
Forestry Commission

ARCHIVE



R E S E A R C H  

A n n u a l  R e p o r t s  1923 - 2 4 .

Nursery 3c P lantation  Experiments (Eng.& W ales).

" " " ( Scotland ) .

Permanent Sample P lo ts .

( I )  Growth o f  S cots and Corsican Pine Seed lings.

( I I )  Germination o f  Seed.

Comparative growth o f  Norway and Sitka Spruce 

Seedlings in  ordinary and peaty s o i l s .

Peat In v estig a tion s  (chem ical and p h ysica l 

e f f e c t  on growth o f  t r e e s ) .

Fungus Deseases in  N urseries and p la n ta tion s .

In sect Pests in  N urseries and P lan tations.

In v estig a tion  o f  the Larch H ybrid.



NURSPRY 3c PLANTATION EXPERIMENTS ( England 3c W ales) .



Report on Experimental Work (England & Wales) 

November 1954*

Hie Report co n s is ts  o f

part 1 # introduction*

2• Nursery experiments -

(a ) Germination and seed lin g  experiments*

(b) Transplanting experim ents.

3 , p lan tin g  experim ents.

PART 1.

The experimental work in England and Wales was carried  out u n t il  the 
14th August 1924 by Mr Guillebaud. From that date Dr Steven was in 
charge. This Report has been prepared by Dr Steven in co lla b o ra tio n  with 
Mr Guillebaud,

A ll the Nursery experiments were lo ca ted  in  the Bagshot Nurseries.The 
germ ination and Beedling experiments (Part 2 (a ) )  were ca rried  out in 
Bushfield Nursery and the transplanting experiments (Part 2 (b ) }  in  Rapley 
Nurs ery•

The experiments in Part 2 (a) have th is  year been se r io u s ly  in ter-, 
fered  with by p a th o lo g ica l agen cies . In the early  summer the germ inat
ing seedlingB p a r t icu la r ly  o f  European la rch  but a lso  o f  Sitka spruce were 
attacked by damping o f f  fu n g i and seriou s lo s s  re su lte d . During the sum** 
mer cockchafer larvae (Melolantha sp e c ie s ) were numerous in the seedbeds. 
Surface c a te r p il la r s ,  larvae  o f the Noctuid moths, AgroJitiB and Mamestra 
species  were present a ls o .  These pests wer° very d e stru ctiv e . Cock
chafer lervae  a lso  did damage in one o f  the Transplanting experiments at 
Rapley Nursery.

S o il  con d ition s .

B ushfield  Nursery Experiments 1 724.

The s o i l  has a loam tending to  a Bandy loam on higher ground.
It re a d ily  tends to oake i f  worked when not qu ite  dry and a ft e r  heavy ra in . 
The s o i l  is  deep, 18 inches and qver,, and r e s ts  on sand.

Rapley N urseiy. Transplanting Experiments.

The s o i l  here is  a l ig h t  sandy loam. It is  about 15" deep 
where a pan is  sometimes met w ith, but which has been broken by trench ing. 
The su bsoil Is v a r ia b le , gen era lly  Band, but sometimes clayey .

Weather C onditions.

A Grade I I I  m eteoro log ica l status waB esta b lish ed  in Bushfield 
Nursery In 1923. The fo llow in g  is  a summary f o r  the p e r io d  during which 
experiments were in  p rogress.
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Month• Temperatures. N o.of day8
Mean
Max.

Mean
Min.

High ** 
est

LoweBt n a in fa ll Mean 
Humidity #

32o F. ClaBf 
in  Ecreen.

Nov. 123 43°F 31° 57° 14°

Ins.

1 .70 84 17

Dec. it 44 33 50 19 2.42 87 13

Jan. 124 44 34 51 25 2.39 85 9
Feb. n 41 31 49 16 •36 84 14

March it 49

toto 60 22 .93 83 21

A pril n 54 36 72 23 3.33 77 12

May It 63 44 75 32 3 .22 71 2

June n 67 48 76 35 3.99 74 0

July it 70 49 65 37 3.76 70 0

Aug. n 65 49 76 41 2 .6 9 61 0

Sep. it 63 49 71 35 3.46 81 0

Compared with nomtal, both  temperature and r a in fa l l  were d e f i 
c ie n t  in  November. The weather in Deo ember and January was more or  
le s s  average. February and Maroh were c h ie f ly  n otab le  f o r  very low 
r a in fa l ls  while the temperature was below  normal in  March. A p ril had 
an excess o f  ra in  and a lso  low tem perature. In each o f  the succeedlr 
months there was an exoess o f  ra in  o f  grea ter or  le s s  degree while the 
temperatures were below  normal In a l l  months except May. The weather 
may be summed up as a co ld  dry  spring  and a co ld , wet summer.

PART 2 .

NURSERY EXPERIMENTS.

(a ) Germination and seed lin g  experim ents.

Experiment N o.l on season o f  sowing.

H iis experiment was ca rr ied  ©ut with three sp ecie s  -  Douglas f i r ,  
Sitka spruce and European la r c h . The fo llo w in g  i s  a summary o f  the 
la b ora tory  germ ination data fo r  the seed j -

S pecies Id en t• 
No.

Method QermJ[nation J . at Fresh p u r ity . 
Seed.16

days
20

days
35

days.
4o

days

Douglas
f i r 24/1 Jacobsen 18 49 65 68 3 96 .9

Hearson ZZ 57 59 59 2
Sand 10 59 74 78

Sitka spruoe24/15 Jacobsen 10 51 56 - 90.6
Rearson 22 47 49 - 1
Sand 19 56 60 -

European 24/11 Jaoobsen 23 35 * 1 8 1 .3
la rch Hearson 33 40 4

f Sand 39 44 i



The sowings wc 
'teven  on an Americ 
sven spacing o f the 
plate was 1 s q . f t .  
i?ere used

Dougl as 
Sitka s 
Europea

There were 10 ser ie  
sowing 20 p la te s  we

The fo llo w in g  are t

Douglas f i r .

>re made w ith p erfo ra ted  sine  p la te s  designed by Dr 
on  p r in c ip le .  The o b je c t  o f  th is  method was to  secure 

seed and uniform  depth o f  Bowing. The area o f  the 
and the fo llo w in g  numbers o f  seed per s q . f t .  and depths

f i r  300 seeds depth 
pruce 500 " 
n la r ch  BOO " n

>5 each co n s is t in g  o f  2 p la te s  hence at each date o f  
sre sown f o r  each s p e c ie s .

,he p lan t percentages obtained

Plant %

Plant at 
2 5 /7 /2 4

Dates o f  Sowing.

1 5 /3 /2 4 1 /4 /2 4 1 5 /4 /2 4 1 /5 /2 4 1 5 /5 /2 4 2 /6 /2 4 .

“ h
17 -  1 .7 18 - 1 .6

'+
Q -  .6

' •
9 -  .5_ I

+
9 — .3

’~t"
6 — .4

The date o f  the p lan t percentage i s  that o f  the f i r s t  count. Even a t 
th is  date there was cockoh afer damage and th is  in crea sed , v i t ia t in g  the 
subsequent coun t. The low p la n t percentages are  not due mainly to  th is  
cause however, the explanation  being unknown. The su p erio r  r e s u lts  ob
tained from the e a r l ie r  sowings are s ig n i f ic a n t  s t a t i s t i c a l l y  and con firm  
re su lts  in  prev ious y e a rs .

Sltica spruoe.

Dates o f  Sowing.

1 7 /3 /2 4 2 .4 .2 4 1 6 .4 .2 4 2 .5 .2 4 1 5 .5 .2 4 3 .6 .2 4 .

Plant % at 
25 A /2 4 .

-\ - " f ~t~ t 4 “
17 -1 .2 17 -  1 .5 19 - . 8 30 - 1 .0 16 - 1 .2 41 -  1 .4

The data f o r  th is  sp eo ies  1b com plicated  by damping o f f  lo o s e s  b e fo r e  
th e  date o f  the f i r s t  count while subsequent counts were v it ja  ted by cock 
chafer and su rface  c a t e r p i l la r  lo s s e s .

I t  is  probable that the v a r ia t io n  in  p la n t percentage Is re la ted  to  
the t i l t h  a t and a ft e r  the time o f  sowing. The s o i l  at th e 't im e  o f  the 
f i r s t  two sowings was d ry . The tem peratures were however low and ger
m ination d id  not take p la ce  u n t i l  the end o f  A p r il . During the la t t e r  
month there was heavy ra in  which tended to  oake the s o i l .  In the f i r s t  
«ay  and June sowings although heavy ra in s  continued the temperature was 
h igh er and enabled more rapid  germ ination to take p la c e . The poor r e s u lt  
obtained in  the Mid-May sowing is  r e la te d  to the t i l t h  co n d it io n  at the 
time o f  sow ing.



The re su lts  In d ica te  the sen sit iv en ess  o f  th is  speoies to  t i l t h  con
d it io n s  o f  the s o i l ,  (This i s  fu rth er emphasised in  a la te r  Experiment No. 
17 ’) .  P referab ly  th is  sp ecies  should not be sown on s o i ls  l ia b le  to  cake. 
I f  th is  must be done the sowing should be made not only when the t i l t h  is  
very good but at a time when the temperature la  l ik e ly  to  be such as to  en
sure rapid  germ ination.

European Larch.

Plant % 
at 25 .3 .24 . 3 . 4 .24 . 17 .4 .2 4 . 3 .5 .2 4 . 17 .5 .2 4 . 4.6.2^

13. 5 . 24. 31 t  .5 33 1* .8 26 't~ .6 ■■ - .. -

13. 6 . 24. m - 30 t . 6 2 2 ^  ,7 -

25. 7 . 24. 21 .7 20^  .9 19 ^  .7 24 f .7 13 t  .7 17 t .«

9 . 9. 24. 14 ~t .9 13 ̂  .8 11 t  .6 i6 ir .9 air .7 12 T.(

The f i r s t  count in  th is  case was made w hile damping o f f  was taking 
p la ce , but in clu d es the m a jority  o f  the seed lin gs gem in a ted . The p lant 
percentages are very high and are obtained from sowings spread over a con
s id era b le  period  namely from 25 .3 .24  u n t il  3 .5 .2 4 . The t i l t h  con d ition s 
do not appear to  have in fluen ced  germ ination .

The subsequent counts ore given t o  show the notab le  lo sse s  which took 
p la ce  from damping o f f  fungi Meria l a r l o i s ,  cockchafer and su rface  ca te r 
p i l la r s  .

Experiment No.3 on the In flu en ce  o f  sh e lte r  on germ ination lo sse s  and subse
quent1 growtb o t  OonlferoUa se e d lin g s .

This experiment was oa rr ied  out with

i l }  Douglas f i r  
( i i )  European Larch

(111) S itka spruce.

The seed data fo r  Experiment N o .l .  a p p lie s .

The fa llow in g  two methods were contrasted

1 . U nsheltered.
2 . S h elter  co n s is t in g  o f  l "  la th s spaced g" apart bound by webbln{

The la th s  were placed 12 -  16” above the s o i l*  The a p p lica t io n  o f  
the sh e lte r  was co n tro lle d  by the maximum screen  tem perature. I t  was 
app lied

( i )  During germ ination when temperature r is e s  fo r  more thsr 
2 days above 60®P,

( i i )  When germ ination i s  w ell advanced when temperature rise 
over 70OP.

This season the s h e lte r  was used between the fo llo w in g  dates

May 16th to  May 30th .
June 18th to  July 2nd 
July 8th t o  July 17th .
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| The u n it o f  each method wan 8 f t .  and there were 8 r e p e t it io n s  in 
! sca ttered  p lo t s .  The method o f  sowing was b roa d ca st, a t the fo llo w in g  
dens i t  i  e s : -

Douglas f i r  1 lb  to  120 s q . f t .
European la r ch  1 lb  ” 150 "
Sitka spruce 1 lb  " 250 "

The sowings were made on the fo llo w in g  dates • -

Douglas f i r  26 . 3 . 24.
European la rch  29. 4 . 24.
S itka spruce 28. 4 . 24.

U nfortunately the European la r ch  and S itka spruce were attacked by damping
o f f  fu n g i and a l l  th ree specioB  su ffe re d  cock ch a fer  and su rfa ce  c a t e r p i l 
la r  damage, b e fo re  the f i r s t  count was made on 29th Ju ly . In view o f  the 
sca le  o f  the experiment and the number o f  r e p e t it io n s  and in  the absence o f  
evidence to the contrary  i t  may be assumed that the damage was evenly d is 
tr ib u te d .

The fo llo w in g  are the r e s u lt s  a t the 2 9 .7 .2 4 , the s h e lte rs  being used 
la s t  on 1 7 .7 .2 4 . The number o f  seed lin g s  in  the sh e ltered  u n it is  taken 
as 100 and the unsheltered  i s  expressed by the r e la t iv e  number. This is  
based on la rg e  and o a r e fu lly  analysed data

t European la roh Sitka spruce.

Unsheltered! S h eltered U nsheltered S h eltered Unsheltered W e lte r e d .

100 107

1 •I-
D i f f  .~|-7 -  14

100

-fee

158
- f -  
-  18

100

4  44

144

4 -  
-  28.

.......  ..
-f- denotes in  favour o f  s h e lt e r .

In the case o f  Douglas f i r  the d if fe r e n c e  i s  c le a r ly  not s ig n i f ic a n t  
s t a t i s t i c a l l y .

In European la rch  although the data i s  in  favour o f  s h e lte r , the v a r ia 
t io n  in  r e s u lts  w ith in  the experiment are such (as shown by the la rg e  pro
bable e r ro r )  that th e  r e s u lt  i s  on ly  Just s ig n if io a n t  in  favour o f  s h e lte r .

For S itka spruce the same observation s apply but in  th is  case the r e 
s u lt  Is n ot s ig n i f ic a n t  s t a t i s t i c a l l y .

The con clu s ion  i s  that f o r  th is  seaBon with i t s  r e la t iv e ly  low  tempera
ture s h e lte r  was not o f  a p p rec ia b le  advantage.

Exper iment No 17 on the ef f e c t  o f  pregerm ination  o f  seed upon the p la n t 
percentage

The o b je c t  o f  th is  experiment was t o  t e s t  on a f i e l d  sca le  the re su lts  
obtained by Mr H iley  on the b e n e f it  o f  pregerraination .

The fo llo w in g  sp eo les  were used t -

(1 ) European la roh  
( i i )  S itk a  spruce
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Two methods were contrasted namely -

1* Soaked fo r  7 days.
2 . Inoubated fo r  7 days at 20° C. in  a Heareon Incubator. 

The study was made at 3 d if fe r e n t  dates

A pril 11th, A pril 26th, May 9th.

The seed was sown by the broadcast method. The u n it was 8 f t .  and 
there were 10 re p e t it io n s  in  sca ttered  p lo t s .  Shelter was app lied  on the 
p r in c ip le s  la id  down in the sh elter  experiment.

This experiment su ffered  from the p a th o log ica l agencies enumerated be
f o r e .  The resu lts  are in  consequence assessed on the f i r s t  count made on 
the 15th July. Losses had however been experienced b e fo re  that d ate . It 
i s  considered however that these were uniform ly d is tr ib u te d .

The fo llow in g  Table g ives  the reeult-s. The pregeim ination  method is  
taken as 100 and the eoaked a t  the r e la t iv e  number. This ie  based on leirgt 
and w ell analysed data.

S pecies . Sown i l /4 /2 4 Sown 2 5 /4 /2 4 . Sown 9 .6 .2 4 .

