbable. Any o f the others are however, poselble and th is 
would suggest that a special study o f  s o i l  conditions a t time o f 
sowing and possible control o f  same might be worth while and that 
laboratory experiments into the e ffe o t  o f  alternate wetting and 
drying o f  seed upon germination, might be usefu l.

Pifferenoes due to oue or other o f  these three causes 
may amount to as muoh as 10$. considerably higher than any 
d ifference lik e ly  to be brought about by use o f cbemioal treatment.

(2 ) Losses a fter germination.
In the case o f  sltka Spruoe, the death-rate over a l l  

4 treatments, so fa r  as i t  could be ascertained from the lim ited
number o f  counts was as follow s

Treatment. £ o f tota^ueaminatsd seed. & o f sown.
8* 9^46 8ls7
3. 10.23 8.36
4. 9.18 £.86

These figures il lu s tra te  the importance o f  acting 
losses in an experiment o f  th is kind. In some oases, the 
seedlings had only enough energy to push through the s o i l .  They 
then died o f f .  In other cases, s o i l  fungi aooounted fo r  several 
and la ter on Cut-woro removed a few. Quite a number appeared 
with no chlorophyll and soon died o f f .

For the two best treatments in the case o f  larch, tho 
nursery germination was 33.8$ and that o f the best plate o f 500 
seed., 39.2$ as compared with the test figure o f 36$, In the case
o f aitka, the respective figures were 31.99 and 41.80 as compared
with a test figure o f 53$ •

graotloal Value
fH T  experiment conclusively shows that soaking o f  

laroh or Sitka spruoe seed in saturated Iodine solution fo r  16 
hours i s  not better than soaking in water at room temperature for  
£4 hours.

I t  a lso  indicates that a study o f  the control o f the 
physical condition o f  seedbeds should lead to useful resu lts.
Prom the point o f  view o f experimental p ractice , i t  a lso  indloates 
tbat similar experiments would give better re su lts , i f  more fr e 
quent oounts were made and every seedling removed as i t  appears.

I t  suggests that research into the nature o f the seed- 
ooats o f  various speciea and th e ir  response to various treatments 
might be o f  value.
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Experiment 33. On the Relationship between Size o f seed and
Germinating Capacity o f  European Laroh.

Object. To asoertain whether there is  any correlation  between size 
of seecT, germinating capacity and size o f  seedling in a sample o f  
European larch in view o f the fa ct that i t  has been stated that some 
seedsmen are in the habit o f Intentionally mixing small seed with 
large* The experiment is  not yet fin a lly  oompleted but defin ite  
results have already jbreen obtained in regard to the relationsh ip  
between size o f seed and germinating capacity*
He8ults Expected* I t  was expected that the larger seed would be 
better'than the “smaller and would produce better plants.
Plan o f Experiment. A fa ir  sample was taken from the seed supplied 
and the seed therein were separated by eye into 3 s izes , termed XA,
XB and XC, the f i r s t  being the la rgest. A ll impurities were very 
carefu lly  removed. Samples were sent o f each size to the B.O.A.3. 
seedtesting station* At the same time seed o f each size were sown 
in Xnverleith nursery. The perforated zino plate method was used, but 
the unit consisted o f  120 seed, sown in 2 rows o f 60 eqoh at a uniform 
depth o f  4n* There were 10 series o f  3 units each, one unit fo r  each 
s ize ; a l l  sown in one day, Beries a fte r  ser ies . The seedlings were 
counted 5 times from 22nd Hay to 3rd Sept* and a l l  losses noted as far 
as possible*

An attack o f  out-worm arrived too la te  to disturb the counts* 
Results Obtained.
Size. Av.Wi.per Av. length Germination#. Losses in the Mur eery in # Seeds 

Seed* o f seed. lab.nursery, o f seed sown* o f seed- per
______      lings* 1000
XA. 10042 gm* About 4mm

XB. .0037 " H 3.25"
XQ. .0027 " " 2.5mm

Means .0032 H _________

Clearly in th is case, the larger seed have a better germinat
ion both in the laboratory and in the nursery. The d ifference in 
germination in the laboratory between sizes A and B is  small, but is  
very marked in the nurseryt indicating that many o f  the smaller seed 
may have enough energy to burst the seed-ooat but not to  push through 
the s o i l .  This at once reveals a weakness in the method o f  seedtesting*

The results o f  the experiment may conveniently be summarised 
as follow s in terms of 10,000 seedst-
In a sample o f  10,000 seed

there were 780 seed o f  av.length o f 4mm and av.wt o f  *0048 gms. A.
2800 " " " " 3.25mm " ■ ■ .0037 " B.
6340 " " " " 2*5 mm " " " .0027 " C.

Of these, aooording to the te s t , the follow ing were viable 
222 o f the largest s ize ,
792 o f the next s ize ,
349 of the smallest s ize .

Actually in the nursery, the follow ing number germinated.
174 o f size A. o b
355 of size B.
227 of size C.

Losses incurred in fir s t-y e a r  seedlings reduced the numbers to 
138 o f  size A.
274 of size B*
143 of size C*

A Total o f 555 seedlings which is  equivalent to 5.45# of the 
whole amount o f  seed sown*

*ko smallest size o f seed could have been separated out before
hand, 11.25# would have been obtained from the to ta l sown.

22.33# 
12.34 
3.54 

in 10 days

TTSSf
2.83
1.33

2o.52#
22.82
37.20

“ T T
268
634



aeed, however, are bought by weight and in 100 lbs o f  the sample 
dealt with, there were 38 lbs o f  seed o f  the f i r s t  two s izes , 46 lbs 
o f size 3 and 16 lbs o f  im purities, mostly small pieoes o f  oone scales.

I f  the seed oould be so treated that a l l  impurities and a ll  seed 
of size 3 were removed, 10 lbs o f  the cleaned seed would contain
1,143,000 seeds as compared with 1,192.000 in  10 lbs  o f  the uneleaned. 
seed, and would y ie ld  128,600 1-year seedlings as compared with 66,160 
from 10 lbs  o f  the unoleaned seed. To a purchaser, therefore, such 
cleaned and separated seed would be worth nearly twice as much as the 
unoleaned seed.
Additional Data from Another Sample.

The experiment was sown in  the same seed-bed as 4b, European larch. 
Opportunity was therefore taken to seour© further data. 540 extra 
large seed o f  the Indent. No?. 25/13, used in  Experiment 4b, were picked 
out and sown in  9 separated rows o f  60 seed each* The germination 
obtained in  the nursery was 39*08# as oompared with the test figure 
of 38*00# and with a msan figure fo r  the 7 day's and 1 day's water 
soakings o f  only 30*57# fo r  nursery germination* This again shows the 
superiority o f  the larger seeds in  the sample*

R eliab ility  o f  Results.
The nursery resu lts should be re lia b le  owing to the method o f  

laying-out the experiment* which eliminated the s o i l  and atmospheric 
factors as far as possible* At the same time, the uniform results 
throughout the series strengthens the value o f  the mean figures 
obtained. The laboratory tests  were not carried out as requested, owing 
to the seedtssting station  being removed at the time, only 2 tests were 
made fo r  saoh size  instead o f  10 as desired.

This experiment is  complete in  I t s e l f ,  only for the particular 
sample o f  larch  seed tested and requires to be confirmed with other 
samples and speoies* So long as seeds are sold by weight, there must 
bo an optimum size  whioh w ill give the best return, since the number 
per unit o f  weight w ill  decrease with the inorease in  s ize , while i t  
would seem that a decrease in  size  reduces the number o f  viable seed*

The second part o f  the experiment relating  to the correlation  
between s ize  o f  seed and size o f  seedling w ill  be reported in  due oouree, 
losses.

The losses ffcom various onuses in  the nursery were as fe llsw s:
Size. Less in  # o f  seed sown* Loss in  # o f  seedlings appearing. 
XA* 4.58 20*52.
XB. 2*83 22*82
XO. 1*33 37*20

25/13 seed* 6*48 16*44
These losses are considerable but oould not be traced to any 

speoial oause* Many seedlings can germinate but are tee weak to live* 
Others are k il le d  by s e l l  fungi end by surfass ca terp illa rs , while the 
dry summer may have contributed*

The figures appear te indicate that the seedlings from the 
larger seed su ffer le ss  severely*
Agreement o f  Results with these o f  ether Investigators*

work earrlecl out on the continent by Buhler,FrIedrioh Basok* and
Blrenmenger with various species gave similar results.

Basse end Centgref, however* got negative results*
Zn America, R. H. Boerkor got similar results with Douglas fir  and 

Plans pondsrosa to those reodrded here.

|raotloal Value. The Immediate value o f  th is  experiment is  te show 
wiai seed o f  large average size  is  to be preferred to seed with a large 
proportion o f  small seeds* when purchases o f  Larch are being, made* and 
suggest that firms who do not trouble te clean and separate the seed 
shouia he avoided*

(See Appendix II for Tables o f  data*)
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Several assessments have been made in the course o f  the year, 
the results o f  which are given below.
Manuring Experiments.

The re suite o f  experiment no.  17a, carried out at Beaufort, 
were given in the 1924 report. B rie fly , i t  appeared that soots Bine 
had benefited s lig h tly  from an application o f Hardwood humus in 
B e a u f o r t  Nursery; that Spruoe had benefited by the application o f 
Fine humus and o f  Beat, but that the application o f  Ammonium sulphate 
was harmful. A ll these manures were applied to the seedbeds before 
sowing.

The experiment was repeated at Beauly with Corsican pine and 
Sitka Spruoe, while another experiment was carried out with varying 
amounts o f Peat in Sitka spruce seedbeds at Inverleith . These two 
experiments were assessed in the spring o f  1925.

This year two farther experiments on manuring with Peat, Humus, 
and Wood Ashes were begun th is year, one in  inverleith  and one at 
Beaufort. These are not yet completed.

' MAflURlNS AHP SOILING CROP EXPERIMENTS.

Experiment 17a. On E ffect o f  Humus and Nitrogenous Manures on Growth
o f  Oorsloan Pine and Sitka Spruce Seedlings.

Object. to test the e ffe o t  o f applying per sq*yd* o f  seedbed
(1 ) . 8 lbs  o f  Soots Pine Humus,
(2 ) . 14 lbB o f  Beeeh Humas with 8 oz . o f  Ammonium Sulphate,
(3 ) . 14 lb s  o f  Beeeh Humus alone,
(4 ) . 8 lb s  o f  Beat

upon the growth o f  Corsican Pine and Sitka spruoe seedlings.

Plan. There were 30 scattered p lo ts , 6 for each treatment and 5 fo r
control, eaoh plot being 10a s q . f t .  in area. The extra 5 plots consisted 
of 1 Laroh Humus, 1 Sodium N itrate, 2 Beech Humus alone and 1 Beech 
Humus with Amm. Sulphate, in  eaeh p lot l*$y5oz o f  Corsican pine seed 
and .43 oz o f  Sitka Spruce seed were sown separately, 6 d r i l ls  fo r  
eaoh speoles, on 31/3/23.

A serious attack o f  a fungas,t . destroyed
patoheB o f seedlings in the Corsican Hne d r i l l s ,  so that th is species 
had to be abandoned as an Indicator* The 2-year seedlings o f  sltka 
Spruoe were l i f t e d  in  the spring o f  1925 and carefu lly  graded into 4 
B lzes , the number o f  eaoh size  per d r i l l  being counted. In addition, 
the plants in eaoh d r i l l  were weighed to the nearest £ lb .
Results.
~ 17 The lay-out o f  the p lots did not permit o f  good assessment*
The oontrol p lo ts , in  pertiou lar, wore not su ffic ie n t ly  scattered*
Three o f  these were along one side and were sheltered and shaded by a 
fenoo, whioh had o learly  promoted growth to  a marked extent*

2* Comparison between control and soots Pine Humus plots was 
possible and i t  was o lear that there was no sign lfleant difference in 
size o f  plant* as regards numbers, there were, i f  anything, more 
Plants In the oontrol beds*

3* The 6 p lots alongside the fence were discarded in further 
a*n*sement and also the 6 farthest from the fence, as they showed a 
marked f a l l - o f f  in  growth and numbers* This l e f t ,  the follow ing plots 
for comparison and they appeared to be su ffic ie n t ly  uniform in regard 
to lo o a lity  and s it s  to warrant more carefu l asseesnent 
Beeoh alone 5 p lo ts ; Beech with Amm. Sulphate ■ 6 p lo ts ; Peat s 5 plots 
®d 1 p lot eaoh o f  Soots Pins and sodium N itrate.
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The average numbers in  eaoh size per d r i l l  were as fo llo w s :-
0 -2 }"  2}* -3 }w 0 -3 }" 3 }" -5 }"  over 5 }" over 3 }" Total .Wt.per d r ill .

Beeoh 46 48 93 33 7 40 133 0.925 lb s
"and Amm.3,84 63 147 20 1 21 166 1.000 n
Peat. 42 43 85 34 9 43 128 0.900 «
Soot 9 .Hu. 41 43 64 40 14 54 138 0.960 R
Sod.Nit. 22 28 50 29 7 36 86 0.630 R

4. Assuming that the Soots Pine Humus bed la  equivalent to a oontrol 
bed and using i t  as a basis fo r  comparison, i t  seems that the application  
of Beeoh Humus or o f  Peat has no e ffe c t  upon numbers or growth.

6. Application o f  Amm. Sulphate results In an inoreased outturn 
of smaller plants, but there is  a marked f a l l - o f f  in  growth, there being 
only 21 per d r i l l  over 3 }" compared with 40 fo r  Beeoh Humus beds.

6. The Sodium Nitrate bed shows le s s  plants, whieh are on the 
average larger than In the other beds.

7. I t  i s  not possible to  say whether the deoreased height 
growth in  the Amm. Sulphate beds Is  due to the manure or to or adding.
This suggests that the fa otor o f  crowding should be eliminated in 
experiments o f  th is type.
B eliablllty  o f  Results.

Exos'pt in  the eonqjarieon between Beeoh Humus and Beech Humus 
with Amm. Sulphate beds, the r e l ia b i l i t y  is  not high owing to the 
faulty d istribu tion  o f  the oontrol p lo ts .
Agreement o f  Hesultm with other Investigations.

m  comparison oan be made with sim ilar experiments In other 
nurseries, but i t  is  in teresting  to note that Asm. Sulphate was also 
harmful in  i t s  e ffe c ts  on Norway Spruoe in  th is nursery in  th» previous 
year.
Practical Value. The use o f  Ammonium Sulphate as a manure in  Beaufort 
nursery is  decidedly harmful. There does not appear to be any laok o f 
organic matter in  that part o f the nursery where the experiment was 
earried out, at least in  the meantime.

Experiment 17b. On Manuring Sitka Sprues Seedbeds with Varying Amounts
o f Beat.

Objeot.
To test the e ffe o t  o f  applying (1 ) , 5 lb s , (2 ) .  10 lb s  (3 ). 20 

lbs o f Peat per 10 } s q . f t .  o f  nursery seed-bed, upon the growth o f 
Sitka Spruoe sown therein.
flan. There were 16 p lo ts , 4 o f  eaeh treatment and 4 oontrol. There 
wore 4 complete ser ies , consisting o f 1 p lo t o f  1 0 } s q . f t .  for  eaoh 
treatment. A ll the series  were In one seedbed.

The Peat was worked in to  tho f i r s t  few inches o f  s o i l .  Eaoh 
plot was separated from the next by a wooden pa rtition  and there were
6 d r ills  per p lo t , 9 gms o f  seed being sown per p lot on 4 /4 /23 .
Results Obtained.

The germination over a l l  beds was very irregu lar. In the 
final count in  1923, only oontrol beds And beds/trsatsdlw ith 20 lbs 
of Peat were assessed, the 4 centre d r i l l s  o f  eaoh p lot being graded 
and counted on l i ft in g *

Oontrol beds gave 86 plants on an average per d r i l l ,9% over 4 ".
20 lb  .Peat " " 5 1  » « "  « ir «
The application o f  the Peat In the manner thuo

ila tin otly  harmful to  Sitka Spruoe, resu lting In a much poorer out
turn of p lants.
R eliab ility . This i s  not high owing to tho interference o f some 
uncontrolled fa c to r , whieh operated along the seedbed with decreasing 
Intensity from one end to  the other, and also to  the very lrregplar 
germination.
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ttgperlment 17o. On Manuring with Wood Ashes. Peat and Humus. 
— — ( in  2 seotlonB,-A* Inverleith  and B* Beaufort.)

teat the e ffeo t  on the germination and growth o f Soots 
plneand Sitka Spruoe in  the seedbed o f  applying per eq.yd-

(1)* 3 to 3% lbs o f  Ashwood ashes*
(S)« 3k to I  lb s  o f  Spruoewoed ashes*
(3)* 10 lbs o f  Peat*
(4)* 10 lbs  o f  sand mixed with humus from a burnt-over forest area*

Plan*~ There are 30 p lo ts , eaoh 12 sq* f t * ,  consisting o f  6
oontrol p lo ts  and 6 p lo ts  fo r  eaoh treatment* They are thoroughly
scattered and separated where necessary by wooden partitions*

Applioation o f  the manures was made in  Maroh* The wood 
aBhos were thoroughly raked into the top 2" o f  so il*  The peat was 
nixed with the top layer o f  s o i l ,  passed through a i "  ridd le  and 
evenly applied* The humus was la  a very fin e  state o f  d iv ision  and 
was applied as fo llow s: The top inoh or so o f  s o i l  was cuffed baok,
the humus being applied in  i t s  place to a depth o f  2n and the s o i l  
was then replaoed above the humus layer*

Seed o f  Soots Pine and Sitka Spruoe were sown in  eaoh 
plot by means o f  perforated zino plates* 4 rows o f  60 seed o f  Soots
Pine and 4 rows o f  120 seed o f  Sitka Spruoe were sown per p lot at a
uniform depth o f  £"• The sowings for eaoh species were done in  one 
day* In th is way as fa r  as p oss ib le , every outside faotor was con
trolled* The experiment was protected from birds and mice by a net,
and the s o i l  was thoroughly dosed with Vaporlte in  Maroh*

Several oounts were made throughout the summer, but fewer 
than is  desirable in  a properly oonduoted experiment*
Results to Date*

The experiment w ill  not be oompleted u n til next spring* 
Definite resu lts  have however been already obtained*
SOOTS PIHE. The f i r s t  oount o f  seedlings on 15/5/25, 6 weeks a fter 
sowing, gave the follow ing germination percentages

Control* Hardwood Ash* Conifer Ash* Humus under Soil* Peat*
44*72* 46*45* 40*41* 46*04* 54*36*

The rate o f  g8 rmlnatlon in  the Peat beds was thus muoh 
faster than in  any o f  the others, while the con ifer ash beds were 
slower than the otherB* I t  is  l ik e ly  that these d ifferences are due 
to alteration in  the physical oondition o f  the surfaoe s o i l  layers*

Damage by Soil-Fungi*
On 3/6/25 many deaths were no tea in  the woo dash beds, the 

seedlings showing the typ ica l e ffeo t  o f  'Damping-off1 •
Dr* Wilson id en tified  the oause o f  the damage as a species 

of Fusarlum* Dead seedlings from the oontrol and peat beds also 
developed the fungus when oolleoted  and kept under oover in  the lab
oratory, indicating that the fungus was present o r ig in a lly  in  the 
nursery s o i l  and was not introduoed* Other beds o f  seedlings in  the 

i nursery also showed ooourrenoe o f  'Damping-off' •
I A oount was made on 10/6/25, the dead seedlings being
| removed and reoorded separately* I t  was found that o f  the tota l 
number o f  seedlings which appeared above ground through the whole 
season, the follow ing peroentages were k ille d  o f f  before the 10th o f  

' June, the great m ajority o f  deaths being certa in ly  due to Fusarlum* 
Oontrol* Hardwood Ash* Conifer Ash* Humus under Soil* Peat*

5*47* 53*75* 31*65. 3.00 3*98
, This shows very strik ingly  that the in tensity  o f  the attaok
Am o f  the woo dash, confirming resu lts in

8114 elsewh«re. C f. Bull* 453 U.S.A. Dept* o f  Agrioulture,
& ere wood ashes are reported to have had disastrous resultB on 

1ne seedlings*
i
■ B*8.



Some e f fo r t  was next made, on Dr W ilson's suggestion, 
to ascertain why the woodash should have this e ffect*  The s o i l  
aoid ity  in 10 p lo ts , 2 fo r  each treatment was ascertained by 
Misses Smith end Boble o f  the Royal Botanio Garden S ta ff, with 
the following re s u lts : -

PH values for 2 oentre p lots fo r  each treatment*
Control. Hardwood Ash* donifer Ash* Humus under Soil* Peat 

5*4 6*4 7*8 5*2 5*4
5.6 6*4 7.8 5.1 5.1

These values apply to the top inch o f  s o i l  only and 
suggest that s o i l  with a PH value o f  about 6.4 favours the fungus 
in some way so that the intensity o f  i t s  attack is  very high. A
higher or a lower value makes for a less  virulent attack. This
agrees to some extent with conclusions by Melin on Pomes annosus, 
in which he found a Pr value o f  6.1 was most favourable to the 
fungus.

On the 15th June, at Dr W ilson's suggestion, 3 o f the 
hardwood ash p lo ts  and 3 o f the Conifer Ash p lots  were drenohed 
with 2/3rds o f a gallon o f fresh ly  made Oheshunt Compound, the 
remaining beds being l e f t  untreated.

Subsequent counts showed that the treatment was not 
en tire ly  e ffe c t iv e , the follow ing deaths being noted a fter
a p p lica tion ;- 3 in  the treated and 16 in  the untreated hardwood
beds and 21 in  the treated and 15 in the untreated conifer aah 
beds.

After the end o f  June the attack had spent i t s e l f .
The tota l losses a fter  June expressed as percentages o f the 
tota l numbers whioh germinated, were as fo llow s : -

Control. Hardwood Ash. Conifer Ash. Humus under S o il. Peat. 
2.69 2.01 3.39 3.17 3.98 |

Some o f these la te r  losses were due to an attack o f 
Agrotls ca terp illa rs . The survivals on 1/9/25 expressed as 
percentages o f the seed sown w ers:-

71.11 29.09 47.84 73.89 71.03
The laboratory germination was given as 94.75$.
Total Germination.

$he fin a l count on l /o /2 5  in  addition to suoh losses as 
had been oounted showed that the to ta l germination percentages 
were: -

77.41 65.75 73.89 78.74 76.72
Except in  the case o f  the woodash beds, the total 

germination was thus very uniform. There was a f a l l - o f f  in  the 
woodash beds, particu larly  in  the oase o f  hardwood ash. I t  is  
possib le , however, that several seedlings were k illed  by so il-fu n g i 
before or just a fter  coming above ground and thus escaped oount. 
SITKA 3PHU0E. The f i r s t  oount was made on 2nd June, nearly 8 weeks 
a fie r  sowing and gave the follow ing re su lts : -

Control. Hardwood Ash. Conifer Ash. Humus under S o il. Peat.
10.73 16.63 8.54 10.86 9.45

This shows considerable increase in the rate o f ger
mination in  the Ash beds over untreated beds, but the Peat beds 
do not show any increase. The oonifer Ash beds are again slower.

A second count was nade on 31/7/85, with the following
7*A mi 4  n « _

19.23 23.54 16.18 18.23 15.66
The Hardwood Ash beds s t i l l  maintained -the lead but 

the peat beds had fa llen  behind.
There was a marked recrudescence o f germination 

during August, which is  shown by the following to ta l germination 
percentages as revealed by the fin a l September count together 
with a l l  losses observed: -

26.28 25.80 19.62 24.44 20.42
Except in  the oase o f  the Conifer Ash and Peat beds, 

in which there was a d istinct f a l l - o f f ,  the germination was thus 
fa ir ly  uniform. The test figure given for germination was 53$.
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Damage by Soil-Fungi.
Similar damage ooour red as In the oaae o f the Soots 

Pine. A count was made before the application o f  the Cheshunt 
Compound on the 15th June and gave the follow ing losseB before 
that date, due to Pusariura, expressed as percentages o f the tota l 
number o f seedlings which germinated:-

Control. Hardwood Ash. Conifer Ash. Humus under S o il. Peat.
0.93 26.11 13.63 1.70 2.89

The attack has beon le ss  severe than in  the oase o f  
Soots Pine, but the intensity  is again greatest in  the hardwood 
beds. Later counts a fter treatment gave further losses , not a l l ,  
however, due to Pusarium. These amounted to the follow ing 
percentages o f  the to ta l seed which germinated:-

3.96 6.46 9.20 3.84 3.57
The survivals in September expressed as percentages o f  

the seed sown, were:-
25.00 17.40 15.14 23.09 19.10

Surface Caking. ~
A. Very Important point was observed in connection with 

the e ffe o t  o f the application o f  these manures on the physioal 
condition o f  the s o i l .

Enorustation o f  the s o i l  around the plants was very 
marked in the oontrol beds and esp ecia lly  so in  the Conifer Ash 
beds. I t  was le ss  marked in the Hardwood Ash and Humus beds and 
was almost en tire ly  absent in  the Peat beds. Purther the s o i l  
surface in  the Peat beds was not caked in  any way. These remarks 
apply particu larly  to the Sitka Spruoe, many o f  which were crusted 
nearly completely over by August. The differences were not so 
marked by the end o f September, when some o f the Peat bods had 
begun to show enorustations round the plants.

Mr Adams o f  the H. Botanic Garden S ta ff kindly 
undertook to photograph a Peat bed and a Control bed to show 
these differences* The photographs aooompany this report.
B. Beaufort School Nursery.
fo je o t . D o  tasi the efxect on 1he growth o f Soots Pine and Norway 
Spruoe in  the seedbed o f  applying per 20 s q .f t .  o f  bed-

(1 ). 2 lbs o f  Larohwood Ashes*
(2 ) . 2 lbs o f Blrchwood Ashes.
(3 ) .  24 lbs o f  Peat*
(4 ). 24 lb s  o f Peat applied as in the oase o f  the humus at

Inverleith  but covered with a layer o f  1 inch o f subsoil
from the nursery.
This subsoil was unweathered g la c ia l sand and, gravel.

The seed were sown by weight so that no aoourate oounts 
o f  losses and germination were made. Assessment o f growth w ill be 
made la te r  on.

Damage by S oil Fungi.
Losses were observed, in  the Pine especia lly , in this 

experiment a lso , occurring in  patohes in  certain beds* On 
27/5/25, many losses ftom ' Damoing-off1 were seen in 3 Hardwood 
Ash beds, 1 con ifer Ash bed and 1 peat bed. Mr Fraser Identified  
the fungus d e fin ite ly  as Rhizoctonia and dealt with the attack at
once by spraying the attacked beds, before the s o i l  acid ity  oould
be tested .

Subsequent estimation o f the Hydrogen-ion concentration 
in the to p -so il layer gave the follow ing P h  valu es,-for 1 0  beds:-

Control* Conifer Ash. Hardwood Ash. Peat under Subsoil. Peat*
4.9 4.8 7* 2 (Sprayed) 7.2 4.8
4.9 4*8 7.6(Onsprayed) 7.2 4.8

The difference in p£ value between s o i l  and subsoil in
this nursery is  very marked. j

The attaok here oonfirms the e ffe o t  obtained at ]
Inverleith with hardwood ash, that application  o f  this manure 
encourages attaok by s o i l  fungi.



Experiment 17o# A control plot showing encrustation o f s o il  
on Sitka Spruoe seedlings. Aug. 1925. Also delayed germination*

Experiment 17c. A nlot to which 10 lbs o f riddled Peat were 
applied, showing seedlings o f Sitka Spruoe, praotioa lly  free 
from soil*
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Oonoluaions* Pinal oonolusions as to e ffe o t  upon the growth o f  
the eeedlingB are not yet possible* In the meantime: -

1. Applioation o f  woodashes to seedbeds is  decidedly harmful, 
esp ecia lly  in the oase o f  Soots Pine* I t  greatly  increases the 
in tensity  o f  attack by aoil-fungi*

2* Correlation between in tensity  o f Soil-fungi attaok and s o il  
aoid ity  is  indicated*

3* Applioation o f  10 lbs o f f in e ly  riddled Feat per eq.yd* to 
the surface o f  hursery seedbeds on s o i l  suoh as ex ists  in 
Inverleith  nursery markedly reduoes surface caking and so il  
encrustation around seedlings.

4* Application o f Feat in this way to Soots Fine seedbeds, 
increases the rate o f germination appreciably, but applied to 
Sitka Spruoe beds, appreciably reduces the tota l germination.

Transplant Manuring and Treatment experiment in S.Laggan Nursery*
A jo in t experiment was carried out with Mr Soott in

S. Laggan nursery, where there are a large number o f snail 2-year
1 transplants o f  Norway Spruoe*

Several treatments ware applied in  order to see i f  the
growth o f  these plants oould not be hastened so as to mate them o f
a size for planting out in the coming season*

There was a series o f  separate small beds in the nursery, 
very oonvenient for the purpose* The oentre o f eaoh bed was 
treated and the two ends l e f t  as control* The follow ing treatments 
were applied: -

1. Shelter with 18" boarding against wind blowing up or 
down the valley .

2* Shading o f bed by fix in g  broom branches at intervals 
among the plants*

3* Drainage* Narrow boarded trenches were dug alongside 
the bed, to increase drainage and aeration.

4* The following manures were applied:**
a. Spruce -wood l i t t e r  between the lin es .
b. Birch Sawdust " " "
o» vood-aches at ^ lb  to tha square yard.
d. Coal-ashes d itto
e . Basic Slag at lb  to the sq. yd*
f .  Sodium Nitrate at oz " * "
g. Kainit at 1 " " " "
h. Superphosphate at 2 " " " "

A v is it  in July showed that ICainit and v.oodashes had had 
a marked e f fe c t  on the colour o f the Spruce, turning i t  a dark 
green, and indicating a deficiency  o f Potash*

Accordingly a second application  o f  '.oodashes, Kainit and 
also Sodium Nitrate was made early  in  August.

Careful assessments w il l  be made la te r , but preliminary 
measurements do not show any e ffe c t  whatever on growth* The e ffeo t . 
may, however, be delayed until next season*

Soiling Crop Experiments No* 80 a and 20o*
Plan. Soiling orop experiment 20a, carried out by Mr James Fraser 
at leau fort School was brought to a conclusion this year by the 
assessment o f the e ffe c ts  of the so ilin g  orop upon the growth o f 
Norway Spruoe 2-year seedlings, lined out for 2 years in  the 
cropped areas* The assessment was very ca re fu lly  made by 
measurement o f  the height of the plants in  1924 and the length o f  
the 1924 leading shoot* There was no true oontrol, only 3 areas 
which had been cropped with Potatoes, Mustard and Lupins*
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These three areas were again divided into 3 seotions each, 
one o f  which was not manured, another treated with Basic Slag, 
ICainit, and Sodium Nitrate and the th ird with Superphosphate.
There were thus 9 d ifferent p lots o f Norway Spruoe transplants 
to he dealt with.
Results.

1. As previously reported, the ahove dressing o f a r t i f i c ia l  
manures, resulted in  an inorease in the y ie ld  o f  Mustard o f  
300-400$, and in the oase o f  lupins, an inorease o f 30$, in 
Beaufort nursery.

S. The presenoe o f the a r t i f i c ia l  manures or what remains 
o f them in  the s o i l  does not alone a ffeo t  the growth o f Norway 
Spruoe plants lined  out a fter  the so ilin g  orop (See 1924 Annual 
Shoot growth), at lea st b en e fic ia lly .

3. The Lupin so ilin g  crop does increase the growth o f 
Norway Spruee quite markedly and Mustard also has the same e ffeo t  
to a lesBer extent, compared with Potatoes as a Soiling crop.

The follow ing figures hring out these points c lea rly : -

Total Ht. Ht. increase % o f  good plants
1924. in 1924. over 9" high.

Average fo r  3 p lots with
Basio Slag,
ICainit and
Nitrate. 9.17" 3.87" 42.33

do do 3 p lots with
Super
phosphate. 8.84" 3.69" 41.48

do. " 3 p lots  with
no a r t i f ic ia ls . 9.18" 3.74" 43.59

do. " 3 p lots with
Potatoes. 8.59" 3.56" 36.20

do. * 3 " with
Mustard. 9.08" 3.73* 45.33

do. " 3 " with
Lupins. 9.53" 4.02" 45.93

4. The absence o f a true control p lot with no so ilin g  orop 
anfl no manure, makes i t  impossible to state whether the Mustard 
and Lupins have been b en eficia l and to what extent hr whether the 
potatoes have been harmful.
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T̂trnarlment 20o. Winter OatB as a Soiling Crop*

I Ur Fraser made a farther Boiling orap t r ia l  la s t  winter* th is
! tine with Vinter Oats. The experiment was not in tensively  carried out.

An area was sown in  Beaufort nursery with Vinter Oats on 18th 
gnd 20th November, 1924.

A mixture o f  a r t i f i c ia l  manures was sown on 1st hay 1926, con
sisting o f  2 ewt o f  K alnlt, 1 ewt o f  Superphosphate and £ owt o f  Amm* 
Sulphate per acre*

The crop was a heavy one hut there were several hare patohes, 
whieh were successfu lly  f i l l e d  in  hy sowing lupins*

The orop was out on 29th June 1925 and the weights o f successive 
strips ascertained* The heat y ie ld  amounted to  190*5 ewt per acre and 
the worst to 114*2 ewt per acre* The orop was dug in*

A helt o f  ground was l e f t  untreated alongside the cropped area 
end Ur Fraser proposes te assess the e ffeo t  o f  the s o ilin g  crop hy 
lining out Soots Pine seedlings In hath areas*

SBEDLIVG EXPERIMENTS,

Assessments were made o f  Experiments Vo* 12a, on Density o f  
Sowing Douglas F ir , o f  15s, on Season o f  Sowing Douglas F ir , Sitka 
Spruoe and European Larch and experiment 12b was carried a step farther* 
Ibis experiment deals with the Density o f  Sowing o f  Corsiean Pine by 
drill, Broadoast and Band methods* Seedlings grown under the various 
falsities had been lined  out fo r  1 year and there behaviour when lined  
out is  now reported upon*
Biperiment l^a . Density" o f  Broad oast and D rill Sowing o f  Douglas Fir*

Hois experiment was la id  down In Inverleith  nursery in  Maroh 
1929 and the 2 year seedlings were l i f t e d  end analysed la s t  spring*

The seed used were o f  Ident* Vo 28/19, Parity 93$ and the 
Qeminative oapaeity 57$ + 10 fresh* It  was unsoaked and sown on £6/3/5  
and 29/ 2/ 23* The amounts sown per head o f  IE* x 4* w ere:- 

Broadeast* D r i l l*
4oz per 48 sq* ft*  Bed 5* 2 oz per 48 sq* ft*
g t f i i ' i r w  n " 6 * 4 "  ” rt M "

f i n  n n tt it 7 ,  g  *  *  *  *  #
n it t» it 11 it 0#lg  " * " » »

The experiment was disturbed by a severe attaok o f  Rhizoetonia 
identified by Dr Wilson* Potatoes had been stored here before the 
nursery was established and several grew up with the seedlings*

In the assessment, every th ird  d r i l l  was l i f t e d ,  counted and 
graded and in  the broadoast beds, 9 bands, 6” wide were l i f t e d  and 
graded in  the same way* Plants over 8" were placed in  Grade 1 and good 
plants under 8" in  Grade 2* Vary short, deformed and diseased plants 
were culled*

The f a l l - o f f  in  growth from west to east was very marked and 
tads 2, 4, 6, and 8 were mu oh damaged and irregular* Evidently an 
unoont rolled  fa ctor had made i t s  appearance* The remaining beds should

Bad 1,
" 2. 
" 3. 
* 4*

Ha No, Vo* o f  seedling

ll 
1 

llttl Bod io* Vo* o f  seedlings f i t  » 
fo r  lin in g  out.per loti sq* ft* per lb* o f  seed*
par 100 sq*rc« per lb* *

2.
9.
4.

Tha pere
the tots

5656
9250 (52$) 

12,000(48$)
7925 (37j$)

entages in  braok 
1 number o f plan

11616*
8860
5760
2536

sts  re fer  to the 
ts*

5*
6*
7.
8.

percent ag

'V6W Tf5|$r
5415 ( 54$) 
9576 (58$) 
5643 (37J$)

p o f  good pie

19,480
10,400

9,634
2,708

ints in



omtesStSM*!• &  results seeia to  indioat* that tho 4x111 method gives a 
larger proportion o f good plants than tho broadoast method*

2. Tho d r il l  method giro a tho greatest out* turn o f good plants 
ptr pound o f soon soon*

p* The broadoast method giros tho greatest out-turn o f good 
plants psr unit o f arse*
agmifff l i ned out*

4000 plants o f Grade 8 sere solsetsd, looo ftpe»  eaeh o f bede 
1# g, & and 6 and sere lined out In Xnrerlelth nursery.

Bed 8 see ohoeen in  preference te Bed 4 as I t  was obviously
sort typical o f a densely groin  broadoast hsd*

Ths objsot o f th is Is to  find out any difference in behaviour 
batessn densely-grown end openly-grown seedlings when lined out*

_  ’TesTTEa Behaviour o f Densely -groin
o f »

plants eaoh o f thleksst end thinnest densities o f Breadeast, o f D rill 
and Band sowings sort lined sat in  Seaton nursery in  the spring of 1984* 

The centre 0 boards o f sash lo t  were lif t e d , graded and 
counted with the following results*-

Percentage o f Good Bleats Pit for
MW m u  in tfco tau i lino* out to th» aarewar.

Conalualons ,
l*  :,s a ll three oases, thinly-grown seedlings give an appreo- 

libly higher out-turn o f good plants, especially in  the ease o f the 
tvsnoesf beds, than densely-grown seedlings*

8 , Corsiesn seedlings sown hy the bend method seem to give 
tha test results in  the lines*

3* This rather saggests that the losses in  the transplant 
llnae might be appreciably redueed by inoreusing the aoreags under 
imbeds and sowing mors thinly*
tenant ibo. on ammm of »w*a«.

This experiment was reported open hy lor Steven In 19&3, the 
iiaulte being based upon oounts o f 1-yeor seedlings*

In the spring o f  1986, the 8-year seedlings were lifted and 
•arefully graded into 8 elsee of good plants for eaoh epeolea and eulls* 

The dats Sbftgtaed are given in  Appendix in *
Molual ana-

l*  From 1983 sowings In Invwrlelth nursery, the highest rs- 
Jn a  of seedlings were from February end end o f  hay sowings for Douglas 
Hr ex Dorris, January, early Marsh and end o f Msy sewings for Douglas 
Hr ex oasada, f ir s t  vetk o f Maroh and April sowings for 31 tha Spxuoe 
ntt first fortnight in  April sowings for European Laroh*

8» The highest yield o f plants f i t  for the fie ld  were from 
Hbruary and Maroh sowings for Douglas S ir, January and early April 
•wrings for Sltk* Sprues and the fir s t  fortnight o f April for LarOh,
, 3* The largest number o f large plants (Grade 1) were got from
Jtauaay sowings o f Douglas f i r  and Sitka Spruoe and from the f ir s t  
•Hk of April sowings o f harsh*
^ 4* Generally spsaklng this eonfirms the 1983 oonolueiona,
w  early sowings give the best results fo r  Douglas f i r  and Sitka 
•pxtoe, lato sowings for Laroh*
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Experiment SO* On Bffeot of t i l t in g  Seedbeds to various Aspects.

This experiment was laid down in  Beanfart School nursery 
but has not so fa r  been assessed. The species sown were Sitka and 
Norway Spruce. Geimineti on was delayed for one day on the N.aspect.

THAN SPIANT EJLEBRIUENT3.
The main experiments No. 24 and 24a are in connection 

with the Spacing and Grading o f transplants o f  s ix  species.
Experiment 24 was repcrted upon last year fb l ly , resu lts 

being based upon counts in the lin es . Three species were l i f t e d  
in the spring o f  th is  year and fin a l resu lts  obtained for these.

This spring experiment 24a was laid down at Seaton in 
precisely  the same way with the Bane s ix  species, but the sections 
on Speed of Transplanting and Exposure of Hoots were omitted.

Experiment 24. Assessment o f  Results with 3oots and Corsican Pines
and with SuropoanlarchT

These three species were l i f t e d  as 2 -year-1 plants in
the spring of th is year and graded under tha supervision o f Mr.
J.A.lamb in the same way as usually carried  out at Seaton. Only 
plants l i t  fo r  the f ie ld  were counted.

An inspection of the plants showed very l i t t l e  d ifference
a l l  over, except between grsde 1 sad grade 2 of Scots fin e , 500 of
eaoh grade of that species were sent to be planted out in the fie ld  
at Culbin (f.S .N o .1011) (See page 17).

The percentages f i t  fo r  the f ie ld  o f the tota l lineB out 
were as fo llow s, and d ifferences over 4 times the f.E rror o f  the 
mean percentage of a l l  15 treatments were considered to be 
sign ificant •

Spa ci ng • Speed of Transplanting. Grad Exposure of Hoots.
SCOTS Mjffi.
1". 61.76. Careful Working. 66.68 1. 59.08 Boots dried. 50.53

£9.55. Past " 66.43 1 & 2 45.20 Av,precaution 72.25
2H. 59. 03. Average ’’ 65.65 2. dl .66 Special care
3". 69.62. Hsndlaylng. 69.65 2. 33.46 against drying73.65

Bedded
CORSICAN PINEe

1". 45 .d3. Care. 50.78 1. 49.98 Hoots dried 25.98
49.35. Fast. 68.40 1 & 2 38.58 Av. precaution 4B • 05

2". 41.68. Average• 62. 96 2. 44.58 Special p. 40 .SO
3". 42,25. Handlaying. 37." 53 B.2. 32.88

EUROPEAN LARCH■
l rt. 66.63. Care. 58.15 1, 74.90 Boots dried 56.85

1£". 69.80. Fast. 55.73 1 & £ 68.33 A v. precaution
2". 69 . 68. Average. 64.60 2. Special p. 68.03
3". 66.00. Hand laying. 76.00 B.2. 51.90

The average percentages ;ver a l l  15 treatments were:-  
Scots f in e : -  59.54 = 2.07 P.E.
Corsican f in e : -  45.94 = 1.51 P.E.
European la r ch :-  60.87 = 1.22 P.E.
Concluai ons.

1. Over a variety of conditions, Scots Pine and larch show 
almost the same average production o f good transplants from 2-year 
seedlings, namely 60$ of the number lined out.

2. The average production of Corsican over a wide variety
of conditions is only 45$ of the number lined out.

3* The probable errors indicate that larch is  least susospt
ible to the various fa ctors  causing loss  in the transplant lin e s , and 
that Scots Pine, is most so. larch w ill therefore stand rougher 
treatment.

B.17.



4. Spacing, losses In eaoh species for a l l  spaolngs tried
are remarkably uniform. Only in the case o f  Scots fine at 3" is
there a noticeable f a l l  in losses,

5. Speed o f Transplanting, losses in a l l  three species 
are Appreciably less  In the handlaying section over the average for 
the board method. Bap id working markedly lessens the losses in the 
case of Corslean Pine and increases them in the case of larch,

6. Grading. Mixed grade 1 and 2 plants in the case of the
Pines $lve higher losses, in the case o f  laroh, lower losses, than
in the graded sections. Bedded Grade 2 plants of Soots Pine and 
Corsican Pine give very high losses. Grade 1 laroh show very small 
losses. Grade 2 Scots Pine were much below the average in out-turn.

7. Exposure of roots. In the^csse o f  Scots Pine both
average and special precaution? re suit in considerably lower
losses than the normal loss , but special precant ions were not
superior to average precautions. Drying of the roots did not
result in appreciably h ig ier losses .

Drying o f  the ro ots of Corsioaif Pine had a very marked 
e ffect  in increasing losses.

Drying of this roots  of larch  apparently had no e f fe c t
infra t ever.
Summary, fo r  Soots and Corsican Pines and laroh..

losses can be reduced in the transplant lin es  in the 
case of Scots Pine by grading before lin ing out and by average 
precautions against drying of the roots.

In the case of Corsican Pins, heavy grading, rapid work
ing and especia lly  precautions against drying o f  the roots reduces 
losses very considerably.

In the oase o f larch , oare In transplanting reduces losses , 
Grading is  not so important aid exposure o f the roots is  re la tiv e ly  
unimportant.

In a ll  species wider spacing does not increase nor  ̂decrease 
losses appreciably.

The redaction of losses in a l l  three species when haMlay
ing is substituted for  planting board seems to indicate that there 
is  much room for improvement in the la tter  method.

The other three species w ill be assessed in  due course.

Experiment 24a. This is a repetition  of Bo. £4, and is  due for 
assessme nt in the case of the same three species next year. It is  
not proposed to make a prel iminazy count before the plsnts are 
lifte d . This experiment is being hand-weeled as i t  was clear that 
many losses la st year were due to careless hosing between the lines.

Experiment 19a. On Weed-oontrol.
A preliminary experiment fas carried cut at Seaton and 

at Beaufort nurseries to ascertain Whether strips o f  various 
materials laid between the transplant lin es  would be e ffe c tiv e  in 
beeping down weeds, without disturbing the growth o f the plants.

Four materials were tested and, for the purpose o f 
experiment, were fixed on lath f  roues, 8" wide and 5* long. The 
materials were, (1 ) . S ton iflex  Hoofing Felt. (£ ). Hessian.
(3 ). Cotton Duck and (4).' Bituminous Paper,

Be suit a to date.
At Seaton e l l  4 materials successfu lly  prevented weed- 

growth and kept the s o il  in good open condition  below up ,to  
September. No harmful e f fe c ts  whatever were nobloeable on tne 
Scots fine between Which the material was la id . S ton iflex , laid 
fla t, on the s o i l ,  gave the best resu lts . This material is the 
most lasting .



At Beaufort the seme remarks apply. In th is case 
Norway Spruce were treated* Tha s o i l  was in  excellen t condition. 
The Bituminous paper 1b waterproof and non-rigid , tending to sag, 
and would probably not la st over 2 seasons.

COSTS.
The cost of 3 ton iflex  required for 1 acre works out 

at about £120, without taking cost o f carriage, cu tting  the 
strips and placing on the ground into account. The cost of 
weeding at present works out at £50 per acre per annum, more or 
less. Assuming a l i f e  o f  4 years f o r  the m aterial, i t  is  pro
bable that a saving would ultimately be e ffected . Considerable 
reduotion in oost might be e ffe cted  i f  the material were supplied 
in suitable widths and ordered in bulk.

Further more extensive tr ia ls  are necessary before 
any recommendation can be made, and cheaper materials might be 
tested.

Experiment Ho.29. On Mixing of species In the Transplant lin es.

This has been carried out with (a) Beech and Norway 
spruce at Beaufort; (b) Douglas Fir mid ?itka Spruce at Beapfort 
and (c )  Scots fine aid European Larch at Seaton (d) Douglas Fir 
and Norway Spruoe at Seaton. No resu lts are available so fa r .

Experiment 31. On Shelter of Transplants at Seaton.
As exposure from several d irections appears to  be an 

important adverse factor at Seaton, a simple experiment was made 
with shelters of boarding 18" high to see whether any improvement 
would take place in Scots fine and Sitka Spruce a fter  lin ing out.

The experiment w ill not be completed until next year 
but already in the case of the Sitka Spruce at le a s t , there 
appears to  be some improvement. This w ill be d i f f i c u lt  to 
assess however.

Two short lengths of boarding were erected at right 
eagles to one another in the oentre of a bed o f Soots fine 
transplants in carder to d iscover, i f  possible, from which side 
exposure was most harmful. There already appears to  be a marked 
Improvement in the angle protected and shaded from the S.E. over 
other angles and esp ecia lly  over the angle exposed to the S.E.

Repetition with Norway Spruce, whioh suffers very 
badly at Seaton, might give more marked resu lts .

Experiment 32, On Continuous Cropping o f  Nursery Seedbeds.
This was began with Scats fine and Sitka Spruoe in 

Seaton Nursery and with Scots Fine in Beaufort Nursery, the 
objeot being to see whether continuous cropping with one species 
would impoverish the s o i l .

Experiment £ia. On Wrenching end Undercutting of Corsican fin e .
In the 1923 report this experiment on Corsioan Pine was 

described. There were 5 lo ts  of 1-year seedlings treated as 
fo llo w s :-  (1) Control, (2) drenched once. (3) Undercut once.
(4) Wrenched twioe and (57 Undercut twice. The plants were le f t  
another year in  the beds and samples were lined out in the spring 
of 1924,



This year the transplants were l i f t e d  for the f ie ld  and 
graded, with the following result s : -

Lot. $ fit  foe the fie ld  
of Total lined out.

Remarks.

1. 52.18 Roots poor with l i t t l e  fib re .
2. 67.00 " as ab ove.
3* 56.55 " rathe r be tter than ab ove.
4. 49.00 " good with more fib re  than 1,2 and 3.
5. 53.81 Plants stronger and improved a l l  round.

The improvement o f the other methods over the control 
is  not at a l l  marked.

The experiment is continued in P. 3 .Mo. 1010 (1925) at 
Culhln, where 500 each o f lo t s  1, 4 and 5 were planted out. This 
should determine fin a lly  whether better plants are obtained by 
wrenching and undercutting (See p .£7 ).

EXOTIC SPECIES AND RACES Og VARIOUS SPECIE3.
Considerable numbers of tree seeds of various epeeies, 

mainly from Japan and N .America were sewn in Inverleith nursery 
during the year with sa tisfactory  resu lts exoept that one lo t  o f  
Pinus ponderoea which took a long time to  germinate, was eaten 
by birds and mice.

Seed of various races of Pinus sy lvestrls  and of P. 
ccntarta were sown.



x,3 . Ho,1007* Flantlnx on Baoln fe a t ,
A aeries o f  small, intensive experiment* were suooeesfully 

laid down on on area o f  d i f f i c u l t  basin peat, known as the Lon her, 
at Inohnaoardooh.

'Those are not due fo r  assessment th ie  year but so fa r  the 
failures have been remarkably few and growth has been good.

The Bps ole  a used were Norway and Sitka Spruoe a, and the 
three main features o f  the experiment^ are (1 ) the no thud o f  lay -ou t.
(2) the method o f  drainage and (3 ) the method o f  planting on 
shallow turf*

A oount o f  the fa ilu res  during the year was made and 
showed 4 dead traneplants out o f  163o end 29 dead seedlings out o f  
630, mostly due to  an error in  planting whioh allowed o f  opening 
o f the notohes in dry weather.

Some damage has been done by Blaek Game to the tress and 
Boots l in e , whieh were planted round the experiments, more to 

f i l l  gape than anything e ls e , have, in  w ear oaae. had th e ir  top 
buds removed by BlaokGaae.

The wooden shelters used in  one experiment were made 
from fresh ly  out Boots Fine and they attracted Hyloblus a b le t is , 
the nearest fe ils d  eon lfer area being several n il* *  away. Boas 
damage was dons to Norway Sprues, but in  no ease severe. A number 
o f  weevils were trapped.

flew Experiments lt t M .

* .8 . Bo.1008. To te s t  the E ffeot o f  Shelter and Basie Blag on very 
Baokward Sitka Bpruoe on d i f f i c u l t  ground.

This experiment was susoeeefully la id  down at Znohsteoardoeh* 
The shelters again formed on attraction  fo r  Hylobius abletie  

which did some damage to the already feeble p lants.

jjgaB flw a ij &m*
398 Norway Spruoe and add Sitka ftpruoe 3-year seedlings 

were planted out in  pots In a small area o f  good s o i l  in the midst 
of a d i f f io u lt  planting area at Inahnaoardooh, ths intention being 
to uee the 8-yr-8 transplants fo r  planting the worst spots la te r  
on.

Unfortunately, there was considerable delay in  potting 
the seedlings, whieh was not done u n til 16/V&&* when growth had 
already begun. A number o f  plants d ied .

i .e .  M o.loia.  Planting out o f  Wrenched and Undercut Coreioan rims
from Beaton nursery,

Boo 3 -y r - l  Gorelean Fine transplants neither wrenched nor
underout, OoO whloh had been twice wrenahsd in  ths seedbeds and duo
whioh had been twloe undercut, were planted out at Oulbln, to 
ascertain what d ifference there might be in  the three lo t s .

A carefu l assessment has yet to be made; but to  the eye, 
the d ifference i s  net obvious.

A preliminary assessment mads in  September o f  th is year 
has shown so far that there la  no d ifference whatever In the 
behaviour and growth o f  the three le t s .  The lessee  in  the f i r s t  
year ere exaotly the seme in  a l l  three, amounting to 23$.

I t  was observed that ths short growth o f  ths Goreieen
‘ lne was very small, being too small to measure exeept in  a few oases*

» , 3 l .



g.S. No,1011. Planting out o f  two grades o f  Boots Fine Transplants.
Sou o f  grsds 1 and 5q:> o f  grade a Boots Fine from P .8 . Me. 24, 

in Beaton nursery, wore planted out at Quito in In order to  see what 
dlfferenoe there would toe. I f  any.

Bo far no difference is  evident but a oareful estimate 
has not yet been made*

A preliminary aesesement made in  September 1936 has shown 
that the differenoes between the two grades are sm all. The death 
rate amounted to  6.3$ In Grade 1 and 6$ in Grade 3 . This experiment 
is  alongside F.&. Mo.lOlo and the greater death rate in  the Corsican 
iin e , whioh has received the same treatment from the nursery 
stage ,1s noteworthy. Further, the average shoot growth slnoe plant
ing out has been 1*83" in  tho oase o f  Grade 1 plants and: 1 . 20"in  
the case o f  Grade 3 p lants. This growth o f  1 to 3 lnohee in ths 
f ir s t  year is  o f  considerable importanoe on blown sand as i t  very 
often enables the Boots Fine to escape complete bu ria l.

M  JSseSiflgsftE*

A ll fa ilu res  in  f .8 *  ttos.luol and lo<)8 with Boots xine 
were oarefu lly  marked on the ground with wooden stakes about 18" 
high. Owing to the lev e l ground and the very even planting in  the eg 
p lo ts , i t  was possible to oonstruot oharts on squared paper to show 
aoourately the positions o f  a l l  fa ilu res  whieh had ooourred in the 
year 1934-36. Thie was carefu lly  done by b r . J.A.B* bucdonald.

I t  i s  proposed to observe la te r  on how the plants whieh 
were used in besting up and whieh are marked with the stakes, behave 
in ooiaperison with the f i r s t  planting.

The to ta l axes under oh sore at ion here i s  8 seres and the 
4 spaaing p lo ts  should give acme interesting information, pro
vided observations are maintained over several years.

<*>• .W E texApproximately 1 sere o f  Boots Fine planted with 3 -y r -l  
plants in February, 1933, wee beaten up with 3 -yr-3  Boots Fine in 
flereh 1936, The poeitlone o f  the newly planted trees have been 
marked with stakes as above.

<o>« jn j jq rwag tipaigft.AJte«tef*qftg&tafr«
An area o f  1 .6  aeres o f  Norway Bpruee planted with 2-yr-S 

plants in the spring o f  1938 was beaten up in A pril 1936 with 2-yr-8 
Norway Spruoe. The positions were marked with stakes as above.
Borne o f  the stokes were from freshly-out Boots Fine and they A ttract
ed weevils which did some damage.

Assessments o f  these three experiments w il l  not be made
thie year.

j^ s . ao .iG ia .
Arrangements have been made at Glen High fo r  a simple 

experiment to  uncertain the d ifferen ces in  (a ) coat o f  planting and
(b ) development o f  plants in  areas (1 ) grased up to  time o f  planting, 
<11) ungrased fo r  1 year and ( i l l )  fo r  3 years before planting.

A s tr ip  o f  3 acres in  extent has been selected , 1/iSrd o f  
whioh was fenced in  February 1936. The second acre w il l  be fenced 
next spring and the le s t  acre in the spring o f  198?, when the whole 
•trip w ill  be planted and a record o f  costs  o f  planting and o f  
nub sequent losses and growth w il l  be made. Vegetation records w il l  
also be kept.



Muoh oareful assessment has been made th is summer in the 
Northern Division by Mr J.A.B. Maodonald o f  Experimental Plantations 
and Planting Experiments, whioh have been la id  down In past years.
Method o f Assessment.
“  A method o f  assessment has been devised whioh, although
somewhat subjective has the merit o f  being workable and o f  giving 
comparable resu lts . A ll plants are c la ss ifie d  into 4 c la sses .
Class 1 contains plants with a good leader and healthy colou r.
Class 2, plants ?fith a leader but unhealthy colour or with a healthy 
colour but no leader, c la ss  3, plants with no leader and generally 
weak and unhealthy, and cla ss 4 , a l l  deaths. The percentages o f  
these olasses are then worked out and a comparable figure or Index 
figure worked out as fo llow s. 1 per oent in olass 1 oounts 1,
In olass 2,£- and in  olass 3, £ p o in t. The sum o f  the points fo r  
these classes gives the Index figu re , which l i e s  between 0 and 100, 
aooordlng to the euoooss o f  the plantation.

AaaeBBmenta o f  Experiment8 la id  down prior to 1925.

P.S. Ho.1001. Experiment on Spacing o f  Soots Pine at Mensmuir.

Four p lo ts  o f  the follow ing spaolnga were planted with 
2 -yr-l Soots Pine ex T u llla llan  Nursery o f  seed orig in  19 /7 . The 
sem i-circular spade was used and planting carried out in Maroh 1924,

Failures between March 1924 and Maroh 1925 were carefu lly  
noted with the follow ing resu lts ___________________________________
Plot Ho. Planting Distance. Ho.Planted H o.of Failures % Losses*

1. 38* 6" 3528 200 5.6
2. 4* 6" 2166 50 2.3
3, 5* 6" 1440 64 4 .4
4. S' 6" 1020 47 4 .6

8144. 361 4.4
It  was observed that losses  occurred in groups where Holoue 

lanatus was abundant, which agrees with observations made elsewhere 
as to the d if f ic u lty  o f  planting in th is  graee.

Clearly the percentage losses remain the some, irrespective 
of the planting distance.

P.S. Ho.1002. On Age and Type o f  Scots Pine at Edensmuir.

Four p lots o f  the following types o f  Soots Pine plants were 
planted at a distance o f  4* 6". In every ease the soreef method 
with seioi-olroular spade was used. Planting was done in Maroh 1924 
and fa ilu res counted in Maroh 1925 gave the follow ing fig u re s :.
Plot Ho. Age o f  Plants. Ho.Planted. Ho .o f  Deaths. $ L088OB.

1. Line ( 2 -yr. 735) 114) 15.5)
About( 2 -y r -l 735) 2205 25) 176 3 .4 ) 8.0

( 2-yr-2 735) 37) 5 .0 )
2. 2-yr seedlings. 2156 479 22.2
3. 2 -y r -l  plants. 2156 22 1.0
4 . 2-yr-2 " 2156 111 5.1

The orig in  o f  the plants was as fo llow s: -  
2-yr seedlings ex T u llia llan . No.22/80.
2 -y r -l plants ** " Ho.19/7 .
2-yr-2 " ex Beaufort Y

The 2-yr-2 plants were admittedly poor and th is  Is  refleeted  
even more in th eir appearanoe than in the losses .



The loss o f  seedlings is  very heavy indicating that the 
method o f  planting these is  probably at fa u lt , and, further, they 
were very small and in many cases were almost buried in the 
screeved patches.

The success o f  the 2 -y r -l plants in th is instance is  very
marked.

As in the case o f P .S .1001, the losses tended to occur 
in groups, esp ecia lly  where Holcus was abundant.

P.S. Ho.1006. Season o f  Planting Norway Spruce. (South Laggan)

This experiment was planted between June 1920 and May 1921 
and consists o f  12 monthly p lots o f 0.25 acre, one for  each month 
between these dates. The plants used were Norway Spruce, 2 -y r - l ,  
ex Craibstone.

The s ite  variation  is  very high and is  a fa ctor which has 
been quite uncontrolled in th is experiment, so that results e,re not 
very re lia b le . X (See below)

Damage has been done hy Black Game, Deer and the dense 
herbage in places, in spite o f  which the index figures obtained 
from the assessment made in Sept. 1925, are high, as fo llo w s :-
Date. June July Aug. Sept. Oct. Hov. Dec. Jan .Feb .Mar .Apl .May Av.
Index Fig. 65 83i 81J 57 71 72̂ - 72 73 88̂ - 76 75 464- 72
$ Losses. - 24 9§ 6| 22̂ - 14̂ - 19 17̂ - 18 7 j 15$- 20 461-

Remarks. 1. In most cases the highest deviations from the mean
index figure can be explained as due to variation  in s o i l  and s i t e .

2. The low figure fo r  Sept. is  due to three-quarters 
o f the p lot oonsisting o f  wet ground, covered with Carices. The 
high figures fo r  Feb. and July is  accounted for by the large extent 
o f Bracken ground in these p lo ts , the former being particu larly  
uniform as regards s ite . The March p lo t , also high, is  covered 
with mixed Bracken and Aira oaespitosa. The high August figures 
and the low May and June figures cannot be attributed so le ly  to 
site variation , but the herbage is  very long in the last two p lots 
and short in the August p lo t .

3 . The high .figures generally indicate that th is is  a 
particu larly  good Spruce s ite , even when planting is  carried out 
a ll  the year round.

4 . It is  clear that th is is  not a very e ffe c t iv e  method 
o f arriving at the desired information, owing to the rapid s ite -  
variation .

P.S. Ho.1006a. Season ofi Planting Sitka Spruoe. (Inohnacardooh)
This area was planted between March 1923 and Feb. 1924 

with 2 -y r -l Sitka Spruce ex. Inchnacardoch Nursery. There are 
12 monthly p lo ts . The same remarks as to s ite  variation apply 
as in the above experiment.

The rock appears to be gneissose, but most o f  the area 
consists o f  a boulder moraine. The vegetation varies from Calluna - 
Erica oinerea to thin Bracken with grasses and herbs. The whole 
area has an irregular surface o f moulds alternating with hollows.

The resu lts o f  an assessment made in July 1925 are as
fo llow s: -
Date Mar. Apr. May June July Aug.Sept .Oct .Nov.Dec. Jan.Feb. Av.
Index F ig. 56i- 70 58 6l£ 50.£ 65J- 57. 44^50^47^49^-53 55^
fo Losses. 8 8̂ - 3 14 1§- 1 0 0 0 \ 0

X The rock is  sohistose and outcrops in p laces, the rest 
of the area being over schistose moraine.

B .24 •



Heaarkfl. 1 . B oll conditions In p lo ts  from oat. to Mareh d l f fs r  
marked^’ from those In the other plots* In ths former the ground 
consists mainly o f  bare moraine slops with Oalluna-iirioaa olnerea, 
while the la t te r  has Bracken and Grasses predominant* C learly in 
this oase a lso , the s ite  variation la  the fa ctor  whieh has most 
affooted growth*

2* In spite o f  the proper conditions, ths death-rate 
is  lowest In the Oct, to Feb. p lo ts , possibly  owing to seme 
extent to the shorter herbage not smothering the plants*

3* tlo d e fin ite  oonolueion can be drawn as to the e ffe c t  
o f planting season upon growth, except that on patches o f  good 
ground with Bracken end grasses i t  i s  fa ir ly  safe to plant at any 
period o f  a wet year in th is  area* Had the order o f  the p lo ts  
been reversed, very marked d ifferences might have been seen between 
summer and winter plantings*

4* The experiment again shows how In e ffective  th is 
method i s  fo r  giving the desired in fo  m at ion , owing to rapid s ite  
variation*

Hxporitte,ntJU&6b. Besson o f  xlsntlng Corsican Fine, (ou ib ln )*

This experiment was planted between Sept. 1922 and Aug *1928. 
with 2-year seedlings o f  Corsican Fine ex Wiseman1* nursery, making 
a to ta l o f  12 monthly plots* The Sept* p lo t had high losses in 
the f ir s t  year and was beaten up in Sept. 1223*

A count o f  the fa ilu res  won made in  January 1925 fo r  sash 
p lot and tha percentage losses were as follow s

Sept* Oet* Bov* Deo* Jan* Feb* Mar* Apr* May. June July Aug*
16.6 7*4 5*0 7 .6  9*8 4*9 1*3 8*4 10*9 20*4 73*8 40*9

The s ite  oonditlons are fa ir ly  uniform here and t he 
resu lts show rather o learly  that on a type o f  ground suoh as dry 
fixed sand, where moisture and temperature conditions must he 
extremely variable throughout the year, that i t  i s  unwise to  plant 
Coraloan lin e  between the months o f  May and October.

Baft B3RIB3* A new monthly aeries o f  Corsican Mins p lo ts  was la id  
down th is  yoar* An improved method o f  working was used in  whioh
10 p lots  were staked out and 1 row o f  50 plants planted in each 
p lot every month. This obviously reduces the e f fe o t  o f  site 
variation and greatly  increases the r e l ia b i l i t y  o f  resu lts .



0. 5XPSBIMENTAL PLANTATIONS.
No.l. High jSlcvation Planting o f  Norway and Sitka Spruces. (3 .Laggan )

The elevation o f  th is s ite  is  1800 f t  on a N. aspect*
The speoles planted are 3 -y r -l  3itka Spruce ex Ireland and 3. 

Laggan nursery and 2-yr2yr Norway Spruoe ex Dunrobin and S.Laggan, 
eaoh species oocupying about 0*25 acre, and the whole v e i l  fenced 
against deer. The planting was done in May 1922*

SOIL. This is  a good loan from weathered sch ists which 
are very rotten and fr ia b le . The vegetation is  herb-rich  and has 
developed very strongly within the fence. Mosses are abundant and 
grasses, mainly Aira flexuosa, Agrostis, caespitosa and Molinla, 
while there is  a great variety o f herbs, which au. Indicates good 
Spruce conditions.

The planting method was combined soreef and notch. As the 
slope is  steep, no drainage was required.
Conditions in 1925. A careful assessment in July 1925 gave the 
following percentages o f  the to ta l p lanted:-

Class 1. Class 2. Class 3. Class 4 . (Dead) Index Figure. 
Sitka Sp. 23 51 19 7 534
Norway Sp. 58 2 5 7 10 72|-

The Norway 3prnce are excellent in  colour and health, 
although the rate o f  growth is  slow. The Sitka Spruoe are also 
good and w ill doubtless improve in  the next few years. The dense 
herbage has probably accounted for  most o f  the deaths.

This experiment is  valuable as i t  shows that there are
good planting areas at high elevations in some lo c a l it ie s  whioh 
are more easy t.o deal with than some o f the peaty morainic ground 
on the lower slopes and valley bottoms, a considerable extent o f
high ground oould certa in ly  be brought into the planting area at
3. Laggan.

The e ffe c t  o f  exposure la ter on has, however, to be
oonsi dered.

Ho. I I . Planting o f  Pines in  mixture with Spruces. ( Inohnacardodh)
This experiment i s  looated at an elevation o f  

1050-1100 f t  on a S. aspect. The area is  exposed. There are 6 
plots as fo llow s, planted in  April 1922t-

(1 ). 2-year seedlings o f  Norway Spruoe notched into soreeves,
1 ' sq.

(2 ) . A sim ilar plot* but the s o il  was stirred  to a depth o f  18n.
(3 ) . 2-yr seedlings o f  Scots Pine notched in the same way, with 

a 2-yr seedling o f  Norway Spruoe planted 2T to lee  o f  
eaoh Pine.

(4 ). 2-yr-2 Sitka Spruoe, as in ( l ) .
(5 ). Sitka Spruoe, 2 -yr-2 , as in (2 ).
(6 ). Soots Pine and Sitka Spruoe, as in (3 ).

SOIL. Soirpus-Calluna peat covers nearly the whole area and- 
overlies a compact moraine, which is  probably o f  gneissose orig in . 
There are be lts  o f  Molinia in Plots 3, 5 and 6.
Condition in  July 1925.
m z r ----------------  — “

18 
34 
34ii

1. 1$ 294
2. 2f 61

3 .H.Spruce. 4 54
Scots P. 234 37
4. 1 36
5. 2f 3 l i

6.3. Spruce. i f 32
Soots P. 174 46

a4 61
4 32

114 3C
9f 30

55 8
51 15
494 17
64 - 30

32
31
30
42



ttemarks. 1. She re 8nlt a are poor, partly due to damage by deer, but
mainly to the poor alte and lack o f  intensive drainage.

2. The Soots Pine have shown the greatest power o f  recovery 
and are now better than the spruces. She losses in the Pine are to
a great extent due to Black Game damage. Transplants might have
done better.

3. The loosening o f the s o il  has not had any marked good 
e ffeo ts . I t  has, in fa o t , resulted in a washing away o f s o i l  and 
exposure o f  the roots.

4. The death-rate is  lowest fo r  Sitka Spruce, but, although 
this species i s  tenaoious o f l i f e ,  even in bad conditions, i t  does not 
recover so rapidly as either Soots Pine or Norway Spruce.

5. This experiment also shows that sa tisfactory  resu lts are 
bardly possible on d i f f i c u lt  moraine areas o f th is type, without 
speoial preparation beforehand.

Ho. V. Planting o f  various species a t Culbin on Fixed sand.
This was la id  down in A pril 1922, 8 p lots o f the follow ing 

species being planted:- Pinus oontorta, Corsican Pine, Douglas P ir,
P. ponderosa. Soots Pine, P. pinaster, Japanese Larch and European 
Larch.

This experiment has not been assessed carefu lly  but i t  is
clear to the eye that the best resu lts are with P. oontorta and Soots
Pine. The Corsican Pine were apparently a poor lo t  and have done badly^
while Douglas Pir and the Larches have not done w ell. *

No. V II.D ifferent Species and .Methods of Planting on Peat.( Inohnaoardooh)
This plantation is  at an elevation o f 950 f t  on an east aspect) 
There were 6 p lots la id  down in A pril 1923, as fo llow s:-

(1 ) . 2 -y r - l  Sitka Spruoe screefed and notched with double T notch.
(2 ) . As in (1 ) but the plants were planted in inverted tu rfs , replaced 

in the holes from whioh they were dug. 2 -y r -l  Mountain Pine were 
planted between the Sitka by the double T notch method without 
preparation.

(3 ). 2-yr-2 Norway Spruce planted as in (1 ) .
(4 ) . Norway Spruoe with'Mountain Pine as in (2 ) .
(5 ) . 2 -y r -l  Japanese inarch as in (1 ) .
(6 ) . Japanese Laroh and Mountain Pine as in (2 ) .

SOIL. The s o il  is  a shallow peat over compact gnelssose and sohistose 
moraine. The vegetation is  largely  Soirpus-Molinia-Calluna with Myrioa 
and Narthecium in p laces. In p lots  (3 ) and (4 ) is  an area o f drier 
ground with Calluna-Erica oinerea and some grasses and herbs. Some 
Bracken also occurs in these p lo ts .
Condition in 1925.