Preg. soaked. Preg. soaked. _ .?reg . Soaked.

European larch 100 132 100 114 100 io e
- f +

DifJ

o»irt« 14 -  12 2 -  4

Sitka spruoe 100 i e i 100 233 100 114
+- *

D i f f .  81 -  12 133 -  29 14 -  3
-------- 1---------------- ________ i ...................... ------------ -

The re su lts  are contrary to  what was expected. For the Larch the 
d if fe re n c e  in the oase o f  the f i r s t  sowing i s  s ig n if ic a n t  s t a t i s t i c a l ly  in 
favour o f  soaking. The two other sowings gave no s ig n if ic a n t  d if fe r e n c e .

ForSitka spruce the soaking treatment gave s ig n i f ic a n t ly  b e t te r  reaulti 
in  a l l  three sowings; I t  being le a s t  in  the la s t  sowing.

I t  is  wortty o f  note that in  both  sp eoies  germ ination was on ly  about o,i 
h a lf  In the second sowing compared with the other two. This is  d e fin ite ly  
re la te d  to  t i l t h  at the tim e o f  sowing. The ground at the time o f  th e  
seoond sowing was wet and caked subsequently beooming very mossy*

A sm aller s ca le  experiment on th is  su b jeot was ca rried  out fo r  Douglas 
f i r .  Thirty d r i l l s  fo r  each o f  the fo llow in g  treatm ents were sown from 
8th  -  12tb May 1924

l.D ry  seed.
2 .Soaked f o r  7 days.
3.Seed incubated fo r  11 days at 22°C.

The fo llow in g  productions per lb  o f  seed was obtainedVfrith amounts ex- 
pressed r e la t iv e  to  100 f o r  the p regem in ation  f ig u r e .

1 . Dry seed 15,500 seed lin gs per l b .  1QQ
2 . Soaked 7 days 16,000 ” ”  '* 191
3 . Pregermination 8 ,320  " ■ n «

Treatment "3* has obv iou sly  been harmful.

—& —



jp p erlment No 6 on Depth o f  Sow ing

Two sp e c ie s  were stud ied  namely S itka  spruce and European larch ,T h e
owings were ca rr ied  out by the z in c  p la te s  and pegs o f  appropriate  depths,
he fo llow in g  depths were used • -

I i"  t i "  S" s i V
there were 20 sca ttered  p lo t s  each w ith  106 seeds f o r  each depth.
II D nfortunately there were ser iou s  lo s s e s  from dampirr; o f f  and cock 
chafer be fore  the date o f  the f i r s t  count on 1s t  Augusts The fo llo w in g  
re the p lant peroentages obtained  at th o t  date

S pecies. P lant % and probable E rror o f  Mean f o r  depths o f .

** i " & .. .  . .. i "

European la rch  

S itk a  spruce

. 4- 
14% -  .9

9 t  ,5

_L.
12% -  1 .0  

4 ±  .4

8% i ” .8

.5 ±  .1

11#  -  1 .1  

n i l

D e fin ite  con clu sion s oannot be drawn but the data in d ica te s  the advan
tages o f  the shallow er depths*

Experiment on the e f f e c t  o f  d i f f e r e n t  k inds o f  s o i l  f o r  ooverlng  seed on 
subsequent weed growth,

| A email p relim inary  experiment on th is  su b jeo t was carried  ou t. Two 
Coniferous sp eo ies  were sown namely S itka spruoe and European la ro h  and cov 
ered w ith s o i l  as fo llo w s  j -

' 1 * Ordinary nursery  bed s o i l .
2 i A s o i l  w ith a la r g e r  percentage o f  humus.
3 . S o i l  N© 2 . trea ted  w ith  1% s o lu t io n  o f  copper su lph ate . 1 g a l l ,  

o f  l iq u id  was a p p lied  to  about 2-£ cubio f e e t  o f  s o i l ,  b e fore  
u se .

The germ ination o f  the con ife rou s  seed showed that th e  treatm ent had had 
io adverse in flu en ce  on germ ination .

The fo llo w in g  Table g iv es  the time taken o f  1 man to  weed eaoh p lo t  o f  
si s q . f t  s-

Bpeoles and Treatment! 1st Weeding 2nd Weeding.

Sitka sjnnioe Bed s o i l 12 min. 15 min.

n Humus 43 * 14 9

9 Humus 3c CuS04 8 ■ 8 "

European la r c h  Bed s o i l 29 9 22 *

" Humus 45 13 14

9 Humus & CuSOj
—  . _______4 ........................... 1

4 " 6 "

-7-



The weedy nature o f  the htutus s o i l  is  demonstrated and the data shcwj 
the marked Influence o f  the copper sulphate treatm ent.

Experiment on Mechanical sowing by Kp 3 Pianet ju n io r  Seeder,

Douglas f i r  and European la rch  were a own by thiB seeder w ith ^Ittingj 
to  aow a 3" band as desoribed in previous S co tt ish  Reports. Tfc# tiduglaB 
f i r  was sown on 12th May and L«roh on 19th  May, The Douglas f i r  Iseed was 
pregerminated and mixed w ith sand f o r  sowing, The la rch  seed was soaked 
fo r  7 days and redleaded.

The machine worked s a t is fa c t o r i ly  except that the covering was 
Incomplete in some cases ,

Germination and growth oompare favourably  with other stook in  the null 
aery, A p lant peroentage o f  13*5# was obtained f o r  Douglas f i r  and 13# f? 
European la rch ,

(13) Transplanting Experiments,

The Transplanting fexperiments were d ire cte d  mainly to the problem of 
transplanting Corsican pine but experiments dealing with other sp ec ie s  wern 
carried  out a ls o . As noted prev iou sly  a l l  the experiments in  th is  cate
gory were carried  out at Rapley Nursery, Bagshot,

Experiment No 15 on Season o f  Lining out Corsican Pine.

At each season noted below 10 rows o f  160 p lants were lin e d  out in  5 
sca ttered  p lo t s .  The method o f  transplanting used was the "s tra ig h t  back 
lk*enohn, at a spaoing o f  12" between the rows and 3" between the p la n ts . 
Two types o f  p lant were used : -

( 1) 1 y r  seed lin gs .

Raised on the l ig h t  sandy loam o f  Rapley Nursery in  mod
era te ly  dense broadcast beds. The p lants were sm all but 
f a i r ly  w ell rooted . The p lants were n ot s p e c ia lly  grad* 
but the ro o ts  were l ig h t ly  pruned,

( I I )  2 y r  seed lin gs , •

Raised on a d a y  loam s o i l  a t B ushfield  in m oderately 
dense broadoast beds. The p lan ts were average s ize  fo r  
th e ir  age and f a i r ly  w ell rooted . The p lants were n ot 
graded but the ro o ts  were pruned l ig h t ly .

The fo llow in g  Table g ives  the re su lts  i -

-8



The r e s u lts  are s tr ik in g  and th e  fo llo w in g  are observation s on
them*

1# There Is a marked d if fe r e n c e  in  the order o f  the lo s s e s  in  the 1 -y r  
o ld  and 2 -y r  seed lin gs#  This may be due to  the d if fe r e n c e  in  age o r  

to the d if fe r e n c e  In s o i l  on whloh the seed lin gs  were raised#

2 # In t h e 1-y r  seed lin g s  the lo s s e s  were low over a prolonged p eriod  
namely from mid-November to  mid-March* Heavy lo s e  ooourred from the 
A pril l in in g  ou t,

3# In the 2 -y r  seed lin g s  the sa fe  p eriod  was sh ort namely in  January 
and February. 3 e fo re  and a f t e r  the lo s s e s  were high#

9

4# The two counts showed there were two types o f  lo s s e s  namely lo s s e s  
soon a ft e r  l in in g  out and again  la t e r  in  the season. these could  be 
Id e n t if ie d  on the ground even in  autumn, some p la n ts  had d ied  b e fo re  the 
buds had bu rst and apparently  w ithout r o o t  growth tak ing p la o e ; o th ers  
had bu rst th e ir  buds and made some growth b e fo r e  death .

5# As fa r  as Is  known the deaths are n o t due to p a th o lo g ic a l oauBes#

6# , The low lo s s e s  In w in ter l in in g , cu t confirm s the r e s u lts  obtained 
and reported  on In the p rev iou s  season*

Experiment No 14 on the e f f e c t  o f  Rough L i f t in g  C orsican p ine se e d lin g s .

The o b je o t  o f  th is  ©cperiment was to  determine i f  'one cause o f  lo s s  
In the l in in g  out th is  speoie.s. was r o o t  damage resu ltin g - from  lack  o f  
care in  l i f t i n g  the seed lin g s  from the seed bed .

At the th ree  seasons noted  below  10 rows each o f  15o p la n ts  were
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lin ed  out In 5 scattered  p lo t s ,  the seed lin gs toeing l i f t e d  as fo l lo w s :

(1 ) livery care taken In loosen ing the s o i l  and preventing ro o t  
damage*

(11) S o il only looaenod s u f f ic ie n t ly  to  prevent the stems breaking 
while being pu lled  up*

The observations on method and p lants noted f o r  experiment No 13 apply here 
a ls o .

The fo llow in g  Tltole g ives the re su lts  j -

tfates o f Loss percentage (&2*9*24 ).P robable
Type o f  P lant. Lining error o f mean vmen

out*
C arefu lly

L ifted*
Roughly
L ifte d .

1 yr seed lings 19*12*2? 13# ■¥mm 1 .1 is #  i 1 .1

16. 1*24 11
+mm 1.7 13

-t-mm 1 .1

15* 3.24 11 1 .4 12 + .7

2 y r  seedlings 19*12.23 34 1*1 24 4*m 1*8

16* 1*24 20 ■+m 1*4 23
JUi 1.6

'ma■<* 1 3 .3 . 24 34 m 1.7 61 4-mm 2 .3

The re s u lts  Show that the rough l i f t i n g  has not had an adverse e ffecl 
lhe d iffe re n ce s  fo r  the seasons confirm  the resu lts  obtained In experiment 
No 13* As fa r  as is  known the deaths were not due to  p a th o log ica l causes.

Experiment No 16 on apaolng in Transplant L ines.

The undem oted sp ecies  wore studied f o r  two spaoing d istan ces namely 
14" x 12” and 3* x 12” .

There were 5 scattered  p lo ts  each o f  1 row, 61 fe e t  long*

The stra igh t back trench method was used*

The experiment was carried  out on the 6th and 6th March 1924.

The fo llow in g  aro notes on the p lants used*

Scots pine*

The p lants were 2 -y r  seed lin gs ra ised  on a c la y  loam in B ushfield
Nursery, in dense broadcast beds* The p lants had a stem length  o f  about
I"*  Oulls were exclu ded ,-
if:

Corsican pine*

These were 2-y r  seed lin gs ra ised  on same type o f  s o i l  and condi
tion s  at iH ishfield as above* The stem length  wae 2 -3H* C ulls were exclud
ed*

Norway spruce.

2-y r  seed lin gs  ra ised  on a sandy leam in B ushfield  in dense broad
cast bed* Stem length 3 -4 w, c u l ls  excluded from experiment.



Douglas f i r .

: 2 -y r  seed lin g s  ra ise d  on a sandy loam in B u sh fie ld  in  m oderately
dense broadcast bed* Stem len g th  4 -5 "*  C\Jlls were exoluded.

The fo llo w in g  Table g iv e s  the r e s u lt s  as at 23rd September 1 9 2 4 .-

S p e c ie s . Loss percentage and 
Mean fo r

Probable E rror o f

X&" spacing 3" spacin g .
"• 4* *

Scots pine 39 -  3 .6 32 -  1 .5

Corsican p ine 49 -  3 .7 45 -  1 .6

Norway spruce 3 0 - 8 20 -  1. 3
-f—

Douglas f i r 15 -  6*2 10 -  *6

I t  should be noted that the e f f i c i e n c y  o f  the gang which ca rr ie d  ®ut 
th is  experiment could not be p laoed  h igh  and was probably  under average f o r  
a produ ction  nursery*

The d if fe r e n c e s  in  lo s e  between the two spaclnge are not s ig n i f ic a n t  
s t a t i s t i c a l l y .  The average time taken to  l in e  out 1 row with a spacing o f  
i j "  was 14 minutes and f o r  a row with 3" spacing 11 minutes tw ice  the num
ber o f  p lan ts being  o f  oouree l in e d  oa t in the form er compared w ith  the 
la t t e r *

Experiment no 19 on the in flu en ce  o f  grading o f  seed lin gs  upon lo s s e s  in  
ik e  l in e s .

The fo llo w in g  was the grading system used •-

Grade 1 . S eed lin gs one h a l f  the maximum shoot length  and ov er  w ith 
excep tion sn oted  in  Grade 3 .

Grade 2 . Seed lings le s s  than one h a lf  the maximum shoot length  with 
the ex cep tion  noted in  Grade 3 ,

Grade 3 . G u lls , badly suppressed, drawn, weakly, badly roo te d , 
damaged and d iseased  seedlings*

This worked out f o r  the d i f f e r e n t  s p e c ie s  as fo llo w s  : -

Grade S cots pine Core loan p ine Norway spruce Douglas f i r

I over 4* over 2£* over 3&* over 4&n

II 4ff k tinder 2%* k  under 3jjn & tinder 4jjrn£; under

as d efin ed as d e fin ed as d e fin ed as defin ed

Otherwise the n otes on p la n ts  In Experiment No 18 apply*
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The fo i lo n In s  grades o f  p lan ts were studied -  

( 1) Grade I .
(11) Grades I&  I I ,  i . e .  Grade I I I  only excluded,

(111) Grade I I

A ll the above l in e d  out at 7 to  a f o o t  In l in e s ,

(iv ) 'G ra d e  I I  bedded, I .e .  0 n between l in e s  and about 1" apar
(v )  Grade H I .

lin e d  out at 7 to  f o o t .

The s tra ig h t back trenoh method was used and the l in in g  out was done 
from 10th -  12th March 1924 on the same sca le  as Experiment no, 18,

The fo llo w in g  are the r e su lts  at 23rd September 1924.

S p ec ie s .
Loss percentage and prouaftl'e e rror  o f  mean ''or

Grade I Grade I & II Tirade I I  1 Grade I I Gra3e Ilf.^

Soots pine

Gprsioan
pine

Norway
spruoe

Douglas f i r

-U  
20% - 1 .8

33 1 .0

20 2 .4

6 "i~ 1 .2

4-36% -  2 .2

"f-
34 -  2 .4

*4~
29 -  2 .0

4~13 -  1 .6

4-
37% -1 .1

38 -2 .7

33 t l . 4  

12 & .1

~f—
30# -  1 .9

T~
40 -  2 .0

~h
22 -  3 .7

f -
21 -  2 .3

-f-
71# -  2 .3

4 - \ 68 -  2 ,2

27 i~  1 .6  

35 ^ *2 .3

U nfortunately there was a ce rta in  amount o f  oockchafer damage in  thj 
experim ent. There is no reason t o  b e l ie v e , however, that th is  was not 
evenly d is tr ib u te d .

The re su lts  are o f  In te re s t .

1 ,  In Scots pine the lo s s  In Grade I and the high lo s s  in  Grade I I I  
are s ig n if ic a n t  s t a t i s t i c a l ly .  The la t t e r  is o f sp e c ia l Importance indl 
eating that drawn seed lin gs o f  th is  sp ecies  have a low su rv iva l probabiH

9 ,  In Corsican p ine the lo s s e s  are low  having regard t o  the date line 
ou t. Only the lo s s  f o r  Grade I I I  is  s ig n i f ic a n t .