A careful assessment was made in August, 1925, with the 
following results :-

Class 1. Class 2. Class 3. Deaths. Index Plgure.
Plot (1 ) .  Sitka. 1 43 45} 10} 34

" (2 ) .  » 5 } 55 25} 14 39}
Mt .Pine. 17} 57} 4 21 47

" (3 ) ,  Nor. Sp. 8 67 11 14, 44}
" (4 ) .  Mt.Pine. 22} 45} 7 } 24} 47

Nor. Sp. 5 53} 8 } 33 34
" (5 ) .  Jap.Laroh. 4 42, 21} 32} 30}
" (6 ) tt " ■ 10 45} 19} 25 37}

Mt. Pine • 6 57} 5 31} 36
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flemarks<-
1. She resu lts are poor in a l l  oases*
2. In the oase o f  Norway Spruce, the specia l tu rf method 

has not given any better reeultB than notching, while there i s  only 
a s lig h t Improvement with the Sitka Spruoe and the Jap. larch*

3* She superiority o f Mountain Pine so far is  olear 
from the index figu res, although the death rate is  high as in the 
oa B e  o f Soots Pine in Experimental Plantation II*

4* She Japanese laroh were damaged by Black Game, but 
they otherwise showed good resu lts on th is poor type o f ground*

5* The additional oost of £4-£5 per aore in planting 
by the speoial method over the cost o f the notching method has not 
been in th is oase ju stified *

No. V III. Methods o f  Planting on Peat at Inohnaoardooh*
This plantation is  at an elevation o f 800 ft*  on an E*

aspeot. The s ite  is  a peat f la t  over gneissose moraine in a saddle
between an isolated  h i l l  and the main h ill-a lo p e . The peat is  deep 
and main drains were dug in 1922,. secondaries in the spring o f 1923* 

The follow ing four p lo ts  were planted in April 1923
(1 ) ,  2 -y r - l  Sitka Spruoe by double T notch without soreef*
(2 ) .  2 -y r -l  Mountain Pine by the same method*
(3)* 2 -y r - l  Sitka Spruoe by the olroular spade on upturned

tlirfs 24" x 18" x 9 ", out in the Bpring of 1923*
(4 ) .  A mixture of Sitka Spruoe and Mountain Pine planted as in

( 1 ).

The vegetation is  fa ir ly  uniform, consisting o f Soirpus- 
Galluna-Cotton-Grass, B. te tra llx , e tc* , with a bottom-layer of 
Sphagnum, Hylooomium, iiohens, eto* Plots (3) and (4) appear to 
be drier and the Molinia is  more abundant than in the other two.

A carefu l assessment was made in August 1925 with the 
follow ing resu lts :-

P lot. Glass 1. Class 2. OlasB 3. Olass 4 . (Dead) index Plgure*
r r 's it te L . --------------- 57-------------------------  1-------------------15£
2. Mt.pine* 7 46 6£ 38^ 32
3. Sitka 2 53^ 37£ 7 38
4* H 2 42 47£ 8% 35

Mt • Pine • 26 41 5£ 27£ 48
Bemarks:-

1* In the assessment i t  was noted that o f Class 1 
plants were growing close  to drains*

2* The heavier losses in the Mountain Pine are again 
evident and also the greater tenacity o f the Sitka Spruoe, whioh 
has not, however, shown the same power o f  recovery so far*

3* Apparently the Belgian method has not been more 
suooessfnl than the notohlng method but accurate comparison cannot 
be made as the s ite  faotors have not been controlled*

4* The superiority , fo r  instanoe, of the Mountain Pine in 
plot 4 over that in Plot 2 is  marked and is  probably due to drier 
conditions and greater shelter from the longer herbage in the former 
p lot.

No. JC* On Methods o f  Planting on Peat at Inohnaoardooh.
This experiment l ie s  alongside No* VIII and was la id  

down in April 1924 to test methods o f  planting Sitka Spruoe, 
carried out in such a way as to keep the nursery roots near the 
surface*



The methods adopted were as follows :-

1* V ertical notching into the ecreefsd surface as control*
2. Planting in a shallow basin-shaped hollow about 4" deep

and 9” in diameter, the roots being directed upwards from the
centre o f  the hollow towards it s  rim,

3. Planting on upturned, partially-weathered tu rfs,
plaood in  a surface drain, 18" wide and 6" deep, cut to run down
the slope, The turf is  s p l it  in two and one h alf inverted on
either side o f  the plwnt whose roots l ie  on the bottom of the
drain,

4. A sim ilar method to 3 but the plant is  not placed in a
surface drain but in  the hollow from which the turfs have been dug*

The experiment was carried out in  15 p a ra lle l series* 
each series containing 140 plants, 35 for each treatment.
Condition in Sopt* 1925*

A careful assessment was carried out* 2 seasons a fter 
planting with the following re s u lts : -

Plot* Class 1* Class 2* Class 3* Class 4. Index Figures*
1. Control.-------------1------------- 56 -----X3f-------- 23$------------- 34“ ^-------
2. Shallow P its . 1$ 67 16 16$ 39
3. Turf in  drain, 1$ 84$ 13 1 47
4. Turf in  hole. 1 78 13$ 7$ 43$
Remarks; -

1* The best root-development and lea st fa ilu res ocour 
with methods 3 and 4, and these methods with upturned turfs show a 
higher index figure than the other methods*

2* The drainage afforded by the surface drain appears 
to have a beneficia l e f fe c t  and to give better resu lts than when 
the turfs are merely returned to the holes from which they were 
dug.

3* ISven the shallow p it method appears to be 
d e fin ite ly  superior to simple notching*

4* The extremely high deathrate in the Sitka a fter  
only 2 seasons in  method (1J on what is  rather better s o il  than 
in  the other experiments, is strik ing and Inexplicable.

No* XI. Various Speoies, P itted and Notched, on compact Hi11 -s lope
GlenRifch*

The elevation is  300 on a west aspect and the s ite  1b
fu lly  exposed* The peat is  shallow over a moraine o f  Quartzite and
Clay Slate debris. The slope is moderately steep and only & few 
drains were dug in the area*

Plan.
An improved method o f laying out the experiment has 

been adopted. There are 10 series  o f  8 rows each with 40 plants to 
a row* The rows are composed o f  the follow ing species in ord er:- 
1* 2-yr-2 Sitka notched. 3* Nor* Sp. notch* 5 Jap Larch. Notched*
2. " " pitted* 4. " p itted . 6. " " P itted.

7* Scots Pine, notched*
8. ’* " p itted .

The v ertica l notching spade was used* The p its  were
prepared by removing 10 sq. ins. o f peat and stirr in g  up the 
mineral s o i l  below and mixing i t  with 1he lower peat la y ers ,; 
the plants were put into the mineral s o i l ,  the peats halved,
inverted and placed one half on either side o f the plant.

The vegetation i s  o f two main typeB (a)< Soirpus-Calluiiai
Molinia-Hartheoium with a sole of Sphagnum and Hypnum, and (b) j
Ciarices-Molinia-Nardus and Juncus artioulatus. !

B.29.



Conditions in 1925* A oareful assessment was made in  August, 1925,; 
vith the follow ing resu lts : -  .
Species* Method* Class 1. Class 2# Class 3. Class 4. Index ffigmy
■ Sf'CES---------- in------------1------------ 75}----------T S f -------------S------------ V S f

P. 0 82 12} 5 } 44
Norway Sp. N. 1 }  71 6 } 21} 38}

" P. }  80 5 1 4 } 41}
Jap. Larch. N. 2 } 71 14 13 41}

" " P. 5 } 67 10 18 41}
Scots Pine. N. 401 58 }  1 69}
” " P. 34} 63} 1 1 66}

Hemarks.
1. In comparing the species, Scots Pine are very much 

superior so far to any o f  the others, for whioh the index figures 
are a ll  very much alike.

2. So fa r , the p itted  plants in a ll  four species have 
not shown any decided superiority over the notched plants, except 
perhaps in  the case o f Norway Spruce, where the proportion o f  
fa ilures is  greater. There Is also a s lig h t improvement in the 
oase o f 3itka spruoe* I f  anything the notched Pine are better than 
the pitted#

3. The r e l ia b i l i t y  o f  these resu lts is  higher owing to 
the improved method o f  experiments Bven more re lia b le  resu lts 
i.TOuld be got i f  the plants were more c lo se ly  spaced as that 
reduces the area necessary for experiment and so reduees the site  
variation , making i t  possible to carry out complete experiments 
in uniform patches o f  s o i l  and vegetation. At the same time, the 
work o f assessment is  sim plified .

Q3fBRAL MOTB ON H33PLTS OF PLANT IN? EXPERIMENTS.
The resu lts so far indicate that the establishment o f 

cure Norway or Sitka Spruce on good loam or brow n-soil, indioated 
by the presence o f  pasture grasses aid a herb-rich  f lo ra , even at 
high elevations, Is re la tiv e ly  straight-forward#

Morainio deposits covered with a variety  o f vegetational 
types which depend upon the absence o f peat or variation  in i t s  
depth, present a more d i f f ic u lt  problem*

So fa r , Scots Pine and Mountain Pine, although they 
su ffer higher losses, make the best recovery, especia lly  where 
Black Game are absent. On shallow peat overmoraine, Jap. Laroh 
does fa ir ly  well* Wiese three species do quite w ell even whexi 
simply notched in  on slopes with natural drainage, at leaBt in  
their f i r s t  year.

On such slopes, however, and esp ecia lly  on deep peat in  
the hollows between morainio mounds, the successful establishment 
o f both Norway Spruce and Sitka Spruce is  d i f f i c u lt ,  although the 
la tte r  speoies is  the most tenacious o f l i f e  o f the species tried#

On the whole, speoial methods o f planting have not given
improved resu lts over soreefipg and notohing combined, except in  
Experimental Plantation No. X, where an improvement was obtained 
in Sitka Spruce by running shallow drains up and down the slope 
end planting into upturned turfs placed therein.

That drainage is  necessary on these peat s o i ls ,  is
evident, and the po licy  now in experimental work is  to assume that 
intensive drainage is  required end that planting must be carried  
out on upturned tu rfs , especia lly  on true basin peat. This year* s 
work carried out on these p rin cip les, shows promising resu lts and 
i t  is  proposed to try a similar method on peat slopes and mounds#
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The success o f  Scots Pins and Mountain fin e  even on 
d if f ic u lt  s ite s  suggests that these species shoula be used as 
nprses, planted several years before Spruoe or other species is  
ihtroduoed. I t  is  proposed to test other species o f Pine in 
addition*

The operation o f  establishing plantations by planting 
or sowing is  the most important o f  a l l  Forestry operations, for  
at least two reasons, namely -  (1) that onoe the plantation is  
established i t  is  seldom possible to r e c t ify  mistakes without a 
ffcesh establishment u n til the next rotation , (2) that a ll 
nursery operations must lead up to this stage o f  the work*

I t  Is obviously therefore, the pivot upon which a l l  
Forestry operations hinge, and fo r  this reason becomes o f f i r s t  
importance in experimental work, more esp ecia lly  as there is  
c lea rly  much room for improvement in  existing practice and fo r  
varying that practice to meet the wide variation  in  lo ca lity  
conditions which occurs in  this country#

Experiments on oholoe o f  sp ecies , age and type o f  
plant and on methods o f  planting on d i f f ic u lt  ground should 
therefore he looked upon as o f  f i r s t  importance#

In Scotland, there arc three main types o f land whioh 
demand attention experimentally and one subsidiary type. The main 
types are (a) Peat areas (b) Hard Pan Areas and (3) Areas at 
high Elevation. The subsidiary type is  on Blown Sand at Culbia, 
whioh has been dealt with fa ir ly  intensively .

There is  now a centre fo r  Peat experiment at Port 
Augustus and arrangements fo r  future experiment on an intensive 
soale on Hard Pan have been made at Teindland*

I t  is  proposed to enclose an area o f high ground at 
Fort Augustus fo r  future experiments at high elevations* The area 
is very moderate in  regard to s o i l  quality and is  fu lly  
exposed.

I t  is  hoped by thus concentrating the f ie ld  work in 
this way that better supervision w ill  be secured and more re liab le  
resu lts obtained.

Mark Anderson
9th November 1925
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APPEHDIZ I I .

LATA yWiA IBXPISKIilBNT M.S. No. 33.
Table A.

DJL >XAVjr vr Q£iflLU«H
No. o f  3eeds. Weight. wt. iser 10 00. Av.Wt.Der seed

Size A, La'b.Taat. 550 2.64 gin. 6 • 0048 gms.
" ” Nursery. 1550 7.50 " .0048 - "

Total. * 3 T<5< T ....... i o . 14 tt 4.83 grns . 6o48 h
" B. Lai). Teat. 1820 6 .4S rf - .0038 "*
" 11 IJur aery 6000 22.33 !T - .0037 M

Total. -a 00 N O ' ~& ;g5 ' ,,r" 3.74 " ' V O W '  r "
" C. Lab* Teat. 2000 • ~ .3 oS7  ‘  7“
H w Nursery. 15199 41.70 11 n“m .0027 "

Total. 17194 47. It1 ■* 2.74 n • o Os V
Total Sanrple X. -  "O T I9 " 10 3. 30 *

tip ,mn 3.19 " ” ; c 6 a ?  """
lea  a Impur'liies -  8 6 . ‘5 ij

Taljle B.
WfAL BUB533Y QBHldlMATIQB per Series*

Series. Sample XA. Sample XB. Sample XC.
Seedlings'. lo sse s . Seedlings. Los S O S • Seedlings. Losses.

I . 29 4 18 4 2 0
I I . 25 6 17 1 4 1

III . 31 4 12 2 8 3
17. 27 2 11 4 2 0
V. 25 11 16 1 3 0

71. 30 4 19 6 4 1
v m 29 8 13 2 6 5

71II . 21 1 14 2 7 2
IX. 21 2 15 5 3 1
X. 31 13 14 7 4 3

Seans. 26.8 5.5 14# 9 — S^4""' 4.3 1.6

B.33



APPBMDIX I I I .

M Ta  WRObA TOdSRILffiMT 15c on SSA30M OP SQ.IflG.

Date o f  Sowing* #  f i t  to  '& o f  Grade 1 P rod u ction  per rb .
l in e  out* in  Total* Total* P it  P lants*

-DOUGLAS g i ft, ex  Durr i s .
i s /  i / i 3 . _ — -
SO/ 2/23. 62.4 25.6 14,180 6845.

2 / 3/23* 63.9 24.4 13.840 8645.
20/ 3/23. 52.4 18.5 11.640 6130.

3 / 4/23* 51.5 23.5 11,230 5784.
1 3 / 4/23. 61.3 17.7 12,590 7711.

4 / 5/23. 37,8 11.8 10,210 3856.
23/ '5/23. 54.8 14.5 14,290 7823.

5 / 6/23. 36,5 10.5 5,896 2155.

DOUGLAS J?IB. ex 
23/TL/23.

Canada. 
" 5§.T~ 29.2 19,620 10 , 880,

20/ 2/23. m • -
2 /  3/23. 55*8 23*7 19.720 11 , 000.

20/ 3/23. 53.9 23.6 18,710 10,090*
3 / 4/23. 55.7 21.7 16. A) Q 9,412.

13/ 4 /23. 58.9 23.6 17,120 10,090.
4 /  5/23. 34.7 7.1 13,720 4,762.

23 / 5/23. 43.8 12.9 18,140 7,938.
5 / 6/23. 34.8 7.3 17,920 6,237.

SITKA SPRUCE.
"  W l / i X  ‘ - - - -

20/ 2/23. 83.8 27.4 22,380 18,750
2 / 3/23. 69.1 21.4 24,500 16,930

20/ 3/23. 78.3 20.0 22,690 16%630
3 / 4 /23 . 73.8 18.6 24,190 17,840

13/ 4/23. 62.3 9.3 20,860 13,000
4 / 5 /23. 28.6 0.0 10,590 3,024

23/ 5/23. 48.3 3.4 18,140 8,770
5 / 6/23. 13.6 0.0 13,200 1,814

EUROPEAN LARCH.
“ W T 7 2 S T . - - -

20/ 2/23. • - -
2 / 3/23. 63*4 37.0 4,762 3,062.

20/ 3/23, 60.9 60.7 5,217 3,176.
3/ 4/23. 69.0 51.0 8,052 5,556.

13/ 4/23. 65.8 32.7 6,958 5,896.
4 /  5/23. 62.5 30.0 3,628 2,268.

23/ 5/23. 71.8 30.4 7,257 5,217.
5 / 6/23. 36.7 9.1 3,402 1,247.



HEATHER -  BPRHIJIG

The results o f enquiries into th is matter, made by me, have 
shown on the whole an absence o f  any defin ite  polloy  with regard to 
heather-burning. In some oases no burning is  carried out i f  I t  o&n 
be avoided, and i f  burning is  done i t  is  carried out in Spring* There 
are other oases where burning has been done indiscrim inately regard
less o f  season, the only object being to remove the heather covering 
somehow.

1 have been able to obtain, however, some rea lly  useful 
information from a report oflfextensive experiments carried out in 
Sweden from 1888 onwards. This report by Wibeck was published in 
February 1911 and i t  c lea rly  shove that the operation o f  heather- 
burning is  a very dolioate one, requiring considerable judgment and 
s k il l .

The follow ing remarks are based upon the experiences and 
observations o f  a number o f  Swedish foresters who have a speoial 
knowledge o f  heather-burning:-

” The e f fe o t  o f  heather-burning is  to a very great extent de*> 
pendent upon the strength with whioh the f ir e  attacks the substratum, 
and thus on the season when i t  is  carried out. Host heather-burning, 
intentional and otherwise, takes place between March and August, the 
intentional usually in spring or early summer. The early spring 
burnings do not reaoh the actual s o il  as a ru le , as i t  is  s t i l l  fr o 
zen or a t le a s t , oold and damp.

After suoh a burning the root-system o f the lin g  is  unharm
ed and the plants send out new adventitious shoots the same year» 
whioh come from the deep-seated, so-oa lled  dormant buds, whioh are 
easily seen and with whioh lin g  is  sp ecia lly  w ell equipped.

The lin g  may grow in th is way up to 1 dm (4 ins) in a year, 
and a fter  6 (even in 3) years the heather covering may have the same 
appearance as before burning.

Suoh a burning benefits in most oases a subsequent Pine 
sowing. The plants are for a time freed from the competition fo r  
food and water whioh the untouched lin g  orop causes and have got into 
the bargain a useful manuring. Ho encroachment on the food oapltal 
of the s o i l  has been made, since the mould has not been burned, whioh 
oan be avoided by oorreot ohoioe o f season. Burning has in th is 
oase temporarily presented the trees with certain advantages, and 
this partiou larly  applies to  poor s o i l .  Sowing should be made the 
same year as the burning or the value o f  the ash is  lo s t .  Another, 
but certa in ly  le s s , benefit is  obtained i f  a delay o f some years is  
made a fter  burning, sinoe the lin g  roots die and deoay and so open 
up the s o i l .

Burning means ease and cheapness in working as small patches 
and strips oan be made without fear o f smothering. Burnt areas 
also reoeive more attention from grazing animals, whioh oome for the 
grass and herbs whioh spring up in a few years' time.

There are oases when not even a burning o f the lig h t nature 
here desoribed, is  advisable, namely, on loose sandy s o i ls ,  whioh 
would be subjected to erosion, i f  their protective covering were 
removed and a lso  on very shallow s o ils  whioh need a l l  the Bhelter 
and vetetation they oan get. I t  a lso seemB doubtful whether i t  i s ,  
broadly /



broadly speaking, advisable to burn on lin g  ground whioh baa no 
botton-vegetatlon or where that -  in oontrast to the Hylooomlum- 
llag  heaths, whioh form the large majority -  mainly consists o f 
Uohens and fire-m osses. That the value o f  burning Is a lso lass 
and in some oases becomes harmful, on damp ground w ill  be explained 
la ter.

A ll the oharges against heather-burning oentre around one 
point, whioh is  wrongly often said to  be a neoessary e ffe o t  o f the 
burning, namely the burning o f the s o i l ,  or rather o f the top layers 
o f the s o i l .

S oils with varying mould oostenl, porosity and warming- 
oap&olty, e t o . ,  probably reaot d iffe ren tly  to burning, but there 
are no re lia b le  data.

Actual soil-burning and la  particu lar repeated s o i l -  
burning, leads however, ae a rule to s o i l  deterioration , suoh as 
many experts describe and should therefore be carefu lly  avoided. 
Soil-burning i s  only too easy i f  the work is  done at unsuitable 
seasons, e .g . ,  too la te  in spring or early summer, when the fro s t  
has gone and ths s o i l  Is dry. In the driest season, f ir e s  are 
very harmful.

The f i r s t  sign that burning has been oarrled too fa r  is 
given by the lin g  i t s e l f ,  which no longer producea root-shoota. 
a fter a year or so i t  oertaln ly  oomes in as seedlings, which are 
uneven and there often is  -  not counting the ephemeral grass and 
herb vegetation -  another vegetation for many years scattered in 
patches throughout, especia lly  Erica te tra llx .

As Graebner. Haunkiaer. e t o . ,  have shown, Erica te tra llx  
endures greater moisture than l in g ; i t s  natural place on the 
ground is  thus a lower zone than the la t te r , esp ecia lly  on spots 
with period ica lly  greater variations in moisture. Erica te tra lix  
and some other species, Lenaobryum, H olinla, e t c . ,  usual in burnt 
Ling areas, have deoided connection with the increased moisture 
whioh, at least fo r  a time, oharaoterlees those areas. Anyone, 
who has trod a llng-heath a fter  rain, knows to what a great extent 
lin g , under suoh oiroumotanoes is  wet. Shis shows that tho lln g - 
o ove ring oatohes a great part o f  the rain-water, wbioh thus does 
not reach the s o i l ,  but is  evaporated d irectly  from the lin g .
Then further, the lin g  transpires water whioh i t  takes from the 
s o i l .  Thus these are two good reaeons fo r  the inoreaee o f  s o i l  
water on bare ground. In long droughts, the lin g  may shelter 
the s o i l  from drying out, espeola lly  i f  there is  a bottom-layer 
o f vegetation. Ling regulates the water conditions in the s o i l .  
These e ffe c ts  are o f  le ss  importance on burnt areas whieh 11s 
over deep, even beds o f  moraine or boulder gravels, where the 
drainage as a rule is  exoellen t, but are o f more o on sequence on 
the rugged and often thinly soil-oovered  rooky s o i ls  whioh char
acterise large areas o f liug-heaths in our wettest regions. On 
burnt areas on suoh ground, the water circu lation  is  very irre 
gular with marked looa l changes, water runs away from some parts 
quickly and completely, in other parts I t  oo lleo ts  in hollows In 
the rooky ground and often forms very defin ite  pools. A bare 
burnt area o f  th ie  olaee a fte r  some years shows very marked 
drying out or patches washed bare by rain and surface water and 
also several small swamps, whose origin  and spread are c lea rly  
promoted by the vanishing heather-ooverlng. In addition, the 
fine layers o f  oharooal, wbioh cover the s o il  are markedly 
hygroeooplo/



hygrosoople and so fora a favourable substratum fo r  the growth 
o f  swamp vegetation. Tho water-regulation whieh the forest ex
ercises  ou a rugged landscape, devolves upon the smaller heather 
ooverlng on rooky heaths on our west ooast. Ths maintenance o f 
tho heather is  here undoubtedly o f aueh greater importance than 
an any other kind o f  l in g  so il*  On suoh ground, i f  burning is  
to be done, great discrim ination and oare has to  be exercised*
On the small uniform patches over the deeper gravel deposits. I t  
may bo done with advantage to an immediately succeeding orop.

A e tr io t  geographic index o f  lin g  s o ils  whioh can be burned 
with advantage or not, is  d i f f i c u l t  to estab lish , but on the 
whole, the former include those ar«aa where llng-he&th occurs 
on re la tive ly  uniform and deep gravel deposits, on barrens; the 
la tte r , those tracts , where the growth is  on looser sand or 
shallow rook s o i ls ,  as i s  generally the oase in the coast region 
e t c .  tfithin both suoh area types, exoeptiona may occur.

The resu lt o f  the research carried out showed that tho burn
ing o f  heather -  i f  not Invariably, at least under certain  con
d ition s -  may be an improvement so that some words as to the beet 
time and method o f burning may be la p lace. The technique whieh 
e x is ts , is  based on the experience o f j • And©roson, fo r  £0 years 
at B ottja , where every year 60-70 heot&res were burned.

An ideal burning Is one which, without attacking tho s o i l  in 
any way, completely reduces the heather to ashes. The sweetie 
o f th is  depends on the time o f  burning, which should be chosen 
with regard to  tho fe e t  that the manuring o f the ash on the un
washed s o i l  surface is  to help the plants. The burning should 
thus take place ea r lie r  in the same year in whioh the sowing is  
made. Burning on hard frozen s o i l  ae Gyberg says, certain ly  
gives good guarantee that the s o i l  w ill  udt be burned, but, as 
pointed out by the Banish heather-burning Committee, the s o i l  is  
not available for checking or lim iting the f i r e .  She beet time 
for  Swedish conditions seems to be the ea r lie s t  spring, when the 
froe t has just l e f t  the s o i l ,  but the la tte r  is  s t i l l  oold end 
damp, while the lin g  is  dry a fter  some days o f  wind or sunshine. 
The heather is  actually  easier to burn then than la te r  on, before 
the eap r is e s . The best time may vary in d ifferen t areas, and 
In d iffe ren t years, but should be completed in March or the f i r s t  
half o f  A pril.

The area to be burnt should be lim ited eo that ae fa r  as 
possible use is  made o f the fixed  or natural more or lees  non- 
inflammable lim its , suoh as roads or traeka, stone w alls, ditches, 
swamps, e to . These lim its  should be strengthened and oompleted 
where needed, by cutting back the lin g  to su ffic ien t width. 21th 
the heather-soythe (a short, strong model) one man in a day 
should out back about 300-400 metres o f  suob lin es . Xf a sedge 
swamp is  used as a boundary, the rushes and sedges must be drag
ged over with a switch or a rope to su ffic ie n t  width, so as to 
dip them into the water, fo r  in many oases they conduct f ir e  
faeter than heather.

To burn f lr e -l ln e s  f i r s t  as is  at tlmee proposed, i s  ae An- 
dereeon eaye quite impracticable, as i t  would be quite ae d i f f i 
cu lt as burning the whole area i t s e l f .  Bor would i t  be any ad
vantage to burn at night. The disadvantage, which ie  overcome 
by/



by th is method, namely the d if f ic u lty  o f  seeing sparks and cinders 
by daylight, i s  more than outweighed by the greater m obility and 
power o f  finding his way about o f  the worker. It i s  also more 
d i f f ic u lt  to  get labour and more expensive fo r  night work.

One foreman cannot he expected to manage more than 15 to 
20 men, but 12 -  15 are under normal conditions quite enough to 
oontrol the f ir e  on a burning area up to 100 hectares in  s ize . The 
men should be equipped with the necessary to o ls ; branches, mattocks 
and even buckets, spades and axes.

The operation should be carried out in  fa ir ly  calm weather 
and the f ir e  always la id  on the leeward side o f  the area olose in  
to a boundary or f ir e - l in e .  The f ir e  extends more quickly to the 
sides than straight into the wind, so that a fter a b it  the burnt 
surface is  half-moon Shaped, reaching right over the area. All 
f ir e s  which tend to cross the boundary lin es  are put out by the 
squad whioh i s  spread nearly the whole length o f  the area on the 
le e -s id e . When the f ir e  has spread the whole width o f the area 
the whole length o f  the wind-ward side oan then be l i t .  The two 
f ir e s  soon meet. Man should also be posted on the windward side 
but i t  i s  lo s s  important than the le e  side . I f  the wind changes 
the men must be grouped accordingly.

I f  heath or-burning i s  carried out in  th is  way with the ne
cessary guard maintained fo r  some time a fte r , i t  i s ,  as the Danish 
Committee says, quite a safe operation as far as surrounding land 
is  concerned.

The e v il  e ffe o ts  o f  a too severe heather-burning upon the 
s o il  conditions oan readily  be seen in  several o f the areas be
longing to the Commission. Instead o f  a bottom-layer o f  Hyloeom- 
ium and other mosses under the heather, areas occur with a dense 
layer o f  lichens and with Erica T etrallx  and Sphagnum amongst the 
heather. The f i r s t  stage is  a complete burning o f  the top s o i l  * 
surface suoh as oan be seen on the Ballooh H ill near Huntly. This 
is  followed la te r  by the seoond stage where a thiok fe lted  liohen- 
moss sole forms over the s o i l  surface and prevents the rain water 
from percolating in to  the s o i l  layers. This water flows o f f  down 
the slope and floods the f la t s  and hollows below, with the result 
that a dense peat vegetation develops there, consisting o f  Poly- 
triohum, Sphagnum, Rashes &o. Typical areas o f  th is  kind ooour 
at Telndland and Monaughty. On Culbin the burnt areas are s t i l l  
liohen-covered and i t  i s  quite notioeable that growth is  poorer 
and fa ilu res  are more numerous on such ground. The e ffeo t  o f  
the extensive burnings at Inohnaoardooh has not by a«y means been 
entirely  a good one. The removal o f the heather covering and the 
sole o f  mosses in  th is  oase undoubtedly acoounts for  the swampy 
nature o f the ground, and fo r  the development o f Erloa, Sphagnum, 
Mollnia and Scirpus, where formerly Calluna predominated. The 
ground in  th is case, in  view o f the heavy ra in fa ll , seems to be
long to that type whioh should not be burnt, or, at lea s t , not
severely burnt.

In a l l  these areas small patohes ooour where burning has 
not been complete or has not ooourred, and where the moss-covering 
is  ln taot, and usually growth o f the plants is  better than on the 
burnt area. This is  very marked at Culbin and to  a lesser extent
at Inohnaoardooh.

I t  i s  olear that i t  takes many years -  even over 20 -  fo r  
such over-burnt s o i ls  to recover, and that surface drainage with 
opeoial preparation 1b almost essential before successful plant
ations oan be established, and the s o i l  conditions brougit back 
to normal.



DIRECT SOWINGS.

In accordance with the terns o f  my instructions, I v is ited  the 
following areas in  Sootland where d irect sowings have been carried 
out -
a. v/. P ivi slon, Forest,

H.K .D ivision .

M .D ivision ,

Dalbeattie 
Soreel H ill  
Tentsrauir

Culbin

Teindland
Monaughty
Glenraore

Port Clair 
Beaufort

Port C lair 
Glen Rlgh

313001684
Corsican PineII

rt
if
if

Maritime Pine, 
Corsican Pine, 
Douglas F ir .
Soots Pine, Corsioan 
Pine, Sitka Spruoe 
Borway Spruce,
Soots Pine, Corsioan 
Pine,
Borway Spruoe,
Soots Pine, Corsican 
Pine,
Douglas Fir 
B.Spruce,

. In eaoh oase, time was too short to make anything but a very 
cursory examination o f  the area*

A considerable amount o f  damage Is done to sowings by ground 
gpme. This i s  c lea rly  demonstrated in Mr Fraser*s sowings at Beau
fort, where he took the precaution o f  fencing part o f  the area sown 
against rabbits. Within the fence there is  a good crop o f  seed
lings o f  both Corsioan and Scots Pine, Outside the fence hardly one 
plant oan be found. At Culbin the sowings o f  Douglas F ir have been 
badly b itten  by hares, I  paid two v is it s  to this area and noticed 
on my second v is i t  that the good plants previously observed hod 
been bitten^ back*

Apart from.these resu lts the follow ing areas were noted as 
very successful namely, Borway Spruoe at Honemgfcty (8 areas) and at 
Port C la ir, Soots Pine and Corsioan within the fence at Beaufort, 
Corsican Pine at Culbin, Maritime Pine at Culbin* The growth and 
oolour on other areas varied considerably esp ecia lly  on a third 
area o f Borway Spruoe at Monaughty and generally on the Te in  Aland 
Sowings. In every case, with the possible exception o f Culbin, 
disturbance o f  the s o i l  was a feature o f  the methods used. I t  is  
therefore clear that no general statement oan be made against the 
value o f  disturbing the s o i l .  In fa c t , as in the oase with most 
other Forestry problems, the factors whioh come into play in  the 
operation o f  D irect Sowing are several and are so confusing that 
only very careful and detailed research oan solve the problem in 
its general aspects.

The area o f  Norway Spruoe sown at Monaughty on mounds o f  s o i l  
dug from surface drains i s  so variable that i t  a ffords a clue to 
at least one, i f  not, two o f  the factors o f  importance, for  th is 
species at lea st. These are, humus content in  the s o i l  and over
head or side shade. The mounds o f  earth vary very much in  texture 
some being pure mineral s o i l ,  but others have a large peat or humus 
eontent. I t  i s  certain that the la tter  mounds show the better 
results esp ecia lly  when the other factor o f  overhead shade is  pres
ent, Very poor resu lts ooour on exposed mounds with pure mineral 
eontent.



content

I t  Beams evident that d irect sowing w ill do best on 
conditions whioh most nearly approach these found in  nature, 
namely, in  semi-shade in  a mineral s o i l  containing a consider
able amount o f  Furnas,

I t  i s  certain  that Where both humus oontent and shade are 
absent resu lts are generally poor, and where present resu lts 
are generally good.

Disturbance o f  the s o i l .

The preparation o f  the patches fo r  d irect sowing is  not a 
simple matter. On some s o i ls ,  where the heavy humus l i t t e r  is  
burnt o f f ,  the resultant sa lts  appear to sink into the Boll 
layers and provide a good seed-bed, at least for Pines, In 
such oases, s o il  disturbance i s  probably unnecessary as the 
mixing o f  sa lts  with ths mineral s o i l  has already taken p lace.
On dry s o ils  o f a sandy texture, s t irr in g  o f  the s o i l  may even 
be harmful.

On good brown-soils or loams, even when the surface vegeta
tion  is  removed, enough humus occurs In the s o il  to sa tis fy  the 
young plants.

On poor sandy s o ils  or leached "podsols" however, matters 
are d iffe re n t . Here the humus occurs in  a layer above the 
mineral s o i l  and i f  the seed is  sown on the surface without 
soreeflng, i t  i s  probable that more sa tisfactory  resu lts w ill  be 
obtained. I f ,  however, the humus layer i s  soreefed and thrown 
aside and the mineral s o i l  stirred  up to receive the seed, the 
lack o f humus in  that s o i l  i s  reflected  in  the poor growth of 
the seedlings. On the other hand, i f  the humus layer were broken 
up and mixed with the mineral s o i l ,  good growth might resu lt.

The problem i s ,  therefore, a l i t t l e  complicated ard on ths 
last type o f s o i l  mentioned requires to he dealt with step hy 
step, I propose to  carry out intensive experiments at Teindland 
on the preparation o f  the s o i l  surface for d irest sowing.

BDIHBOHOH. October 1986.



BEPQBT OB BQMAY SPRUCE SAMPLE PLOTS.** WHETHER MIXED OR BOX.

The temporary p lots  end sub-plots and the permanent sample p lots 
of Borway Spruoe were examined in order to ascertain whether these 
had been grown pure or in mixture.

The material was dealt with in two lo ts , one containing a ll p lo ts  
at elevations of 800' or more and the other consisting o f a ll  p lots  
at elevations below 800 fe e t .

Plot
Locality. £lev.

Q-
Class Soil Type. Mixed. Bature of Mixing.

11. Birnam. 800. 111. Grits and SohistB. Yes. With Larch.
49b;.Drummond H ill. 950. 11. Mloa Sohist. Yes. By groups with 

other species.
87. Ballindallooh. 800. I I I . T il l  on Moine Sot. Bo evidence.