3 . The lo s s e s  fo r  Norway spruce are uniform and not markedly s ig n i f y  
can t, the death rate  even amongst c u lls  not being n o ta b le .

4 , The lo s s e s  in  Douglas f i r  are low , the c u l ls  here d id  badly a ls o .

An experiment was designed and oarried  out to determine the influena
o f  the ra te  at ffhlch the work o f  l in in g  out was done. lfce e f f ic ie n c y  oil
the gang however made I t  im possible t o  g e t  a v a r ia t io n  and the re su lts  
show no d if fe r e n c e  in  lo s s e s ,  iiii

Part 3 . p la n tin g  Experiments.

FScperlmont No.SOl on Season o f  p lanting  Corsican p in e .

The o b je o t  o f  th is  experiment Is  to  determine what e f f e c t  the season
o f  p la n tin g  has on the success e f  the p la n ts .

The soa le  o f the experiment was a s e r ie s  o f  p lo t s  eaoh o f  5 rows of 
100 p la n ts  f o r  each month from Novonber to May. This se r ie s  was repeats 
f iv e  tim es, in  sca ttered  p lo t s .
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The experiment was ca rried  out two p la ces  namely -

(1 ) ELvedon, S u ffo lk *
( i i )  A lle r s to n , Yorkshire*

( i )  E lvedon.

The fo llo w in g  is  a summary o f  tem peratures (taken in  open and 
not in  screen) and r a in fa l l  from Maroh -  September 1924a-

Month* Temperatures In degrees Fah. R a in fa ll*
inches*Mean

Max.
Mean
Min. H ighest Lowest.

March 46.6 38*6 60 27 *64
A pril 63 47 70 36 2.35
May 65*6 66 76 44 3 .3 0
June 70 65 32 50 1 .79
July 73 64 66 57 2.26
August 66 69*6 78 60 2.90
September 64 56 73 63 2.91

Ae the thermometers were not in  a soreen  the tem peratures cannot be com
pared with "normals"* The r a in fa l l  was markedly d e f ic ie n t  in  Maroh, le s s  
so in June w hile there was an exoess in  a l l  o th er months*

The s o i l  i s  a f in e  sand re s t in g  on chalk and oea les  a bracken -grass 
herbage*

2 -y r  1-y r  Core loan p in e ex Downham was used* u n fortu n a te ly  the p lants 
pul!In In A pril and May came to ELvedon In March and were h eeled  in  from 
that month, hence the r e s u lt s  f o r  the la s t  two months o f  the s e r ie s  may 
not be re lia b le *

The fo llo w in g  Table g iv e s  th e  dates o f  p la n tin g  and the peroent&ge 
o f  p lan ts su rv iv in g  a t the beginning o f  O ctober t -

Percentage o f  su rv iv in g  p la n ts  k  probable E rrors f o r  p lan ts
planted  a t .

29 .11 .23 19.12.23i 15. 1 .2 4 6 * 2 .24 18* 3 .24 3* 4*24 1. 5*24

6 4 ^ 1 * 1
4-

65% -1 .5 66# -  .9 04# ^  1 .4 58% 1 .5
-4- 

48% -1 »9 54% 2“ 1 .7

Two po in ts  stand out f i r s t  the low lo s s  In January namely 14$ and 
seoondly the h igh  lo s s e s  from  March onwardB. As noted above the A p ril 
and May lo s s e s  mAy be due to the p la n ts  being h eeled  in  but the lo s s e s  in  
March a re .re a l*

(11) A llerston*

Maximum and minimum tem peratures In the open were taken but these 
In them selves do not d e fin e  the norm ality  or  otherw ise o f  the season* The 
season was probably  as elsew here, a dry co ld  spring  and a c o ld  wet summer*a •*

There were two zones o f  s o i l  running through the p lo t s  namely -

(1 ) A m oderately deep sandy loam carry in g  a braoken-grass her
bage.



( i i )  A stcny g ra v e lly  shallow  sandy loam carrying  a grace herbage,

1 -y r  1 -y r  stock  o f  C orsican pine was used* The jan u orv , March and 
May p lants were heeled  in  f o r  a month in the nursery, i . e .  p lan ts  f o r  2 
monthly p lantings were l i f t e d  each tim e. This m istake is  n ot r e fle c te d  i  
the re su lts  at le a s t  up to March which are as fo llo w s

Percentage o f  p lants surviv ing  and proW hle errors  f o r  p la n ts  planted
•t '1

19.12.23 16. 1,24 15. 2 . 24 14. 3 . 24 16, 4.24 2 « 5 , 24• 1

76# ~ t 1.5 74% " t  1 .8 76% ~t 1,7
4-

7Q% -  1 .7 77% 2.7 67% -  2.6

t
I t  is  seen that th ere  is  no d if fe r e n c e  in the lo s s e s  from Dooember 

to A pril* the la rg er  lo s se s  in  May are s ig n if ic a n t  s t a t i s t i c a l ly ,  This 
may however be due to the adverse e f f e c t  o f  h eelin g  in  at that season.

I t  is  In terestin g  to  note th a t, oompoxdbag Elvedon w ith A lle rs to n , the
1-y r  1-y r  otock  o f  the la t t e r  are more to le ra n t o f  season o f  p lan tin g  than 
the 2 -y r  1 -y r  stock o f  the fo m e r .  This is  in  the same tim e, as the 
d iffe re n ce s  noted in the transplanting experim ents.

The conclu sion  obtained in th is  y e a r ^  season o f  p lantin g  Corsican 
pine experiment confirm  that obtained la s t  y ea r . During two consecutive 
seasons w inter p lanting o f  th is  sp ecies  has been found to be safo*than 
Spring p la n tin g .

The fo llo w in g  experiments were ca rried  out by the D iv is io n a l s ta f fs  
on plans prepared by the Experiments O f f ic e r .  Ee d e s ire s  to  express h is 
thanks fo r  the oo-operati& n o f the D iv is io n a l s t a f f s  in the establishment 
o f  p lanting  experim ents.

1 . Spacing o f  C onifers*

( i )  Brackley F orest -  D iv is io n  N o.l

S p ec ie s i S itka spruoe spaced 5 f t ,  6 f t ,  7 f t ,  fie 8 f t .
Corsican pine spaced 4 f t ,  5 f t ,  6 f t ,  fie 7 f t .

( i i )  Rothbury, School D iv is io n .

S p ecies : European laroh  a combination o f  spacing and age
and type o f  p la n t , spacin g : 5 ' ,  6 », 7 * fie 8 *.
T y p e s s i  y r  1 y r ,  2 y r  1 yr  fie 2 y r  2 y r .

( i l l )  Raldon, Divisions 3 fie 4.

S p ec ies : Corsican p in e , spaced 3 , 4 and 5 f t .

( iy )  L lan trlea n t, D iv is ion s  3 fie 4*

pP.e.o i? * : Porsican p in e , spaced 3 ,4  fie 5 r t .
(v ) Margam, D ivision®  3 fie 4 .

Species* Eiropean laroh  ,  spaced 5 ,6 ,7  fie 8 f t .
*’ * • • ».

( v i )  H a lw ill, D iv is ion s  3 & 4 .

S p ecies : Norway spruoe 3 ,4 ,5  & 6 f t .
S itka spruce 6 ,6 ,7  fie 8 f t .
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2. Age and Type o f  p la n t .

( v i i )  H a lw ill, D iv is io n s  3 & 4 .

%  e o le s : Norway spruoe.
TjrpeB: 2 y r ,  2 y r  1 y r ,  2 y r  2 y r  and 2 y r  3 y r .

3 . Experimental P la n ta tion s .

( v l l i )  H a lw ill, D iv is io n s  3 & 4 .

Methods o f  p la n tin g  on boggy ground.

S p ec ie s : Norway & S itka  spru ces.
Methods o f  p la n tin g  on boggy ground.

(a ) on u nsoreefed  ground,
(b ) on soree fed  -.round
(o )  on moundB,

( lx )  A lle r s to n , D iv is io n  N o .l .

A p la n ta t io n  has been la id  out on a m oderately exposed heather 
moor with a pan near the su rfa o e . This has been p a r t ia l ly  broken by 
ploughing.

The fo llo w in g  s p e c ie s  have been p lanted  in  b e l t s  o f  4 rows r e 
peated 4 times : -

(1 ) S cots  p ine
(11) C orsican  p ine 

( i l l )  Norway spruoe
( iv )  S itka spruoe

(v ) European la r ch  
( v i j  Japanese la roh

( v i i )  Douglas f i r  
( v i i i )  Pinus ponderosa.

13 . X I. 24.
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NURSERY & PLANTATION EXPERIMENTS ( Scotland



Report on Experim ental Work (S cotlan d ) November 1924, 

The Report is  co n s t itu te d  no f o l l o w

tio n 1 . In trod u ction .
n 2 . Germination and Seedling E xperi

ments,a 3 . Transplanting Experim ents.
n 4* P lanting Experimenta.
n 6 . Experim ental P lantationo*

SECTION 1,

In troduction*

Tho experim cntal work in  Scotland was ca rr ie d  out 
u n t il  14th August 1924 by Dr Steven and th e re a fte r  by Mr 
Anderson* This Report is  a Join t one by these o f f i c e r s *

The experim ents included in S ection  2 were ca rried  
out a t the Royal B otanic Garden Nursery, Edinburgh and at 
Beaufort F orest School Nursery, Bcauly.

The experim ents in  S ection  3 were ca rried  out a t 
Seaton Nursery, Abordoen.

S o il  oon d jtlon s  in  above NurserloB*

Royal Botanic Garden Nursery.

This is  a deep sandy loam r e s tin g  on eand, There 
is  a con sid era b le  amount o f  f in e  particles on the su r- 
faoe  s o i l  which under r e t  con d ition s  tend t o  form a 
very th in  su rfaco  cake* prev ious to  1923 th is  area 
was under a llotm ents which re ce iv ed  varying treatment 
as regards crop and manures. This f o r  the present 
renders the growth r e s u lt s  v a r ia b le  in p la c e s . The 
1924 seed beds arc lo ca te d  on ground which ca rr ied  
Larch transp lants la s t  year*

Seaton Nursery Aberdeon.

This is  a s im ila r  s o i l  to  the above. The previous 
cropoing does not show the same rapid  v a r ia t io n , but 
the su rfa ce  is  undulating.

Beaufort F orest school Nursery.

A shallow  coarse  sandy loam re s t in g  on f in e  g ra v e lly  
sandy loam passing into a coarse  g ra v e l,

le a th e r  con d ition s  in  the above n u rse r ie s .

Ihc fo llo w in g  is  a summary o f  tho m eteoro log ica l 
data f o r  tho Royal B otanic Gardon Nursery, Edinburgh fo r  
the growing soaaon, 1924.
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The data presented enables an accurate comparison between 
th is  sea son 's  weather and normal to  be made* The season 
has been notab le  f o r  low maximum tem perature, d e f ic ie n t  
r a in fa l l  in  March and A pril and excess th e re a fte r .

The fo llo w in g  Table g iv es  a summary f o r  Beaufort 
F orest S ch ool, Beauly. 'ihe thermometers arc not in  a 
Stevenson screen .

r —  ■"
Month

1924.
Mean Max. 

Temp.1i
1

Mean Min, 
Temp.

Highest 
Temp,

Lowest
Temp •

Ra in
f a l l .

A pril 64.1°P 36 .4°F . 66 22 1.075"

May ! 69.8 38. * 71 28 5.220

June 63.9 66.2 74 29 2.545

July 69 .9 48 .8 80 40 3.66o

August 64.8 48.5 TB 39 4.590

Sept. 61.7 43.0_ . ,-J 74 2B 6.930

The weather here compared w ith  normal has boen notable 
f o r  an excess o f  r a in fa l l  from May onwards*

For Seaton Nursery only r a in fa l l  records are a v a il -
a b le : -

Jan.1924 2 .6 3" A pril 1.17 July 4.33

Feb, 1 .19 Kay 4 .60  August 1.78

March 1.05 June 1 .6 0  September 4.44

R a in fa ll waff in excess o f  normal in January, Hay, July 
and September .otherwise d e f ic ie n t .  rrom the poin t of view  of 
the Transplanting Experiments lo ca te d  in th is  nursery the 
wind in the spring was im portant. Cold, h igh  N.E. and N.W. 
winds were frequent in  March and A p ril.

SECTION 2.

Germination and Seedling Experim ents.

Experiment No.15c on Season o f  Sowing.

This experiment was carried  out with three specieB , 
Douglas f i r ,  S itka spruce and European la rch  at the Royal 
Botanic Garden Nursery Edinburgh. The fo llo w in g  is  a 
summery o f  the seed data : -
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Species
• 

1
wt.

perDOCO 
seeds In

Oermination percentage 
Incubator at

-  Keareon

grannies 5
days

10
days

15 20
days

25
days

I 30 
days

35
iayo

4<r
daya’

Test at Maroh 19 24.

Douglas
| f ir  £4/1 97 8.355 «*

11

11 21 27 39 45 51 BS +  J
Sitka 
1 sprueo 

24/16
92 2.460 - 39 61 63 53 544-6*

European
laroh
24/11

80 5.890 9 41 45 45+5*

Test June -July. 1924..

Douglas
f i r * 1 24 34 37 40 45 49 60-+26

Sitka
spruce - 13 14 32 41 42 43+12*

11
i

European
larch m - 14 41 42 42+3*

I

I1

1
i

*  Freeh ungem inated seed at conclusion  o f te a t .

The sowing* rare made by s p e c ia lly  designed perforated  
z in o -p la tes  eaoh o f  an area o f 1 Bquare foot*  The fo llow in g  
numbers o f  seed were sown per 1 s q . f t .  and at the fo llow in g  
depths

Douglas f i r  300 seeds per s q . f t .  1** depth.
Sitka spruce 600 n « n a lw ft
European larah 600 n H H n «

The unit was 1 p la te  and there were 12 r e p e t it io n s  in 
scattered  p lo t s .  The dates o f  sowings were from Mid-March to 
June 1924.

The seed was soaked fo r  7 days in tap water and rcdleadei

Larvae o f  Serica phjrllopertha appeared in a few o f  the 
p lo ts  in July. Tho seed lin gs , whose roo ts  were out wore l i f t t f  
and the larvae were destroyed, This looaliscc? the attack  and 
the experiment ras h* no way v it ia te d .

The fo llow in g  Tables g ive  a summary o f  th e ,re su lts
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Speclea . Dates o f  | 
Sowing, i

Plant percentage and i t s  probable 
Error at

2 3 .6 .2 4 . 15 .7*24. 26* 8 . 24.

Douglas f i r . 1 1 .3 .24 33# 47# I  .7 48# *8

3 .4 .2 4 8 60 .7 52 i  1 .0
I —|—

16 .4 .24 6 54 -  *6 56 -  .9

11 .6 ,24 2 44 “i “  *6 49 ~i~ .8

29*5.24 4 39 40 “i "  *9

3 .6 .2 4 . 2 2 .7 .2 4 . 29. 8 . 24.

Sitka spruoe 16*3,24 13# 18# #6
-1—  

18# -  .8

4 .4 .2 4 20 -4-26 -  ,7
a 30 J .7

2 3 .4 .24 0 31 “ I  .5
|

38 -  .7
-4- _1 3 .5 .2 4 m 34 -  .7 36 J .8

1 .6 .2 4 - 52 ~i~ .7 54 "J "  .6

3 *6 .24 . 22 .7 .24* 29 . 8 .24

European 1*4*24 17# 14# r i"  .7 14# *7
la rch .