147. Durris. 800. - Peat over Gneiss. Yes. Various con ifer s.
211. Portmore. 1100. I I I . T i l l  on Silurian. Yes. With Soots Pine
221. Roxburgh. 900. I I I . d itto . Yes. Soots Pine.
244. Drumlanrig. 850. 11. d itto . Yes. do.
884. Drummuir. 900. Him T il l  On Mioa Soht. Yes. Scots, e tc .
817. Cluny. 900, IV. T ill  on Granite. Yes. Soots & Larch.
827, Clova. 1000. IV, T ill  on 0 .H»Sandst. Bo. - -
828. Glova. 1100. V. Clay S late. Bo. - -
329. Clova. 1150. V. d it to . Bo. —
380. G1enkindle. 1300. V. T il l  on Gneiss. Yes. Scots pine.
331. Xildrummy. 1000. IV. Ssnd on O.B.Saadst. BO. —
338. Bhinstock. 1400. IV. Black Schist* Yes. Larch.
354. Mar. 1500. IV. Quartzite. Bo. (A narrow strip )
362. Ab erg el d ie . 1300. IV. T ill  on Granite. Yes. Soots Pine.
368. Invercauld. 1250. IV. T i l l  on Schists. Yes. Laroh.
397. Invermark. 1050. IV. T il l  on Quartzite. Bo*(A narrow strip )
398. Invermark. 850. IV. River Alluvium. Yes. Under Biroh.
401. Glenogil. 1100. IV, Clay Slates. Yes. In Laroh.
403. Glenogil. 850. I I . Biver Alluvium. Bo. (Small s t r ip .)
408. Cortaohy. 850. I I I . Sand on Schistose Bo. —
iP.3. Portmore. 1050. IV, T il l  on (G rits. 

S ilurian.
Yes, Scots Pine.

! 24. A rn tilly , 950. IV. Granite. Bo evidenoe.
' 25,
,P.
1 & 3!

Deskryshiel. 1050. IV. T i l l  on Sohists. Yes. Soots Pine.

3.Douglas* 1150. IV. T ill  on Andesits, Yes. Soots Pine.
61. Strathtay, 1150. V, T i l l  on Schists. Bo.

fruauary o f  Above.
Mixed. a o t jy ^ e d .

3tea. Group or S trip . large Block* Barrow B elt.
IS. 2. 2 . 6 m 3.

TOTAL -  28.

B» Summary o f  Remaining P lots below 800 fe e t .
Mixed. Bo. Evidence. gotj£ ixed .

40. 16. 12.
tOlAi PLOTS. ~

57. 18. Ml*
(19#) (2 l£ # ).

A large proportion of the Spruoe woods in  whioh measurements 
*flre made were thus grown in mixture with other species.

B-41.



G-BBEBAL HQTE OH ■SXir'BRTilRNTAL WORK

The past 5 years o f  experimental work may not have been very 
fru itfu l in resu lts whioh are o f  real and immediate practica l value 
but, apart from that aspeot, they furnish a considerable amount o f  
valuable information regarding the aotual practice o f  experiment.

(a) In the flrB t place i t  is  quite clear that the f ie ld  o f 
operations is  far too wide to be adequately covered by the very 
small s t a f f  employed. I t  is  not the practice in other branches 
o f soienos to have workers engaged on several lin es  o f  work 
un&SBisted, nor should i t  be the oase here. At present the 
planning o f  experiments, th eir supervision and the oarrying out
o f the work, the assessment o f  resu lts and reoording and reporting 
o f resu lts are a l l  carried out by one individual. This would he 
quite possible i f  one lin e  o f  experiment only was being dealt 
with. A glance through say Annual Experimental Report shows 
how far th is  is  from being the oase. It  i s  beyond the uapaoity 
o f  one man to do ju stice  to the amount o f  work expected. Further, 
i t  is  quite possible fo r  any individual outside the Experimental 
Bran oh, working on one lin e  o f  research only, to obtain ea rlie r  
and more oonoluslve resu lts than members o f  the Experimental 
Branoh.

(b) The work is  also made more d i f f ic u lt  by the fact that i t  
is  so scattered over the country and by one fact that we have to 
rely upon people, inexperienced in experimental work, to carry 
out many o f  the essential operations o f  experiment. Dearly a l l  o f  
the f ie ld  experiments in Scotland l i e  Horth o f  the Grampians, whioh 
enta ils very considerable loaa o f  time in travelling  to and from 
the Headquarters in Edinburgh.

An essential part o f  experimental work i s  very oareful 
observation and reoording o f  every operation carried out and 
repeated examination to see that no unexpeoted fa ctor  appears.

(c )  In the aotual oarrying out o f  experiments, too muoh 
stress has been la id  upon the method o f  assessing resu lts, 
especia lly  upon the necessity fo r  applying elaborate s ta t is t ie a l 
methods, whioh demand a great deal o f  oareful measurement and 
calcu lation .

Too l i t t l e  attention has been paid to the method o f  laying 
out experiments so as to elim inate, as far as p ossib le , a l l  uncon
tro lled  fa ctors . This i s  the f ir s t  essential o f  a l l  experimental 
work and i f  su ffic ien t attention is  paid to i t .  the resu lts are at 
onoe both more re lia b le  and more easily  assessed.

The one great lesson from most o f  the work so far carried 
out, i s  ths need fo r  oorreot rep lication  and lay-out, so that the 
e ffe c ts  o f  s ite  fa ctors , whioh have a very marked influence on 
resu lts, oan he eliminated. This applies especia lly  to f ie ld  
experiments.

(d) Too muoh attention has been paid to the oo lleotion  o f  
quantitative data from experiments oarried out on a small sca le .

Muoh more aoourate and reliab le  quantitative data w ill  be 
available in due oourse and in as short a time, from the aotual 
operations o f  the Commission on a large soale.

One lin e  o f  experiment whioh would give more important 
results would be to d ireot e ffo r ts  towards developing general 
praotloe by improvement in mechanical appliances and methods o f  
using these.



Suoh Improvements are usually o f  wide applioation and do not re fer  
only to one particu lar lo c a l it y .

The follow ing suggestions whioh are based on the above 
points, are therefore put forward -

1 . R estricting o f  the number o f  experiments and the range
o f  experimental work, or conversely, increasing the 
s ta ff  and subdividing the work*

2* The winding up o f  as many old experiments as possib le ,
esp ecia lly  suoh as do not appear to furnish anything 
o f  real p ractica l value.

3 . Concentrating experimental work as fa r  as possible so
as to seeure better supervision. This is  being done 
in regard to the f ie ld  experiments.

4 . Paying more attention to the lay-out o f  both f ie ld  and
nursery experiments, so that a l l  the s ite  factors are 
controlled  and resu lts made more re liab le*  This la  
also being done.

5* Paying more attention to the use o f  too ls  and meohanieal 
appliances and methods o f  using these*

S&INBPBQH Mov. 1925*

MARK L. AHDiSRSOH
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Meteorological Bata* Beaufort School. 1935*

Rainfall Pays groat
Mar. 2.51" 
Apr. 2 .69” 
May 3.53” 
Jun. 0 .52” 
Jul. 2.33
Aug. 1.13 
Sep. 2.71 
Oot. 1.33

7.
10.

2.
0 .
0.
0 .
4 .
7.

General Motea: -

The season has been the reverse o f  1924. This year there 

have been High Maximum and. High Minimum Temperatures throughout 

the growing season, with exceptional heat on several occasions.

The ra in fa ll was excessive in A pril and May and d e fic ien t in 

June and July. The August ra in fa ll was normal.

The la s t  fro s t  at Beaufort was on May 14th but a sligh t 

frost was experienced in Inverleith  nursery on the 24th o f  June. 

The f i r s t  autumn fro s t  in  both oases was on the 4th o f  September. 

The hardest fro sts  were on the 22nd Maroh at Beaufort, when 10° o f  
frost obtained; and on the 21st and 27th March at Inverleith , 
when 11° were registered . In autumn, on the 16th Oot, 10° o f  

frost were again registered at Beaufort and on the same day,

15° o f  fro s t  were registered at Inverleith .



REPORT C« PERMANENT SAMPLE PLOT WORK.
1924 -  1926.

I_HJD_E_X. '

Page. 

1

2 

7

16
15
16 
16 
17 
17

Appendices
Record o f  measurements o f new p lo ts .

n " remeasurements o f  p lo ts . 

Maps showing position  o f sample p lo ts .

Present position

Work carried out in  plots 

England 
Scotland

Sen oral

Inspection o f  plots 
England 
Scotland 
New plot areas 

Supply o f timber for  testing  
C la ss ifica tion  o f stems



Haspr^ on Pew iM nt sample P lot work 
fo r  the Year 1924-26,

keolear
Oak
Oak h Beech 
Aih
Soota pine 
Ooralean pine 
^yraouth Pine 
Soots pine & ) 
Jorway Spmoe) 
Joraay spruee 
®ltka spruce

The year was epent in working ae follow s 2 months in 
measuring p lots  in England and 6 in Scotland while 5 months were 
spent in England in repainting in plots which are due fo r  re
measurement in the coming winter.

7 new p lots have been la id  down, a ll  in Scotland. 5 p lots 
haws been remeasured in England and 3 in Scotland while 11 plots 
in Rigland have been prepared fo r  remeasurement and thinning in 
the winter. A wind blow in 1 p lo t in Sootland has been cleaned 
up.

The new p lots are o f  the follow ing species ! -
European laroh 2
Soots pine 4
Abies nob11is  1

The remeasured p lots are o f the follow ing species : -
England Scotland

European larch 3 European laroh 1
Japanese larch 2 Sitka spruoe 2

Present p osition .
At the end o f  September 1924 there had been established 

in Orest Britain a tota l o f 149 sample p lo ts , 84 in England and 
63 in Scotland. During the year under review one p lot in En
gland has been abandoned making the to ta l fo r  that country now 
83 while the new p lots la id  down in Scotland bring the tota l 
there up to 72. The number o f  plots in Great Britain at tha 
end o f  September 1986 ia thus 166

The various species are represented as fo llo w s j-
Measured.

Onoe. $El2&* Thrice. Others. Total.
3 «» _ • 3
m ■ £ 3 - 3*
X

24 m •
X

24
11 • - m 11
1 • - - 1
1 - - * 1

13 3 • • 16
4 2 1 m 7

16 6 9 4 34
16 3 - - 18
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M easured.

Species. Once. Twice. Thrice. Other. Total.
Douglae Fir 25 2 3 - 30
Abies grandIs 1 1 - 2

" n ob llls  1 - 1
Thuja p llcata  2 -  2
Tsuga heterophylla 1 - 1

Totals 118 17 16 A 155

The accompanying map shews the d istribution  o f the plots over 
the country.

Acoordlng to  counties, they are distributed thus -
Ingland tc Wales. Scotland.
Cheshire 2 Aberdeen 9
Devon 3 Argyll 7
Durham 1 Dumfries 6
Oloucester 13 Inverness 6
Hampshire 10 Kincardine 8
M onm outh 6 K1rkcudbr1ght 6
Montgomery 6 Lanark 3
Northants 1 Moray 4
N orthumberland 14 Peebles 5
Shropshire 4 Perth 12
Somerset 13 R enfr ew 3
Surrey 5 Ross 4
W iltshire 5 -

Total 83 72

From this I t  w ill be seen that a l l  parts o f  Scotland have been 

fa ir ly  represented. The east and north o f  England (with the excep

tion  o f  Northumberland) have not been touched and Vales Is Imper
fe ctly  represented.
Work carried out In Plots In England.

The follow ing plots were remeasured and rethlnned -
Nos. 15. 16 (afterwards abandoned) and 17 - Cressage,

Shropshire.
Nos. 21 and 22 - Monk Hopton, Shropshire.

The following plots were repainted and made ready for remeasure

ment and thinning In 1926.
Nos. 23, 24 and 25 - Welshpool, Montgomery.
Nos. 26, 27 and 28 -  Lake Vyrnwy, Montgomery. •
Nos. 36, 36, 37, 38 & 39- Bagshot, Surrey.

In addition, a new plot In a plantation o f mixed Japanese j

larch and Douglas F ir, was demarcated and the trees numbered at Lake

Vyrnwy. This plot w ill be measured and thinned In 1926.



R measurement a .
Plots 16, 16 and 17. European Larch. Cresaage.

These plots were la id  down In 1016 aa a set o f  comparative 
p lots , p lot 15 receiving a ligh t thinning, plot 16, a moderately 
heavy thinning and plot 17, a heavy thinning.

Unfortunately, for s t r ic t  comparison, they are spoiled to 

a certa in  extent by the presence o f  two Quality Classes and plot 
16 which Is o f  Quality Class III  (60*) can only broadly be oom
pared with plots 16 and 17 o f  Quality Class II (50*).

The p lots were measured and thinned on establishment and 

again In 1920 and In 1926.

In 1926, It was decided to abandon plot 16 but the plot was
measured and given a lig h t C. grade thinning.

The plots are growing on what was once agricultural land but 

was given up as too  heavy for p rofitab le  working and planted up 
with larch . The s o i l  la a s t i f f  clay loam passing Into clay 

at p laces. I t  Is deep and free from stones.
Plot 16.

^he f i r s t  measurement was made In 1916 and gave the follow 
ing resu lts . The age In that year was 31.

No. o f stems to  the acre was 858, the average height -  43

fe e t ; average girth 16 lnohes; Form Factor .356. The under
bark volume was 1830 o u b .ft . 130 trees per acre were taken out
In a thinning and these had a volume o f  60 ou b .ft . The tota l 

volume In 1916 was thus 1880 cub. fe e t .

In 1920 - age 36, the number o f  trees per acre was 724, 

with an average height o f  49 feet and girth o f 18 lnohes. The 
underbark volume was 2356 cub. feet and the Form Faetor *376.
134 trees per aore were taken out with a volume o f  129 cu b .feet. 
The to ta l volume In 1920 was 2484 cub.feet and the mean annual 
Increment for the period 1916-20 came to  131 cub .feet or 7*16^.

In 1926 -  age 41, the number o f trees per aore was reduced
to 638. The mean height was 54& feet and the mean girth 19i
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Inches. The underb&rk volume was 2642 oublo feet and the Form 

Faotor .369. 86 stems per aore with a volume o f  166 cubic feet
were removed. The tota l volume was 2798 cubic fee t , giving a 

mean annual increment for 1920-26 o f  89 cubic feet or 3.78$.

Plot 16.
Result o f  measurements.

1916.

Age 31. Number o f  trees per acre 720. Mean height 48 feet: 
Mean girth 17$ Inches. The underbark volume was 1920 cubic feet 

and the Form Factor .361. 120 trees per acre were removed and
these had a volume o f 80 oublc fe e t . The tota l volume was thus 
2000 cublo fe e t .
1920.

Age 36 years •
Number o f  stems per acre, 570. Mean height, 51 feet; mean 

g irth , 19$ inches. The underbark volume was 2276 cublo feet and 

the Form Faotor .369. 146 trees per acre removed In thinning

yielded a volume o f  250 oublc fe e t . The tota l volume was 2526 

cubic feet and the mean annual Increment for the period 1916-20 

was 121 cubic feet, or 6.30^.

1925.

Age 41 years.
Number o f  trees per acre, 490. Mean height, 64$ fee t; mean 

g irth , 21 Inches. The underbark volume was 2373 cublo feet and 
the Form Faotor .359. 80 trees per acre, with a volume o f 220
cublo fe e t , were removed in thinning. The tota l volume was thus 
2693 cublo fe e t , giving a mean annual Increment for 1920-25 o f 

64 oublc fe e t , or 2.81%.

Plot 17.
Result: o f  measurerents.

1916.
Age 31 years.

Number o f  trees per aore, 698. Mean height 48 fe e t ; mean
*4»



girth 18 lnohes. The volume (underbark) was 2254 cubic feet ard 

the Form Faotor was .378. 188 trees per acre with a volume o f

190 cubic feet were removed. The tota l volume was 2444 oublc 
fe e t .
1920.

Age 36 years.

Number o f trees per aore, 642; mean height 54 fee t; mean 

girth 20& Inches* The underbark volune was 2634 oublo feet and 

the Form Factor .394. 154 trees per aore with a volume o f  360
oublo feet were taken out In thinning. This brings the tota l 

volume up to  2994 oublo fe e t . The mean annual Increment for the 
period 1916-20 was 148 cubic feet or 6.57#.
1925.

Age 41 years.

Number o f  trees per aore, 474. Kean h eigh t,66^ fee t ; mean
e

g irth , 2l£ lnohes. The underbark volume was 2625 oublo feet and 
the Form Faotor .375. 66 trees per aore with a volume o f 275

oubio feet were removed. The to ta l volume Is thus 2900 cubic 

feet giving a mean annual Increment for 1920-25 o f 53 cubic feet 
or 2.01#.
Remarks.

A ll three plots shew a fa llin g  o f f  In the mean annual Incre

ment during the second period. This Is not notloeable In Plot 

17. For the period 1915-20, the Increment o f eaoh plot compared 
sa tis fa cto r ily  with that o f the corresponding Quality Glasses In : 
the Y ield Tables. During the period 1920-25, the mean annual 
Increment o f  Plot 15 (Q .C l.III) f e l l  to 3.78#. The Yfceid Tables 
for thfc Quality Class give a mean annual increment o f  5.93# be
tween the ages o f  35 and 40.

Plots 16 and 17 (Q.C1.II) show a mean annual Increment o f 
2.81# amd 2.01# respectively , for the period 1920-25, while the 
Yield Tables show a mean annual Increment o f 5# for larch o f this 

Quality Class between the ages o f 35 and 40.
-6 -



The mean Form Olass o f p lo t  16 Is .726; that o f  p lot 
17 la not ao good, being .690.

Plot 17 showed a poor response to the thinning o f  1920 
and In 1926, the heavy thinning prescribed fo r  i t  had to be 

modified. Having regard to the so il  conditions, i t  la im
probable that the orop w ill improve during the next five-year 
period and heart-rot which is setting in , may oauae a further 
deterioration .

Plots 21 and 22. Japanese and European larch .
Monk Hopton. Shropshire.

These p lots were established in 1920 in a plantation 
vhioh was formed with a mixture o f Japanese and European lar
ches, the European being the more numerous. The Japanese 
have gone ahead and are dominating the other species.

This p lot was subjected to a heavy thinning on estab
lishment and was thinned again on a C. grade in 1926.

Result o f  Measurements,
1920.

Age 16 years.
Number o f trees per sore, 499. Average height 34 fe e t ; 

average g irth  17$ inches. Volume per aere (under bark) was 

1022 euble fe e t , and the Form Factor, .648. m the thinning, 
1231 trees per aore were removed, with a volume o f  92 cubic 
fe e t . The to ta l volume was 1114 oublc fe e t .

192S.
Age 21 years.
Number o f trees per acre, 358. Average height, 43& fee t ; 

average g irth  23 inches. The volume (under bark) was 1666 

oublo fe e t  and the Form Factor, .862.
In the thinning, 161 stems to the acre were removed,with 

a volume o f  337 cublo fe e t .
The mean annual increment over the five-year period has 

been 176 eublo fe e t , or 17.22#



Plot 22.

This plot was thinned on a B. grade scale In 1920 and In
1926.
P.eeult o f Measurements.
1920.

Age 16 years.

Dumber o f stems per acre, 1219. Average height, 32 feet; 
average g irth , 13 Inches, The volume (under bark) per aore was 

1036 oublo feet and the Form Faotor, .292, 759 trees per acre

were:removed In the thinning.
1926.

Age 21 years*

Dumber o f  stems per acre, 869. Average height, 38& feet; 

average girth  16& fnehes. Underbark volume per acre, 1824 cublo 

feet and the Form Factor, .366.
In the thinning, 360 trees per acre were removed, with a 

volume o f 62 cublo fe e t . The tota l volume was thus 1886 cubic 
feet and the mean annual Increment over the period, 170 oublc 
feet or 16.42#.

Remarks.

After the next thinning plot 21 should be almost pure 
Japanese laroh . The proportion o f European laroh In plot 22 w l l ]  

be reduoed only gradually. At present about 40# o f the orop Is 
European laroh.

Work oarrled out In Plots In Scotland.

The follow ing new plots were la id  down -
Nos. 66 and 67 European laroh Tom aw Ulrd, Strathspey
Nos. 67, 69, 70 and 71. Scots Pine Curr lood , Strathspey. 
No. 72. Abies n ob llls  Durris, Kincardineshire

The follow ing plots were remeasured and thinned.

Nos. 8 and 9 Drumlanrlg, Dumfriesshire.
No. 13. Durrls, Kincardineshire.

The follow ing plot was cleaned up after a wind blow.
No. 12. Durrls, Kincardineshire.

-7 -



Mew P lo ts .

Plots 66 and 67. Eurbpean laroh. Strathspey.

These two plots which were la id  down hy Dr. Anderson In Tom 
an Uird Plantation, Strathspey, are o f  considerable Interest, In 
that they are the f ir s t  plots to be established In natural or 
self-sown larch . The p lots were subjected to d ifferen t treat
ment, one being lig h tly  thinned and the other heavily.

The resu lts o f the measurement were.
Plot 66. C. grade. Thinning.

Age 31 years.

Number o f trees per acre, 806. Average height, 40 fee t ;
average g irth , 13& Inches. The underbark volume was 982 cubic
feet and the Form Factor, .300.

In the thinning, 1115 trees per acre were removed, with a 

volume o f  124 cubic fe e t .
The to ta l volume was 1106 cubic feet and the mean annual 

lnorement has been 36 oublc fee t .
The Quality Class Is III  (60*).

Plot 67. B. grade Thinning.
Age 31 years.
Number o f trees per acre, 1117. Average height 36fe;

average girth 12 lnohes. The volmne (underbark) was 876 oublc
feet and the Form Factor, .276. In the thinning, 963 trees to 

the acre were removed with a volume o f 20 cubic fe e t .
The tota l volume was thus 896 oublc feet and mean annual 

Increment has been 29 cublo fe e t . The Quality Class is  I I I .  

Remarks.
These plots should make a very fa ir  comparison.

The stocking Is variable but less so than would be expected 

In a natural wood.
The type o f  tree is  excellent, the stems being straight and 

symmetrical, and almost free from canker.
H e a r t - r o t ,  unfortunately, Is very serious. In plot 66,

- 8 -



60% o f the thinnings ware a ffected ; In plot 67,64%.

Plots 68. 69. 70 and 71. Scots Pine. Strathspey.

A series o f  four plots was la id  down In the natural Scots 
Pine In Curr Wood, Strathspey.

At the time o f the establishment o f  the p lots , the wood 
was practica lly  untouched and very dense.

Each plot received a d ifferen t grade o f thinning. In 

plot 68, a crown thinning was applied; in plot 69, a light 
low thinning; in plot 70, a moderately heavy low thinning 
and in plot 71, a heavy low thinning.

Plots 68, 69 and 70 are su ffic ie n tly  a like to give a 
good comparison.. Plot 71 Is rather d ifferen t In several res
pects and Is not accurately comparable with the others.
Plot 68. D. grade Thinning.

Age 44 yeare.

Result o f  measurement.
Number o f  trees per acre, 1413. Average height, 38fc fed  

Average g irth , 16 Inohes* The underbark volume was 2449 
cubic feet and the Pom Factor .325.

In the thinning, 370 trees to the acre were removed with 

a volume o f  414 oublo fe e t . The to ta l volume was thta 2863 
cubic feet and the mean annual Increment has been 65 oublo 

fe e t .
The Quality ClaBS is  I I I .

Remarks.
The stocking o f th is plot is  very high.

Squirrel damage has been severe In this plot and the 

thinning was directed ch ie fly  against dominants which had 

suffered In this way, 29% o f which were removed.

-9 -



I t  w ill be o f interest to  follow  the development o f a 
slow growing crop such as th is , subjected at regular Interval! 
to a crown thinning. I t  is possible that the gradual remov

al o f misshapen dominants may have a ben eficia l e ffe c t  on 

the crop as a whole.

Plot 69. "B" grade Thinning.

Result o f  measurement.
Age 44 years.
Number o f trees per acre, 1306. Average height, 38$ 

feet) average girth  16$ Inches. The underbark volume was 
2415 cubic feet and the Form Factor, .326.

In the thinning, 409 trees per acre were removed, with a 
volume o f  157 oublo f e e t . The to ta l volume was thus 2572 

oublo feet and the mean annual increment, 58 oublc fee t .
The Quality Class is  I I I .

Remarks.

The stocking Is high In this plot a lso . Squirrel 

damage Is found to a less tent than In plot 68 and misshapen 

domirahta are not eo numerous.

-10-



PLOT 70. "C i11 Grade Thinning.
Result o f measurement.
Age t 44 years.

Number o f stems per acre, l l l o .  Average height, 39£ fe e t ; 
average g ir th , 16$ inches. The undcrbark volume per aore 
was 2366 oublc feet and the Form Factor,.329.

In the thinning, 645 stems to the aore were removed with 
a volume o f 420 cubio fe e t .

The to ta l volume was thus 2776 oubic feet and the mean 
annual Increment, 63 cublo fe e t .

The Quality Glass Is 111.

REMARKS.
The stooklng is  rather more Irregular in this p lo t .

A certain amount o f  squirrel damage has been done, but 
the number o f  good trees in this plot is  greater than In the 

others.
A moderately heavy thinning was made with the ob ject o f 

encouraging the good tre e s .

PLOT 71. wC2h Grade Thinning.

Result o f  measurement.
Age, 45 years.

Number o f  tress per aore, 915. Average height, 43 fe e t ; 
average g ir th , 18$ inches. The underbark volume was 2670 
cubic feet and the Form Factor, .351.

In the thinning, 628 trees per acre were removed, with a 

volume o f 671 cubio fe e t .
The to ta l volume was thus 3341 cubio fe e t , and the mean 

annual increment, 74 cubic fe e t .
The Quality Class is  TT.

REMARKS -
This plot is  a higher Quality Glass, and carried
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o r ig in a lly  a muoh heavier volume than the others.

The stocking is  fa ir ly  regular but there has been con
siderable squirrel damage.

Though a heavy thinning was carried out* the fu l l  Cg grade 
was not applied at onoe owing to risk  o f wind damage* but w ill 
be applied la ter .

PLOT 72. Abies n o b ll ls . Durrls* Kincardineshire.

A small plot o f  Abies n ob llis  la id  down at Durris is  o f
interest as i t  is  the f ir s t  plot o f  th is species to be 

established.
Mo thinning was made as the plantation had recently been 

thinned•
The result o f  the measurement was:
Age* 22 years.
Humber o f  stems per aore* 2145. Average height, 32^ fe e t ; 

average g irth  14 inches. The underbark volume was 3052 

cubic feet and the Form Faotor* *408.
The mean annual increment has been 139 cublo fe e t .

RE MEASURE MEETS.
PLOT 8 . European Larch. Drumlanrlg*Dumfrlea-shire.

re w
This is  a single plot* established in 1920 and measured 

fo r  the f ir s t  time this year.

Result o f  measurements.

1920.
Age* 26 years.

Humber o f trees per acre* 805. Average height* 36 fe e t ; 
average girth* 15§ Inches. Underbark volume* 1335 cubic 

feet* and Form Faotor, .355.
In the thinning* 60 trees per acre were removed with a 

volume o f  30 oubic fe e t . The to ta l volume was thus 1365 

cubic f e e t .



1925.
Age, 31 years.

Number o f  stems per aore, 645. Average height, 44 fe e t ; 
average g irth , 16 Inches. Volume (underbark) per aore,

1863 oublo feet and Form Factor, .371.
In the thinning, 155 trees per aore were removed with a 

volume o f  175 oublo fe e t .
The to ta l volume vas thus 2036 oublo feet and the periodic 

mean annual Increment has been 141 cubic feet or 10.56$.

REMARKS.
This plot vas heavily thinned Just before establishment 

and in 1925 a light "C" grade thinning was carried out.
The orop vhioh vas rather poor and badly cankered appears 

to have Improved during the past fiv e  years, probably as a 
result o f thinning, and the Increment has been very sa tis fa ctory . 

The stocking is  rather irregular.

PLOT No. 9 . Sitka Spruoe. Drumlanrlg, Dumfries-shire.

This p lo t , established In 1920, vas remeasured fo r  the f ir s t  

time th is year.
Result o f the measurement:

1920. Age, 21 years.
Number o f trees per aore, 570. Average height, 41 fe e t ; 

average g irth , 25& inches. Underbark volume, 3110 oubic fe e t ; 
Form Faotor, .374.

10 trees per aore vere removed vith  a volume o f 10 cublo 
f e e t .

The tota l volume vas thus 312o cubic fe e t .
1926. Age, 26 years.

Number o f trees per aore, 515. Average height, 56 fe e t ; 
average g ir th , 30 Inches. Underbark volume, 5695 oubio fe e t ; 
Form Faotor, .403.

In the thinning, 63 trees vere removed per acre, v lth  a 
volume o f  91 cubio fe e t .
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Tbs to ta l volume vas thus 5986 and the periodic
mean annual Increment, 575 cubic feet or 18.49$.

Remarks.
This plot was planted in 1900, the plants being put in  at 

9 ' x 9 ' .  In consequence they have had ample room and the 
crowns are large and symmetrical. No thinking was necessary in 
1920 and only a very ligh t one was carried out this year.

No sample trees oould be cut and a set o f nine standing 
sample trees was measured by ths New Form Quotient method.
The data so obtained were checked by measurements from two 

blown trees .
It w ill be possible to measure the same treeB, r most o f 

them, on future occasions, and valuable information as to 

changes in form w ill be obtained in th is way.

PLOT 15. Sitka Spruce. Durrls, Kinoardlne-shire.
This p lot in older Sitka Spruoe was established in 1920. 

Results o f Measurement.
1920.

Age, 58 years*
Number o f  trees per acre, 450. Average height, 62 fe e t ; 

average g ir th , 52̂ - inches. Underbark volume, 6085 cubic fe e t ; 
Form Factor, .594*

55 trees per aore with a volume o f 270 cubic feet were re 
moved in thinning, making the to ta l volume 6555 cubic fe e t .
1925.

Age, 45 years.

Number o f  trees per aore, 572. Average height, 69^ fe e t ; 
average g irth , 55& inches. Underbark volume, 7468 oublc fe e t ; 
Form Faotor, .420.

49 trees per aore were removed, with a volume o f  475 oubio 
fe e t , while In 1925, 5 trees with a volume o f  95 oubio feet 
were taken out, making the tota l volume thus 7945 cubic fe e t .

The periodio mean annual increment was 391 cubio feet or



Remarks.

Two standing sample trees had to be measured here, but 
the others were obtained from the surround and from wind 
blows.

Two large trees were blown In the plot and the risk  o f 

further damage Is considerable.
A ligh t thinning was made in 1925 but the canopy is  s t i l l  

dense•
The crowns are large, but the fo liage  is  rather lig h t .

OTHER WORK IN SOOT LARD.

When the party was at Drumlanrig, opportunity was taken to 
g irth  plot 7, Norway Spruoe, which has been sold and is  lik e ly  
to be cut In the near future.

Plot 12 -  Douglas F ir , at Durris, has suffered from a 

succession o f  wind blows and is  now reduced to 90 trees .
A ll the blown trees on the ground were out o f f  root and 

trimmed up. This operation took 3 days.

OEHERAL.
Inspection o f  P lots.

England.
The follow ing plots were inspected during the year.

Nos. 32 ,  33 and 34 .• European Larch . * Baldon, Exeter.
n 40,46 and 47 • > < Corsican Pine . Dunster, Somerset.

n 18,42,44 & 45 . Douglas Fir . do . do .

it 41 ................... Sitka spruce .  do . do .

H 43 .................. Scots Pine do • do .

n 48 .................. Tsuga Larch .  E.Quantoxhead,do.

w 49,50,51,52 &53 Douglas Fir .  stonehead, W ilts.
it 54,55 and 56 . . . Japanese Larch . do. do.

Some damage had been oaused by wind In plots 52 and 53 at 

Stonehead.
The Japanese Laroh in plot 54 and the European Larch in 

plot 32, both thinned to a D grade had been damaged by bending



oyer many o f the smaller stems. In plot 64, 127 trees were 

a ffected  In th is  way. Damage o f  th is  kind was most severe 

round the gaps le f t  hy the removal o f  large trees In the crown 

thinning•
Plot No. 43 (Scots Pine) and Plot 48 (Tsuga), both at 

Dunster, have been partly out out In error by the estate s ta ff,
Plot 43 w ill  have to be abandoned, but p lot 48 oan be re 

paired .

SCOTLAND.
A fter the severe gales o f  the past winter, Inspeotlon was 

made o f the follow ing p lo t s ;-

Nos. 1 ,2 ,3  & 4 . .  •• Haystoun, Peebles.
" 15,16 le 17 . .  •• Glendye, Kincardine.
" 18,19,20,21 & 22 . .  Pywle, Aberdeenshire.
" 2 5  . .  •• . .  Glentress, Peebles.

" 3 2  . .  . .  . .  Klldruramy, Aberdeenshire.
" 41,42,43,44,45,46 & 47 Mnrthly, Perthshire.
" 48,49,60 & 5 1 .. •• Grandtully, Perthshire.

u 52,53,64,65,56 and 57, Dunaoh, A rgyll.

" 6 1  . .  •> *. P itoaatle, Perthshire.
" 6 3  . .  . .  . .  Inverllever, A rgyll.

Douglas Fir was the only speoles which had suffered in  
the g a les . The plot at Inverllever has been wrecked and 
there is  considerable damage at Dunach and less serious 
damage at Murthly.

MBW PLOT AREAS.

A v is it  was paid to the north o f  England with a view to 
the se leotlon  o f  s ite s  fo r  new sample p lots In an area whioh 
has not so fa r  been represented.

Woods on the follow ing estates were v is ite d ;
Thirlmere, Rydal, Brackenbrugh in Cumberland; Pull Woods, 

Lanoashlre; Bolton Abbey, Washburn valley , Jervaulx, Helmsley 

and Cloughton, Yorkshire.



Possible s ites  fo r  some twenty plots were seen and It la 
hoped that a start may be made during the ooralng year.

SUPPLY OF TIMBER FOR TESTING.
Arrangements have been made to supply timber from the 

Sample Plots to the Imperial Forestry in stitu te , oxford, for 
testin g .

The f ir s t  consignment was sent o f f  from Durrls.

CLASSIFICATION OF STEMS.
Though the present c la ss ifica t io n  works admirable In 

p ractice , It Is suggest that two small a lterations might be 
made •

One Is the establishment o f  a new class 2d, corresponding 
to the existing Id , to represent the whips In the seoond storey 
At present, such whips have (to be c la ss ified  as 2c and in  a 
'B ' grade thinning th is class cannot be touched. A new 
class would allow the smaller whips to be removed without 
straining the c la ss ifica t io n .

The second is the abandonment o f  olass 6, v iz . ,  diseased 

trees . In practice , th is class is  soaroely ever employed 
and i t  is  d i f f i c u l t  at any time to decide when a tree is  
su ffic ie n t ly  diseased to be marked o f f  from Its fe llow s.

It is  suggested that diseased trees should be c la ss ified  
as i f  they were healthy and a note made at the same time o f 
any disease which may be present. This is  done with larch 

canker•

Baps showing the location  o f the plots and the work done 

are attached.
Final summaries o f a l l  plots measured during the year are 

attached in f u l l .
(Sgd.)  J.  MACDONALD.

31st October. 1925.
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H.V.LAISQ.
Investigations have been In pro gross daring 1PE5 on tho 

following subjects i-
1 * Water oontont o f  seedlings and transplant* o f No rosy 

Sprues, Sitka Spraos and European Lor ah.
8* Nature o f and seasonal variations in the food stores 

o f  Norway Spruae, Sitka Spruce and European Larch.
(ai Age and else o f Plante.