1 7 ,4 .2 4 . 25 22 ,7 23 *6

1 9 .5 .2 4 . 1 16 *3
- i .

20 -  .6

2*6*24. -
-4~

39 -  .5 ' 30 .5

The re s u lts  ere s tr ik in g  And the fo llo w in g  Are observations 
on than : -

1 . The p la n t percentages are h igh , f o r  the f i r s t  time they 
approximate to  tho la b ora tory  germ ination percentages. It  
was thought p rev iou s ly  that even under favourable con d ition s 
only about one h a lf  the lab ora tory  g em in a tion  can be expect*- 
ed In the nursery f o r  the above sp ecies  but th is  y e a r 's  work 
shows that much higher p lan t percentages oan be obtained.

2 . The re s u lts  obtained together w ith the m etero log lca l data 
and continuous observation s o f  the s o i l  con d ition s  shor, that 
su rface  calclng even o f  a th in  la y e r  I . e .  l/LO* caused by Im
p e r fe c t  t i l t h  at the time o f  sowing and subsequent heavy ra in s 
has a ser iou s  in h ib it in g  in flu en ce  on germ ination . The d i f 
fe re n t  sp ecies  vary In th e ir  sen s it iv en ess  to  t h is .  In gen
era l th is  season the caking decreased w ith la ten ess  o f  sowing*

3* Tbs p lant percents o f  Douglas f i r  at th e  end. o f  the season  
show uniform ity* This sp ecies  is  le s s  se n s it iv e  to caking 
than the other two* Reference to the count made in June 
Shows that th e  p la n t percent from tho tiarch sowing is  much 
h igher than the la t e r  sowInge. i f  con d ition s unfavourable 
to  g em in a tion  had supervened at that date, as in  some p re -
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vlou s seasons, th is  sowing would have been tho host* An th! 
io  always a p ro b a b ility  and as tho species  i s  not sensitive 
to  caking oarly  spring sewings o f  th is  spooic-s w il l  always i' 
be sa fer  than la te  ones.

4# Tho re su lts  fo r  Sitka spruce show an increasing p lant 
pcroentsgc with la ten ess o f  sowing. On tiK. ground th is  
increase could  be re la ted  with decrease in caking. Betweoij 
19th March and 31st May there were 45 ra in  days out o f  a 
p oss ib le  o f  73 . The amount o f  ra in  ranged up to  *75 inch 
fo r  24 hours. The e f fe c t  o f  th is  ra in  was to  fcrm a sur- 
faoe oake on the s o i l ,  which increased with the time which 
elapsed between sowing & complete germ ination. In Juno 
there wrB a lso  much ra in  but th is  was associa ted  w ith high 
er temperatures and there w*s l i t t l e  caking. There appean 
to be no doubt that th is  is  the fa c to r  which operated and 
oaused the high p lant percentage fo r  June compared with 
e a r lie r  sowings.

*lhls experiment demonstrates that Sitka spruce is  par
t ic u la r ly  sen s it iv e  to  the con d ition  o f tho surface la y er  
o f s o i l .  I f  poaeible th is  species should not be sown on 
s o i ls  l ia b le  to caking. I f  th is  must be done, tho sowing 
should only be made when the t i l t h  is  very good and la te  
in the sprin g . When oaking is  a fa c to r  p revious r e 
su lts  have indicated  that oa r ly  sowing is  advantageous#

An in vestiga tion  into cu ltu ra l and other methods to  
prevent caking io  d c s ir -b le .

6 . European laroh  shows s im ilar re su lts  to Sitka spruce 
and the above observations apply#

Experiment N0 4a on Treatment o f  seed.

This experiment carried  out f o r  Douglas f i r  in  the pre
vious season was repeated th is  year with Douglas f i r ,  § itk a  
epruoo and European laroh# at the Royal Botanio Carden Nursery# 
The seed data given fo r  experiment 16c apply hero also#

The fo llow in g  were the methods o f  treatment stu d ied  : -
1# Dry untreated seed#

2# Seed put into water at 60°0# and allowed to remain fo r  
24 hours, no add itiona l heat being app lied .

3# Seed put into tap water f o r  6 hours and then Into a
saturated so lu tion  o f  iodine f o r  18 hours#

4# Seed put in to  tap water fo r  6 hours and then in to  a 1#
ooppor sulphate so lu tion  fo r  18 hours#

6, Seed soaked 2 days in  water at lo°C  then m oist incu
bated fo r  6 days a t 20° 0#

In eaoh oas© tho seed was rodlaaded before  sowing*

'i-he seed was sown by the sine p la to  method as f o r  season 
o f  sowing and at the same density  and depth. Hie unit was 
1 p la te  which was repeated 10 times in scattered  p lo ts*
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The datoe o i  sowing wore eta fo llo w s

Douglas f i r  7th -  14th A pril 1924.
Sitter. aoTUCG 7th  -  16th  ̂ n
European la rch  19th -  26th hay M

Method of 
Species* Treatment,

Plant
t.;

% and Probable 
rro r  at

3. 6 .24  2 3 .6 .2 4  24*7.24 28. 8 .24

Douglas f i r  1 . Control 0$ 9/>' 56$ 61$ L~ „ 9

2 .Water o 14 56 59 Hr c8

3, Iodine Sol* 0.5 13 66 67 H: h9

4 .Copper s u l
phate s o l . 0.2 6 66 87 ~ t  r®

8 ,Moist incuba
tion* 4 7 58

1
1

56 X l .Q

3. 6 .24 pa 25 .7 ,24 . 1. 9 9 24

Sitka spruce 1*Control 6$ Ml 26$ 30$ t~ '.e

2 .ga ter 10 M 32 35 ir  .5

3 , Iodine S o l. 7 M 30 34 T  .8

4*Copper su l
phate s o l . 4 4M 28 34 Hr .7

B .iio lst Incuba
tion* 22 — 28

- X  t 
33 A .5

14. 6 .24 25 ,7 .24 1. 9.24

European la rch  1 .C on trol. 6$
"F '

•M 22% 26$ T~.-6

2. Writer 15 m 29 3 i H r ,5

3 . Iodine S o l. ! 32 - 37 38 T . 6

4«Copper s u l
phate S o l, 13

1
1i 30

4 -  
32 T  .6

5 ,Moist Incuba
tio n , 18 j

i
m» 16 16 ~t o4

The fo llow in g  are observations on these resu lts

1 , The Douglas f i r  was sown at a time which proved the o p t i 
mum f o r  the season and the nursory. The p lant percents are 
however even h igher than these obtained in the Experiment 15c 
on eoason Of sowing* The re su lts  are p r a c t ic a l ly  id e n tica l 
to  th ose .obta in ed  la s t  season* Tho iodine and copper su l
phate g ive  small but s t a t i s t i c a l ly  s ig n if ic a n t  increases in 
outturn compared with the c o n tro l. The very high p lant per
centage should be noted, i t  being eou ivo irn t to  35,000 1 -yr 
seed lin gs to  1 lb  o f  seed,
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2 . The Sitka spruce was sown at a soaBon which resu lted ' In| 
in h ib it ion  o f  germ ination by caking (sc-e observations in j 
Experiment 15e on season o f sowing). It w il l  bo noted 
that a l l  treatments g ive  a small but s t a t i s t i c a l ly  slgnlfl,, 
cant increase in  plant percentage over the con trol*  Their, 
ie  no d iffe re n ce  in  the f in a l  count o f  the d if fe r e n t  treatj 
menta* No treatment has given  the maximum p lant peroentar 
obtained in the la s t  cowing o f Experiment 15c hence i t  may \ 
be conoluded that treatment is  not o f  as groat importance 
as other fa c to r s . The r e la t iv e ly  high percentage obtained
in Moist Incubation at 31st June should bo noted. This [ 
was not maintained but would have been o f  importance i f  suh 
sequent conditions had not been favourable tp  germination*!

3* The resu lts  fo r  European larch  are more s tr ik in g  than f(i 
the other two species* The m oist-in cubation  treatment waij 
u n sa tisfactory  as the sowing was held up owing to  unfavou^i 
able weather and the pregerm ination had proceeded too  far* 
Treatments 2 end 4 gave s t a t i s t i c a l ly  s ig n if ic a n t  Improve
ments over tho control* The best re su lt  was however givei
by the Iodine treatment. In the caso o f  th is  sp ecies  thi!
treatment had a marked stim ulating e f f c o t  causing e a r lie r  
germination and a higher p lant percentage. i t  is  true thi 
in Experiment 15c in season o f  sowing the seed soaked fo r  
7 days and sown about the same time gave a s im ila r  p lant 
percent to that o f  the iodine treatment. Even i f  we assvron 
that the Iodine treatment is  no b e tte r  than 7 days soaking 
as regards outturn i t  has an advantage in being only a 1 da 
treatment.

.4 . Taking the d eta iled  evidence over two yearn we conclude 
that treatment o f  seed be fore  sowing has an in flu en ce  pn 
rate and amount' o f  germ ination. That in flu en ce , ho raver, 
is  not s u f f ic ie n t  to  override adverse fa c to r s  such as un
favourable weather and s o i l  conditions* The data indicat# 

I that the iodine treatment i s  at le a s t  as good as any. It 
1 is  simple and short and has given improvements in  outturn.

Experiment Mo 26 on the Influence o f  Depth o f  Sowing.

This Experiment was carried  out at the Roynl Botanic 
Gordon with Douglas f  i r r Sitka spruce And European larch* Th 
seed data given fo r  Experiment Ho. 15o app lies hero.

The fo llow in g  doptha o f  sowing \/oro studied 

Douglas f i r  -|n, •£", i M.

Sitka spruce » £n, -&*1, -f*.

Europcon la rch  -d o -

Tho Bowings were made by the aino p la te  method with pe# 
o f appropriate depths so that the depths were co rre ct  fo r  each 
depth and individual seed. There were ten re p e t it io n s  o f  the 
one which was 2 rows o f  50 seeds.

The sowings were made at the fo llow in g  dates j -

Douglas f i r  25. 4, 24.

Sitka spruce 23. 5 . 2,4.

European larch  28. 5. 24.

I t  w il l  be noted that these dates approached to whet proved to 
be the optima fo r  tills  aoason.
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The ceed was soaked fo r  7 days and red leaded .

The fo llo w in g  Table summarises tL e r e cu lts  :

r Depth o f
i S p ecies . Plant Percentage and i t s  probable

Sow ing. '■rror o f  hec.n a t ,
! 2 3 ,6 .24 15 .7 ,24 , 26 *8,24
i

[Douglas f i r A.tit*
«

5 54* 7 1 . 2
i

¥ 0 45 ! 48 + 1 . 1

¥ 0 35 42 1 .5

l rt 0 16 22 ~ t  .8

Sitka spruce ¥ 23;" 32^
r

36^T  2 .0

¥ 21 35 38 i r i . i

¥ 11 28 31 ~Jr 1.2

¥ 2 15 17 ~t~ .6

23 .6 .24 22 .7 ,24 2 6 .8 .24

European laroh ¥ 35£ 39^ 3 9 ^  1 .4

¥ 30 35 36 ’ t  1*1

¥ 18 21 22 i ;  1 .1

£" 0 1 1 " t  .2

The fo llo w in g  are observations on these r e s u lt s .

1 . For Douglas f i r  tlio p lant ^ fo r  the £n depth Is h ighest 
and s t a t i s t i c a l ly  s ig n i f ic a n t .  I t  should be noted that up 
to  £ n good p lant percentages were obtained, hence on a sandy 
loam, too deep saving is  not l ik e ly  to  be an important cause 
o f  low  outturn fo r  th is  sp e c ie s .

2 . For sitlca  spruce the d iffe re n ce s  between ¥  and ¥  depths 
ore not s t a t i s t i c a l ly  s ig n if ic a n t  hence the optimum depth fo r  
th is  sp ecies  w ith the s o i l  and weather con d ition s  studied  may
be taken as -  £ ‘*. A depth o f  -|n is  the c r i t i o a l  dopth 
f o r  th is  s p e c ie s , beyond which the p lant % f a l l s  sharply .

3 . For European la rch  the observation s f o r  S itka spruce apply 
but £ M is  the c r i t i c a l  depth hence sp ecia l care should be 
taken aga in st sowing unis sp ecies  too deeply .

Experiment No. 12 on the In fluence o f  Method and pen a lty  o f  Sowing 
on Q uantity' aiiS Q uality 6f"pl.an^7

( i )  Corsican p in e .
An experiment on th is  su b ject and sp ec ie s  wig begun in hay 1S22 o. 
Seaton Nursery, Aberdeen and the 2 yr  seed lin gs were l i f t e d  and 
analysed th is  sp r in g . Three methods were studied : -
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(1 ) Broadcast.
(11) D r i l l ,  1$" d r i l l s  spaoed 4 t apart acreai

the bed.
( H i )  Band, 4* wide spaced 4" apart across the

bed.

The fo llow in g  were the amounts o f  seed sown per bed 
12 f t  x 4 f t s -

r

e
1

Broadcast.

Bed 1 4 onz.
2 6 "
3 8 "
4 12 *

Bed.5 
6 
7 
6

D r i l l .

2 onz. 
4 "
6 "
8 "

Band.

Bed 9. 2 onz,
10 4 "
11 -6 *
12 8 *

The seed warfex C orsica , Id e n t if ica t io n  No.22/11, Puril 
100$ G em ination ca p a city  85$. It was soaked 6 dayi, 
redleaded and sown 6- 8 th  May 1922. G em ination  was 
good and even and the seedlings were unprotected agaii 
fr o s t  l i f t ,  which did  no damage. j

The fo llow in g  Table g ives the productions obtaln|

Broadcast S D r i l l . Band.
---------
,  . i 1Ve«ST

No.
rWo.o# Seed
lin g s  per 

bed.

produc
tion  per 
lb .

Sfe3
No.

N o.of Seed
lin g s  per 
bed.

produo-
tionper

B9d
No.

u. .

No .o f  
Seedlings 
per bed.

prodnij 
tion | 
*b. 1

1 4080 16,320 5 2144
, , ,

17,152 9 1962

Z 5968 15,886 6 3673 14,2921 10 3723 14,6t|

3 7903 16,006 7 4774 12,728j 11 5383 14,35

4 10477 13,968 6 6687 13,374 12 0747 15,4ft

I t  w il l  be noted that there is  a p rogressive  de
crease in production per lb  w ith increasing  d en s ity .®  
is  no marked d iffe re n ce  in production  in the 3 method! 
which was not to  be expected in the absence o f ib o e t  li 
damage.

The planta ware d ivided  into two grades

Grade 1* Good plants su ita b le  fo r  lin in g  o u t.
2 . Drawn, suppressed, fork ed , d iseased and 

badly rooted  p la n ts .

Lophodemlum p ln a s tr l was present on seed lin gs  in  a ll 
methods and d e n s it ie s .

The fo llow in g  Table g ives the percentage o f  Orad« 
plants In oach Method and density  :•
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Broadcast. D r i l l . aJ*■*CuJ

ed & Den- 
ity No.

r percentage 
Grade I 
P lants & P*E*

Bed Sc Den
s i t y  No.

Percentage 
'Grade I 
Plants & P.E.

Bed h Den
s i t y  No.
.

Percentage & 
Grade I 
Plants & P.E

1
1

56% TT 3 6 30 2 9 36 ^  2

2 45 2 6 4 -  
33 -  1 10 53 2

3 38 J" 1 7 24 “t  2 11 62 1

4
4 -

22 -  2 8 4 -39 -  2 12 4 -3 9 - 2

The fo llo w in g  are observations on the data 1*

1* I t  is  seen that Corsican pine did  not respond favourably 
to the D r i l l  method o f  sowing*

2, I t  is  c le a r  that th is  speoies is  adversely  a ffe c te d  by heavy 
d en s itie s*  The b est r e s u lt  was obtained in  the h ighest 
band sowing which was a sowing o f  1 lb  to  384 sq .ft-.and  a 
seed lin g  d en s ity  o f  41 seed lin gs per square f o o t .  The next 
beBt was the l ig h te s t  broadoast which wsb 1 lb  to  192 sq 3f t .  
and 85 seed lin gs per square f o o t .  Taking the net area on 
which the seed lin gs were growing these d e n s it ie s  were tho 
same. I t  is  probable that even thinner crops would have 
g iven  b e t te r  re su lts  lmt these may be taken as maximum den
s it ie s *

3* The in fluen oe o f  den sity  o f  sowing on subsequent lo s se s  
and growth on the l in e e  is  being stu d ied . Samples from 
each mothod and extremes o f  d en sity  were lin ed  ou t,

( i i )  Douglas f i r .

This epeoies is  being studied  at the Royal Botanio Gar
den Nursery and the 2 -y r  seed lin gs  are due to ’ be l i f t e d  next 
Bpring*

( i l l )  European larch*

An experiment on th is  sp ecies  was begun th is  spring at 
the Royal Botanic Garden Nursery and. g ives promise o f  good 
resu lts*

R egist ered Experiment No»17a on t he in fluen oe o f Humus manures ... 
on con iferou s  seed lin gs 'on^new'^Aground.'

m  view o f  tho g e n e r a lly /s a t is fa c to r y  growth on c o n ife r 
ous etook on ground which has not p rev iou sly  carried  ooniferous 
crop s , an experiment on thiB su bject was begun at Beaufort Pores 
S ch oo l, Beauly in  May 1922. Undor Mr James F raser ’ s super
v is io n  the ground p rev iou s ly  oarried  a g r icu ltu ra l crop s , fo r  
s o i l  d e scr ip t io n  see " in tro d u ct io n ” .

The fo llo w in g  5 treatments were given
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1* C ontrol, no manure

2* Amonlum sulphate at ra te  o f  11| os*per uq.pd.

3 . Soots p ine humus & fo re s t  soil at ra te  o f  10 lb  per sq.^

4* Mixed hardwood humus a t rate  o f  10 J.bt* per cq .yd .

5* peat dust from heather moor poat „ rate o f  10 Ibo per
oq.^l

These manures wcis applied  In May be fore  sowing and 
worked into the s o il*  There were 5 soattered  p lo t s ,  each: 
o f 6 d r i l l s ,  f o r  each species  and treatment. The follorlijl 
species were used t o  asoosa the manurial e f fe c t s *

(1 ) Scots pino sown at a density o f  320 s q . f t . t o  1 lb .
( d r i l l  method))

(11) Norway spruoe » w n n n

Oermlnatlon and growth was very good and f u l l  oropi 
’ ere obtained. There were no disturbing fa c t o r s .

The seedlings were l i f t e d  In spring 1924. The plant), 
in eaoh d r i l l  wer; weighed and graded as fo llo w s

Orode l  
Grade I I  * 
Orado I I I  -

over 3 Ins. shoot length  
5" and under.
Culls

The fo llow in g  Table summarises the re su lts  «•

Species.

Scots pine

Treatment.

1. Control.
2. Ammonium sulphate
3. pine humus
4. Sandtrood humus 
3 . Peat

1 . Control
Z ,  Aranonium sulphate
3 , Pine humus
4. Hardnjod humus 
3 . Peat

?7t .  in  lb s  
per thou
sand p lants.

11.7
10.9
10.6
12.6
12.0

3.6
3.1
4 .3
3 .9
6 .0

Percentage o1 
Orade I  plant

87%
33$
76$
80#
72/i

&
30$

In tho case o f  Scots pine thefcreatments have not had 
pronounced in flu en ce . Hardrod humus has however ^iven • 
small but s t a t i s t i c a l ly  s ig n if ic a n t  improvement. Tho grotf
S r 85 * ^ i e ” btStoSd!nd 7 i e w * o f  OTer 26*000 2- ^

Tar apruoo the r e su lts  are more s tr ik in g . Both oine
humus and peat hr.ve given increases in  weight and s ia e  whio

lean t. In y ie ld  a lso  these treatments gave sig*1
^ i l 6 aulphate reduced the y ieldojr a s ig n if ica n t  number.

have i !  ^  ° n th l8  8011 Plne >»»«*■ and pMsize  1} j f f e c t e  No n  ay spruce in increase of
7 1 } ? '  AMaonl ' «  sulphate have m d an ad-

0th€r experiments on th is  su b ject are in progress. -
-1 0 -



Regl e t ered Experiment No. 23 on tag In fluence o f  H alf-shado 
on iHe s i z e o f  S itka spruoe s eed lin gs . " *

The o b je c t  o f  th is  experiment Is to determine whether 
continuous summer shade increases the s iz e  o f  Sitka spruce 
se e d lin g s . It is a r e p e t it io n  o f  an experiment ca rried  out 
la s t  year . Last vcor the shade was applied  continuously from 
the time o f  sor in g  and tended to  delay germ ination . This 
year the shade was app lied  in mid-June a fte r  germ ination had 
been proceeding fo r  three weeks. Even thus, ho rover, the 
shading th is  year had a much more adverse e f fe c t  than la s t  
year. unshaded d r i l l s  gave a mean number o f  seed lin gs
o f  224 -  4 .0  equal to  a p lan t percent o f  33 vrhile the shade# 
beds gave 136 T  2 .8  equal to  20;-.

The experiment begun la s t  year is  due f o r  an a lysis  next 
sp rin g . It i s  c le a r  however from the ;>ed8 that the unshaded 
seod lln gs are la rg e r  than the seed lin gs shaded continuously 
during the t~o seasons.

Experiment Wo.27 cn races o f  Douglas f i r .

This Bpring seed o f Douglas f i r  from 4 d ifferen t lo c a l i 
t ie s  in  Canada and 1 in  U.S.A. was rece iv ed  and sown in the 
Royal b o ta n ic  Garden Nursery. The fo llo w in g  is  a b r ie f  sum
mary o f  the lo c a l ity  data fo r  the seed.

( i )  Id o n t if io a t io n  No 24 /22 . C ra ig e lla oh le , B.C. e leva tion
1,400 f t .  15ie r a in fa l l  was 30-32 inches and mean annual 
temperature 4 4 .5 ° P. The s o i l  ie  eandy w ith  some gravel 
but fa i r ly  m oist. The a ssocia ted  sp eoics  are Pinus 
m on tico la , Larix o c c id e n ta l is ,  Uiuya p l ic a ta ,  Tsuge 
h e tcrop h y lla , Betula alba papynfera, Picea Engolraanni, 
Taxas b r e v i fo l ia ,  Pcpulus trem uloidee and p .tr ic o ca rp a  
Acer D ou g laos ii.

( i i )  Id e n t if ic a t io n  No.24 /23 . Sftusnap Lake, E.C. S im ilar
to (1 ) but the r a in fa l l  1b lower namely 24-25 ’1,

( l i i )  Id e n t if ic a t io n  No 24 /24 . Louis Creek, i:.C. E levation  
2,600 f t .  R a in fa ll le s s  than 20 in s. Mean annual tem
pera tui'e about 42°F. The s o i l  is  a r a t .x r  dry- g la c ia l  
g ra v e l. Douglas f i r  is  the p r in c ip a l s -e c ie s  but 
F .co n to r ts , iiurrayana comes in a fte r  f i r e ,

( iv )  Id e n t if ic a t io n  No.24 /26 . Salmon R iver, E.G. E levation  
2,200 f t .  R a ln fa l 17" and mean annual temperature 43°F.
The s o i l  is  g ra v e lly  © t g la c ia l  o r ig in  and dorivedfrom  
b a s a lt .

(v ) Id e n t if ic a t io n  No.24/^8. U.S.A. No inform ation  re 
garding l o c a l i t y  but presumably true coast type.

The fo llo w in g  tnblG g ives seed and germ ination data : -
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Ident,
No.

Laboratory 
Gorinm capa
c i t y .  Sand 
fo r  40 clays

f Mean No*of seed lin gs  per d r i l l  o f  3 
grammes o f  seed at

production! 
per lb  at

4*6.24.
1 " 

2 3 .7 .2 4 . 18 .9 .24 .
1 8 /9 /2 4 .
....... . .... :[

22/24 70# 22 55 58 18,580w i
24/23 56 22 118 127 18,800 j
24/24 47 26 101 107 15,830

24/25 57 12 89 103 16,240

24/28 Not tested Nil
■— 1 ■ -H

153 155 22,940

The seed was sown In mid-Marcia 1924, There are two point 
o f  in te re s t  in the above data f i r s t  the r e la t iv e ly  low outturn 
in ■* 24/22 and secondly that the seed from U.S.A* took longer 
to germinate but f in a l ly  gave the highest y ie ld .

There are d iffe re n ce s  in the 1 -y r  seed lin gs which are as 
fo llow s

Id e n t if ica t io n  No.24 /28 . This is  a ty p ica l coast type 
seed lin g ; shoot length 3 " , pale green needle and atom; termla 
bud hidden by cu rlin g  lea v es ; buds pale yellow *

Id e n t if ica t io n  No#24/22. Shoot length  2&tT; dferk green 
needles and greyish  purple stem; buds roddish  brown, terminal 
bud not hidden by leaves*

Id e n t if ica t io n  No*24/23. Shoot len gth  3n; Mid-green 
needles and reddish or  green stem; buda brigh t red to crimson; 
some term inal buds hidden but m ajority not hidden.

Id e n t if ica t io n  No*24/34* Shoot len gth  3 " ;  m id-green neodli 
and most stems red but some green* Buds y e llow ish  red and bom 
terminal buda hid by curling  needles*

Id e n t ifica t io n  No.24/25* Shoot length  2n; dark-green 
needles and purplish  stems; buda dark reddish  brown, terminal 
ones very obvious, not in any way hidden by needles*

Experiment No*28 on mlaoellaneoua raoos of  t r e e s .

Seed o f  the fo llow in g  sp ecies  and o r ig in s  were received  
through Dr Borthwlck from Dr Enderlin , Chur, Switzerland*

Speoles.

Pieea excelsaft a
Larix europaea 
pinua austrlaca  
pinus unolnata

Ident*
No*

24/42
24/43
£4/44
24/45
24/46

AlTi'ta'dej 1HV 
gathered 
in feet*

5250
2300
4425

5900
___ L

per
1000
seedfl
gm.

6.39
8*72
6,53

19.45

Germination (l  in
PresFIT 10 15

days days days 8 eeij,

56# 71# 72# 72# 9#
13 44 46 47 492 22 26 27 832 66 90 91 4
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The seed was sown in  the Royal Botanic Garden Nursery 
at the beginning o f  Jun© 1924. term ination has been very
good* <phe p o in ts  o f  in te re s t  so rar r e fe r  to  the epruce.
It is  seen in tiio above ta b le  that in  the incubator the 
h igh  e le v a tio n  seed germinated much more ra p id ly  thrm the 
lower e lev a tion  seed . This was so in the Nursery a lso  and 
the high e leva tion  seed has g iven  the la rg e r  outturn* The 
high e le v a tio n  seed lin gs  at the end o f  the f i r s t  se.neon aro 
d is t in c t ly  sm aller and darker green in co lou r  than tho 
lower e le v a tio n  stoolc*

Three d i f fe r e n t  l o t s  o f  la rch  seed w:-.re sown in 
Edinburgh in 1923 nam elyi-

European la rch  23/4 reputed p u ste rth a l, I ta ly , Labora
to ry  germ ination cap a city  29#.

European la rch  23 /6 . L lebonthal, S ile s ia *  Laboratory 
g em in a tion  oapaolty  46#,

European la r ch  23/L6* FSnbrun F orest, Franco. A ltitu de 
5 ,0 0 0 ',  Gtomlnation cap aoity  71#*

A3 2 -y r  seed lin gs those show d iffe re n c e s  in  growth 
and r ip en in g . The French seed has given  much the more 
v igorou s p lants and the shoots ripen  e a r l ie s t .  The 
S ile s ia n  Larch comos next and the Pustcrthal l a s t ,  Lt is  
intended to u t i l i s e  th is  stock  as a nucleus o f  a race study 
o f  la roh  on Drummond R i l l ,  P erth sh ire ,

Experiment No*20 on S o ilin g  Crops.

The fo llow in g  sp ec ie s  o f  s o i l in g  crops were sown thle 
year at Beaufort School Nursery, Beauly

(1 ) Buck wheat (Polygonum fagopyrum ).
( 11j harrow kale*

( i i i )  Broad beans*
( iv )  Rape.

(v j Tares*
(v i )  Cole rape*

(y t i )  Rye.
( v i i i j  Lupines*

£ ix ) Mustard*
(x) Swedoe*

Each speclOB was manured as fo llo w s

Jl) Control no manure*
2) Lime 4 owts. per a cre .
3) Rain i t  4 c r ts  " w
4} Acid, super phosphate 2 cwta. per acre .

(5) Ammonium sulpha to 2 cwts '• ”
(6 ) Superphosphatejaj!W.onium sulphate and Potash in 

amounts sta ted  ubove*

The crops ro re  sown during the f i r s t  reek o f  June.
AJ1 sp ecies  germinated w ell b u t  , with '.he exception  o f  
Buckwhoat, a l l  wore eraothered by woods hence they fa i le d  
in  th e ir  most Important r o le .

A p lo t  o f  buckwheat sown at the beginning o f  July 
gave in one month a crop o f  315 cwts per t.ere o f  which 
166 cuts were shoots* This 3p ecies  giv es great promise* 
This experiment was carried  out by Mr James Fraser.



S octlon  g« T ran sp len tire  Experim entg.

S p cc ic l a tten tion  was given  th is  year to  the problem 
o f lo e ce s  in th® l in e s .  The experiments rero  ce.vried 
out at Scrton Nursery, Aberdeen, one o f the la rg e s t  
tr-eneplanting nurseries# The ex- r i  x n ts  c o n s is t  of 
the usual season o f l in in g  out stud - me' a la rg o  scale 
deta iled  study cf wlu-t res considered to be sources of 
locus* There are a lso  sp ecia l Corsican pine stn -jies ol 
the in flu en ce  o f  density  o f  seedbed on subsequent loe6 
in the lin e s  and the in flu en ce  o f trenchiny and under* 
cu ttin g  in the seed bed on subsequent lo s s e s . Thesc 
la t t e r  r i l l  be analysed next spring .

Experiment No *16 on Season o f Lining out. \

At each o f the seasons noted below 400 plant® of 
each sp ecios  wore lin ed  out in 5 rous at «  soecin g  
d istan ce  o f  l o ” x  1^” * The f o l i c r in g  Table give® thi 
re su lts  ®t 3otn October 1924.

S pecies. Date o f  Lining out & Los s per cent.
£.10/23122.10*25 1*11.23 1 .1 .2 4 15«3,24^*4.:24 18 ,4 /2  41 .5 .2 4 111.5.24 1.6,3

Soots pine 29$ 21% 37$ 52$ 34$ 31$ 35$ 30$ p .