3» Peat planting* (hj Species»
(e3 Spruce colour. (4) Drying oot of 

roots, (s) Galofo^a oxalate*

4 . MleoeBaaeeaa. -  Mineral requirements o f  the Spruots
X* water Oontont.

fhe water eontente o f 8 yr, seedlings and Syr. 
Sad. year transplant# o f  Norway Sprees, Sitka spr nee and European 
Larch hare and are being determined, fhe pXante have been 
Obtained frea Seaton Nursery. The determinations are intended 
te extend over a period o f site year and as they were commenced 
in the middle o f Maroh the results are not oonplete for the 
report, bat the data so fa r obtained are given and as far as 
possible analysed.

fhe object o f the investigation was to find 
whether the epeeles mentioned presented narked seasonal d iffer* 
sness in  water neatest; when the greatest water ooatents oooor; 
with what faster or factors the water content could be oonelotod 
end the e ffect o f  shading on water content, tha ultimate aim 
being to find the beet time for transplanting from the point o f  
view o f the amount o f water in the tissues o f the plant. It  was 
thought that a period o f high water oontent would be a suitable 
transplanting time. Bad .year seedlings and a/Bud. transplants 
were ehossn fo r  analysis, sines these plants would normally be 
transplanted at the end o f the year under review sad henes give 
data as regard the time o f lift in g .

sotgogg 01 flBaiABflH 1PB5.



She water eantente have been found separately 
of ahoob, root and plant, ths percentage being espreaaed in  
toms o f <ti| *mAghb* In ft&^tioa tb« disirlbatxon in  root mid 
shoot o f the UteX water in  the plant ha* been o&lnalated .whilst 
ineldeatal f in d in g  each no tho shoot and root ra tio  in  both 
the wet and the 4ry state have bean noted. i'he plant* were 
lifte d  at a* short intervale ae poeeible* Pregnantly the length 
o f tine between lift in g  wae extended owing to the wet eenditlon 
of the shoots -  the plant* ware always lifte d  when the sheets 
were dry te obviate errer dee to adherent water or haring te 
renovo adherent water ander a r t ific ia l nethede# fbe plant* were 
lifted  about three e'eleefc*

She denomination o f  the water oontont preoonted 
one ooneldetable d iffioo ib y  namely that o f finding the water 
eentent o f the roots owing to the adherent well partial** • 8e 
natter how tfcoreoghly the root* are shaken when they are lifte d , 
a oenalOerable amount o f  well ranains attached to the root*, in 
the Sprites* in  partlealar the well,even a fter the Shaking o f tho 
roots, weight wny tine* the weight o f the roots theooelve#.in 
larch tha anew* i»  far le*** the laroh being a wary elaaaa l i f t 
ing plant*

washing o f f  the s o il and then renewing earfaoe 
water on tho root* by nooao o f drying or blotting paper i* 
ttnoatiofaotory* It lo d lffio a lt  to find when a ll  wurfaoe water 
is resowed and whether water in the proeeoo o f drying in not 
actually loot by tho root*. A wore eatigfaotorywathod it  to  toko 
into oenaidotatloa tho water oontont o f  tho n oil and tho weight 
o f the s o il on tho roots* She root* or* e opera ted free the wheat* 
immediately on lift in g  and weighed with the s o i l  a tt ashed, She 
s e ll Ia then oarefaliy waohod frew tho roots and s o il  and roots 
aro dried separately and weighed* fro* tho water eentent o f  tho 
s o il -  sewples o f  s o il are taken froa tho nelgbboarhood o f  the 
root* at |ho tin* o f  lift in g  -  the «ei# tt o f  tho wot s o il on tho 
root* non bo got*

A m d*



For instance i f  tho so il washed from tho roots when dry weighs 

go gaa. and tho water oontent e f the so il le *&/ then the amount 
of the wet s e ll about the roote would oqeal hdgas*

Or liftin g  the aoedlings the root* were separated from 
the shoot and placed separately in weighed a ir -tig it glass tuboe* 
The transplants on the other hand were lifted  in handles roots 

separated from shoo to and placed separately in hags and weighed 
immediately. The results from the transplants & re thorefore lees 
aoearate than for ths seodlings chore the greatest accuracy 
possible was aimed at*

Drying was circled out in an oven at & tesperatare of 

100 a Oentigiwdms

shading was effeoted hy phasing wooden boras over ths 
plants for 48 hours before liftin g*

She data derived from the investigation are given in 
the following tables* Interpretation of the result however, 
is helped by tho attached gmjho*

1. Norway aprase

The water content o f the plants* although a ll  through 
them are float nations* shews in both seedling end transplant 
no decided upward trend until the first fo*tni£ft in Hay 
following what is really e decided upward trend in temperature 
condition* Previous to this the roots show variations in thslr 

water oontent, and there is a very marked correlation in these 
variations with rainfall and so il water content* when the 

rainfall is high ths root water content is high and sios versa* 
The water oontent of the root in both seedlings and trans

plants , but more particularly in the seedlings rises to a sex- 
imm about the 20th# April after which date there is  a falling  
off* This mesimum oorresponde to a rise in the so il water 
content and a period of rain* In ths sheet the correlation 

appears to exist with teapereture -  the general sorts for 

temperature and that for sheet being similar -  a similarity

A • it*
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lit* aiwot Boot n m \ 3 W#t4*
n /

£1 Dry*»
8

H.0 M at- 
riU U M i 
3 B

9 o w
Mutant
et  m i l

189 841 174 8*8 5*8 54
197 889 187 8*4 9*8 48 88 84
149 889 178 8*48 9*8 47 89 90*4

1.446 198 947 804 1*1 8*0 44 54 30
M46 149 189*9 148*9 1*58 1*8 59 41 85*8
1.1*80 118 378*4 191*9 1*17 8*54 44 54 88*8 9*

M46 13&8 9184 140* 1*4 8.5 48*0 51*8 89*8
1.546 149 848*8 187 1.8 8*4 48 83 83*00
i,e.£9 175

994
899
879

193
899

8 8*95 49
44

97
84

85 * 
84*8 2

1.6.86 974*4
8944

895*1
908*5

880
847

8*7 8* 71
73*7

89
84*8

89.9 * 
89.8 2

1.6,SO 841
9804

199*1
407*9

834*4
837*8

4*9 4*5 84
98

14
84

84*4 *• 
84*0 2

f.l*86 834*1
857*8

844
887*9

843.1
849*7

3*17 3*15 79
98

87
81

18*8 « 
81*4 2

I.1.E6 809*1
•UO 889*4 855*9 889.9 9*8 3*9 99 88 10*9 «*
1I.86 198*9 888*1 808*7 8*4 8*9 91 89 89*1 2
1.1*86 194*1

814*9
190*9
949*4

10844
881*8

8*08 8*48 68
48.4

88
87*4

87,0 -  
89*4 2

IlDJtt 198*8
199*8

817*4
889*4

199*7
800.9

8*88 8*55 47*5
49*9

88*5
90.5

84*1 * 
85.9 2

( - )  Unaha&ed 
<21 ahad®d 
<f*,J ftroataft



a/W U  8or»«y a«g<H»,

pit* Stoat Root p i « t

w*t
Root

Pry

Distribution 
o f %0 In 
shoot l> root 

3* B •

i" "I""'’ -
I l f 199
UO 897 179 1*0 8*9 94 44

l!,8.8fl 1X5 889 1*» 1.4 8*4 51 49
M.80 100 800 181 1*4 8*8 SB 48
11,4.86 118 899 171 1.1 1*3 *9 99
14*4*20 108 199 UV 1*4 2*7 91 89 «

119 189 149 49 51 2
1,644 ISO 900 174 1*8 8*0 43 98 •*

m 900 187 a 99 2
8,8.86 189 180 249 1.9 1*4 93 47 •
11.6.86 19V 894 ISO 1.9 8*19 57 48 «

189 899 149 m 90 2
6,6.26 889 900 899 1*95 8*9 90 40 -
1 898 300 831 08 33 X

Mat* 840 899 899 8*99 8*3 70*9 89*4 -
189 BOO 188 74 86 2

Mat* 84V 899 848 8*97 8*8 TO 30 *
877*7 849 844 99 38 2

».6.t* 804 899 899 3*8 4 70 30 -
944 999 999 90 80 2

Mat* 19V 809 174 3 9*4 79*9 86*6 *»
Mat* 167 809 293*4 8*4 8*3 39 91 -

199 800 171 59 49 2
ii»vm 19V 811 159*5 8*09 8*7 47 99 -
\ 141 814 199*4 fil 39 2
>122* 189 811 140*7 8*07 8*9 98 33 *

( -  I Unshaded 
( 2  ) Shaded

A • 8*



m m ,

8i»«*  h m * # u * t

?,»#*•
1,8*24

1,4.*#
I.4.SA
l,l.*3

1,8.44
1.8.48 

M.88

9.8.48

9.8.88
9.8.88

U.88

M.88
9.9.88

9.9.88

299*9

188
I H

in
182

183*8

238.9
239
844.4
848.8
184
848.8
888

880.4
841.8

888 840
888 809
324 880
888 884
890.1 189 
480.3 338.8 
398.8 809 
888 804
in
388

884.0
£94

349.4 888.4
493.4 891.3
984 894.9

9.9 844.1 
894*9 880.9
314*4 888.1 
844.8 880.4

848*3 
880.9
188*09 899.9 810.9
198*4 881.3 800.8
838*3 891*3 840.4

|  *8* 3 «J8 0
I  1  ttgfe*

1*8

I

1*9

1*8

1.4
I

1.8

1*8

8

4.3
3.88

4.9 
8.8 

8*1

8.9

804*9 883.9 8I9 .I 8,8
819*8 874.3 888*9

8

Oil*— 
lo a  

8
QWVltlw 
•f M il.

8

1*8
8

8.9
8,84
8*8
8*8

8*3
8*8

3*88

6

3

3*4
8.9 
8*9 
8*89

3*23

mt

48
89
a

48
49 
99

48

43

84

40
48

80
94
99
81.9
88*4
44.8
90
94*9
90.8n,6

81
48
40
83

80
84
81
18.3 
24*4 
88*1
30
83.3
89.8
88*4

34
34
89*8
94*8
89*09
89*8 It*

31*4
84*8
88*9 * 
84*1 8
84*9 -
83.8 X

88.4 -
18.8 
18*8
14*3 *
28.9 -  
84*9 -
84*9 -
81.9 X

89*8 ~ 
89*1 X

I -  ) tfnah*4«d
X  I 3Mft&

38* I # 808*44*

k . • 4 •

h
 *



»«*. IW» aaat* 9mm,

* fiXottt &40fe JfilOfflt
m m

9«t
ilUtribatlftB 
« f  S90 la  
xfeoet 4 root

8* 2.

A®* m 189 8 9.76

A » m 8f8 184 8 8.79 80 f> 40$

A# 188 880 188 1.7 2.63 97 43
,4.23 H O n « 161 1.9 8.9 88$ 88$
,1.£3 183 848 178 1.8 2.8 90$ 40$

AW 188
189

188
164.8

188
142.8

8 a
%

89$ «* 
89$ X

AW HO
H O

888
888

888
800

1.4
8.7

87$ -  
49$ X

AW 148
182.9

800
mo

180
179 1.78 Z

98$
68$

44$ -
88$ X

AW 880 880 890 8 z 67$ 33$ X

AM 180 814 199 3.2 8,2 78$ 29$ X
i.i.aa 808 833 823.3 3.7 4 78$ 28$ X
uo,m 189.7 179 171.2 8.7 8.79 78$ 28$ X
,io.8a 188 too 199.4 2.1 2*23 87$ 83$ X

A . -  7 -



»/nm. a i m  >»««.

w  afceot Bt«t Flan* s M  ip * r ^DlstribntUa
8  B Of H-0 .

_ .....................     §.....Jl-M__
tf.1.85
w,a.*5 109 149
I4.0.80 158 849 158
IM.83 10* 895 196
fi«4.85 100 800 148
M.85 115 899 194
M.85 1£7 144 141

119 146 134
M.83 155 190 156

139 885 154
l.fi.83 159 500 808

159 840 191
iw.*a 199 850 194

509 843 816
is.fi.fia £39 811 889

£94 313 894
10.6.85 £44 539 893

£35 895 844
1M.86 £33 833 833

303.9 385 318
to.t.fia 191 800 193

333 850 839
u.r.fia 195 833 810
im .ss 800 198 199

830 197.6 808.9
t.ojta 193 189.5 193

181 819 109.9
189.9 800 149

•9 1.4 39 41
*9 1*5 59 45
.9 1.4 41 59
•9 1.4 55 49

1.4 1.9 55 48 -
55 44 x

1.39 1.99 68 40 -
56 45 X

1.83 1.98 60.5 49.5 -
49.4 50.4 X

3 3.585 49 31 •
90 50 x

1.66 1.6 49 S3 -
65 45 x

8.83 8.4 46 38 -
45 33 Px

5.3 5.59 99 83 -
95 83 X

3.1 5.4 96 88 -
90 85 x

5.4 9.0 94 84 -
8.5 8.5 94 84 -

49 31 x
8.4 8.9 49 31 -

95 84 x
8.08 8.44 43 39 •

( -  ) UniihafiaA 
( x  ) aliaAoA



m  . i m i m  h u t .
£ 4

8 t l  JteOt Plant 8 8«t V »l« f 3 i« * . 3411
1  1 M o *

»  »  ucatant .

}f ,9*38 1 5 5 . 9 880.1 I f f 8.4 8.1 40 40

It.*.** 131 540.9 805 1.4 8 . 6 55 49
M '*3 804 3 9 9 855 1.6 8.9 54 48

M.4.83 894.4 551.3 5 0 0 , 8 1.9 8.45 44 5 4

1.5.85 855.4 453.5 385.1 8*01 8.9 44.9 3 5 .  3 30.8
1.6.85 844.3 444 599.5 8.94 4 91 39 5 0

1J.0.S5 843 4 1 9 899.9 8.8 5.8 49 3 1 3 4 . 4

S 5 .5 .8 8 896.8 899.3 895.9 8.9 9 98 88 88.5
W.fi.85 855.5 513.9 555.9 88.3
5.4.83 300.1 894 319.5 3 8.8 94 84 86.9
8.6.85 893.3 310.9 899.5 4.5 5 41.9 18.3 18.4
8*8.85 880 516 819.8 3 . 5 3 . 5 99 n

6J0.85 800 153.5 199.9 2.98 8.58 98 85
151 814 194.4 94 84 m

1100.88 144.8 143.4 144.1 8.55 8.54 91.8 £8.8

( -  i M « A « i  
( X 2 33ft4«4



jb(« Shoat ft#«t Plant a ?«t &Oxy £l>latrltottl*ii
I  ff « f  B O.

8 B

lf.5.85 196
£0.3.88 168 880
84.8*86 168 887 888 1.9 8.6 44 66
Ef.8.89 188 900 888 1.5 1.9 61 49
9.4.85 886 500 860 1.6 8.0 60 40
81.4.85 £45 500 868 8.8 8.5 67 55
£4.4.88 186 166 180 8.46 8.46 78 88 -868 300 878 69 51 X
1.8.86 866 800 857 8.6 8.8 75 £7 -

847 860 £44 61 59 x
4*8.86 876 460 510 8.6 9.6 71 £9 «

875 400 308 68 38 X
14.8.86 £08 £08 809 5.0 8.76 75 85 -

868 167 857 76 84 x
89.6.86 £66 897 860 5.7 5.4 88 18 -

880 586 880 74 84 X
10.6.86 £46 860 846 5.5 5.66 76 84 -

874 818 8 6 4 76 84 X

13.6.86 £31 866.6 897 6.66 4.76 79 81 -
856 866.6 845 76 84 X

80.6.86 £14 800 811 5.7 5.6 79 81 -
14.T.E6 811 £00 £08 5.1 6 76 84 -

f -  ) Unffbadad
( X ) Sh»d«A



whieh eeftttnoes until tin  end o f Hay, vino a doaided depreciation 
In the meanat o f rain asm inoreawitig tenperatnre appear* to eanse 
o fa ll in tho water oontent. M e  fa ll le  aoro gradual In tho 
transplant than la tho eoodliag.

In tho seedling i t  ia  interesting to not* that whan tho 
root water oontent lo high tho sheet content lo  loo  and viee 
verse*

An regard* tho ootnal distribution o f tho water between 
root and sheet, in tho spring tho root holds tho groator $ ago*
A# tho ooaoon advances tho ahoot tokoo tho aaoen&aaey, and holds 
i t  until Qotohor (? )  when tho root oontont hogixso to rims*

«• siimlsbmi
Tho fiaotnationo in  thin inotoaoo are also warded.

Tho plant water and root water oontoat in tho seedling follows 
tho a oll content and rain fall rothor elosoiy . I t  i «  to ho 
notod that tho wory high plant and root oontont in harOh-April 
lo  probably owing to the foot that the sever waa a t i l l  in  the 
seedbe&a. The ehoot la irregular to hogin with in the seedling 
tot In hath needling end transplant the ehoot oorvea fellow  the 
teapo rater e earve* The v*ry low water eoatant in the needling 
from the tad* « lath , hey la  the resalt o f a night o f  a very 
severe fro st. The variationa in  the needling root are wide, hat 
In the plant ae a whole the Variations are the awalleet fonad la  
any plant asaained. In the seedling tho wa&lsasa root water 
eontent oooara at the end o f ftarOh end beginning o f April ( owing 
to ahadlag prohatly) 5 In the pleat on the l^tb.Jwnes ia  the ahoot 
on m h .Joae. la  the transplant, root, ahoot sad plant show a 
aaxHsaat shoot tho miuMay* After these dates there la  a fa ilin g  
o ff tat in  tha seedling the fa il  o f f  is  very easy.

A pia* «e  in  Tarway apron#« in  the earlier part o f tha 
eeaeen the root oontain# the higher percentage o f the total water 
in the plutt» in  the earner and aatnan i t  le  the ehoot, giving 
way gradually to the root ones snare.

When the detorainatlon o f water contents fo r  tide spoolea

A .U .



eoaroneed in heroh, the percentage neleturc was found te be in - 
m m iB f rapidly particularly la  the root* fh le inoreaaa continued 
ia the seedling until the end e f any for the root aad plant rod until 
the nlddle e f June far sheet* Thereafter the water ;£age daeroased* 
la tha seedling Larch the fluotaetlroe ia  root rod plant r o t ll  June 
are dependant on ra in fa ll} In tha shoot they appear te be were re
lated te teaperatnre, although In Kerch rod beginning e f April the 
ahoet eon teat le  risin g  independent of taaporatare* la  the trans
plant tha eerrelatiea aeeae te be la  a ll eases with ra in fa ll, the 
iaerease in harsh again being independent o f tesperasure*

da ooapored with the aprneea the parted daring whieh the 
roots e f the Laroh retain the higher percentage o f the tota l water 
of the pleat would appear te be a short one* In April the ahoot 
ahare le  risin g rapidly rod i t  le  roly beginning to  fa l l  ia  Goteber. 
B iltr OwrtwX an* M M .* . « t  Itm m lm x iM t.

That variations oecnir in the water oontent e f trero rod 
that these variations are asr# or less seasonal has been known for 
long te ferestere and expressed by the phrase "the sap is  up* ®r 
"the sap is  rising" or "the oap la  down", the forcer representing 
the period o f nativity , the la tter a parted e f ea-sailed in activ ity . 
Professor 3raib has shown that there is  really no period e f ln - 
sotlvity# the present investigation hears rot the general idea that 
there are arcsroal differeaeea in water eestent te this extent nroely) 
that there is  an extended period e f lew water eonteat rod ro extended 
period e f high water content but i t  alee bringe out 
(1) that within the wain variation there arc roaller fluctuations
(a) that the tiro  e f the inereroe in the water content is  well in 

advroee e f any evident fo lia r  activity e .g . in larch.
IS) that the tiro  e f the increase in the water content varies In 

different trees*
(4) that the roots, sheet rod plant as a whole behave differently 

froa eaSh ether -  that roots for lnstroee react to s o il water 
content end rath fa lV  whilst shoots except in the rose o f the 
larch to begin with eeafbrc aore te temperature,

The fluctuations within the roin variatiroe arc wen 
aerfced in the Lpruees* In Kerch and April before the buds even

A.18,



begin to  eveIX the onrrea for ehoot, root end plant shoe rieee 
end fa lls*  Xn thie period o f so-oslled  inactivity the roote 
ia parti oular shew dooided differences in  their water oontent 
sad this ia refloated in  the total water oontent of the plant*
In Laroh the smaller fluatuatione in the plant are lens narked 
so far so data at present available shows, bat those whioh do 
occur f i t  in well with rainfall as also does the root fluctu
ations whioh are more decisive*

Xt ie  generally believed that transplanting should be 
carried during the so-called period e f inactivity since that ie  
the period o f safety* Xn the other period the plant roots are 
likely to dry out owing to the high tenparature or the young 
shoot suffer Irretrievably fro® lose o f water* In the safety 
period i t  w ill be safer to  transplant when tho water oontent is  
high slnea then the plant oan afford to lose water* Periods o f 
high water oontent occur, and the variations particularly in 
the roots are very great* There Is really no period o f inactivity* 
but noleture variations ooour within the plant at a ll seasons* 
Advantage e f these can be taken in transplanting* The time to 
plant would probably be before the young shoots appear at a time 
when plant rod root water contents are high* These periods would 
ooour following rain*

The water oontent o f the roots end also the plant as a 
Whole la  influenced hy the water oontent o f the s o il -  the higher 
the water oontent of the s o il the higher the oontent o f the root 
and vise verse* An a r tific ia l supply o f water to the be is 
previous to lift in g  would give an increased root rod plant oontent 
whioh nigtt be expected to survive drying out influences acre 
satisfactorily .

Xn the Laroh the general rise  in water content is  anoh 
earlier then in Spruoe* It udght be expected that Larch oould bo 
transplanted nuoh earlier* Dr*fit«ven found that the beet 
results with Larch were obtained with January transplanting*



It  was thought that ths water ooutsat o f plants in the 
nor eery night he Increased hy watering and by shading*

The correlation between the water content o f the so il and 
the content o f the root and plant le generally so close that 
drenching before lift in g  would a r t ific ia lly  increase the water 
content*

Shading gave results which arc anbiguous and d ifficu lt  o f 
Interpretation* It night ba aseuncd that hy Shading the plant 
transpiration weald be reduced and ths water oontent would be 
rciccd* th is was found te be undoubtedly the oaee with the seed- 
I Inge with <me or two except lone as regards plant root and ah cot 
water content, although It le  doubtful whether in ease Instances 
the differences arc significant* Taking total amount o f water 
la the plant* shading leads te an increase in the Shoot and 
corresponding decrease In the root*

In the transplants though in nest instances shading 
eauass an increased water content In shoot, root and plant freq
uently the reverse takes place* further as regards ths d istrib
ution o f total water shading tends i f  anything to increass ths 
proportion in the root*

The water content is  further influenced by age o f plant 
and type o f plant and notably also by frost*

taASS.Sm9m% AS* 9SJ3ML*
Seedlings have a higher Shoot water content than transplants*

The percentage Is in Inverse proportion to the age in the seedling}
proportional to tho age in the transplant* for instance by taking
measurement during March and April* the following table le  obtained*
8nA«Yr« Sitka Spruce varied from 158-174 
8rd,Yr. • « " " 188-140
8/8 7*. • » » 107-187
8/8 Yr* « " " " 180-188
8nd.Tr* tforway Sprue# varied from 188-149 
8/8 Yr* " * * * 100-Hfcg
8/8 Ur* • * "  * 108-188

A -14



Further tha older tha seedling or transplant the lass are
tha variations* For instance £/£nd Sitka -prune and £/8rd.Sitka
Spruce from tha 20/6/26 -  £1/4/26 gave tha fo il  on lag valuess-
£/8rd. Sitka opruoa - 1£8, I £8, 1£6, l£8, l£0,
£/£Bd. * «* .  107, IBS, 108, 100, 116.

total plant eater content also gave greater uniformity in 
tha alder plant whether transplant or seedling. Tha older the 
seedling or the older the transplant the more stable It 1st ths 
less Is It dependent on external variations. 
ffffset o f Frost on water content.

Following a night at the end o f April giving 6 degrees 
of frost hoth Sorway and Sitka seedlings showed a marked fail la 
water content e f ehoot, the root net being evidently a f  fee ted.
fiorway Spree# fe ll  te a figure (108) much below sltka spruoe (188)
bet recovered aore speedily, new Shoots developing strongly. The 
transplant# showed m> suoh marked fa ll ae the result o f the frost 
In the Shoot, but at this time there was s decided fa il In the 
root oontent (see Tables for £4/4/26)• The seedling laroh did not 
seem to be affected In the Shoot or root.

gate? Content oftruces In Feel.

The water oontent e f Sprueee la  peat was determined only 
for the shoots. The d ifficu lty  o f root moisture determination ie  
intensified ia peat owing to the eurfaoe film  o f water whioh ie  
very pronounced on the root system, and to the adherent peat which* 
Is d ifficu lt  to remove.

Throughout tho sea eon estimations were made with fforway 
end Sitka Spruoe plants whioh were lined out in peat as Byr.seed- 
ilngs to A pril. The results were as fo il owes-

198
168
186
119
114

167 
£08
168 
180 
180



la  both Heresy and aitha sprue* the water oontont 
drop* In July te a lew valne. in oetoher Borway spruoe has long 
reached lte winter values; Sltha Spruoe is  prohahly at 111 above Its 
winter value and nay be expeoted to drop further* The water 
oontent o f Borway Spruoe fe l l  very markedly after transplanting and 
maintained th is low moisture oandit ion for a month or more, s it  ha 
spruoe on the other hand a month a fter transplanting gave a good 
moisture content unite eomparable to that found in better s o il.

Xn the beginning of the season estimations were made on 
the shoot* o f plants put out on pest last year* Sitka spruoe 
smaller shoots have a value etpal to  11q/j Heresy Dpruoe 106^.
The nursery figures fear aborts st the asms time were alightly 
higher, namely lst9ji and 11551 respectively. There ie  a tendenoy 
for Spruoe in peat to  have a ehoot water oontent slightly lower 
than the noxmal* This tendsnoy ia further shown from Inver liver 
figures where shoots from tress out o f  the ohsok stage gave for 
Sitka spruee 10$/ and Borway Spruoe 106/.
W f  of Oka *  to  Boo*.

Variations in the ratio o f shoot to root in the dry 
condition are found in a ll speeies. These variations may be due 
to (« )  using up reserved food stores (b ) inoreaeed growth ef 
either ehoot or root st different tinee.

ht tom zJM BiaBU
la both seedling and transplant, until the end o f April 

the ratio o f shoot to root fe ll*  Thie mi£it Indleate a period 
of root growth. Thereafter the shoot weight inoreaseo in 
proportion to root u n til a maximum ie  reaehsd in June and July 
t&sn a fa l l  then ensues, the root lnoreaslng in weight* tfhcm 
the ratio o f sheet te root inowseea the inorease may he due 
partly to food being stored in the roots, root growth, or a 
combination o f these.

A.16.



jhJttisuBaBW Li
Xn the dpruo* 1st centres! to  th» jforway there is  a

slight rim  in ths ratio o f shoot to root u n til ths a&ra Hay an* 
than a nore rapid inoreass u n til ths U th July a fter uhieh tine 
the ratio fa lls*  the aitk* ttprum therefore behave* differently 
from ths Boruoy sprues*

Fran tgareh awards the ratio of shoot to root rises,
Ths rise is  *lo« to begin n th  say u ntil hth Hay, a fter shloh 
dots thore i s  a sudden insreass. m ths seedling the ta llest 
point Is possibly attained during ths end o f usy and throughout 
June, In tho transplant ths highest point in the ratio is  
reached on tho Ht/d/rft.

i t  ie  hoped t c  he able to  take up th is rubiest in store 
detail next season,
Food 3*ore»,

The main series o f tests for ths nature end variation 
ho tho food reserves have been node with gyr, ^nd.year Jfors&y 
Spruce, sutha spree* and Burepmn laroh, the food reserves so 
far tested for hare been starch and fete (esnis seift re s t), 
tests fer other naterisls such as sugars sere sad* but the 
sioro-ehesiaal technique sue fe l t  to be un sa fle iaeteiy , ginoe 
the usual test fer sugar for in* tone* depends on a reducing 
action, e wrong interpretation any be nads owing to ths pressure 
e f reducing ensyses, the variation in distribution and aaount 
e f Oaleiua oxalate has been eranined sxid found to be interesting, 

Sprues plant* hors else been eranined fron peat ground 
at horenirer And mrhfcUl, Aberdeenshire,

For brevity ths nsin rem its fer the ayr. knd.year 
fureery plaste are m m orlsed at aonthly intervals In tho 
fettestag tables, ths nonthly strawy represents tho general 
finding fer tho period rem it lug f  res two or three tests oarried
cut during tin nenth, Tutu Are net giren fh liy  for the young 
root as i t  is  hoped te  do this in nore detail for the syoorhioa 
inrestigntim , i«i*w
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iflB&Btitifc*
I* M »m )i end Ifttf « »  the aala ! w i  m w rn t*  9ala 

tx* !• «•  then ilaxilt«
1% U  InH m M lai te  fta l Dm preeeaee e f etaroh 

la  tha ept&em e f the lea f in both tee tpiaaea* see starefe ie  
eel feaad la  tee Sitka Spraee a fter April nor la  tee homey after 
Kay. ia  Hear eat free ae maetiea fee gtereh eoald be get la  the 
Meaephyll ner ia  lemay ia  October* i t  ether tinea tee ottdmpkqpU 
eentallied gratae whiefc gave tee stereh m o tio n  m ediately* fe te  
ere feead la  tbe aeeephyil e f the eproees at e l l  tinea. At ae tia e  
bee atareh been feaad la  the le a d  lea f although fate are generally 
intern*

8* ia  the atom, la  the epmee** the etaroh emteat fa lle  
t m  May eaearde* ia  the harsh etea atareh le  abaeat la  Mereh aad 
April aad laee lateaee ia  Sept* end Ostober than la  the preceding 
neathe. la  Mem&y apraee only daring the September period de the 
fete laereeeei ia  the Sitka ttpmee these le  a deem ee la  Sept. 
end Qotober. ia  harsh i t  ie  the fane period ehieh efeeee the de- 
ereose*

4* In the elder reete e f both spmeee the etareh aad 
fat le  always high* Hi ring the April peeled la  the lareh
the etareh hae eoapletely dleappeared reappearing In May on very
email grains. She fate iaerseea la  the harsh free  Marsh onwards.

$« in t  he yeaager reote In Sitka Spraee etareh is
depleted daring Marefe-ttey ^appearing egaln la fane, in the Jaly 
period no traee e f  starch eeeld he get in the perleyele hot i t  
reappeared in September fate in thie sprues behaved in a eia llar 
meaner* in iKexway Sproee etareh began te  disappear la  Jane, mm 

absent altogether in  July reappearing again la  October. in both 
epeeiee the eaaneetion e f  the endedera la  July le interesting*

I M



4* The Larch baa a behaviour tota lly  A life  seat te  the 
gpruees* la  April the pleat shove a depletion o f reserve food I .e . 
before the bade buret. Sash a tlav o f feed depletion would be an 
unsuitable tlae fo r  transplanting. Tho reserve is  h ip est on the 
ether hand ia  the epxaees in Maroh, April with the exception o f 
the young reote e f Sitka spruce. These speeles from the point o f 
vies o f food reserve weald be beat transplanted when the reserve 
ie  highest.

M m *
la  ae iaetaaee so fe r  have Sitka or lotway spruoe free 

peat ground been feaad t e  be defleieat ia etareh or fa te , Fate 
indeed appear to be eooswhet sons intense than ia  tho nursery plants, 
Cheeked pleate at Xarerliver fer instance, ehew a large fat content 
even ia  the best, la  aeraal plants only a fee ca lls  e f the bast 
eoat&in etaroh, Xn peat spruces every part with parenehynatoae 
oelle  aaeh as pith, primary elements t perioyele eontala atareh 
invariably in large quant it  lest ia  offset plants free peaty ground 
are pne~ealaea&ly etareh pleats ae sang* red with soy anreery plants. 
Spruees free peaty ground frequently show frost rings and the 
pare®ebyiaatquo oelle  o f theee rings react strongly to  the starch 
test,

fate have been noted in the endodera and cortex o f reote 
devoid o f syeorvfelsel fhagi but absent or naeh reduced ia  amount 
ia  nyeorrhisa. Invariably ee fur i t  has bene found that taking 
"searcher* rests end syoerrhisa froa one sad the sane plant In 
the searcher the endedexm and cortex are peeked with fatty material 
la  nyeorrhiea tally the outside layer e f sella  next fungal aat shew 
fate sad It is  oonfined te a lay** bounding the watt e f the s e ll , 

lemay and Sitka Spruce plants whieh were raised froa 
seed and green ia  various culture eolations to test the o ffset e f the 
sbeenee o f different food elements were tested fer fate and o ils .

£2 -



At the tlaa the tee to were carried out the plan— — re in  their 
— aft m r .  *hs WM iaporteat findings a m  a* m i n i i *
!• Abooaoo Of Potash. la  both species the «b»MM o f potaeh 
led to a decided defleienoy la  fata, jo ts  were absent or slight 
la  le a f, stem and hypooctyl. la  tho root ays ton however tho fate 
—re core latoaoo thoa la the control. She otoreh content shoved 
l i t t le  d iffer*—* to that la the eoatrei. 
t .  Sboonoo o f lim ogto led la  hoth specie* to « greater fht 
content. la  tha lo a f fata tore fesnd la  every fa rt, partleclarly 
la  tho eplders region. Between eptdera and hypodera there vao a 
broad hand o f  Hetty material. In hoth epeolee tho hast gave a 
reaotloa fer fa te, starch vao aero abradant la tho lo a f In 
Bor—y Bp—ee than la  tho oontrol. the otaroh ooatoat in  Sitka 
did not d iffe r .
S. Aboopoc o f Iron. la  both speciee the plants grown la  tho 
abooaeo o f Iron vere et&reh plants s every porenehyaatoas ee ll 
being fille d  with otaroh graino. She root ayste* vao psesllar, 
ths tips o f tho rootloto being thick and oveUoa. Beta aleo were 
latenco. A notable featare ia  the root vao tha ^tlok layer o f 
Set on the inner va il o f  tho endoletv. I t  io  to bo noted that 
tho Spruce grow la  the abooaoo o f  iron ae seedlings at any.rate. 
Borway —Intel— bettor growth than Sitka, bat in both tho 
growth lo  vary aaoh loos than ia  the noraal.
4 . Ab—noo o f  In STonay Spraoe tha ab—nee o f  I t— 
inorea—d ths Bat soatoat o f  loaf.stea.hypoootrl older 
root. Da tho ether hand tho abooaoo o f 11— see— to load to a 
dofloloaoy la  starch -  ae tia— being found la  any tlaa— •
5. the abseaso o f other olo—nte each — phosphate did act 
approoiably bring aboat any difference la  starch sad fa t content 

froa tho— la  ths control.

A “ 83.



Main ditto ussion on tha food reserve research on the peat ia 

not ca lled  for owing to  tha —finished nature o f  the work. Two 
point# however appear to he o f  value (1) The high fa t  oontent 
o f  the root particu larly  in  the endoderm o f  roots which are not 
myoorhiaa. (2) She high starch oontent o f  spruces on peat 

ocabined frequently with poor growth. She foraer Is  important 
as confirming P r ie s t ly 's  work to some extent and i t  Is  Important 
In that the high fa t  content o f  the Undoderm nay in terfere with 

tho aovoaaont o f  food bearing solution  and water inwards. I t  Is to 
be noted aiao that tho layer o f  fa t  was present in the endodera 

o f  plants grown in  culture minus Iron, further ths abundance o f  

etaroh in  the tissues o f  the spruoeo in peat and tha abundance o f  

etaroh in  plants grown In oalture nlnas iron ie  suggestive in  view 
o f  as orig inal finding In my peat research that in many peats the 

s o i l  solu tion  oould be found to give no reaction for iron . I f  

iron ia  found i t  is  not in  an available form and ths problem 

would resolve i t s e l f  into —king th is iron  available probably by 

a lterin g  the P.S. value o f  the s o i l .
i t  Is  intended to fo llow  up the qeeetlen o f  the food 

stores with specia l reference to roots la  more d e ta il.

JH.* Bwayflft.