Cora loan ” 35 26 31 61 66 56 59 51 85$ 68̂
Norway

spruce 23 18 20 31 15 IS 12 12 * • m

Douglas f i r 36 27 23 27 35 17 17 17 - m

Sitka
spr uce 39 20 29 24 G 12 19 13 -

European
la rch 14 19 26 61 66 32 55 •»

The v a r ia tion  in lo s se s  in the case o f some o f  
the species do not fo llo w  the same tendencies as noted 
in la s t  y e a r ’ s report* Last year Scots pine showed , 
a marked preference fo r  spring lin in g  out, th is  year tl| 
lo sses  are more uniform - tta'oughout. Last year Corsicnj 
pine had the low est lo sses  in the spring , th is  year it 
is  the autumn. The explanation may be in the unfavouil 
able spring experienced in th is  nursery th is  year in 
respect o f  d e f ic ie n t  r a in fa l l  and high winds* Norway 
spruce, Douglas f i r  and Sitka spruce fo llo w  previous re, 
su its in showing a preference fo r  spring l in in g . The I 
varia tion s in European la rch  are due in part to  varia
tion s In q u a lity  o f  stock experienced th is  year.

Ii growth and qu a lity  o f p lant are taken in con
ju n ction  with lo s se s  the fo llow in g  are the conclusionc"

Scots p in e: Mid darch to 1st a n r il
Corsican p ine: November
Norway spruce: No v a r ia tio n . T ils  sp ecies  does no'

do w ell in th is  nurscrv.
Sitka epruce: Mid March to 1st A pril
Douglas f i r :  tela March to 1st iky
Tiuropoan la rch : November.

Thi® follow® c lo s e ly  the reau lta  obtained in pre
v ious years in th ie  nursery.



Exp er lment No.24 on Method b o f  Transpl ant ing <

In th is  experiment the r e la t io n  between the fo llow in g  fa c 
tors  and lo s s e s  and growth are being in vestiga ted

a) Spacing o f  P lants,
b ) Spoed o f  Transplanting, 
oj Grading o f  seed lin g s , 
cl) Exposure o f  ro o ts  during l in in g  ou t.

Each su b je ct  was in vestiga ted  f o r  2 y r  seed lin gs o f  the 
fo llo w in g  6 sp ecies

( i )  Scots pine*
(l i)C o r s ic a n  pine*

( i i i )  Nor:ay spruoe,
(iv) S5tka spruce,

(v ) European la r ch ,
( v i )  Douglas f i r .

The experiment was ca rr ied  out at scaton  Nursery by two experiencec 
gangs co n s is t in g  o f  2 men who did the spade work and lin in g  and
3-4  boys or g i r l s  who f i l l e d  the bo&rdB and oarried  them to  the
men. The work was done under the personal d ir e c t io n  o f  the 
Experiments O ff ic e r .

The experiment was carried out from the 24th March to 29th 
Klarch 1924 under good weather conditions. During the next 3
weeks there were f r o s t s  and high winds which threw a nutober o f  the
plants i7hich were rep laced ,

(a) Spacing o f  P lan ts .

The spacings were -

1 . l n
2. l i »
3 . 2S
4. 3 "

Jh each case the d istanoe between the l in e s  was 91*,
•paolng was done by "Ben Held" Boards, in  a p lo t  o f  5 rows 
board. The p lo t  was repeated 4 times in  sca ttered  p lo t s ,  
woric was timed f o r  a u n it o f  30 boards i . e .  5 boards fo r  6 
The fo llo w in g  are the average times f o r  30 boards*-

1" spacing, 1&" sp a c in g .2 "spacing. 3" spacing,

45 min. 4q mine. 39 mins. 4o mine.

It  is  seen th ere fo re  that the labour ooet o f  l in in g  out per 
u n it number o f  p lants is  d ir e c t ly  p rop ortion a te  to the s p a c in g ,i .e .  
the co s t  o f  l in in g  out 1,000 p lants at 3" apart 1e double that o f 
the same number at l £ n.

It is  considered  that the in flu en ce  o f  the spacing on lo s s e s  
and growth can only bo s a fe ly  assessed when the transplant*} are 
l i f t e d  and graded.

The fo llo w in g  Table g ives  the actual lo s se s  to date

Eaoh 
o f  one 

The 
sp ecies .
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Spa a i n g . Percentage of looses for the following s pecios.

£ine._
Corsican

pino.
Norway
spruce

Sitka
spruce

~lfeuropean
larch.

Douglas 1 
fir, r

1 " n !©*€ 2 4 % 12# 16# 6%
1 2 ” 9 18 15 3 18 4
2 " 11 21 12 7 10 2
S n 10 

■ rf...

23 13 3 15 3
----- -------- 1

The maximum probable error o f  the means Is le e s  than I  t 
hence to be s lg n lf le a n t  the d iffe re n ce s  must exceed 3 , It l| 
seen th ere fo re , that there is  no marked s ig n if ic a n c e  in thcfltj 
d iffe re n ce s  'except the higher lo s se s  in  the l p spacing o f  
Sitka Bpruoe and Norway spruce*

The f in a l  analysis at the time o f l i f t i n g  is  expected 
to reveal d iffe re n ce s  in  the response to  d if fe r e n t  spacings 
the various sp e c ie s . At present the Douglas f i r  in  th© 2" 
and 3n spacings show b etter  co lou r and grov/th than in the 1" 
and 1-^*, cm the other hand the c lo s e r  spacinos in  the case 
o f  Scots pine and Corsioan pine g ive  the beet appearance,

(b) Speed o f TransplantIng,

The o b je c t  o f  th is  study was to determine whether "rush1' 
work wps the cause o f  death and poorer p lants in  the lin es* 
pour variants were uood -

1*Transplanting with the grea test p o ss ib le  speed,
2, n ” average con tract sp eed ,*
3, *' n grea test care ,
4, Hand laying by experienced workers*

The spaoing used was l^ n x 9” , Tranaplanting boards 
were used in 1 -3 ,

The fo llow in g  ihblo g ivos  the speeds fo r  30 beards 
(2,400 p lants) in 1 -3 * -

Faet. Average. C areful,

30 mine* 42 mins. 49 mine.

It was found that the d i f f e r  once lay  p a rtly  in the care o f  
d igging and laying the p lants and p a rtly  in the ra te  and care 
o f  f i l l i n g  the boards, Ihe gang raa 2 men and 4 g i r l s .

In thia se c tion  a lso  the assessment can only bo mads 
at the time of l i f t i n g .  The fo llow in g  are the aotm l  losses 
to date ;•

Speed,

2 , Average
3 ,Coreful
4,Kandlnying

scots
pln^

14#
11
11

6

Percentage Losses f o r  the f o l l o ^ l ne s p e c ic s , 
Corsioan Norway SltTra Iluropeen ^  Soufjl'ss
M b s

31#
24
IS
91

sprues ? ruco
16$ 5$
11 8
16 9
16 13

l aroh

25%
 i£.<

IQ

13?:
11
11
10
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The standard o f s ig n if ic a n c e  is  as b e fo r e , i t  does not cxoeed
3 . In the case o f  Corsican pino the more ca re fu l work is  r e f l e c 
ted in the lo sse s  and in S co t 3 pine handlaying has a s ig n if ic a n t ly  
low lo s s .  In growth a l l  section s  -ppeav uniform. It remains to  
be determined whether roo t  form has been influenced,.

( c ) Gradin g „

Each sp ecies  was graded on the fo llo w in g  p r in c ip le s  j-
Orade 1 . Seedlings one h a lf  the maximum shoot length  and over 

with tho exception  noted in  Grade 3.

Grade 2 . Seedlings X^ss than one h a lf  the maximum shoot 
w ith the exceptions no tod in Grade 3 .

length

Grade 3 . Badly suppressed, drawn., weakly, b a d ly -roo ted , 
damaged and d iseased  seed lin g s .

fork ed .

The fo llo w in g  groups were lin e d  out • -

1, Oracle 1 p la n ts  on ly ,
2, Grades 1 & 2 , i . e .  Grade 3 e lim in ated .
3 t Grado 2 p la n ts  lin e d  ou t.
4* Grade 2 " bedded.

The spaoing in " i - S 15, was x  0nj in  ,l4 ,, I B x  6n.

The f o l l o 7/ing Table shows how th is  grading irorkod out f o r  the
sp o o ls6 and seed lin gs used

Qrado Soots
p in e .

C orsi
can

p in e .

Norway
'Spruco

Sitka
spruce

European
larch

Douglas
f i r .

Z Over 2" over over 3* over 4* over 3rt over 6"

II 2"& un
der.

fc
under.

3* & un» 
d or.

4n and 
under.

3 n and 
under.

6M and 
under.

U  XI a l l
s iz e s .

a l l
BiZOB.

a l l
s iz e s .

a l l  s iz e s . a l l  3 i 2ca , a l l  s iz e s .

The fo llo w in g  are tYc aotual lo s s e s  to  date

percentage lo s s es f o r  the fo llo w in g  lo s s o a .

urtdo Scots
pine

C ore l-
oan
pin e.

Norway
spruce.

Sitka
spruce.

European
la rch .

Douglas
f i r .

I IS# 25# 11# 3# 15# 4#

X* II 27 30 14 5 17 6

II 27 27 17 1 27 5

II bead- 27 43 28 16 34 18

The atandard o f  s ig n if ic a n ce  is  ae b e fo re . It is  seen that 
the Grade I  lo ssea  are low est, w hile with tho exception  o f  Scots 
p in o , bedding has not given  good resu lts#  here a lso  the assessment 
w il l  be made at the t in e  o f  l i f t i n g .



Section  (D) on Drying o f  roo ts  while transp la n tin g .

The root*  rcre  treated  as fo llo w s  : -

1# Greatest p o ss ib le  care take.t to prevent drying o f  roots* 
A fter  p lant* frcro f i l l e d  Into boards the boards wore put 
down Into a trench with water#

2. Avor&ge care.

3* Roots exposed to  wind u n t il they were obv iou sly  dry , this 
took 1-3  hour* depending on the sp ec ie s .

The spaolrvg was 9" x

The fo llow in g  Table g ives the r e s u lts * -

Treatment. Percenttage Loesee fo r  the f o l lowing sp e c ie s .
Scots Coreioan Norway Sitka European Douglas
pine. . p in e, spruce. spruce# la rch . f i r .

1 .Oreat care. 14$ 26$ 18$ 18$ 41$ 18$

2#Average
oare. 16 25 20 21 46 16

i t  Dried
r o o t s . 31 46 45 20 44 38

The d iffe re n ce s  between "1" and n2" are not s ig n i f ic a n t .  
With the exception  o f  Sitka spruoo and European larch  the drying i 
the roots  gave a ig n if  lca n tly  higher lo s s e s .  i t  i s  c lea r that 
here ia  an important source o f  lo s s .  The present type o f  shelter 
used in which to  f i l l  the boards c a l ls  f o r  improvement. I f  the 
sun and wind ooise from d if fe r e n t  d ire ct io n s  i t  ic  in e f f i c i e n t .  !

S ection  4 . Planting Experiments.

The fo llov fin g  p lanting experiments were carried  out and 
recorded during the past season.

Experiment Ho.lOOl on spacing o f  Conif ers .

S itu ation : 
S p ec ies : 
Spacinga;

Edensmuir F orest, F ife s b ir e , 
Scots p in e.
3 '6 " ;  4 ’ 6 " ;  5 !6 " ;  6*6",

Experiment No.lppg on Age and Type o f  Plant,

( i )  S itu ation : 
S p ecies :
Ages & lypes:

( i i )S itu a t io n j  
Speciest 
Ages & Tjfccsi

Edensmuir F orest.
Soots p in e .
2 -y r ; 2 -y r  1 -y r ; 2 -yr  2 -y r , Carried ou t  

in 1 acre p lo ts  and in a ltern a te  and re* 
peated rows#

K ir k h il l ,  Abcrfioenshirc.
Sitka epruce. ^
2-yr; 2-yr  1 -y r ; bedded; 2 -yr  1 -y r  lined!

2-yr 8 -yr ; 1 -y r  2 -y r . Carried out in 
a ltern ate  end repeated r Das.
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Experiment No/L006 Season o f  P lanting o f  Norway apruoe.

S itu a tio n : South Laggan F orest ,In v ern ess -sh ire .
S pecies : Norvrry sp ru ce ,
Method: One quarter acre p lo t  In each month o f

year* October 1923 to  September 1924.

Experiment No.1QQ6 (a) on Season pf Pla nting Sitka 
spruce.

S itu a tio n : Luhnacardoch F o re s t ,In v e rn e ss -sh ire ,
S p ecies ; S itka spruce.
Method: One quarter aore p lo t  each month in year

from A pril 1923 t o  March 1924.

Experiment Ho.1006 (b ) on Season o f  p lan tin g  Corsican

Culbin F orest, M orayshire.
Corsican p in e .
One quarter acre p lo t  each month fr cn  

September 1923 td  August 1924. Thera 
has now been a complete set o f  monthly 
p lan tin gs f o r  th is  sp ec ies  at Culfcin 
f o r  three consecutive  years.

The r e s u lts  o f  these seasonal p lan tin gs w il l  be assessed 
in due course. The r e s u lts  o f  previous se ts  were set fo r th  
in  la s t  years rep ort .

fieotIon  5. Experimental p la n ta tion s .

Those r e fe r  t o  tho continued study o f  peat co n d itio n s .

Experimental P lan tation  No.X«

The in v e s t ig a tio n  oarried  out by the Experiments Q f f l 
oor on HRoot form on Peat** in  1923 t in v e r lie v e r  showed that 
the spruce r o o t  system on peat s ite s  is  very s u p e r f ic ia l  and 
that the nurseiy ro o ts  d ie  when put deep in to  the p eat, 'Hale 
experiment was designed to  '.etern ine i f  and how spruce could 
bo planted to  ensure tho development o f  the nursery ro o t  
system pending; the format ion o f  the no o lla i 'rt adven titiou s 
system and thus roduce the degree and p eriod  o f  check on peat 
s i t e s .

The s i t e  was the peat in v e stig a tio n  cen tre  at Xnchna- 
ca rd och . I t  is  a basin  type o f  bog o f  v a r ia b le  depth o f  peat 
from 1 f t .  to over 3 f t .  The typo o f  peat and herbage vary. 
The p r in io p a l p lants are soirpuB creep ito su e , U olinia oaerulea, 
Caluna v u lg a r is , fcyrioal ga le  and. sphagnum and. Eyprum spec lea , 
with varying dominance. The main drains were a it  in 1921 and 
the drainage completed in  1923. There has been a n o ticea b le  
improvement in  vegeta tion  flince 1921 p a r t ic u la r ly  in  tho in
crease o f  M olinla oaeru lea . There are now a few clumps o f 
A grostla  alba In the b e s t  p la oes .

Thors are s t i l l  areas o f  ty p ic a l  fib ro u s  h ea th er-S o lr - 
pus peat however.

The fo llo w in g  methods o f  p la n tin g  vere ca rried  out in rows 
under d ir e c t  su p e rv is io n :-

S itu a tio n :
S p ecies :
Method:



Row 1. V e r t ica l Notching as o o n tro l.

Row 2 . A shallow saucer-shaped p it  7^n wide and maximum 
depth of; 4 " made by sp ecia l designed **8” spad^a*

" 3. A continuous s tr ip  o f  tu r f 18M wide and 3n deep
was out; running dowfc the s lo p e . The p lants were 
put into th is  shallow s tr ip  and 2 p ieces  o f  th is  
tu r f 18 rt x 9W placed inverted on the r o o t s .  The 
ro o ts  arc thus near the su rface . The continuous 
s tr ip  was designed to  in te n s ify  lo c a l  drainage.

n 4 . As 3 but patches 18 n x 18" x 3” and not oontlnuQU

The se t  o f  4 rows each o f  35 p lants was repeated in lfteeries  
scattered  over the varying and recorded s i t e .

2 -yr  1 -y r  Sitka spruce were Tleod. The lb o ts  o f  th is  type o 
plant were considered to be o f  the best s ize  and type fo r  the 
methods.

The experiment was studied in August and i t  was found ttet 
f i r s t  o b je c t iv e  was a tta in ed , m  methods 2 to 4 there had been 
marked development o f  the nursery ro o ts  which was r e f le c te d  in t 
needle length , co lou r and length  o f  th is  years shoot. I t  w ill i  

sorao years b e fore  an assessment can be made but th is  is  the moat 
promising advance made in the peat p lanting experiments so far . 
A development o f  th is  study should he o f  value in  the planting oi 
spruoee gen era lly ,

Exoerlmontal P lantation  No* 'XI.

This p la n ta tion  is  designed to Btudy the establishm ent of 
the fo llow in g  Bpecies planted by two methods ai> Glen RIgh, Inver
n e ss -sh ire  on an exposed peat s i t e

Row 1. Sitka soruce 2 -yr  2 -yr  notohed,
2. " M " * p it te d .
3 . Norway spruce 2 -yr 2 -yr notched.
4 . n " " " p it te d .
5 . Japanese £arch 2 -y r  1 -y r  l - v r  notched .
6 . ” " " " p it te d .
7 . Soots pine 2 -y r  1 -y r  notched.
8* n " * * p it t e d .

The se t cf 8 rows each o f  40 p lants was repeated 10 timal*

A study o f peat Reclamation in Belgium wes made by Dr
Steven in con junction  w ith &r E.V.Laing and hr O.K.Praser in 
September. This forms sp ecia l Pweports,

12 .11 ,2 4 .
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PERMANENT SAMPLE PLOTS.





HEP OUT ON PgtMANENT SAMPLE PLOTS FOR THE 

YEAR 1923-1924.

M. L< Anderson.

The year was d iv id ed  up ae f o l l o w s : -  5 months on measuring 
p lo t s  in  England and 4 in  S cotlan d . 1 month in  England was 
spent pn te s t in g  a method o f  measuring standing t r e e s .  1 month 
in  Scotland was spent on of f l o e  work and 1 month on le a v e .

During the y ea r , in  a d d ition  t o  one Temporary P lo t  measured, 
in  Scotland , and 4 p lo t s  thinned and put in  order In England, but 
not c a r e fu l ly  measured, 6 new p lo t s  were e s tu b lish ed , 2 in  England 
and 4 In Sootland, w h ile  15 p lo t s  were remeasured, 14 in  England 
and 1 in  S co tla n d .

The new p lo t s  were d is tr ib u te d  over the sp ec ies  as fo l lo w s r -

Bagland. l  Corsican Pine . Sootland . 1 Abies gra n d is .
V a- 1 Douglas F ir .
■ * 2 Soots P ine.

The remeasured p lo t s  were d is tr ib u te d  as fo llo w s

England. 5 Mixed Oak and S cotlan d . 1 Abies gran dis.
Beech Gopplce.

7 European Laroh.
3 Douglas F ir .
1 S itka Spruce.

present P o s it io n  Sunmarlsed.

Dp to  the end o f  Septenlber, 1924, a to ta l  o f  149 sample 
p lo ts  has been esta b lish ed  in  Great B r ita in , o f  whioh 84 are in  
England and 65 In Scotland, w hile 17 p lo ts  have been remeasured 
once, 12 in  Scotland and 5 in  England. In a d d itio n , 13 p lo ts
in  England have been remeasured tw ice . These la t t e r  p lo t s  are
a l l  d ea lt  w ith in  th is  r e p o r t .

There a re , b e s id e s , 4 Laroh p lo ts  in  England whloh have 
been once remeasured and were, due f o r  a second remeasurement 
t h is  y ea r . These a re  to  be kept under observation  but not oa re - 
f u l l y  measured. . owing to  d isea se  and fa i lu r e  o f  the underplant—. 
Inga, the main o b je c t  o f  these p lo t s  cannot now be f u l f i l l e d .

The p o s it io n  w ith  regard to  sp ecies  i s  now as fo llo w s

S p ecies . , Measured.
Onoe. TwlceV *PhrlCe. Others. T ota l.

Soots Fine 
Norway Spruoe. 
Mixed Soots & 

Norway Spruoe. 
European Larch. 
Douglas F ir .
Thuya p lio a ta . 
Tsuga h eteroph y lla

20 m ■' m 20
13 3 - - 16

1 m m 1
14 8 7 4 33
25 2 3 - 30

2 -  ; • •• m 2
1 - . - - 1



Abies grand la. X 1 -  -  ®
Corsicsn Pine. IX A*
Sitka spruoe# 5 2 -  -  *
Japanese Larcbi# X1? X - .  -  19
Weymouth Pine* X -» *
Oak# 3 -  -  -  J
Oak Sc Beesh mixed. 3 ®
Aeh# 1

Totals * 1X5 17 13 .... 4 . ..._ 149

General.

The work consisted almost exclusively of remeasurement s .

14 plots were remeasured, 4 others, though not carefully  
measured, were thinned and put In order, while two fresh plots 
were established, namely, one Qoreioan Fine and one Ash.

A considerable amount of time was spent, in the remeasure* 
ments, in oonverting and correlating the data previously obtained! 
frcro old plots and bringing the figures into line with present I 
methods.

New Plots.
jflorBloan pine •* Forest of

A single plot was established in the Forest of Bare, South 
Sants in 1914 by Mr A.P.tiong. As the figures for that measurenw| 
are not available, this plot la equivalent to a new one. The ratf 
of growth is  exceptionally fa s t , above Qiality Class I (70*),6**4  
in the Yield Tables. The age is 37 years, the number per acre, I 
405) average height, 6 6 ')  average Girth, 26£” j and u .b . volume,| 
6691 c u .ft . 101 thinnings per acre were taken out, with a volume! 
405 c u .ft . The total volume was thus 6156 o u .f t . ,  making the | 
U.A.X. 166 c u .ft . or 131 Q.O. The loca lity  did not appear to bef 
at a ll  exceptional for the d is tr ic t . The stocking, however, le 
rather too high.

Ash. -  Bought on Estate. Morthants.

An Interesting hardwood plot was laid  out on the Bough ton 
Estate of the Duke of Buecleugh in Horthants. The crop la pure 
Ash with Beech underplanting. The Ash has been planted 24 year*, 
the Beech having been introduced about 8 -9  years ago# The plant 
Ing dlstanoe for the ash was 4$f x 4gf ,  and, as the wood has only 
been olcaned of dead trees, the stooking was too dense. The 
crowns are small and the stems are lanky. A heavy thinning was 
made. The data obtained were as follow s)* Age, 24 years; numhoi 
after thinning, 979; Av.Ht# 3&I1; Av.Girth, 10*; u .b .v o l . ,  372 c'1 
f t .  Form Factor, *193# The number of thinkings was 642, with • 
volume of 92 o u .ft . The total volume was thus 464 o u .ft . The 
Quality class corresponds closely , judging by the height, to 
fflflmenauer's Quality Class I , in Germany.

Remeasur ements.

Beech and Oak Coppice Plots -  Tintern. Monmouthshire.

These 3 plots constitute a special experiment of consider** 
able looal importance. They were laid  out1 in a wood of Oak and



Beech copp ioe w ith  Oak standards In 1914, w ith  a view to as
certa in in g  the beet method o f  conversion  to high fo r e s t .

in  P lo t  E .4 . the standards were l e f t  u ntouched , In P lo t  B.5 
the standards' Were l .e ft  In , but were pruned o f  some o f  the lower 
branches, w hile  In p lo t  E .6 , the standards were cut ou t, A 
moderate th inning was made"in 1014, No fu rth er  th inning has 
been made u n t il  1924, No volume measurements were ca rried  out 
b e fore  1924, so that the Basal Area data alone are a v a ila b le  f o r  
the In terp re ta tion  o f  the r e s u lts  to date*

The data are somewhat com plicated by the presence o f  the 
standards and the m ixture o f  the s p e c ie 3, ' but 1 propose to  deal 
w ith  the Oak asd Beech f o r  the three p lo t s  together f o r  each time 
o f  measurement* > Remarks on the standards w il l  a t f i r s t  be kept 

: separate*

m  1914> The number o f  Oak shoots in\Flo •• 4 was 285 w ith 
a mean g ir t h " o f  17* apd a B.A* o f  4G.6 s q . f t .  The number 
Beech shoots was 369 w ith a mean g ir th  o f  10^" and a B»A* o f  
22,9 s q . f t .  The t o t a l  number o f  shoots was thus 654 w ith  a B. 

'Area o f  69 ,5  s q , f t ,  .

. in  P lo t  5 ,  there were 258 Oak shoots w ith  a mean g ir th  
•of 16$° and a B.A. o f ; 39*1 s q . f t . ;  there were 393 Beech shoots 
w ith  a mean g ir t h  o f  10* and a B.A* o f  20*8 c q » f t 4, the to ta l  
number o f  shoots being 651, with a t o t a l  B.A* o f  59*9 s q .f t *

in P lo t  .6, there were 295 Oakshoots w ith  a mean g ir th  o f  
I6£n and a B.A. o f '4 3 .1  s q . f t . ;  there were 459 Beech w ith a 
mean .g ir th  o f ^12" and.a B.A. o f  36.6 s q . f t . ,  the t o t a l  number o f  
shoots thua being 754 w ith  a t o t a l ,B.A* o f  79*7 s q .f t *

. I t  thus appears that the number o f  shoots and t o t a l  B.A* o f  
P lo t  K*6 was a good deal h igher than In e ith e r  p lo t  E*4 or  E .5 , 
and th a t, w hile 4 and 5 had the same number o f  sh oots , the B*A. 
in  5 was 10 ^sq*ft* lesB* Further the m ixture o f  Oak and Beeoh 
was approxim ately the same In P lo ts  4 and 5 , but In p lo t  6 the 
jaroportion  .o f  r Beeoh was s i  ig h t ly  h igh er. Further the average 
s iz e  o f  the Oak was h igh est In 4 , and that o f  the Beech, In P lo t
e .   .

in  1919.: a f t e r  4 y ea rs / growth* As no th innings were
made, to  a l l  'in ten ts  and purposes the numbers o f  shoots remain 
the same as in  1914* In P lo t  E .4 , the average g ir t h  o f  the oak 
was now 19j?a and the B.A* was 60.5  s q .f t * .  The mean g ir t h  o f  the 
Beeoh was 12£n and the B.A* 32 .4  s q . f t .  T h e t o t * !  B.A* was 
.92*9 <s q .ft *  The M.A.I* of. the Oak had .thus been 7 .45# and o f
the Beech, XQ*4j6* For the two togeth er  the fig u re  la  8*42#*

In P lot E«5, the average g ir th  o f  the oak was 19* and i t s  
B.A* was 64*1 s q .f t *  The fig u re s  f o r  the Beech were 12n and
32*2 s q . f t .  r e sp e ctiv e ly *  The to ta l  B*A* jwas thus, 86*3 s q . f t .
The tt .A .I . o f  the Oak has thus been 9 .6^  and o f  the Bdech, 13.7j£,
while th at o f  the whole crop  was 11.0JS.

PlQt E .6 , the average g ir t h  o f  the Oak was 16&" and Its
B.A* was 51 .8  s q .f t *  The average Girth o f  the Beech was 15"
and the B*A» was 56*6 s q . f t .  The t o t a l  B.A. was thus 107.4 
s q . f t f The. U .A .I . o f  the Oak was thus, 6 .0 5 $ ; o f  the Beeoh, 
12*98$; and o f  th e ;tw o ’ togeth er ; 8.73#*



R e m a r k s For the oak, the increment %  is much higher ii, 
the' plot With the pruned -standard* than in either -the plot with, 
out standards or the plot with standards ufcpruhedv - Tor Bee oh, 
the Increment %  la again highest In the plot with pruned stand, 
ards, but only slightly  more so than In the plot without stand, 
ards* The response of the Oak in the la tter  plot has been 
practically n il while that of the Beech haB been marked* Op to 
1919, therefore, the general e ffect of the experiment • seems to 
have been moat fe l t  In the plot where the standards were pruned.

la 1924. after a further growth of 6 years* • As no thin
nlng had been carried out, the number of shoots waft again appro
Ima tely the same, although oertain s 1 Ight dIfferenoes • were mado 
m Plot E*4, the Av* girth of the Oak was now 20$" and the B.A. 
was 67*3 a q .ft . The mean girth of the Beeoh was 13$" and its 
B.A. was 38*9 feq.ft. The total B.A* was 104*2 s q .f t .  The
K.Avl. of the Oak has beeh 2*24$; of the Beeoh, 2*78# and of
both together 2.44$* : :

In Plot E .6 , the average girth  o f the oak was 20̂ * and iti
B.A. was 60*8 s q .f t .  The figure* for Beeoh were 13$" and
38*4 s q .f t .  respectively* The total B. A. was 99.2 s q .f t .  Th« 
M.A.I* of the oak has been 2*48$; o f ' the Beeoh, 3i6d$; and 
of the two together, 2*6o$* ' ’

In Plot E*6, the Av.girth of the Oak was 19$* and Its  
B.A. was 60.7 B q .ft. The girth of the Beech Was 16$" and lte
B.A. was 66*6 s q .f t .  The to ta l B*A* wad thus, 127*2-s q .f t .
the M.A.I. of the oak has been 3 .14$ ; of the'Beeoh,'3*68#, 
and • of both together, 3*«8$* ■ ■ ' ■ ' - ’ "•

Remarks: -  For this period, the Oak Increment has been 
much higher in the plot where the standards were cut but than 
In the one where they were untouched, arid a good deal higher 
than In the plot with the pruned standards. Similarly the 
Beeoh Increment has also been higher in the same ploty but only 
slightly  higher than in tha plot with pruned s tandards* The 
removal of the standards doss not seem to hove affected the Otf 
until several years after removal, while the effect on* the Beeol 
appears to have been immediate* The B.A* of plot E .5 , has 
gradually overhauled that of Plot E .4 . If the oak lnorement 
$ between 1914-19 is  significant for plot K*5 , It would seem toi 
lhdloate that the Oak prefers a gradual improvement In the ligw 
ocndittona, rather than a isudddn one. That species Seems to 
have been somewhat oheoked at f i r s t  In Plot E .6 , but'has recov 
ered rapidly between 1910 and 1924* .