(•) AK» »B* 8U« 91 m a t ...
This experiment has baen carried out a t Parkhill, Aber

deenshire with Horsey and Sitka Spruoe to obtain eome idea as to 

the soot suitable age and else o f  plant for use on peat ground.

The material used was seed. 3 weeks old  seedlings reared in the 

nursery, S y r . seedlings, Ayr.Syr.transplants and 2yr.3yr.trans

plants.
the seed was sown on the natural cariboo, oorssfed 

surface, prepared patches and on tu rfs . On the natural surface 
only about A$ germination was obtained. On the sexeefed patches 
germination was much bettor -  Horway Spruoe lfl$, Sitka Sprues 

23$. The plant $ In October here was very strik in g .

A -  24.



Xn the prepared patches gemination wan n il la  Bern— 
dp— • dltka dpruoe was hotter -  the best result In tide 
•xyertaant being share oaleiun phoepiate aod the next best 
ehsre fetaseiu* phosphate had been applied previous te sewing*
Xn the prepared petehea the pleat a are larger %hm in the 
eeveefed patohea and the root ayaten la  nore branched end 
deeply penetrating# The turf oewlng wan a eenplete fa ilu re, 
probably awing te the drying eat o f  the seed in the except ion ally  
dry weather* only a vary few seedlings were obtained wad these 
were very snail#

£xawlnati<m was wade te discover I f  poeslbXe the fete 
o f the seed which haft failed to germinate, The aeed wee faced 
to he lying where i t  had bean placed and the kernel In m et 
lnatmeee wea fresh*

Bather a to ll— resalta were obtained with seeding a t 
Xnverllvcr# On m  average —cut 4  ̂ geralnetlen in hitke dpruee 
was obtained and tha seedlings so obtained even on the very 
worst type o f  peat on turfs ware healthy end strong with a stow 
growth o f  about one-third tosh and a good well-bratohtd root 
eysteau Norway Sprues felled  te geminate ataost oonpletely 
and tha saed wee again found to be lying where pieced with the 
kernel rather freah.

The cettaoa o f  the failure to gertttoatlon o f  the dprucee on 
post require to be !av»etlg«ted ** *My sight give us information 
o f vUus to  ether directions. heat year better gemination waa 
cbtctood with dorway sprues than with dltka spruce* th is  yaar 
ths reverse has happened*

More sstisfsctery results were obtstasd with transplanting 
3 weeks eld seedlings toes Seaton Bursary to the pert rt ** 
MU* Practically no cheek wea experienced and both tho Borway 
•nd d itto  p i s ite  hmm woil-developod shssts sad w on -filled  buds 
whilst tha root aystaa la  strong —ft healthy* toes th is expar*

A - 85.



lenoe i t  seerae that there is  some faotor in the peat ad Tersely 
affecting aeed aad the seedlings whioh nay arise fron that seed 
but whioh a vigorous seedling manages to overcome* This i s  again 
a line o f  re sear oh whioh should he followed and i t  i s  Intended 
that i t  should he inoluded next season under a general examination 
Into the P eriodiolty  o f  root development in the Spruoea.

The Syr* seedlings were lined out and ora very aatlafaotory* 
The H or way Spruoe In oolour and wealth o f  needles are at the 
present time vastly  superior to the 2 y r .ly r . Horway Spruce in 
the nursery* The Sitka Spruoe are quite the equal o f  the nuraery 

plants.
In the older plants the casualties so for are as fo llo w s :-

2yr*2yr. Eyr.Syr.
Norway Spruoe 2$ 6$
Sitka Spruoe 5$ 6#

(h) Sweoiea o f  Tree
A small experiment was la id  down at Parkhill to teat the 

auooess or fa ilu re  o f  d ifferen t species whioh were available in

ie nursery at the time o f  planting.
Soots Pine Eyr.lyr*

Casualties. Remarks 
ftood growth

B*raser River Douglas 0 Vigorous healthy
plants.

Omorlka Spruoe 2G$ Palling o f f  badly
Horway Spruoe 2$

Sitka Spruoe 5$
Mountain Pine Only few survivors* 3mall plants whioh

have been overcome 
by the vegetation*

Abies n oh ilis 4$ Poor growth but
healthy*

Douglas Fir 32$ Poor growth*
Sequoia sempervirena 9 Healthy and vigorous
Abies grand is 32$ Losing needles.
Oupressus macros srpa 2$ Healthy generally

but poor growth*
Chamaecyparls lawsonisaa 0 Healthy*
Thuja p i i  oat a 0 ft

Thuja oooidentalia 0 It

frog  a alhartlana heavy Due to small nature 
o f  the plants.
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The plots were formed on ootton-grass undrained post • one 
o f the worst types whioh we have In the Beet o f Scotland*

Daring the winter it  le  hoped to be able to examine these 
epeoies *n mere detail as regards root differences, food stores &o. 
(e) Sprues Colour*

fhs Norway Spruee (Pioea exoelsa) frequently on oertain 
so ils  particularly peat develops a yellowish green colour* It hog 
previously been recorded that trees with th is light colour may ba 
found in whioh the lower brunches w h i c h ; p r o t e c t e d  by other 
growth for Instance heather are o f a deeper and aore healthy 
colour* This points to the cause being exposure. In the previous
ly  mentioned transplant lines o f Norway Sprues placed out aa £yr. 
aeedllnge at Parkhill protecting tests were made by putting 
screens along part o f the lines so as to give the plants shelter 
sad at tha same time slde-ebade; over part o f tho lines so as to 
give overhead shade; end alec by completely enclosing plants

i

in groups o f throe to give complete aide shade and shelter* lo 
d iffe re n t ia odour was obtained in ths first two eases, but in 
the third the depth o f green to tho needles is  marked. Norway 
Spruoe must be completely sheltered end shaded from tho aids in 
every direction to produce a deep green odour under the con
dition found in the experiment. & similar depth o f colour how
ever was obtained by treating the plants in groups with Poteeelum 
nitrate. Calcium nitrate and Sodium nitrate. So other salt was
found to be e ffe ctiv s . This points te lack o f nitrates. This
also held for filths Spruce.

In the nursery ia  manuring experiments Potassium, earbonats 
sms found to  produce a decided deepening o f ths colour.

Tho improvement in odour oan therefore ia Sorway Spruce 
be asoospllshed by shading and by the addition o f  eons suitable 
food material. I f  ths plants are nourished thsy sea stand 
exposure.

At Inver liver a marked Improvement in odour on cheeked 
plants in heather has been effected by placing bags under ths 
plants sad thereby keeping down the heather. The plants era 
developing numerous roete at tha collar and in the heather •

A - St.



(A) Drying o f  Spruoe Roots previous to Planting.

Tree roote undergo considerable drying from the time o f  
l i f t in g  in the nursery u n til they are fin a lly  placed in their 
new home. The degree o f drying out w ill depend on the oare ezer
oised in  the various operations, but frequently i t  has been noted 
that drying out appears to be unnecessarily excessive* To test the 
e ffeot o f  drying out, bundles o f  Sitka and Norway Spruoe were 

le ft  exposed to  the atmosphere for a short period whilst the 
oontrol bundles were Immediately heeled in* The planting was dene 
on Briophorum peat at P arkhlll. The losses among the exposed 

plants have been high particu larly  in Norway Spruoe. Sitka showed 
18$ losses as compared with 5$ in the control and Norway 51$ as 
compared with £$ In the oontrol.
(•) Oalclma oxalate.

Very eelAom i t  i t  possible te find either Sitka or 
Norway Spruoe Without traoes o f  Uonohydrated Calcium oxalate In the 
tissues o f  tho bast. Suoh crystals have been found to be exceed
ingly abundant however in both Sitka and Norway Spruoes on certain 

classes o f  peat -  notably for  instance where the dominant plant is  
Galluna, Soirpus or where the type ie  Calluna-Soirpus or Seirpus- 
Calluna. The oe lle  o f  the beet are seen to  be f i l le d  with crystals 
and frequently within the o e ll  they ooour in two ser ies . In Mollnla 
Gallons or even Calluna-Molinia on the ether hand or where condit

ions are better the quantity o f  Calcium oxalate is  muoh lose .
In the worst types o f  post the oalolum oxalate crystals 

are net confined to the stem, but are found in ohoeked plants in 

the root -  quite an abnormal condition eo far as has been observed.
A longitudinal section o f  a root from whioh younger roots are 
developing, shows the tissue o f  the younger root inside: the older 
root surrounded with oalolum oxalate oontalnlng oe lls  whilst the 
eelle  e f  the young root i t e e l f  are f i l l e d  with crystals (see F ig. ) 
Other roote alongside suoh roots show destruction and disintagratlon 
•f the e e lls  and frequently gummeeee or intense resin production.



In the stem there is  no indication that there is any 
oonneotion between the oxalate production and fungi since no trace 
o f mycelium oould be demonstrated. Fungus mycelium, however, is  
frequently met with in the root.

Oxalic aoid production in suoh so ils  would appear to be 
Intense and is  the result o f poor aeration. Oxalio acid by i t s e l f  
is  capable o f  k illin g  tissues and requires to be neutralised by 
calcium. Is it  possible that in the sites mentioned the plants are 

suffering from a scarcity  o f  lime owing to a ll  available lime being 
required to neutralise the to x ic ity  o f  oxalic aoid? Metabolic 
processes would be interfered with; free oxalic aoid w ill k i l l  the 
tissu es. In areas lik e  those mentioned where the plants show 
abundant caloium oxalate the application o f  lime or some manure 
which w ill  liberate lime bound up in the s o i l ,  say Potassium, 

might be b en e fio ia l.
4. Miscellaneous.

The water culture experiment to test the e ffe c t  o f the
absence o f d ifferen t mineral elements on the growth o f Norway and
Sitka Spruoe was continued into the second year u n til July when the
experiment had necessarily  to be closed. It  has not been found
possible as yet to fin d  rela tive  development by weight but the
height growths are given in  the follow ing tables.

Norway Spruoe Rmks. Sitka Spruoe KmkB.
Ambiguous 

resu lt .
1. Control 5.3 5.3

3* Sol. Non-Aexated 4.5 7.45

3. n plus MnO 5.7 9.6

4# n minus Potassium 2.5 8.1

5. it M Hitrate 2.3 dead

6. M " Iron 2.7 Chlorotio
plants

1.6

7. If " phosphate 1.9 2.2

8. II *» Hme 2.7 Very bushy 
growth

7.9

9. n w Magnesium 2.7 3.8

10. n Concentration 4.9 6.25

11. n x 2 Concentration 3.7 3.45

12. IT x 3 Concentration 2.5 dead.

Browning.
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qonolialona.

I. Xn the second year o f  growth Sitka Buffers moat from the 

absence o f  n itra te , iron , phosphate and magnesia; Norway from 
phoaphate to the greatest extent, the others being about o f  
equal value. The n itra te  in the Norway Jar was probably a ffeoted
by soot whioh gained entrance twice to the jar due to  a fau lt

in the oover.
£. Manganese dioxide has again a slight stimulation e f fe o t . 

lack o f  aeration in Norway a retarding e f fe c t .
3. The colour o f  the Norway spruce in the ja r  minus magnesia
continued to  remain lig h ter .
4. Too high a concentration a ffeets growth adversely leading 

in both speoies to death in the seoond year*
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Qeo. K. prawer.

lABOKATORY IHVESTIQATIONS.
PEAT AERATIOH♦

The d i f f ic u lt ie s  underlying the determination o f the 
Air-requirements o f  peat are tw o-fold . (a ) D ifficu lt ie s  
o f sampling and o f  keeping samples in the condition in 
which they are in the f ie ld ;  (b ) D iff ic u lt ie s  o f  technique 
in making determinations and the absenoe o f  a suitable 
method o f  determination which may be d ire ctly  applied to peat,
(a ) As regards sampling:- colour changes in the lighter 
peats indicate that exposure to air Is immediately followed 
by a change in the constitution  o f the substance o f the peat 
i t s e l f ,  so that samples must be handled without exposure to 

a ir ; the withdrawal o f oxygen from the atmosphere with which 
they are incloeed occurs more rapidly with the lower portions 
o f peats o f  the better qualities (e .g . *jolinia-Rush peat) 
than with peats o f the more obviously anaerobic types, so 
that when kept in sample vessels "good** peats may rapidly 
attain a degree o f  vnon-aeration" which they do not possess 

in s itu . Therefore samples ought to be Immersed in the 
test solution  (or the test must be made) in the f ie ld .
This is  impracticable owing to the amount o f material re 
quiring to be carried about; although as with Hydrogen Ion 
determinations colorim etric tests may be made, yet so far as 
the indicators in use go i t  has been found that the results 
obtained are even more unsatisfactory than the colour tests 

fo r  Hydrogen Ion which are almost useless on peats in the 
f ie ld ,  while in addition a supply o f a ir -free  water ie  

necessary.

KBPORT ON RESEARCH - -  1925.



The method adopted fo r  sampling areas near the 
laboratory, when the samples can be tested in a comparatively 

short time is  as f o l l o w s T h e  peat is cut to the required 
depth with a 1 ins* auger and the central part o f  this sample 
Is driven through a sample tube open at both ends, the portion 
o f  the sample held in  the tube is  sealed in by rubber stoppers 
and the whole enclosed in a package o f the same peat.
The central portion o f the sample is  preserved fo r  some time 

at leaet in the "in  situ" condition and i t  alone is used for  
testing lack o f aeration. For longer distances the only 

method giving reasonable resu lts is to take large blocks o f 
peat ae samples and fo r  testing use only the central oore o f 

the blook which is  tested before drying out occurs to any 

appreciable degree.
Methods o f  performing the preliminaries o f  the test in 

the f ie ld  (such as are done with sea water) necessitate the 

immediate thorough mixing o f  peat and reagent which is  
obviously im practicable, while the reagents used are unsuit

able fo r  physico-chemical reasons fo r  the determination o f 
the reducing power o f peat.
(b )  As regards method o f determination, the Eleetrometric 
"Reduction Potential" Method was expected to give valuable 

results since peat i t e e l f  conforms with the experimental 

conditions under which tests were made by the originators 
o f  i t s  application to the s o i l .  When the method advocated 
by these workers was oarsfu lly  followed the results obtained 
were very Irregular, such that no dependence could be placed 

on the method. For example the same block o f  peat 
frequently gave testa showing in parts an oxidation potential 
In others a reduction poten tia l, that is  opposed resu lts , 
in  less than a square inch o f  surface o f  an apparently homo
geneous past: such variation may ocour but resu lts which are
wanted are the oxidation or reduction potential o f  the peat 
as s whole, which cannot bs sa tis fa cto r ily  obtained by this
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method. In, acerating the peat In a ir -free  eater gave somewhat 
more concordant re su lts , but It is  f e l t  that the deta ils o f  
ttoe method have not been brought to  a sa tisfactory  basis .

The method previously adopted o f treating with a Ferric 
Sulphate solution In Sulphuric Acid has been found to give 
quite sa tisfactory  and ooncordant results and the range o f  

values obtained fo r  the d ifferen t types o f  peats Is suoh that 
peats may be eeparated Into d istin ct series with reference to 

their power o f  reduction or inversely their lack o f  a ir .
The results o f the determinations Indicate that (a ) fo r  

any type o f peat the reducing power, calculated to the weight 
o f  organlo substance contained In the peat, la fa ir ly  constant 
under consistent conditions o f weather or when the peat Is In 
Its normal condition . (b ) The reducing power o f  peat Is a 

fa ir  Index o f  the necessity fo r  aeration, or o f the e ffe c ts  pro- 
duoed by drainage; and o f  the rate at which decomposition o f 

the peat goes on. ( c )  Indications are appearing that In some 
o f  the drier peats rain  follow ing drought Is accompanied by an 
lnorease in the necessity fo r  oxygon, followed by a s t i l l  
grsster lowering a fter a time; indicating that in dry peat 
decomposition la held up for  want o f moisture and that wetting 

oauses rapid development o f  reducible substances.
(d )  Increase in reducing power is not regular from the surfaoe 

downward in a l l  peats although fo r  most deep peats i t  reaohes 
a more or less stable maximum a short distance below the sur
fa ce . I t  la certain however that some Rush-Mollnla and other 
peats (characterised on the whole by a bad smell) have a 
horizon o f more Intense reduction Just where surface peat 
merges Into sub-peat. No other wide exception has been noted 

exoept that Iron-flush  peats (usually small in extent) have a 

very high reducing power below the surfaoe; this Is lik e ly  due 
to the presence o f  large amounts o f Ferrous compounds.

Typical figures fo r  these determinations are given in

Appendix I .
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II . INVESTIGATION INTO METHODS OF IMPROVING Tig AERATION OP PEAT 
BY "COAO PLATING" WITH ELECTROLYTES.

Experiments attempted along these lines have not been 
successful In producing results other than confirmatory o f 
last year's work. The main d if f ic u lty  lie s  In obtaining 
penetration o f  the peat by the substanoe used. The natural 

rate o f  penetration is exceedingly slow in an unbroken peat , 
so that the application o f e lectrolytes fo r  this purpose 

must be aocompanled by a thorough breaking up o f  the peat mass. 
In the laboratory the preliminary ben eficia l e ffeo ts  o f 
treatment and freezing quickly wear away I f  the peat is  allowed 
to  se ttle  in a wet condition and in actual practice in the 
f ie ld  i t  is  lik e ly  that the same result would fo llow ; the con
densed peat would subside and i t s e l f  remain badly aerated 
without thorough drainage. This subsidence la rendered 
Irregular by the mixing o f  the peat with s o i l  - nodules o f 
peat are formed round the s o i l  grains, and aeration Is 
accomplished In th is way; th is would be a partia l explanation 
o f  the dictum that the addition o f  manure without s o i l  is  not 
o f  much value in the improvement o f peat. Naturally the same 

resu lt is produced by dominant Mollnla by the deposition o f 

that plant o f  moderately large amounts o f  Iron and Lime in 
it s  leaves while Its network o f  s t i f f  roots act as centres o f 

contraction o f  the peat.
Practical conclusions arrived at from the Investigation 

are that the natural processes o f Peat Improvement, through 

the development o f flushes and the consequent manuring and 
aeration o f the peat are very elow processes requiring a long 
period to produce a small resu lt ; and that any means o f peat 
Improvement by manuring must include thorough mixing o f peat, 

manure, and very lik e ly  o f  s o i l  in  addition; the work must 
therefore o f necessity be confined as much ae possible to the 

lo c a lit ie s  in which the plants are put and not be carried out 
in a general way over the area planted. The results ob

tained are, as fa r  as they may be o f use, being applied to
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the f ie ld  work at Parkhill.

TTI. HIPROQ1SK ION COMtfSm'hATIOH (ACIDITY) DltTERMINATIQflS AS A TEST 
FOR THE FERTILITY OP PEAT.

So much attantlon has boon given la te ly  to the Hydrogen 
Ion method o f  teating the aoid ity  o f s o ils  that the methods 

were applied and used extensively during the investigation o f 
peat types* Samples were tested in the f ie ld ,  as rapidly as 
possible in the laboratory, and after storage fo r  some time.

Both eolorim etrlo and eleotrom etrlo methods were used in the 

laboratory.
With regard to f ie ld  work the oonolaslon was early 

arrived at and has been confirmed that colorim etric f ie ld  

methods o f  determining jrfH value are not o f su ffic ien t 
aoouraoy nor are they suitable fo r  the determination o f the 
ao ld lty  o f peat. They are quite satisfactory  fo r  drainage 
water but even fo r  s o ils  only fa ir  reliance can be placed on 
the results obtained, while for  peats good determinations are 

usually impossible owing to in a b ility  to produce su ffic ien tly  
olear suspensions from the necessary amounts o f  water; e .g . 
many peats retain  under ordinary conditions as much as 8 times 
(oooasionally  twice that amount) the quantity o f  water equal 

to their dry weight. Up to 5 times the dry weight may be 
added to a s o i l  before a ffecting  the  ̂ H value, a fter  this 
the value may be a ffe cted . In order to get a clear suspension 

from some o f  these wet peate over 20 times the dry weight o f 
water has to be used and the result is accordingly not accurate. 
Determinations o f olear water (from draine, streams, e t o .)  can 

be readily carried out in the f ie ld .
The same remarks apply to colorim etric work in the 

laboratory, but clear solutions may be obtained by f i l t e r in g , 
and oolorim etric tests were made in the laboratory in  this way.

jgQPg accurate work can be done in the laboratory with 

suspensions where clear water is  not required by means o f  the
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th« Hydrogen electrode, or Eleotrometrlc method. Details o f 

the work ere the seme as fo r  s o i l ,  but a longer time is  r e 
quired not only fo r  the individual determinations but, through 
the necessity fo r  frequent change o f  the electrode caused by 

wpoisoning” , a series o f  determinations becomes a very long 
process.

I f  the peat is  a ir-dried  In a clean atmosphere before 

being tested clear solutions may be obtained, and here, as may 
be seen from the figures in Appendix II a, concordant results 
were on the whole obtained from the two methods, otherwise 
colorlm etrio determinations must be considered only as 
approximations.

Conclusions arrived at are as fo llo w s :-  Hydrogen Ion 
determinations indicate that this method o f determining a cid ity  
ie  not o f value ae an Index to the f e r t i l i t y  o f peat, at any 
rate within the range o f peats studied, since while the figures 

obtained are on the whole low (showing high a cid ity ) the 
variations oocurring In each type are greater than the mean 
differences between the types themselves. For example 
£ H values obtained from what are certa in ly  good types of 
Mollnla peat cover a range which includes the range o f values 
obtained fo r  Deep Solrpue peat -  Molinla 3.0 to 5 .6 ; Selrpua 

3.0 to 3.9 or 4 .3 .
On the whole the higher 4 H values do f a l l  among the 

better types o f  peat I f  tests are oonflned to the surface layers.
The values obtained at d ifferen t seasons fo r  the same peats 

and sim ilar types o f  peat Indicate that aoid ltlea  In peat vary 
s lig h tly  from season to season but f ie ld  estimations made th is 

summer seem to indicate that greater variations occur temporarily 

through change in weather conditions during the growing season.
Considering the figures obtained as a whole It  must be 

stated that variations In the results obtained and the small 
variation  ^occurring from peat to peat make the method, whether



colorim etric or electrom etrio o f no value in the study ©f peate 

within our range.
More sa tisfa ctory  resu lts as regards a cid ity  are obtained 

by tbs use o f the "Lime requirement" or the simpler ealeiura 

aoetate method designed to determine the amount o f  base ( I . e .  
lime) required to sa tis fy  the s o i l  a c id ity , or the lack o f  
Llms in the s o i l .  Using th is method peats f a l l  In a general 
way into an order o f  re la tive  f e r t i l i t y ,  due weight being given 
to other fa c to rs . This method cannot, o f course, be applied 

In the f ie ld .
H value figures and notes are given in Appendix XI.

IV. DPRIKQ EASTER, SAMPLES OP AM INTENSIVE KIND BBfiB COLIF.OTBI) PROM 
THE AREAS CHOSEN FOB THE CONTINUOUS CROPPING EXPERIMENTS LAID 
OUT BY DR. ANDERSON AT BEAUFORT AMD AT SEATON, and THE NECESSARY 
PRELIMINARY ANALYSES %ERE CARRIED OUT. THESE ARK HOT REPORTED 
UNTIL THE COMPLETE ANALYSIS HAS BEEN MALE.

FIELD INVESTIQATIONS.
1. Investigations into conditions at Inverllever have been

pursued In continuation o f  former work, the phase particularly 
studied th is season being the e ffe c ts  o f gracing, while former 
work at Inverllever has been linked up with observations carried 
out at Borgle, Achnashellach, slattadale, Fort Augustus and 
Inchrle. Since the analytical work In connection with these 

lo c a lit ie s  Is only In the in it ia l  stages, only general deductions 
from f ie ld  observations are made.

The vegetational types observed at Inverllever are on the 
whole repeated with minor points o f difference at a l l  the 
lo c a lit ie s  v is ited , especia lly  I f  there is  included In 
Inverllever not so muoh the ea rlier  area enclosed but that more 

recently removed from the e ffe c ts  o f  grazing.
At the same time the variations which do occur on sim ilar 

s ites  in these places are probably Indicative o f  differences in
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■ o il and In ollm ate, e .g . the d istribution  o f  Mollnla as a 
principal element in the flo ra  at Borgle is  rauoh less frequent 
than at Inverllever, a fa ct whloh may be due to the drier 
summer climate and the rounder topography and consequently 
stronger exposure; at Borgie, Slattadale and Inchrie occur 
fa ir ly  large stretches o f  shallow peat bearing a scant cover 
o f  poor Soirpus supplemented by Lichenous and bare black 
peat; here the cause is to be attributed to bare rock exposures, 
surfaoe fan and barren rooks producing in fe r t ile  s o i l  i f  any, 
that is a complex o f  extreme moisture conditions and poverty 
o f mineral food; th is scarcely occurs at Inverliever where 

climate is  uniformly met and the soil-form ing rock is  

d is t in c t ly  rich  in mineral foods. The e ffe c ts  o f  bad 
mineral s o i l  conditions are emphasised at Inchrie where the 
worst peat types occur on almost pure Quart? while the more 
complex rocks and so ils  support much better vegetattonal, 
types. It ought to  be noted, however, that at Inohrie 
geo log ica l variations are somewhat coincident with variations 
o f  aspect and that th is la tter  fa ctor may be operative in the 
result produced. At Blattadele on the whole as at Inver- 
llsv e r , topographical variations seem to determine the 

ineldenoe o f f lo r i s t i c  types within the peat area.
The peat types found correspond like the vegetation with 

those found at Inverliever, minor variations in macroscopic 
appearance being noted. The exceptionally dry summer may 

influenoe any observations and deductions made, while i t  may 
be worth while to note that any observations made at Easter 
when the weather was bad and the whole area waterlogged are 

apt to  require m odification in the summer when conditions are 
rauoh b etter ; so that It seems necessary on such areas to pay 
at least two v is its  before any adequate opinion can be formed 
o f e o ll  conditions as well as o f vegetation*
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In these areas vegetatlonal types (with few exceptions) 
resemble much more c lose ly  those found in the recently grazed 
areas at Inverliever than in the forest in that plants 
readily  suppressed by f ir e  or grazing are much less frequent, 
or less healthy, e .g . Calluna; while, except in the low 

lying flush  areas, one plant (either Sclrpus, or much less 
frequently E r i o p h o r u m ) tends to predominate.

A considerable number o f observations depend on analyses 
fo r  v er ifica tion  and these are not yet made.

IT GRAZIMP.
Previous ideas with regard to grazing have been somewhat 

modified. The question is  complicated by the custom o f 
burning over grazed lands which appears to have been general.

The general oonolusion arrived at is  that the e ffe c ts  o f 
gracing vary in d ifferen t vegetational types, in one type 
good resu lts may fo llow , in another d is tin ctly  harmful resu lts . 

For example, i t  has been noted by various authorities that in 

certain  English heaths the removal o f sheep is  followed by the 
rapid change from Grassy-heath to Calluna heath; i f  the reverse 
be true, i t  may be stated that grazing produces the b en eficia l 
e ffe e t  o f change from heather to grass. Casss observed may 
be reduced to common terms, that grazing favours the 
development o f suoh plants on an area as are best able to 

adapt themselves to its  e f fe c ts . On dry so ils  or suoh 
fresh  s o ils  as support a mesophytic vegetation this w ill 

resu lt in the development o f  graminaceous plants whose growth 

fora  is  adapted to withstand browsing; here the result is  
favourable to Forestation.

In wet lo c a lit ie s  and on suoh so ils  as are waterlogged and 
stagnant the plants favoured are not neoeesarily o f 
graminaceous types although they are usually o f  similar habit; 
in suoh areas there is  usually the speolal element in the 
f lo r a , Sphagnum, to be taken into consideration. The usual 
plants having s habit adapted to recover from grazing and
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growing in conditions above specified  are Sedges (usually 
oonfined to special lo c a l i t ie s ) ,  the Cotton Grasses, soirpus, 
Hartheclum with a few other less important species. On 

graced land, these speoies are favoured at the expense o f  the 
other species which might compete against them, the most 

Important o f  whioh are sub-shrubs like heather, b ilberry , e t c . ,  
which are much more protective o f the s o i l  than the favoured 
plants. These la tte r  afford no protection to the s o il  fo r  
s great part o f  the year beyond their own Immediate stems 
or tu fts o f stems, and this is  esp ecia lly  the case when 
grased.

The result o f grazing is  therefore that the surfaoe is 
laid  bare and the undergrowth consisting o f Sphagnum is  
enabled to extend to a much greater degree than i t  would 

under ungrazed conditions, and the fin a l condition o f  the 
area is  that o f a wet Sphagnum peat, with the herbage level on 
the surfaoe fo r  the greater part of the year and forming a 

highly absorptive layer on the surfaoe o f the s o i l .  Suoh 
grasses as there are on the area succumb to grazing and the 
growth o f Sphagnum, with occasional; stems and even small 
tu fts o f Nardus, Fexcues, Hair grass and Molinla, holding 
out fo r  a longer time as exceptions. The results o f grazing 
on this type o f land are not oonfined to the area already 
occupied by sphagnum, the peat conditions extend themselves 

in  a l l  d irection s, moving upwards and the peat thus formed 
w ill eventually occupy a l l  stable so ils  In the neighbourhood 

o f  the orig in a l Sphagnum area. Even where sphagnum is  not 

present, in most grazed areas there occurs a compacting o f  
the surface vegetation and s o i l ,  so that there tends to be 

developed a badly aerated s o i l  and in wet conditions 

aold ity  and f in a lly  peat.
Examples o f these processes oan be observed frequently 

in the grased areas at Inverllever where the presenoe o f a 
w ater-oolieotlng hollow on the otherwise even slope o f  a h i l l

causes, under grazed conditions, an extension o f peat



conditions the margin o f which la progressing over the grass
land on a l l  aides. The presence o f Braoken with its  shade, and 
its  immunity from sheep apparently acts as a check to the 
Invasion. On steep sheltered slopes with good s o i l  the grass 
vegetation persists in spite o f grazing. On flush  fla ts  
grasses mixed with species o f rushes ( e t c . )  p ersist, apparently 
in part owing to the comparatively slight grazing which these 
su ffer and to the greater variety o f and therefore greater 

shade oast by the vegetation, as well as to the better s o i l  con
ditions (Drier stream banks may be compared where the sheep 

can find better conditions, grazing is  heavier and peat muoh 
more frequently develops).

Another example o f  this kind o f "grazing auocession" is
i . e .  subject to alternate soaking 

Been on shallow so ils  somewhat liab le  to occasional soaking/and
drying. The typ ica l species found on such is Peachampsia 
caespltosa. When this type occurs in grazing land the grass 

is  thoroughly eaten down by sheep and the shade which i t  other
wise oasts is lo s t ; alongside o f i t  occur species like Nardus 
(ch ie fly  ae individuals) and Juneus squarrosus, and among these 
Sphagnum develops; in time the peat formed eliminates almost i f  
not completely the Bair grass and a very poor Scirpus * Junous 
squarrosus and Carex glavea peat is formed In place o f the 
humose though shallow Desohampaia s o il  - an unplantable type 

replaces a type which grows very good Spruce in h igh-ralnfa ll 

areas•
In areas o f  high r a in fa l l ,  especia lly  on the more exposed 

sour s o i l  types there can be l i t t l e  doubt that continued 
grazing la harmful; probably especia lly  so when regular and 

severs burning o f  sub-shrubs is carried on in connection with 

i t .
When sheep ere removed a fter the formation o f suoh types 

as have bean indicated s simple reversion does not occur.

- 11



Study o f  the older enclosed area and comparison o f thia with 
the eheep land are conclusive demonstration o f the contrary, 
and o f  the processes which are going on.

Among the species partly eliminated by the grazing o f 
the older area only the sub-shruba continue to hold a precarious 
existence as weakly dwarfs amongst the Soirpus and Qotton- 
grase (e .g .g .  Heather, Bogmyrtle, B ilberry, e t c . ) .  These, 
along with the deep peat species become more luxuriant at 
least on the more sheltered lo c a lit ie s  when grazing is  stopped 
and with their increased growth form a half shade under which 
the development o f Sphagnum may become extremely rapid as com
pared with the slow growth in height which occurs on the almost 

s ta tic  conditions under sheep. At Inverllever the rate o f 
development o f Sphagnum has kept pace with the growth o f the 

other species and in some places seems to be eliminating every
thing but heather a fter which in turn it  is  invaded by 
Sclrpus. At least i t  may be said that the whole o f the Inver

llev er  planting area in so far as i t  is covered by the poorer 

types o f peat ( i . e .  leaving out o f consideration Flushes, Hush, 
h o lln la , and Ir is  Bogs) and peaty grasslands is  in a state o f 
rapid vegetational tran sition , the result o f whioh w il l ,  as 
fa r  as present indications point, be an almost continuous cover 
o f  more or less dtep peat} the rate o f development o f this 
deep pest is  apparently the more rapid, the more shelter is  given 
to the s o il  by the general topography and by neighbouring plants 
and plantations. Where trees have Joined canopy th is development 

has o f course been checked.
On the deep f la t  peats o f the "Hoch-moor" type the main 

e ffe o t  o f the removal o f grazing has been the development o f sub
type vegetational units; e .g . the Ridge and Furrow complex o f  
alternate Heather and Scirpus or Sphagnum becomes wore obvious, 
and so on but the sum to ta l e ffeo t is much less than is  the case 

in Shallower peats and grassy heaths adjaoent to these.
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With regard to the other areas v isited  i t  would appear 
that sim ilar resu lts have followed on grazing. The removal 
o f  grazing might not necessarily  be followed by the same 

"Rapidly growing Sphagnum" phase, although it  is almost certain 
to result in a sim ilar type in most Instances (Fort Augustus 

and Borgle may revert to heather without Sphagnum as conditions 
are apparently drier in the growing season). At the present 
time the peat is  shallow, before plants have had opportunity 
to Join canopy they may be over a foot in depth.

OBSERVATIONS OK HEATHER BURNING,
Observations were made during the year whenever 

opportunity occurred; note was taken o f the opinions of 

re liab le  foresters on the question, especia lly  in connection 
with sp e c ific  areas which had been dealt with in the near past.

C onfliot o f opinion seems to arise from (a ) differences 
in the extent to which burning is allowed to proceed, (b ) 

d ifferences in the e ffe c ts  o f  burning on d ifferent types o f 
begetatlon o f which heather forms one or the main constituent.

In the East the burning o f old heather is generally con
sidered advisable before planting with Scots Pine or Larch.
The vegetational types treated are lik e ly  on the whole to ba 
Heaths and Grassy-heaths. On these the e ffects  o f burning have 
been observed to be advantageous, at least temporarily, since 
a fter  burning there is  an increase o f the more Nitratophilous 
elements in the vegetation - indicating better s o i l  conditions. 
In the former type ( i . e .  almost pure heather - Calluna and Erica 
olnerea). This does not always fo llow , oases were found where 
on a shallow panny s o i l  the ground remained bare except fo r  

temporary development o f poor mosses and lichen and only slow 
growing heather was coming up in the third year. In ground of 
the heath typee the improvement is only temporary on the whole; 

by the fourth year reversion has occurred.

Severe burning is  advised on very hard dry tu rf but the
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results o f  th is  have not been observed.

It mey be noted that an opinion frequently expressed 

le that natural regeneration is not only more dense but o f 
better growth when i t  "domes up along with young heather", 
a fter  burning lig h t ly .

In the vest opinions varied more markedly and conclusions 
oould not be formed from a general consideration o f  the 
Ideas expressed*

General conelueions from observations;- On heath types 
in the dast burning o f  the ground vegetation has a temporarily 
b en efic ia l e f fe c t .  On exposed s ites  th is e ffe c t  may be 
counteracted as fa r  as plantation is  concerned by the removal 
o f  sh elter .

On peat o f  the deeper and wetter types in the east 
su p erfic ia l burning is  not advantageous and is  at least 
temporarily harmful, being followed by an increased growth 
o f  species like  Erlophorum vagina turn and E. angustifollum, 
along with an increased surface waterlogging due in part to 
the reduction o f  evaporation follow ing the death o f plants 
like heather, and in  part to the caking o f  the unprotected 
peat surface when flooded with water. The species mentioned 
as surviving the burning do so in virtue o f  their deep and 
w ell protected under-surface stems. Ssvere burning o f  suoh 
peats in  the east has not been observed (but combined with 
ploughing th is is used as a means o f  reclamation in Buchan); 
periodic burning o f moors Improves the lower ground in their 
neighbourhood by manuring the la tte r , deep peat may be 

changed to grassland by this process.
Heather-burning in  "bad" areas seems to havs besn oarriad 

out somewhat d ra stica lly  in the west where possible before 
planting. The resu lts vary obviously with the co-dominant 
and principal subordinate species mixed with the heather.
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Examples:

Where heather occurs with tufted Molinia burning la 

followed by a marked development o f Molinia and poealbly by 

an increased tendency to  the formation o f tu fts . This 
s f f s c t  is  apparently fa ir ly  permanent. An example o f thie 
was seen on the island at Loch Maree.

Where heather and Brlophorum vaginatum form the main 

constituenta o f the vegetation, burning is followed by 
complete dominance o f the cotton-grass, more thorough and 
permanent than observed in the east.

Sim ilarly with Heather and sclrpus. Por example 
the heather-covered knolls typical o f more exposed, un- 
grased s ites  at Inverllever, the ch ief subordinate species 
in whloh is  Soirpus, are scarcely  to be seen In similar 
positions at Borgle, Port Augustus, Inchrie, e t c . ,  
although one would expect the type to be more abundant, at 
least In the f i r s t  two lo c a lit ie s ;  and this appears to be due 
to two causes; (a ) Grazing, whloh keeps the heather close 
end renders i t  unnotlceable at a distance; (b ) Burning o f  
the heather within comparatively recent times. On these 
knolls the peat ia sim ilar from a ll  lo ca lit ie s  although 
at Inverllever the development o f Sphagnum has somewhat 

modified the surface; this would indicate that a ll  the 
types were o r ig in a lly  the same and that the growth o f 
heather followed enclosure at Inverllever. I have been 
Informed that at Borgia and Fort Augustus these knolls were 

severely burnt and that there heather was abundant and 
rank before burning (the sticks are s t i l l  to  be seen).
That is  to say, fo r  some years a fter  burning, a very poor 
Soirpus peat occupies a s ite  in which heather used to be 

dominant•
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The earn applies to the deeper peats, where however 
Scirpus haa a greater dominance even when no graelng or burning 
occur. Surface burning o f Hcather-Scirpus knolls la 
therefore harmful, but very severe burning on euoh areaa might 
be worth experiment since by that meana both Heather and Scirpus 
would be removed fo r  a time.

Heather -Scirpus-M olinia: On th is type Burning la
followed by the temporary development o f solrpua and Molinia.
On the whole the former seems to be most favoured, but where 
Molinia la abundant It seema that i t  tends to check the Scirpus 
fo r  a time at least* D ifficu lty  was found In estimating the 
former condition o f such areas owing to  the great variations 
whloh ooour In the mixture, but i t  may be taken as fa ir ly  
certain  that unless Molinia is  very abundant, It w ill not 
lik e ly  produce much good e ffeo t to burn.

Heather with grassland and bracken; s ligh t burning of 

bracken-heath is  followed by a stronger development o f 
bracken and o f rlsweet” nltratophilous vegetation in general. 

Examples were seen at Borgle, and older examples at Fort 
Augustus•

General conclusion :- The result o f burning o f heather is  
b en e fic ia l only In certain conditions and when carried out to 
a certain  degree. On better classes o f heath burning should 
be alight and I f  so results In Improved so li  conditions.
On the poorer types o f Heather ground su perfic ia l burning tends 
to emphasise the unsatisfactory s o i l  and vegetational con
ditions and here -  although no observations have been made on 

the point -  It is  not unlikely that the removal o f the in fe r tile  
peat surfaoe as w ell as the harmful vegetation better conditions 
fo r  tres growth might be obtained.

In addition It Is f e l t  that a l l  evidence goes to show 

that continued intermittant burning o f  peat and peaty areas 
is  a strongly contributory factor In the wide spread development 

o f Selrpus and Erlophorum vaginatum in the West; that heather
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hat been frequently replaced by these two more noxious species. 
In the east where ollmatio conditions are not suited to the 
growth o f  these two species burning Is followed by the 
temporary development o f grass developing to heather or by 
the d irect growth o f  heather except fo r  sp ecia lly  wet<r other
wise In fe rtile  areas.

HEATHER AMD THE GROWTH OF SPRUCE.
Although It is  the general opinion that Heather Is 

inim ical to the growth o f Spruce , the actual causal factor oon- 
oerned is  Bomewhat doubtful. There are two lik e ly  ex
planations o f the phenomenon

(a ) Heather may grow most frequently, I f  not always, on 
s ites  unsulted to Spruce.

(b ) Heather may be sp e c if ica lly  harmful to Spruoe either 
by its  mode o f growth or by some tox ic by-product i t  excretes.
( Its  grass has been shown to be in the case o f  apple tre e s ). 

There can be no doubt that spruce does not develop without a 
more or less prolonged period o f check in ground where heather 

forms a considerable proportion o f  the vegetation; fo r  example 
at Inverllever ( and other places ) the growth o f spruce oan
be correlated with the absence o f heather in heather-grasaland; 
the last year's shoot growth changes as follow s with the 
relative amount o f heather (The figures % o f heather are 
approximations obtained by the linear measurement o f the 
re la tive  amounts o f  heather and grass, while the growth figures 

are In inohes the average growth of the shoot In about 20 

plants from each grade. The last two figures show where grass 
is replaced by Soirpus In the same lo c a l i t y :-

Length o f  (Norway Spruce ( 16, 14&, 1 2 ,  9, 6 , 3 , ) 1, 4 
Shoot (Sitka n ( 25, 24, 21$, 19, 15, 10 ) 6 , 3$

( )
% o f Heather .( 10, 30, 50, 70, 90,100 ) 70, 60.

These figures may be repeated with transition  percentages of 
Molinia and heather, so that it  may be taken that heather is at 

least Indicative o f  bad conditions fo r  Spruce. The last two



figures In the table point to the conclusion that the presence 

o f  heather may not be the faotor Involved but that conditions 
are developing whloh favour heather up to a point and then 
tend to favour Scirpus and that these conditions become almost 
uniformly more harmful to Spruce. And this Is generally the 

case. Actual luxurlanoe o f  heather (apart from its  frequency) 
cannot be correlated with either good or bad growth o f  spruce. 
For example on deep Scirpus peat the general rule is  that the 
more healthy the heather Is the more protracted is the l i f e  o f 

the spruce plants; on the drier parts such as near drains 

and such lik e . Individual Sitka grow well on Cotton grass 

peat, apparently owing to the preliminary shelter afforded by 
heather.

Again on the better qualities o f moorland In Eastern 
d is tr ic ts  Spruce does not do well in contact with heather, but 
at the same time It makes only s lig h tly  better progress on 
vegetational types occupying similar habitats, e .g . on 
Deaohampsla flexnosa heaths or even c lo se ly  cropped grassland 
o f any kind; so that from a purely physical point o f view 

heather-land may be considered as a s o i l  unsulted to spruos 

with no necessity fo r  laying the blame to the account o f  the 
heather i t s e l f .  Even I f  the heather were k illed  out there Is 
no evidence to hand that Spruce would come away on a typ ica l 

heather moor.
P hysiologically  heather and its  associates are character

ised by a b ility  to  wlthatand extreme moisture and aeration con* 
dItions o f the surfaoe s o i l  - stagnant moisture or extreme 
drought or alterations o f these.Spruce with Its surface root 

system and heavy fo lia ge  is  illadapted to  drought and Is 
squally illadapted to stagnant moisture, so that from general 
principles ths two plants do not go together.
(b ) Plants like heather which have the power o f bsoomlng 
dominant over large areas usually tend to produoe conditions 
favourable to themselves, for  a time at least. Thus heather



tends to  produce strong a cid ity  o f the s o i l ,  to increase in 

f e r t i l i t y  by leaching and to  promote unstable a ir  and moisture 

conditions by retaining moisture on the surface. in this 
*ay, it  prevents the development o f speoles like spruce.
The general s o i l  conditions are rendered unsuitable to the 

tree . This bad e ffeo t  is  ameliorated by the aotion o f  over
shade in opening up the heather i t s e l f  and favouring o f more
normal kinds o f vegetation. So that i f  heather-land is  treated 
by previous plantation o f other suitable species then spruce 
has a better ohance o f  obtaining the s o i l  conditions necessary 
to i t .  It is  probably aa much by this process as by the 

sheltering o f  the fo lia g e  o f the spruce that a nurse crop is
b en e fic ia l on such ground. At any rate moderately good

Spruce trees have been found in close canopy with heather debris 
below them and heather ground surrounding the woodland. Whether 
these trees were grown pure or in mixture with Scots pine and
Larch oannot be ascertained; when seen at the age o f about 35

they form a pure block.
With regard to the tox ic  e ffe c t  o f Heather on Spruce, there 

is  no d e fin ite  evldenoe that this e ffe ct is  a sp ec ific  e ffe c t  
o f heather; in fa c t  the evidenoe as obtained in  the f ie ld  is  to
the contrary; the toxin  i f  there is  such is most probably pro
duced by many moorland plants; Erica te tra lix  is  apparently 

worse than Calluna, Erica cinerea, the cotton-grasses, Scirpus 

and others are very lik e ly  as to x ic .
The laboratory determination o f a sp ecific  substance or 

set o f substances present in heather s o il  and not in others is 
a problem too complicated to be attempted in conjunction with 
the other work in band but a general survey o f  the question has 
been made. Plants o f  these types ( c .f .P r ie s t ly )  are character
ised by the abundance o f  lipoid  or fatty  substances contained 
in their c e l l  w alls. Those substances which have been isolated 

in s o ils  which are strongly humose, acid , and noxious to
plant growth belong to  the decomposition produots o f fa tty  and

-  19 -



waxy bodies (fo r  example dihy-droxy-steario acid found in 

"s ick " s o i l s ) ;  so that i f  such toxins as are thought to occur 
in heather s o i l s , are aotually present it  seems certain that 
they belong to  the fa tty  acid group; that such are present 
in peat and heather s o ils  is  certain  from the observed fact 
that these invariably give on being saponified a noticeable 
but exceedingly small percentage o f ’’ soap" . i f  those are 

harmful (which is not certain ) then the only practicable 
method o f remedying their e ffeo ts  is the application o f lime 
in su ffic ie n t ly  large quantities to sa tis fy  the lim e-require
ment o f the peat and render them innocuous; at the same time 

o f course the heather might be destroyed. This aspect o f the 
question is  being dealt with as part o f  the peat manuring 

problem and in connection with the destruction o f heather.

FIBLD EXPBBIMBMTS.
A series o f experiments has been laid out at the 

Corbie Loch, Parkhill, in continuation o f the work begun last 
year on the problem o f the effeots o f manures on Peat.

The last year experiments were as follow s
The area, chosen as being o f as even conditions as

possib le , was treated with manures broadcasted on in plots o f 
1
To th o f  an acre, in two series; one o f a heavy dressing 

(sim ilar to an agricultural dressing), the second series o f 
half that amount, the manures being, (a ) Quick lime; (b )
Basic slag; (o ) Super-phosphate; (d ) dypaura; (e ) Kalnit;
( f ) Ammonium Sulphate; (g ) Calcium n itrate ; h « (b * e * g ) ; 

j « ( c  * e * f ); k, Spent Lime from paperworks, Carbonate o f 

lime.
The e ffe o t  of the addition o f  manure in general was at 

f i r s t  harmful to the vegetation at least with the heavier 
dressing; thasa harmful e ffe cts  soon passed o f f  on the whole 
and on examination th is year, apart from a greater rankness 
in the vegetation not much change oould be recorded apart



from the fact that heather seemed to suffer most from contact 
with the manures (esp ecia lly  quicklime) and this year was 
d is t in c t ly  less in  amount. Sphagnum was obviously badly in 

jured by a l l  the manures where these actually lay in contact 
with i t  but with the smaller dressing the e ffe o t  was quite 
uneven. In the seeond yesr the amount o f Sphagnum was some

what reduced, an e f fe c t  produced in part by the ranker growth 
o f the ta lle r  plants like Cotton-grsee. This experiment 
could not be oontlnued as Intended in the form o f a planting 

experiment th is year, only observations being permitted to 
be made.

The resu lts are quoted in tabular form below; only the 

fu l l  manure is  considered as the half manure was less e ffe c t iv e , 

andonly the e ffee ts  on the vegetation Indicated. The 
quantities o f  manure added were such as to give per acre 

(F u ll dressing)
CaO - 1 ton; Pg O5 - 2 owt; Kq 0 - 2 cwt ; N -  :h cwt.

Immediate e f fe c t s . At end o f Seaaon. This year.

a • D istin ctly  harmful Hot much difference Better growth.

b . L ittle d it to . d it to .

c . Harmful d itto . d it t o .

a. L ittle Hanker growth Not much change.

e . Harmful d i t t o . Better growth.

f . Very harmful locally Growth checked Not much change

g . d it t o . Not much difference Better growth

h. Very harmful Better growth d itto .

J* d it t o • d it to . d it to .

K. L ittle  e ffeo t d i t t o . d it to .

A set of experiments has been laid out on a larger scale 
on the Corbie Loch areaat Parkhill th is year, using the same 
manures with the addition o f smaller quantities o f substances 

calculated to produce coagulation o f the peat or direct 
oxidation, at least on the surfaoe, while manuring has been



combined with drainage and planting has been oarried out 
simultaneously. The experiment, esp ecia lly  on the drainage 
s id e , has been considerably upset by the exceptionally dry 
conditions which prevailed during the summer, turf planting 

being badly affected by drought. No results can be recorded 
from th is year's growth.

The scheme o f the experiment Is as fo llo w s :-
The main experimental plot is  divided by ditches into 

13 sub-plots o f the same dimensions* Nos. 1, 5 and 9 are 
turned on the lines o f the Belgian system. Each strip  is  
divided into 4 sections, two o f which are planted or 

treated fo r  future planting and two le f t  fo r  comparison or 
future treatment. The whole area Is to  be dealt with so 
ss to show the e ffe cts  o f d ifferent manures applied during 

planting, before planting and after planting, in each oase 
with and without turves, while one area has been set aside fo r  
treatment without drainage at a l l .  Strip No. 6 has been 

used in an experiment to test the p o s s ib ilit ie s  o f manures and 
w eed-killers in the removal o f begetatlon from rides e tc .

Experiments have been carried out at Inverllever and 

Parkhill with regard to the d istribution  o f manures. Since 
by natural processes vegetational change takes place by the 
gradual percolation o f manure -  laden water over the aurfaoe o f 

peat, i t  was thought that this method might be imitated

a r t i f i c ia l ly  on slopes.
At Inverliever ditches were dug on a slope, near 

Bftiaehan, horizontally  across the upper part o f the elope and 
into these Lime and Basic slag were thrown; in a short time 
the ditches overflowed and channels were dug on the lower 
walls so that the manure-charged water was evenly distributed

down the h il ls id e .
Analytes were made o f a series o f samples from the 

pest immediately below the position  o f the ditches lest year
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and th is year and increase in the lime-content noted. The 

figures (.appendix ) show that any increase in lime-content is  
confined to the f i r s t  two yards o f the area below the drains 
and in agreement with this any marked e ffe c ts  on the peat and 
vegetation are as yet oonfined to the margin o f the ditoh and 
mainly on the tu rf which has been laid bare innaking these; i t  

is  noteworthy that since the ditohes cut through the peat into 
the s o i l  below, the lime content has increased to a greater 
degree at the s o i l  surfaoe than at the peat Surface, indicating 
that greater percolation oocurs between peat and s o i l  than over 
and into the peat Itse lf*

At Parkhill wet depressions were used as centres o f natural 
d istribu tion  from which lime could be conveyed by percolation. 
A fter the preliminary death o f the Sphagnum in these the manure 

became covered with a calcium "humate" film  which seems to act 

as an impermeable membrane, since, later on, the undisturbed 
peat water overlying the manure had a high acid ity  whioh d is 

appeared on stirrin g  up the lime, while Sphagnum growth had 

become ae vigorous as ever even in the water in whioh the lime lay .
These resu lts are confirmatory of laboratory results and 

indicate that manures o f the coagulating type especia lly  must 

be well mixed with the peat otherwise they have only a very 
lo ca l e ffe c t  due to their occlusion in mass in the peat.

EXPERIMENTS OH THE KILLING OF WEEPS 

(a ) In the Nursery; Moss.
The phenomenon o f moss-covering in the nursery may be 

considered to  be due to two causes ( 1 ) lack o f surface t i l t h  
due to continued dampness and usually occurring on heavy s o i ls ,  
generally accompanied by lack o f  lima and o f humus in the surfaoe 
layer. A heavy s o i l  with good t i l t h  and free play o f a ir does 
not as a rule develop moss. (2) More usually moss growth is  to 

be connected with surfaoe caking o f the s o i l .  This^ls produced 
by the leaching action  o f  rain on the surfaoe causing "puddling"
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which Is rendered permanent by over-rapid drying; the s o i l  w ill 

recover from th is puddled condition i f  allowed to dry slowly so 

that oap lllary  water movement replaces the material leached from 
the surface* On the puddled surface* raoas tends to develop.
On the assumption that prevention Is better than cure* means 
should be taken to lessen the chances o f caking. This may be 
accomplished by the addition o f soluble bases (Lime) and 
retentive material (humus) to the s o il  surface* fo r  example 

w ell limed compost should be used to cover seedbeds in 
nurseries lia b le  to  caking* that is  those having a s i l t y  so il*  
while good shelter should be afforded against drying winds.

(The addition o f  course send is  also useful but perhaps im
p ra ctica b le }. Paths should be kept clean as constituting a 
source o f  in fection .

Various weed k ille rs  in weak solution may oe used to k i l l
out moss from paths and these were used as a starting point fo r
experiment. Pots o f seedlings in the dormant winter condition
were treated with weak solutions o f Mercuric Chloride, Zinc
Sulphate* Copper Sulphate and Iron sulphate. It was found that
so long as these did not remain long in contact with the aeria l
parts o f the plants large quantities could be poured or sprayed
on the pots without causing injury to the plants* quantities
su ffic len t to  eoak the surfaoe at lea st. solutions o f varying
strength were then used on moss from a oaked soil* and i t  was found

1 1 1
that solutions o f 2666* 355, 355 o f Mercuric ch loride, copper 
Sulphate end Zinc Sulphate respectively were su ffic ien t to k i l l  

the moss when it  was in a moderately dry condition; the moss re 
mained green fo r  a few days but ultimately became discoloured.
When mose o f  a similar type in the open was sprayed with these 
solutions i t  was k ille d . Stronger solutions than these were 
applied to seedlings In pots snd in the winter condition without 
in jury , but i f  the seedlings were beginning to bud or i f  the 
liqu id  remained in eontsot with the green parte fo r  a time they 
were injured. At that strength the solutions could be le ft  fo r



over-night.
This work wee not completed in time to be Applied to the 

nursery, but Is considered a satisfactory  basis fo r  nursery 
experiments.

KILLIMQ OF WBSPS IH THE OPEH (KIDSS, e t c . ) .
For th is purpose part o f  the area at Parkhill was used. 

Ordinary agricultural manures were used; strong applications 
were broadcasted.

Ammonium sulphate, with Calcium nitrate second, was found 
to be the most sa tisfactory  o f  these, the amount* required to 
be used were found to be proh ib itive, while the e ffe c ts  were 

only su p erfic ia l, i . e . ,  the roots were not a ffected .
Quantities required to destroy heather vegetation were 

equivalent to 2| tons/acre.
A ll the usual types o f "non-poisonous" and some of the less 

dangerous weed-killers were used.
The resu lts r.arr w down to the choice o f Copper Sulphate and 

some o f the organic” non-poisonous" forms which are a l l  coal or 
wood-tar derivatives, usually the la tter salted with carbonate 

and Chloride o f Soda.
Tests o f these are as fo llow s:-  

A0 Copper Sulphate l.C  % Solu; - 2.5 %} Ag “ 5.0J2.
5 . MoDougall’ s Non-poisonous Weed K iller 1 to 25.

Gq Cresol (Commercial) 1 to 10; Cj_ 1 to 20.

£ 0 Coal tar Creosote 1 to 10; D- 1 to 2o.
A ll were applied at the rate o f 1 quart/sq. yard.

Results -
A0 Only very partia lly  successful; rogrowth soon afterwards 

commenced.
Better than kQ but not quite sa tisfactory .

A£ Practica lly  a l l  the green vegetation was k illed  but regrowth

started in two months.,
B. More sa tisfactory  than Ag the diaper rooted species like



Cotton-grass esoaped and growth began again. (Grass 
tested in th is way remained withered a l l  summer). 

C0& C. Both in ferior  to b » but sim ilar.

emulsifying %) but on the whole equal to B; must be 
kept agitated during application . similar to C0 .
A ll these were used when the ground was fa ir ly  dry.
( I t  may be noted that a new weed-killer was put on the 

market th is season; i t  consists mainly o f Salt and Sodium 
Chlorate, this la tter  substance is  fa ir ly  expensive to 
purchase so that the weedkiller Is probably a by-produot. 

Inquiries regarding Sodium Chlorate as a waste product have 

been so fa r  unsuccessful; but so far as rough tests indicate 
i t  seems to be more e ffeo tiv e  than other commercial types 

o f  weedkillers and more la s tin g ).
Conclusions are that the k illin g  o f  weeds along rides 

by chemical means is probably too expensive to be attempted 
as a general practice . Data are not to hand as to present 
costs but the follow ing are the costs o f material fo r  

cleaning aa above noted.
Ag . . .  £40 / ao. )

D0 Irregular in it s  action (owing to d if f ic u lty  in

B £30 /  ao. )
Approximate figu res.

e • a £43 /  ac. )f
\

£27 /  ac. )
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WORK CARRIED CUT IN ADDITION TO THE ABOVE AND AS PART OP 

THE INVESTIGATIONS RECORDED BUT NOT YET SUIT ABIE FOR INCLUSION 
IN THE REPORT WAS:

Compilation o f vegetation records fo r  comparative pur
poses In connection with d ifferen t lo c a l it ie s , e ffe o ts  o f 

grasing, e ffe c ts  o f drainage, treatment o f s o i l  in planting, 
and partia l analyses o f samples In connection with these*

A v is it  was paid at Mr. S cott 's  wish to  the area at 
Golloden Moor. This area as a whole is  not peat In the usual 
sense o f the term. Actually the surface blanket consists o f  
a thin layer o f dry peat on a shallow layer of s lig h tly  de

composed boulder-olay overlying a boulder-olay formation which 

may be beat desoribed as a oement pan, the subsoil being 
packed together by physical agencies into a layer o f at least 

some feet In depth and as impervious to moisture and plant 
roots as a pan. The flatness o f  the area gives bad drainage, 
the thinness o f the loose s o i l  causes rapid drying so that In 

one half o f  the year i t  is  bone dry, In the other i t  is  water
logged. Extreme fluctuation  in water conditions o f  th is 
type la worse than continual drought or wetness so that 
thorough drainage would require to be assured. planting 
operations to have any chance o f success should Include the 
opening up o f pits before winter and soots pine would 
apparently have more chance o f success than any other species, 
although Spruce might come up as a secondary species under 

shelter from the main orop, in wetter hollows.
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APPENDICES.

Reducing powers o f  Pests o f  various types (Sub-surface).

Reducing power % o f dry Wt .
Type.

Scirpus (Deep peat)
Maximum. Minimum

1. 2S.3
27 *

" T iT T
2 . Water logged Sphagnum
3. Erlophorum vaginaturn

(Deep peat) 23.8 11.0
4. Shallower "Mixed vegetation" 16.3 9.1
5. Poorer Mollnla types 10.5 2.3
6 . Better tufted Mollnla 4.6 2.2
7 . Mollnla Rush 4.3 1.7
8 . Rush flush 4.2 1.7
9. "Dry" Knolls 9.7 5.4

A Series In three types (near each other).
Scirpus - Mollnla Molinia Rush

(Sad Smelling)
@ Surface ) 6 .2 2.7 2.7
@ 3 Ins. ) 20.4 4.1 8.6
@ 6 Ins. ) 21.3 7.7 5.3
% 12 Ins. ) 21.3 13.3 12.9
® 2 f t .  ) 22.0 20.7 21.4

Surface o f "Dry” peats (East coast) .
Before ra in .

6.6
6.2
4.9

After ra in .
5.3
5.9
4.6

Two days a ft e r .
7.3
6.3 
5.7

Other examples were found to be Irregular, e .g . In a 

sim ilar peat.
5.7
5.8

5.9
5.8

Hydrogen 'Ion concentration 
Determinations.

p H value * 4 Very strongly acid .
* 6 Acid.
7.2 Neutral.

5.7
6.3
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Selection from d ifferen t peat types comparing results 
obtained by d ifferen t methods.

Eleotrometrlo. Colorim etric.
No. Wet. After dryina. Wet. After drying

1 3.8 3.2 3 .8 2 .22 . 3.98 3.8 3.7 2 .82 . 3 .8 3.36 3.8 3.354. 4.0 3.7 4 .0(4) 3.7 ( - )5. 3.7 3.7 3.7 2.7
6 . 3.6 3.26 3.55 3.27 . 3.8 3.4 3.86 3.48 . 3.7 3.4 3.7 3.49. 3.7 3.3 3.65 3.310 . 3.6 3.6 3.9 3 .8

1 1 . 5.3 6.0 5.3 5.01 2 . 6.36 5.2 5.2 ( -) 5.1513. 6.6 5.4 5.8 5.414. 6.3 5.3 5.1 5.316. 5.2 6.0 6.2 5.116. 6 .0 6 .0 5.9 6 .017. 4.96 6.0 4.9 4.918. 4.05 3.7 4.0 3.719. 4.2 3.6 3.9 3.6
20 . 4.16 4.0 4.1 3.9
21 . 4.3 4.1 4.4 4.0
22 . 4.e 4.4 4.4 4.3
23. 4.0 4.0 2 .8 4.0

Field p H values from adjacent areas on shallow peat.
1 . Surfaoe peat.

T r. 2. Subsurface peat.
3. S oil below peat.

A. Mollnla flush -  good spruce.
B. Ridge Crassy heath - Spruce not very good.
C. Dry ridge with Heather and Sc^rpus - Spruce weak or dead.
D. Rush - Mollnla hollow -  Good Spruce; -
E. Heather-Vacolnlum -  Spruce not very good.
P. Willow and Birch clump - Spruce very good.

A. B. C. D. E. F.

1 . 6.2 4.5 5.0 5.0 3 .8  3.8
2. 3.4 3.3 4.6 4.5 5.0 4.6
3. 3.2 3.3 4.2 4.4 6.2  6.2

Examples o f  variations occurring in peat and the ipolsture 

in contact with i t .
Water from

Soirpus peat (Wet weather); Sphagnum Dlteh. peat.
3.8 3.6 6.7 4.5

Dry weather 3 .8  
Molinia peat (Wet weather):

3.6 4.0 4.0

4.4 4.0 7.0 6.0  t
4.2 4.4 6.4 6.4

(Water from the peat was obtained by making a cutting and col 
leetlng  clear water from t h is ) .

-29-



p B value 
Acidity

p H Values.

Change due to Season.

Samples from the same lo c a lit ie s  at d ifferen t seasons.

Easter. August October.
Soirpus 3 .2 -3 .6 3 .0 -3 .2  3.2
Good Mollnla 4.8 4 .3 -4 .6 4.4
Sfrtophorum 3 .6 -3 .8  3.4 3.6
Sctrpus Calluna 3 .3 -3 .6 3.3 3 .4 -3 .6

I t  Is noteworthy that drainage water from the peat area 
at Inverllever Is for the most part approximately neutral.
In dry weather It beoomes more acid -  s ligh tly  acid In streams 
to strongly acid In d itches. The drainage from non peaty 
areas Is usually d is tin ctly  a cid .

Calcium Acetate a o ld ltles  o f peat types (Round numbers).

Semi aquatic Sphagnum types 40 - 56
Deep Soirpus types 32 - 41

" Eriophorum " 30 -  41
Shallower types (Mixed flora ) with a good

many exceptions. 3 0 - 3 6
Mollnia (poor growth) 28 -  38

" Good types 20 -  30
Mollnia -  Rush (10) - f 0- 30

For example a series as for p H value test above (marked 

Tr); sub-surface peat.
A. B. C. D. E. P.

3.4 3.3 4.6 4.6 5.0 4.6
22.3 37.6 41.1 18.7 29.3 22.6

The seoond set o f figures are a much better reoord o f

re la tiv e  f e r t i l i t y  than the p H value figures.

Analyses o f peats to Indicate the d istribution  o f  manure 

from ditches at Inverllever.
Calcium oontent and Phosphate per cent o f dry weight.

Before application o f Manure (Basic Slag)
Lime • *216 (CaO) Phosphate *073 (P2O5 )
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Surfaoe peat to  4 inches. 

Peat Just above s o i l .

Lime. Phosphate.

* °*s
(a) .76 .77 .096 .111

(b) .63 .77 .088 .099
(c) .69 .75 .089 .094
(d) .28 .39 .070 .073

(e) .22 .16 .070 .067

The lover figures in (e) are due to  a larger

quantity o f  ash (mineral s o il)  in the peat.
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Report OB gatom ologlstl forte during 1924-25.

The entomologioal work carried out this year has been 
modified by my transfer to Oxford* ihe experimental work laid  
down in the Working plan has been s lig h tly  modified but,except 
that thinning experiments and spraying experiments against 
Ghermea oooleyl hare not been carried out fo r  reasons given 
below,the trend o f the work is  unaltered* 

f t o »  I w t l l .

Two experiments were proposed here and both have been 
oarrled out but have been modified by lo ca l circumstances. They 
were designed to show -

1 * Whether trapping during fe ll in g  w ill prevent or re die 9 

weevil in festation  in the stumps.
2 . Whether trapping prior to fe ll in g  w ill prevent or  re

duce weevil Infestation when fe ll in g  has taken plaoe.
Because fe l l in g  In Hawkhlll was governed by loca l c i r 

cumstances i t  was not possible d e fin ite ly  to re s tr ic t  the work 
to these two experiments and these have become merged into the 
more general question whether trapping before or during fe llin g  
Is more e ffe c t iv e  than trapping a fter  fe ll in g . It Is too soon 
at this date to state a defin ite  conclusion but the observatloni 
made indicate that early trapping is  an advantage*

The area was v is ited  fortn ightly  in December, once in 

January and on Febmary 4th the f i r s t  fe llin g s  were made* At 
th is season, no weevils were to be found, although careful seavi 
was made in the standing pine b e lts . In March and April the 
weevil was s t i l l  in hibernation but Mrelophllus was active In 

fe lle d  stems In the middle o f  April*
The f ir s t  aotive weevils were found on May 14th under 

branohea or tops lying on the ground as follows
Group Mo.l. I  female Hrloblus, Ovaries fu lly  developed*

” Wo.2* No weevil and no signs o f  feeding on legs or
branohea.

" Wo.3 do* do.
• No.4 *  6 do. do.
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Group N©#6* 2 female weevil® both mature* On another log 
a gnawed patch occurred and adjoining it  a 
email excavation containing 1 egg*

* no*? Ho weevil and no eigne o f  feeding on logs or
branches•

” No*8 1 male Bhrloblua* 2 gnawed patches*
* No.8 l  * hut no ai&i o f  feeding*

Ho*10 Ho weevil* no feeding*

* No*ll 3 female weevils* 2 melee* Humorous gnawed patches
hut no egg holes,

* Ho*12 Ho weevil* no feeding*

From these records It may be assumed that at that date 
the weevil was Just appearing a fter  hibernating and trapping was 
therefore begun as soon as the logs were removed to  the sawmill. 
From Hey 18th to May 28th few weevils were found end no exaot 
record wae kept u n til May 28th when the weevils co llected  were as 
follow s s-

May 28th 137

June 2nd 148
■ 8th 174
" 8th 83
B 11th m

fe ta l 648
Theee records are significant* Ihey show to what extent

Hvlobius does occur in standing woods fo r  there is  no resson to j
i

suppose that these weevils represent a migration or an Invasion* 
Unfortunately time did not permit o f  examination by dissection  o f 
a l l  the weevils taken but as on May 14th the female weevils exam
ined were heavy with eggs and therefore in a condition when they 
are very sluggish I t  may safely  be assumed that these represent the 
normal Hviabiua population in these Hswkhill belts* ve have too 
the experimental work at Montreathmont Muir to  support us In this 

assumption*
Ifce Hawkhlll be lts  were formed by severance cuttings in 

1918-16* In 1919 1 reported on the area* In 1920 the stumps re
sulting from the 1918-16 fe ll in g  no longer harboured the weevil and 
the population now present must be liv in g  in the standing woods 
and be the o ffsprin g  o f weevils liv in g  in the woode*
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The f in a l resuite o f  the experimental work w ill not be 
eve lia b le  u n til next year but meanwhile the results obtained so 
fa r  ere o f  interest* 1 have thought that they a an beat be 
assessed and Interpreted by oomparlaon with results obtained In 
other areas* Figures o f  the numbers o f  weevils oolleoted  In 
trapping ere available fo r  the Culbln end port C lair areas and 
I f  these figures are p lotted  against those from H&wkhlll inter
esting results ere obtained* How far the Interpretation o f 
these resu lts Is reliable* further results to be obtained next 
June w ill show*

2h a fe lle d  area where trapping is delayed fo r  some 

time a fter  fe ll in g  the numbers o f  weevils trapped rise  rapidly 
from May to June end July end then f e l l  u n til in September trap
ping oeaseg to be e ffeo tIv e . This has been observed In Surrey 
(Bagshot) the New Forest* Ren die sham (Suffolk) ,Mont re a thmon t Muir 
(Forfarshire) * Port C lair (Inverness) and culbln (Bigin,)

lbs socompanying graphs indicate the different condi

tions prevailing In Hawkhill and at culbln and port C lair, m 
those areas where trapping la being carried out one or more years 
a fter  fe ll in g  the curve rises steadily  reaching Its maximum In 
June end July then fa lls*  u n til In September when no weevils are 
found i t  drops to zero. 3ft Hawkhill the curve le much lose 
regular and Its  maximum is  reached In May with a second r ise  in 

June and July*
The Interpretation I make o f the two types o f curve

Is as follow s s-
In the fe lle d  area o f  a year o r  more the numbers o f 

weevils oaught r ise  steadily f i r s t  as the weevils emerge from 
th eir winter quarters and then as they emerge from th eir pupal 
oells*  These recently emerged weevils are the cause o f  the 
height o f  the curve in June and July as hes been proved by 
d issection  o f  weevils at Hontreattanont Muir* Menaughty, Culbln 
end Bfeandlestaara. After mid-summer no further weevils emerge end# 

their numbers in the traps f a l l .
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At Hawkhill the curve shows a r ise  In May than a 
sudden f a l l # duo i  auralse to a hot sp e ll o f  weather causing 
the weevils to  seek shelter In the s o i l ,  then oomes a r ise  and 
then a fa l l*  This la s t  f a l l  I Interpret as Indicating that 
moat o f the weevils emerging frees winter quarters were trapped. 
Then the weevils recently emerged from the pupal state appear 
and the curve rises in the end o f  June and then drops*

If my Interpretation o f the curve is  correct i t  shows 
two important features, f ir s t  that the number o f  weevils hiber
nating in a standing wood la lim ited and second that in Hawkhill 
the weevil population is  declining because while in old fe lle d  

areas the June July population exceeds the May population at 
Hawkhill i t  is  leas.

Jh the graph shown fo r  Bawkhlll the to ta l numbers o f 
weevils taken on the area have been used* I f  the numbers in in
dividual belts are considered the rise  and fa l l  in numbers is  
equally marked* Nine b e lts  were u t ilise d  in the experiment o f  
which N os.l to  4 were the f i r s t  fe lled* The figures fo r  the 
individual b e lts  are ae follow s t-

Pate.
1* 2. 6* 7. •08•CD

June 16th 17 18 24 18 4 4 1 m ac

■ 18th 8 11 17 7 2 - tm «*
" 22nd 6 9 11 6 2 1 2 -
■ 25th 6 9 10 8 2 2 - -
• 28th 16 20 40 17 8 10 9 m m

July 3rd 18 82 24 - *a «* -
• 6th m 4 3
" 9th 6 5 8 m
■ 13th 3 10 7 6
" 16 th 6 5 6 - - - 2 -  -
• 20th 2 8 5 7 - m - m
" 23rd - 4 3 7 m m ** m ac

m belts Nos *5 ,6 ,7 ,8 and 9>, feef weevils were

ln Nos*6,6 and 7 the highest numbers were taken when the belts 
were fe lled* All my observations indicate that there was a 
gradual concentration o f  the weevils into the fe lle d  b e lts  and

this was to be expected*
Prom the number® o f weevils trapped i t  is  evident that

early  trapping w ill prove economical but the beat evldenoe la to
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be found In the number o f  weevil larvae found In the new stumps*
A few stung>s were examined In June hut as detailed mioroeoope 
examination o f  the various weevil and bark-beetie larvae found 
in the atumpa was neoeseary to Identify Hgioblua from Pie aodea 

and gylupaops further assessment o f  th e ir  numbers lias been de
ferred u n til winter by whloh time a marked d ifference In else o f 
the larvae o f  ftyloblua and the others w ill make counts easy*

Meanwhile I t  is  anticipated that such weevil larvae aa 
do occur in the stumps w ill be few in number and situated in the 
upper part o f the stump where peeling w ill destroy them* The 
questionr w ill be deolded this winter*

Examination o f  fe lle d  stems was made throughout the 
summer and the best times fo r  barking them to destroy Mrelophllua 
were determined.

Chermoa ooolevi*
The work proposed on Ghermes oooloyi was to assess Its 

status ss a pest o f  Douglas f i r  and to carry out experiments In 
•praying and thinning* These experiments have been deferred 
a fter  consultation with the Experiments Off leer because there was 
not then flu ffielent evidence to base experimental work on*

Spraying has been carried out by Mr Pelt on at Lining 

Wood but It  is  aa yet too soon to see any result which ought how

ever to be v is ib le  next spring*
thinning at Lining Wood has been deferred because in the 

s ite  proposed a marked deerease in Ohermes in festation  has already 
taken plaoe height-growth has Improved and u n til growth conditions 
are stab ilised  experimental work cannot sa fe ly  be dene* It Is 
proposed to consider the whole question o f thinning with the Ex
periments and Sample Plot O fficer in January on the ground.

In Experiment No.4 relating to the occurrence and spread 
o f O .aoaleyi in mixed plantation o f  Douglas f i r  and ttsuja defin ite  
resu lts cannot be obtained u n til the plantation closes more and
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the whole question o f  the occurrence o f  O .oooleyl and Its oapaolt; 
fo r  Injury must bo determined by extendsd observation from year U 
year*

Observations made th is year have shown that two aspects 
o f  cooley1 In festation  are Important namely the type o f  tree 

attaoked and the weather aonditlons* The f i r s t  aspect is most 
evident at Lake Vymwy on whloh the follow ing observations were 
made

1* That the chsrmea ooours sporadically throughout the whole 
o f  the plantations*

2* That In plaoes and on certain trees Infestation Is severe* 
3. That there is  no evidence yet that It Is o&uslng appre

ciable Injury except era certain trees*
4* That there Is no Justification  fo r  extensive fe ll in g  o f  

groups o f  trees or o f  plantations In order to  oheek the spread*
3* That ladybirds occur on heavily Infested trees in great 

numbers*
The most Important point la (2) that In places and on 

oertaln trees in festation  Is severe*
At least two types o f  Douglas f i r  occur In the plantations 

These were distinguished as follow s
Type A* Fast growing, branches dimest horizontal} cones long 

with long tongued bracts. Apices o f  buds pointed not markedly 
resinous* Colour pale green to bluish green* Needles long and 

horlsontal*
Type B* Slower growing with branches more erect and lntemodei 

shorter* Cones shorter with short tongued braots. Aploes o f  buds 
bluntly rounded more resinous* Foliage dark green, needles shorts] 
and denser tending to  ourl downwards* Between these two fa ir ly  
well marked types Intermediate forms occur but fo r  the present 
purpose these may be passed over* The important point in raoog- 
nislng tbs two typos is that Type A, even when i t  ooours side by 
side with Type B* Is always only s lig h tly  a ffected and Infested 
by the Charms while Type B. I f  It  is  infested at a ll  Is heavily
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Infested* Si counts made at random the numbers o f  individual 
larvae on small twigs o f  Types A and B were as 1 to  10 to 1 to 40*

Another point worth noting la that the Type B. is slowing 

o f f  In growth apart from Gbevmee in festation  and Mr Garaley te l ls  
me that It la only within recent years that these types have been 
d e fin ite ly  d istinct* m his view and In mine the two types become 
more d is tin ct when they attain  the ages o f  15 to 20 years*

A comparison o f  type B* from Lake Vyrrnwy with a Douglas 
f i r  shoot from Lining Wood, Forest o f Da an shows that this type 
oeeurs In Lining Wood and the question arises whether in consider
ing the ooolev l problem i t  is  not o f Importance to consider the 
types o f  Douglas f ir *  I f  there is  a type corresponding to  this 
Lake Vymwy type B, whloh fa l ls  o f f  in growth at 15 to 20 years and 
whloh Is esp ecia lly  Infested by the Charmes It  is  Important to re
cognise i t  and to  give i t  consideration when assessing the status 

o f  2j.caa.ley l *
At Lake Vymwy the two types o f  Douglas f i r  are mixed in 

the plantations or occur in groups as on the South side o f  the lake. 
Generally It appears that the type B trees are acting as tbs ch ie f 
centres o f  in festation  and It seems probable that the most useful 
aotlon to be taken against the Chernies la gradually to remove these 

trees, from time to time as far as the density o f the stands permit, 
The removal o f  groups o f  Infested trees is  not advisable as there 
is risk  o f  wind damage. My opinion Is that the best results In 
cheeking the spread o f  the ohermes w ill be got by removing the B 
type or other badly Infested trees in the course o f thinning opera
tions* The wide, sporadic, distribution o f  the chermea renders 
the complete removal o f Infested trees Impracticable*

In inspecting the Vymwy plantations those to  the east o f 
the forester*s house were v isited  f ir s t  and a ll  along that South 

side eastwards the Chexmes was found* It was most obvious along 
tho roads and ride a but ooourred also In the hearts o f  the planta
tions* It Is present in both o f  Mr Mao Donald's sample p lots and 
doubtless h is records o f  these p lots w ill show how fa r  tha recogni
tion  o f  A and B typo trees la sound sllv lou lturally*
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le s t  o f the foreatar’ a house the ohermee ooours to  the 
end o f the lake and Is prevalent throughout plantations Id and 17* 

On the North side o f  the lake inspection was begun at 
Bridge Cover (Plantation 39) where in festation  la most severe. 

Westwards the Chermes ooours here and there and extends Into Sec- 
tlons 2 and 4 up the small va lley  on the right. m Section 2 the 
Chermes occurs ch ie fly  In the valley and becomes less frequent and 
f in a lly  disappears on the higher ground* we climbed to the 
higher ground through a ride In section  2 noting the decrease o f 
the chermes as we went* then returning along the top o f Sections 
2 and 4 we descended by the margin o f  section  4 and In i t  the 
Chermes re-appeared about one third o f  the way down the slope and 
increased In intensity as we descended. on the lareh adjoining 
this section traces o f  Large Larch Sawfly work was seen and one 

ca terp illa r  was found*
Prom Sections 2 and 4 we worked round the lake to Plan

tations 16 and 17 and completed the c ir c le  o f the Lake*
The ladybird beetles found feeding on C*cooleyl at 

Bridge Cover and on the b .side  o f the lake occurred In great num
bers. Over fo r ty  individuals were beaten o f f  one branch* The 
species Is Adalla ob litera te  L. which la associated with pime 

woods* 1 have never before found ladybird beetles in suoh num
bers on Douglas f i r  and 1 believe that the presence o f  th is species 
at Lake Vymwy Is a most hopeful sign that 0 .coo ley i may ultimate
ly  be kept In check by these beetles* They occur in several 
places at Vymwy and w ill probably Increase In numbers In time*
A number have been brought to Oxford fo r  rearing purposes and when 
more is known o f th eir l l fe -h is to r y  It may be possible to increase 

th eir range and numbers a r t if ic ia lly *
Taking a l l  my observations at Vyvnwy I think that i t  

would be unwise to take too serious s view o f the attacks o f 
Chermes coo lev i. While some trees show marked 111 e ffe c ts  due 
to the presence o f  the Chernies others show no 111 e ffe c ts  and 
those which are heavily Infested belong to a type which la* even 
when not attacked by the Oherraes, slowing down In its  rate o f
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growth and developing a habit which precludes suoh trees from 
forming any important part o f the fin a l crop*

This observation Is quite in keeping with the results 
o f recent work on the Aphides In general namely that raees o f  
plants occur whloh are favoured by the aphides and that the 
elim ination o f  such plant races or types is  a soudd lin e  o f 

control# Further there is reason to  hope that the ladybird 
beetle Adalla ob iiterate  may increase in numbers and ultim ately 
reduce tbs status o f n .ooolov l to that o f the larch and pine 
Dherrees where serious in juries result only in circumstances 
unusually adverse to the trees concerned.

The conditions at Vynawy suggest two lines fo r  control 
f i r s t  the elimination o f poor type Douglas f ir s  from our plan
tations and greater insistence on the proper se lection  o f  seed 
trees end second study and encouragement o f  Adalia ob iitera ta . 
Until these matters have reoeived more consideration It would 
be unwise to conclude that the Ohermae ooolevi problem is as 
serious as that o f Dreyfusia rrueslini on the Silver f i r .

At Lining wood the same conditions occur as at Vyitiwy 
except that the Type B. Douglas f i r  is much the more common.

At High Meadow the Type A. f i r  dominates and it  is 
interesting to find that in High Meadow and in Bunjups Wood 
thera is  marked recovery this year from cooley l attack. At 
Bunjups the recovery la slow represented only by a few inches, 
better height growth but in High Meadow in the Simon*a Yat 
section  the recovery o f groups o f trees which in 1921 looked 

almost beyond reoovexy 1* most marked.
Another aspect o f the chermes poolevl question  has 

been studied namely that o f insects predaceous on Q .opoleyl*
The most sign ificant result o f that study was that compared 

with laroh, pine and spruce plantations in the same lo c a lity  j 
Douglas f i r  plantations are exceedingly poor in ladybird beetles 
and hover f l i e s  and further when ladybird beetles do oocur they 
are confined to  the genus Adalla the beetles found at Vymwy.
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Bow Adalla la o f  a l l  the smaller ladybird beetles the most 

varied in its  prey and there is  a hope that i t  may continue 
to inhabit Douglas f i r  plantations in Increasing numbers and 
serve as a check on G .coolevi*

Mr Gbrystal has investigated the e f fe c t  o f  the 
feeding o f  Q .cooler! on the Douglas f i r  but i t  is  too soon 
to look fo r  fin a l resu lts . Meanwhile an Important e ffe c t  
o f  the Insects feeding is  reduction o f  the starch content 
In the c e l ls  penetrated by the insects s ty le t.

.QgL&ElEtaf,
Reports sent In by D.O*s and my own observations 

in the New Forest* at Bagshot and Baglay food* showed a most 
marked decline In the prevalence o f the Oak Tortrlx. No
parasites were reared th is year and attempts to  rear the pre
daceous beetle Slleha 4 .punctata fa iled  owing to  the hot
weather in the f i r s t  half o f  June which k illed  the female

beetles*
Owing to the relative  scarcity  o f the Tortrlx and 

the re la tive  abundance o f  Oeometrld ca terp illars It was not 
possible to  assess the re lative  Immunely o f  Onerous aess111- 
flo ra  from sttsek* Further the flushing o f  the two oaks 
varied In d ifferen t parts o f  Bagley food in some parte 
Q.pedunculate being e a r lie r  than g.scsaU fflora.

Cockchafer.

Experiments Nog. 6,9*10 and 11 were not carried out* 
No.10 could not be carried out fo r  lack o f  sulpho-oarbonate* 
Nos.6*10 and 11 were omitted because the flig h t  o f the 
chafers was so small end irregular and spread over such s 
long period. Furthermore# both at Bushfield and Rapley the 
majority o f  the chafer grubs and beetles were destroyed in 
spring by late Ugging.

Potassium sulpho-oarbonate the chemical required 
fo r  Experiment No.6 could not be obtained from any o f  the
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commercial and manufacturing chemists* Attempts were made to make 

I t  In the laboratory from sodium sulphide and carbon bisulphide* It 
was found however that unless the Sod*sulphate was fresh ly  roasted 
that no action took plaoe and further that such small quantities 
as might have been made would be Insu fficien t fo r  the experiment*

Instead o f the sulpho-oarbonate (No.6 ) experiment another 
was substituted using Carbon bisulphide* This inaeotioide was to 
be used In protesting nursery experiment a from chafer damage and 
before suoh pro too t Ion was undertaken some tests  o f the C.SZ were 
desirable*

The experiments were carried out at Bagley food with a 
Vsrmorel S oil In jector and cockchsfe* jmrvae were used*

Xh the f i r s t  experiment 16 grubs were used 8 serving as 
controls* The area treated was about 3 square fee t and 20 gma o f 
C*$g were used* The result on 27th May the day follow ing In jec

tion  was as follow s*
Treated section Dead Alive(but flabby)

3 3
Control 2 6 (a live  & activd

On 1st June 2 more o f  the treated grubs were dead and a ll  the con
tr o l grubs were alive* The e ffeo t o f  the O.S.^ was to paralyse tbs 
grubs and grubs k ille d  by i t  did not be © one black and putrid* The 
two control grubs whioh dies rapidly blackened and put r i f le d  and 
It was evident they died from mechanical injury*

In the second experiment fine* s ifte d  s o i l  was used* The

C.S,g fa ile d  to penetrate i t  and i f  8 grubs treated only 2 were 

flabby and both recovered*
In the third experiment the same s o i l  was used but sag 

hard packed* 8 grubs were treated and 8 used as controls* 2 In jec
tions o f  8 gms were made at 6 inches apart* on June 1st a ll  the 
controls wore alive* 6 o f  the treated grubs were dead and 2 flabby*
1 was a live  and active* On June 3rd the 2 flabby grubs were dead.

These experiments confirm the Swiss work with C .8 .g in jec
tion* Its e ffic ie n cy  le dependent to some extent on the nature o f 
the to ll*  Its aotion is  slow and irregular but aa the protection

work carried out in Dr Steven's nursery experiments shows 0«8»s
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is  a valuable check on chafer in the nursery. Aaerles o f 
experiments with naphthaline were carried out at Bushfleld nur

sery as set out below. The p lots selected were those which 
la st year were heavily attacked by chafer. Owing to delay In 
obtaining supplies o f naphthaline the actual conduct o f the ex
periments took place a fortn ight la ter  than the dates shown* 

Experiments Qock-chafer at Buanfield^

To test the value o f  corrosive sublimate against chafer*
The sublimate w ill be applied as a solution  or  suspension 

In water 6 gms* o f  sublimate to 2 gallons o f water (1 part In 
1600). This w ill be applied with an ordinary watering can as 
fo llow s : -
P lot 26 8*1.0. Corrosive sublimate solution 2 gallons to be 
applied on the p lot on June 22nd.
Plot 26 S .2 .0 . to  be need as a control.
Plot 26 8 .5 .G* Corrosive sublimate solution 2 gallons to  be 
applied to the p lo t on June 22nd and again on June 29th*
Plot 2B S .4.0* to  b« used as a control*
Experiment No.S*

To test the vein© o f naphthaline against chafer.
The naphthaline w ill be applied between the d r ills  and

hoed In*
Plat 86 D.I.C. Naphthaline applied at 2 oss* per square yard 

on Jane 22nd*
Plot D.2.C. Used as con tro l.
Plot P.S.C* Naphthaline applied at 4 oss* per square yard on 

June 82nd*
Plot P .4*0* Used as con tro l.

Experiment Mo«3«
To test the value o f  naphthaline against eoek-ehafer* 

Plot S.I.B* Naphthaline applied at 20 oss* per square yiard on 
the follow ing dates. June 22nd* July 6th* July 80th Aug.4th. 
Plot S.2.B. used as control*
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Plot 8 .3 .B. Naphthaline applied at 4 oss. per square yard on 
the follow ing dates. June 22nd. July 6th July 20th Aug. 4th. 
Plot 8 .4 .B. Used as con trol.

The resu lts o f these experiments were disappointing 
as no chafer larvae were found at their close although grubs 
were certa in ly  present prior to the experiment as shown by 

fresh injuxy to the plants. Adult chafers were found In Plots
D.3.C. and 8 .I .B . at a depth o f eleven lnohes unharmed. A num
ber o f chafer grubs were dost roved by mice whloh burrowed fo r  
them In May and June.

Naphthaline dug In on 18th August was s t i l l  present In 

a ll  the treated plots on the 22nd September but although In the 
heavily treated p lots the flakes were easily  seen In the s o i l  
the oresyllo  odour was gone and only the purer naphthaline smell 
remained. Bven In the lig h tly  treated plots the odour was 
apparent when the s o i l  was rubbed In the hand. No Injury was 

done to the plants by the heavy doses o f  naphthaline.
These experiments raised the question o f the movements 

o f the chafer grubs In the s o l i .  In Dr Stevenrfs experimental 
p lots at Bushfleld the movements of the chafer grubs present 
ba ffled  e l l  eearoh for them. The same was true In parts o f 
Bagley nursery when search was made In the spruce beds of grubs 
oauelng recent damage.

A search through the literature on oookohafer threw 
l i t t l e  ligh t on the question and as observations were made and 
grubs oolleoted  i t  became apparent that the chafer problem is 

more complex than was supposed.
There wre at least three chafers present in the nurser

ies considered namely the cockchafer MSlolontha vu lgaris, the j
3

summsr-ohafer or S olstice  beetle* Rhlsotrogua s o la t iM tiis  and ! 
the small brown chafer S&rloa brunnea.

iThe occurrence o f Serioa brunnea was known la s t  year. 
This year i t  has been received fzom the Vest Coast nurseries* 
from Elgin and from the Dean and New Forests. It occurred in
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Bagley tad was responsible there fo r  much more Injury to transplants 
than was Malolontha.

The occurrence o f  Rhlsotroaus was not discovered tin t i l  Sep
tember 84th when contrary to my expectations large numbers o f  larvae 
resembling half-grown lelolontha grubs were turned up in the lupin 
breaks at Rapley. on careful examination o f  these I suspected that 
they were not Melolontha and then by comparing them with half-grown 
Melolontha co lle cted  In 1983 1 found that they were some other apeolei 
agreeing most close ly  with Perris* description o f  Hhlsotroaua. At 

Kew la s t  summer 1 eo lleetsd  adult Rhlsotrogua beetles in f l ig h t  around 
the Prunus co lle c tion  and through the courtesy o f one o f the student 
gardeners I  obtained larvae from that lo c a l ity . They were h a lf tbs 
sisa  o f  the larvae from Rapley but showed the same arrangement o f
spines and hairs on the anal segments and there Is now no doubt what
ever that the Rapley grubs are Bhlsotrogus grubs.

Later on October 37th I obtained Rhlzotrogua grubs and la t
year Melolontha grubs at Herbert nursery In the Dean Forest and It Is 
o lear that we have In the south o f  England three speoies o f  ohafer to 
deal with and that u n til mo re information Is available regarding 
Rhlaotrogua and Serloa experimental work Is unlikely to prove sa tis 
factory . inquiries are therefore being made in the Hew Forest* Dean 
Forest and at Replay fo r  specimens o f chafer grubs taken this winter 
when i t  w ill be possible to assess the re la tive  Importance o f  the 
three chafers. Meanwhile It Is already evident that Seyla^ 
la in Scotland fa r  more Injurious at present than Mololontba.

The Commissioners made enquiries regarding Douglas f i r  seed
in September and two sample lo ts  were submitted. They gave the

follow ing analysisj-
31 enkindle Sound seed 36#

Empty seed 67Jf
Megaetigmua 7%

10 oases containing 530 seeds were examined.

JWrfMChi. J SEmpty seed 70%
Megastlgmua 20%

14 cones containing 610 seeds were examined.
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ftnnltowf
At the request o f  the Forest products Board the yards 

o f  several firms belonging to the High Wycombe Furniture Manu
facturers Association sere v is ited  and the losses caused by 
Lvotus and other wood-boring beetles investigated, fin Investi

gation along the lin es  suggested below is  under consideration 
and w ill shortly be begun*

Seversl kinds o f  wood-boring beetle are causing concern 

to the various High Wycombe firms but o f  these only one la o f 
v ita l  importance at present. She beetles are: -

1* Ambrosia beetles In American oak and in mahogany* These 

have out through the heart wood* The tunnels show no dust* 
and are blaekened with fungus. They vary In diameter from pin
holes to holes £  inch in diameter. They are cut when the wood 
Is green and abandoned on the drying o f the wood and are there
fore o f  no importance. It la not possible to state what spe- 
oies are concerned nor is  It  important at present.

8 . A longhorn beetle  Callldium varlab ile  F* in snglieh and 
Polish oak* Larvae and adults o f  th is beetle have been ob
tained* lbs larvae are bark-borers but enter the sapwood to 
the depth o f about one Inch fo r  pupation. This apeoles tg o f  
l i t t l e  importance but it s  id en tifica tion  has made It possib le  to 
re lieve the anxiety o f  the manufactuxera aa to it s  capacity fo r  

injury in th e ir  yards*
3 . Powder-post beetles Lvctus species, L .p lsn ioo liis  rare ly , 

L.bmnneus abundantly. These beetles occur in American oak and 

Ash, in Shgliah oak and l ie s  commonly In Polish oak. They are 
the real cause o f  loss  in th is trade.

The Lvotua problem at High fyoombe.
V isits  to six  o f  the ch ie f yards at High iyoombe have been 

made and the follow ing summary o f thsfoonditions under whloh 
lessee occur is  based on observations made and information obtain

ed in these yards. The yards were

i
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Messrs Howland k Sons,
Messrs Parker k  Sons,
Messrs A. P. Vine k Co*
Be ears 0astie  Bros*
Bsssrs Abbott as Oastle,
Mr Wm* Barrett*

Past experience has shown that American Ash and Oak Is a 
main source o f  introduction o f  Lyotua beetles into B ritish  tim
ber yards and while to-day English oak is  more a ffected  by the 
beetles than American timber there la l i t t l e  doubt that the trou
ble began with American timber* Unless this is  so i t  Is d iffi
cu lt to account fo r  the presence In some o f the yards o f Lvotus 
p la n loo llla  s species which is  Indigenous only In the United 

States*
To what extent Iarotua brunneue the other species, la now 

established and distributed In Britain and In particular in the 
country within 100 miles o f  High Wycombe i t  Is not possible to 
say and tbs matter desires attention*

I hare had several years experience o f  co lle ctin g  timber 
Insects in oak woods in the Hew Forest, Forest o f  lean, Cambridge 
sh ire , Richmond park and elsewhere and have never yet taken or 
reared any species o f  Iarctus from timber in the fldd* The two 
species so fa r  recorded from Britain are ea sily  obtained in tim
ber yards and amateur entomologists are unlikely to look fo r  them 
in the fie ld *  A survey o f the woods around High Wycombe fo r  
iyotus would be useful as indicating how fa r  the species l .brun
neue and L .p la n ico llls  do occur in these woods now* The main 
supplies o f  English oak to the High Wycombe yards come from 
N orfolk, Oxfordshire, Sussex, Suffolk , and Hampshire east o f  the 

New Forest.
The Lrctua beetles do not attack green timber nor do the 

beetles bore into seasoned wood* The eggs are la id  by the feraal 
beetle  In the wood vessels and the female exercises great d is

crimination in a c l  eo ting a suitable vessel. Thus heart-wood is
-16-



never eeleoted fo r  ov l-poeltlon  end when heart-wood Is attacked 
i t  is  e ither invsded by larvae from the eapwood or by larvae |

i
from eapwood lying In oontaet with heart-wood* j

Thus heart-wood boards lying on eapwood nay be invaded 
by larvae fron these*

Open pored woods or woods with large vessels are ee leot
ed fo r  ev lpoeltion  by Lvotns and this explains why oak and ash 
are so largely  attacked while bee oh and elm remain immune.

This feature o f  Lyetus has too an Important bearing on 
the present hesvy Infestation o f  English oak* i t  would seem that 
within the la s t  year or  two a better type o f  American oak is  Im
ported and l i t t l e  aapwood is  sent over* Home oak on the other 
hand has a high proportion o f  aapwood and while American manu
facturers end High Wycombe manufacturers using American oak can 
re je c t  the sapwood and ao eliminate larctus those using English 
osk cannot do so because its  use would no longer be economical.

The Lyotus problem has therefore changed within the la s t  
four years from one a ffecting  American timber to one a ffectin g  

home timber*
Lyotus attacked the timber a fter  seasoning and presumably 

only a fter  i t  is  converted*
Timber in the board and udimension" timber (timber roughly 

shaped p r io r  to fin ish ing  Into ohalr legs and arms) rarely  shows 
evidence o f  the presence o f Lyotus* That Lyctua is  present in 
suoh timber * was able to show in Messrs C astle 's  yard where 
dimens Ion timber stacked fo r  drying was heavily infested*

The attaoks and damage are f i r s t  noticed by the furniture 
makers when timber taken Into the drying yard is  removed fo r  saw
ing or  assembling* Then small p ile s  o f  dust are found on the 

boards or on the pieces o f  dimension timber and ex it holes may 
occur from which the dust has been thrown*

The timber is  now finished up, polished and assembled the 
more obviously attacked boards or pieces being rejected* The next 
process is  staining and polishing and tbs furniture goes to the

store yard u n til despatched to  the rentier*
-17-



The d if f ic u lty  at High Wycombe Is that timber not apparently 
attacked by the Lyotue beetles la sent out to the retailer, shows signs 

of the grubs at work In from three to s ix  months and is  returned to  the 
maker by the reta iler*  One firm In the la st year spent £500 In replac
ing suoh rejoetod furniture.

To summer lee the position  i t  may be said s-
t

1. That Lyotus is  the main and greaVoause o f  lo ss .
8 . That th is loss oooure between the drying and the "assembling" 

o f the furniture.
3 . That I f  timber oan be treated to  dee troy the Xerotus before

the furniture Is made up a distinct gain w ill be obtained.

4. Once furniture Is b u ilt  and varnished i t  Is almost. I f  not
wholly immune u n til wear and tear and especia lly  loosening o f the Joints 
allows the beetles assess to  the vessels o f  the wood.

The losses through Lyctus at High ^yoombe can be checked by the 

use o f  the dry k llnv.
Snyder has carried out s series o f  experiments In suoh control 

with resu lts as follow s i -

Enr..j?Mfr
Dry best at 130 F*(70 C.) Is fa ta l to hvctus larvae and beetles 

in s itu  In timber I f  prolonged above he If-an-hour, bush dry temperature 
discolours the timber and produces brittlen ess .

1. Temperature below 150 F. (60 C.) is not fa ta l to Lvotus when the 
temperature o f  infested ash and oak timber is raised to these temperaturei 
In a k iln  by the use of l iv e  steam i f  a ll  parts o f  the wood have not pre
viously been brought to  kiln-drying temperature.

2 . Temperatures o f 130 F. and upward maintained fo r  1& hours, or 

longer, are fe ta l to these insects I f  a l l  parts o f the wood infested by 
them have at the beginning o f the exposure to these temperatures been 
brought to the m In Imam temperature o f  130 F.

3. 3he standard kiln-drying schedule fo r  ash and oak, to be used

for a ircra ft  stock , In a k iln  operated by liv e  steam w ill prove fa ta l
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to the powder-poat beetle end w ill e he ok a l l  damage that le 
being done to any infested material.

Snyder’ s experiments were Conducted in the U.S.Navy De
partment's Bureau o f  Construction and Repair, and the Naval 
A ircraft Factory In Philadelphia. The k iln  used was o f  the 
Tremann type.

Hie problem at High Wyoombe is to ascertain what type o f 

k iln  w ill best su it the requirements o f  the various manufacturers. 
One fI r a  (Parker & Sons) la prepared to consider the erection of a 
k iln  the others wish to  adapt th e ir  existing drying stoves but 
i f  one firm adopts the dry k iln  prooese the others w ill fo llow . 
Meanwhile the follow ing investigation is  required*

1* To repeat Snyder's experiments.
8. To devise e smaller type k iln  giving the earns resu lts .
3. ?o demonstrate to tho High tfycombe Federation the econosy 

o f  k iln  drying o f  timber*

The b u lletin  on bark-beetles has been completed and 

submitted to  the Publications O fficer fo r  printing*

Qrer Squirrel.
A short report on ftrey Squirrel was submitted to Dr 

Bortbwlek and has been published in the Transactions o f  the Royal 
Scottish Arborloultural Society. Further notes are being c o l 

lected*

ftv ls lon  o f  Leaflets*
The le a fle ts  on Chermes oh Conifers and on Megaatlgmus 

have been revised* The Chermes oooleyi le a fle t  is  In course o f  

revision*

Advisory Work*
The advisory work Is eurasarised below* The queries 

have been c la ss ifie d  under the Orders to  whioh the Insects con

cerned belong*
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Advisory Work*
w i u m -

Ghermesldae.
Chermea coo loy i was submitted fo r  id en tifica tion  and report 

from Surrey, North Wales, North Ireland, and Laurencekirk those 
la st two constitute new rewords o f the occurrence cf C .cooleyi 
which was not known to occur in  Ireland nor nor th o f  Punks Id In 
Scotland,

Chermes a b letls  was reported as injurious to young spruce in 

Surrey hut i t  was apparently confined to  plants "hanging hack" from 

other adverse conditions*
pin^ua atrobf was submitted from Wroaduua, Norfolk on ornament* |

i

a l  Pinus atrobus, Sprsying with earboHneura emulsion was recommend* 

ed, This in sect has been unusually prevalent this year in  Bagley 
Wood on Weymouth pines o f  various ages*

Aphidldae»
Aphis abletlna was prevalent in  nurseries at Orion, Seaton and 

Ohopwell hut was kept in  check by spraying with paraffin  emulsion. 

So serious in jury was reported, ■
Lachma ploeae occurred at Orion and Seaton nurseries in  the 

summer months and was Checked by use o f  a nicotine spray,

wm sssbl*

Tortrlx  vlridana was the subject o f  numerous queries* Ex

periments in  spraying with Carbolineum and Lead Arsenate were pro
posed by Lord Winterton and S ir Philip Sassoon but they were ad
vised that the season was too advanced fo r  Carbdlineum spraying 
end before Arsenate spraying was begun the decline in  the preva

lence o f  the Tortrlx rendered experimental spraying unnecessary, 
Bvatrla baa liana, Scots pine buds attacked by this species were 
submitted from wroxham, Norfolk* Handpicking was recommended 

and adopted*
Tortrlx forstlcana* This species normally a Vaocinium 

feeder was submitted from Margsm where I t  had attacked Scots pine.
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This was apparently du© to an unusual increase in  numbers o f  the 

ca terp illa rs  which attacked the pines a fte r  destroying the bilberry 
I t  Is  unlikely  to  cause serious Injury to the pines and the attack 
*111 probably subside next season.

MftflsaoPtyefra Plnloolana. t d i  moth also known as Bnarraonla 
ftlalana was submitted from the School D ivision end was the oause 
o f  complete d e fo lia tion  o f  larch at Coakermcuth, The species has 

occurred In the Border d is t r ic t  o f  Scotland fo r  some years where 
however I t  attacks only Scots pine# i t  is  a veiy serious enemy 
o f  the larch In Switzerland and a vary carefu l watch fo r  I t  has 

been kept in  th is country, I t  occurred at Oh© 111 in tf.Wales in  
1919 and is  probably widely distributed and should be carefu lly  
watched fo r  as I t  becomes extensively harmful#

EoPlalus species# Caterpillars o f  a Heplalid moth were sub* 

n it  ted by Hr# J.M# Murray from in verliever mrsery# I t  was attack
ing seedlings and transplants which appeared as I f  su ffering from 

chafer attacks# Mo chafer gruba were found and i t  was evident 
that the Hapialua was responsible for  the damage. Several species 

o f  B ep l.Iu t. H .m yqtim . and H.haoto. w .  mbntUwl » »
the cause o f  in jury in larch plantations and at Stockley In the 

Mew Forest a number o f  larch# two years planted# have been k ille d  
by Hoplalus the roots being gnawed severely#

Zuesera eascull and Cos sue ligfrlperda were submitted by various 

correspondents as Injurious to  oak# ash and beech#
gybernlft defO iicrla . Ib is  moth was sent in  by numerous 

correspondents from oak# Ib is soar I t  has been a more important

oak pest than I .v tr ld a m .
A^rotis species# Damage done by cutworms was reported by 

Messrs Steven# Anderson and others# She worst attack seems to 

have been in  Amp t h i l l  nursery* In a l l  cases poison b a it was re* 
commanded* Fryer's most recent formulae being given#

p itî  a common bracken moth was cent In by Mr#J*M« 

Murray at feeding on Sitka Spruce#
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Otio:
COLBOPTERA.

■s Piolpes was sent In from many lo c a l it ie s , Con

aiderabla damage was caused by i t  at Port Ealbot, Bournemouth and 
the Blaok Isle*  Scots pine from Port Talbot was severely gnawed 
as I f  by Hvloblus. Beating o f  the weevils from the plants and 

trenohlng o f  the area to  provent spread was recommended, in  the 
Blaok Is le  the needles and leading shoots o f  larch t Sects pine and 
Douglas f i r  were badly gnawed. The buds o f  laroh and Douglas f i r  

were eaten out and in  Scots the bark was gnawed as I f  by Hvloblus, 

Among the Blaok Is le  weevils sent, two were parasitised probably 
by the Braoonid was F orllltu a * At Bournemouth the damage reported 

was gnawing o f  Boots pine as by Hvlohiua. Sorloa brunnea was 
submitted by Mr, Murray from the Western Hurseries and from P it* 

gavery, Elglu, I t  Is evidently more Important than the Cock
chafer In Scotland and fu l le r  reference is  made to i t  in  the report 
on Chafers*

Plsaodaa notatus was submitted by Rr, Ho i l l s  from H&rgsm where 

I t  was associated with Otlorhyaohus damage,

Namatus la ria ts  was sent in  as in jurious to willow at Or se tt 

H all, Essex*
Croesus septantrlonalls was submitted from willow at Beauly 

by Mr, Fraser*

the follow ing insects o f  minor Importance were s u b m i t t e d  f o r  

identlfieatlon*
Pulvlnarea botulac*Jgeuro terns len tlcu la r lc , N « n u m l a m a t i o ,  

Blorhlsa aptera. Sltodrepa. Saymnu* la tera lis*  Anthooorts spp,

aadjtsalm*
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