The effect of the experiment Is  now most marked/in that 
plot f  ran which the standards were removed*'

The- Standards*

In Plot E*4, there are twelve standards per acre; whose 
mean girth has risen from 52$" In 1914 to 56" in 1919 and ta  
57$" lh 1924* The corresponding B*Areas were 1 8 .8 , 21*5 and 
22.9* -

3h Plot E*6, the 9 standards per acre, which" were pruned* 
had a mean girth of 62$" in  1914j of 54" In 1919: ^ d  o f  55$fl I*1 
1924* Tha corresponding B*Areaa were 1 3 .4 , 14 .4  and 15.2*



Jxi P lo t E l i ,  th e in crem en t % between 1914 ajid 1919 was 
1*44, ahd between 191© and 1924 i t  was #65* Ih P lo t  E*5, the
corresponding percent age a were *75 and *56* Apparently, then,
the e f f e c t  o f  the pruning was an Immediate and marked f a l l  o f f  
In the ra te  o f  growth, fa llow ed  by a recovery  a ft e r  4 o r  6 
years* ............  „

P o s it io n  a ft e r  th e  1024 Treatment :

In' 1924 a l l  the p lo t s  were th inned. The oak was sub
je c te d  to  a 01 grade and the Beech to  a P grade, i . e . ,  t o  a
crown thinning* In oth er words, the Oak Is favoured* This
Is  necessary owing to  the fa s te r  growth o f  the beeoh* In 
P lo t  B where the Beeoh had been allowed to get somewhat out 
o f  band, owing to  the steep  s lo p e , i t  waV se v e re ly  dek it with* 
Here I t  was growing out a t  ah angle o v e r ’the Oaks fa r th e r  
down the slope*

In Plot E .4 , the main orqp. which Is now 46 years old, 
eons 1st a of. 182 Oak and ‘542 Beech* The- Av* Girth of the Oak 
is  23 * and * of the Bee oh. 13? • The, jr.b • vol • of oak i s ; 1117
ou.ft* end of* the Beeoh, 49l o u .ft ; .. m  addition; there are
469. ou .ft* in the standards*. ' The total volume of the plot 
is  thus 2077 eu .ft*  and o f,th e  oopploe alone, I 608 c u .ft . Ih 
the thihnirig, 232 ou*ft. of Okk Wka out put and 96 of Beeoh, 
making 325 a u .fi*  In a l l .  Net Value £6.7*7$d.

in  P lo t  E*5 , the main crop new con s is ts  o f  173 okk and
352 Beesh*; The Av• g ir th  o f  the Oak Is 22$” and o f  the
Beech, 12*. The u .b .v a l .  o f  the oak Is 967 o u .ft*  and that 
o f  the Beech 457 c u . f t .  In ad d ition  there is  296 o u .ft*  In 
the standards* The to t a l  volume Is  thus. 1720 c u .ft*  dnd o f  
the copp ice  a lo n e , 1424 o u * ft* ' in  the th inning, 207 o u .f t *  
o f  Osk were out out and 152 c u lft*  o f  Beech, making 359 cu *ft*  
in a l l*  Net Value £7 .7 *Od.

m  P lo t  E*6, the main crop  now bonk la te  o f  265 Oak and
366 Beeoh* The A v*girth  o f  the Oak is  21” arid o f  the Beeoh
14$” * The b .b .v o l .  o f  the Oak la  984 b u i f t .  and o f  the 
Beeoh, 725 e u . f t * , making a to ta l  volume o f  1709 o u .f i*  In 
the th inn in g , 169 o u .ft*  o f  Okk were o u t ‘ out and 549 o u . f t .  
o f  Beech, in a l l ,  718 o u . f t .  Net Value £ 1 2 .1 3 .9d*

Remarks: Ih P lo ts  E .4 and 5 , thk Beech nob appears to
be tbs' same in  number, s iz e  and volume, but the oak tri P lo t  
E*4 la su perior  in  a l l  these resp ects  t o  the Oak.In E .6 . Ih 
P lo t  E*6, the Oak volume Is Intended la t  e between that o f  the 
other p lo t s ,  w hile the number O f tre e s  Is a good deal g rea ter  
and the Av* s iz e  le s s  than in  e ith e r  o f  these p lo ts*  Al
though the number o f  Beech la nearly  the; same, the s iz e  and 
volume o f  th is  sp ec ies  is  much, g rek ter  in  p lo t  6 than In the 
Others. I f  the main o b je c t  be the growth o f  aTgood Oak crop , 
then, even Ignoring i t s  standards, P lo t E*4 is  superior to  
the oth er p lo ts*  The type cf Oak shoot In th is  r i o t  is  
b e t te r  than in  the o th ers , apart from th e .h ig h er  ..volturh and 
size*  I t  w il l  be In terestin g  to  see the e f f e c t s  o f  the heavy 
thinning In the 'B eech  ih 'P lo t 'E .6 .  The to ta l produotit on t o  
date has o f  oourise been much hlgheh In P lo t e . 6 than in  the 
others* ' •■■■ ..."

* I t  Is o f  In te rest  t o  noto that the volume o f  the/main 
crop In Laroh P lot E*1 a t 46 years was 3255 ou*ft» /  almost 
e x a ctly  d ou b le .th a t o f  the copp ice  o f  p lo t  E«6 in  the.same 
tim e. P lo t E*6 has n o t ,  however, been burdened with estab
lishm ent c o s ts  and the p ro b a b ility  la that i t  w i l l  maintain



its  rata of. produotien Settop, than the Inarch, which la of 
Quality-Class J* (Sea Appendix for a if Inane la 1 atatement for 
each of these, p lots, baaed on the ay a 11 able data*)

• - • •• - - I  • - \ ■■ V ' '
. ».i a i ■> . .v »■' • '{*■

Boren ean Lareh t

Eleven plot a o f European Lareh were dealt with, 3 at 
Tintern and eight at Dympck, G los., a ll on orown property.

Tlntern*. Three -a Ingle Larch plots here were due for re -  
meapurement, * These were, established ,tn Deo*1913, when a 
measurement was made. Xh 1916, a thinning: was carried out but 
ho measurement of the in* to Crops. lbey Were remeasured and 
thinned In 1919 and again this year* ITom the data available, 
i t  Wae found. tp > e  pes.aibie to obtain reasonably oorreot figupfij 
for. the 1916 main, crops In these p lots. In this way, four 
measurements became available and 3 increment periods oould be 
dealt with*

Plot 15.1. This* plot Is now 63 years old and la. of Qual(t 
Glass I . . The. number of trees per aore to  the main crop has 
deoreased ffccm 30tf in 1913 to 165 in 1924. 926 stems, have been
removed In. the thinnings with,a total volume of 245Q eu.ft.whloli 
is very high. The- main or op In 1913 was 3420 o u .ft . and after 
thinning In 1924 is 3180 o u .ft . ttie total known product ion, ot 
whloh 2450 c u .ft . have been realised ‘ had been 5630 o u .ft . The 
thinnings have’ been moderately heavy. From the Yield tables, 
the .-total production. of Qual • Class I In 50 years should be 
7560 o u .ft . • in this oase there.were probably thinnings made 
before establishment of which there is  no reoord. The M .A.I. 
shows- a steady decrease from 180 o u .ft , between 1913 and 1916 
to 162 between 1916 and 1919 to 80 between 1919 and 1924. The 
Increment gives a better Index, r For the tiapse periods the 
H .A.I. £ are 5 .3 1 , 4.98 and 2.25 respectively*.

Plot E .2 . This plot is  now 61 years old and Is o f Qualitf 
Glass I f .  .W e number cf trees per aore in the main orop has 
dropped from 310 in 1913 to 3,90 :/ini 1924* 245 stems have been
removed In the thinnings with a total volume of 1885 o u .ft . The 
main crop lh 1914 was 3535 e u .ft . and aftar thinnlng ln 1924 Is 
now 3020 6\X t£ t .  ihe total production, of which 1855 .ou .ft .have 
been^realised, has been 4905 ou.ft.. The thinnings have been 
moderately heavy. The total production according to tho yield 
tables fo r  Quel. Claes II  of Laroh,in 60 years should be 7470 
f t .  , The plot is  thus v ery muoh behind, b u t. some thinkings may 
not bays been >e Corded* ‘. .The M .A.I, shows a very M a r k e d  f a l l  off 
‘from 120 O u.ft. between 1914-1916 to 70 between 1916-19 to 30 ou. 
f t .  between 1919 and 1924. The corresponding percentages are 
3.39,, 2 .71 and 0*65.. . The lnorement is  now so. low that from an 
economic point of -view, .the plot should be out. It has been 
Suggested that the f a l l  may .be due to olimatlo variati on during 
the periods. toe wood, however, looks so unhealthy and the 
browns are so small, that future reoovery "is unlikely. '

Plot B. 3 . This plot is  now 46 years old and on the bordei 
lino between Qual. classes H  and I I I . ihe number of trees p®r 
aore In the main orop has decreased from 5.9o in 1913 to  310 In 
1824. > 280 stems have been removed In, thinning a with a volume * 
1020 'ou.ft'. The main crop in 19i3 had a volume of- 217,6 ou.ft» 
and In 1924, of 2440 o u .ft . The total known production, of 
wbloh 1020 o u .ft . have been realised. Is 346o cu *ft. The thin* 
ntoge have been moderately heavy. lhe total produot Ion of On*1, 
Olass H I aooordtog. to the Yield Tables In 45 years should be 
3970 o u .f t . ,  so that the .production of this wood is also low#



This p lotaL so shows a s l ig h t  f a l l  o f f  in  increment,, hut net so 
marked as in P lo ts  E.1 and E.2. prom 1914 to  1916 the M.A.I. 
waB 182 o u . f t , ,  from 1916 to  1919, 145 o u . f t .  and from 1919 to 
1924, 90 o u .f t .  Hie corresponding percentages are re sp e c t iv e 
l y ,  8 .3 7 ; 6 .4 7 j 3 .5 6 . At the some time the main crop is
showing a steafy increase  and there appears to  be l i t t l e  tendency 
f o r  h eigh t growth to d e te r io r a te , The crowns are a lso  la rg er  
and h e a lth ie r  than in  the other p lo t s ,  although the s itu a t io n  is  
more exposed, and more su b jeot to drought.

General Remarksi I t  Is admitted that thinning was to o  long 
delayed in  p lo ts ' is1, !  and E .2 , both o f  which, but e s p e o ia lly  the 
la t t e r ,  have su ffered  in  consequence. P lo t E.3 was taken in 
hand e a r l ie r  and apparently w ith  b e t te r  r e s u lt s .  The Pom  
fa c to r  i s  much h igher in  p lo t  E .3 than in  the ether p lo t s ,  due 
to f u l l e r  form as shown by a Form Class o f  .7 4 0 , w hile so f a r ,  
the roo tsw e llin g  is  com paratively sm all. The mean Porm-olasBes 
o f  E . l  and E.2 are ,714 and ,716 r e s p e c t iv e ly , showing poorer 
form than in P lo t  £*3. The low er Form F actor o f  P lo t  E .2 is  
due to  r e la t iv e ly  grea ter  r o o ts w e llin g , whioh i s ,  in  turn , p ro 
bably  due to  the shallow er s o i l ,

Pymook.

Out o f  the e igh t Larch with underplanting p lo ts  at Dymock,
4 were reta ined  f o r  ca re fu l measurement, w hile the other 4 were 
thinned and are to  be kept under observation  with the heLp o f  
the lo c a l  s t a f f .

Of tbe fo u r  reta in ed  fo r  ca re fu l measurement, 3 occur to 
gether in  the same wood, while the fourth  may now be considered 
as a b in g le  p lo t .

P lo t  E. 11, which is  the s in g le  p lo t ,  co n s is ts  o f  a Laroh 
crop now 32 years o ld ,  which was underplanted in  1915 with Douglas 
F ir . The in ten tion  Is to  th in  the Larch out s tron g ly  u n t il  
there are on ly  about 80 stems per aore, while the Douglas are to  
form an under crop .

So f a r ,  the experiment has been a marked su ccess . Severe 
outB have been made in to  the Laroh crop and the Douglas new form 
a uniform , healthy orop , fu lly -s to c k e d .

At the commencement o f  the experim ent, there were 765 Larch 
w ith  a volume o f  1386 c u . f t .  219 were than tajcen cut with a 
volume o f  200 c u .ft*  The Douglas were then planted. In 1916 
and 1917, 26 trees  were removed w ith a.volume o f  32 o u .f t .  In 
1919, 4 years a fte r  establishm ent, 123 more trees were cut out 
with a volume o f  208 o u * f t . ,  leav ing  397 stems with a volume o f  
1423 c u , f t .  In 1924, 204 trees  with a volume c f  856 c u . f t .  
were removed, lea v in g  192 tre e s  w ith a volume o f  994 c u . f t .  The 
I* rch  should be reduced to  the d esired  number in 1929. The 
M .A .I.$  between 1915 and 1919 was as h igh  as 1 0 ,o . Between 
1919 ajed 1924 i t  was s t i l l  6 .6 7$ , which is  good. In the mean
tim e, the Douglas F ir  have reaohed a mean height o f  5 to  6 fe e t  
and are growing v ig o ro u s ly . In a few years they w il l  requ ire  
to be th inned, while fu rth er  retu rn s may s t i l l  be expeoted from 
the Larch. Eventually the Douglas w i l l  rep lace  the Larch. I f
anything, i t  has been improved in general health  and. appearance 
by th is  method o f  growth.

I t  an the p r a c t ic a l  po in t o f  view, with regard the 
e f f e c t  o f  f i l i n g  la rg e  crowned trees under th is  s-atcm, the 
damage done to  the Douglas was o f  the s l ig h t e s t ,  a..i,.v.>sgh no 
sp eo ia l precautions were taken. Care was, o f  course, exer-



olsedtf About 6 tre e s  were badly damaged. Later on the risif. 
w il l  be g rea ter , when the Douglas are too  high to see over.

P lo ts  E .12, E.13 and E .14; These form a serieB , o f  whici, 
E.12 is  urid erplant ea w ith Sweet Chestnut; E .14, w ith Tsuga 
h eterophylla  w hile E.13 is  a oon trol w ithout underplanting.

The se r ie s  waB esta b lish ed  in 1915, when th e  age was 
25 years , a thinning being made and the under crop planted.

Tftifortunately the ground is  fa r  from uniform , w hile the | 
crop at the oomnencement m s a lso  irreg u la r  in  stock ing and 1 
growth, the Qual. Class varying from I to I I .  The data ob- | 
tained I s ,  th e re fo re , not r e l ia b le  as a basis  f o r  any conclu
sions regarding the e f f e o t  o f  the underorops. Some interest- 

. ing general inform ation iB, however, a v a ila b le , e s p e c ia lly  
with regard to form . Foxm Quotient measurements were made on 
a l l  the sample trees  f e l le d ,  7 or 8 being out frcm w ith in  eaeb 
p lo t 0 These provided accurate inform ation as to the form of 
the orop. This inform ation is o f  Jjiuch value in  interpreting 
the fig u re s  from the three p lo t s .

In 1915 , to  begin w ith , the numbers per acre in E .12 ,18 
and 14, r e s p e c t iv e ly , were 1030, 1137 and 1268. The Av.girth 
were l o n, 14-^B and 13* r e s p e c t iv e ly , while the u ,b . volumes 
were 2119, 2014 and 1707 o u . f t .  r e s p e c t iv e ly . This c le a r ly  
shows the v a r ia tion  over the experim ental area. A thinning « 
made, whioh l e f t  628, 661 and 602 stems per acre  with av. girti 
o f  17 ", ikfi£n and 15”  and volumes o f  1813, 1703 and 1251 cu.ftt 
r e s p e c t iv e ly . This thinning was most severe in  P lo t E.14,and 
le a s t  so  in  E .13.

In 1916 and 1917, severa l trees  were cut out or blown 
over. ¥he numbers o f  these were 48 in E.12, 72 in  E.13 and I 
20 in  E .14 . This had the e f f e c t  o f  making the number o f  trees 
nearly the same in each p lo t .

In 1919. a seoond measurement was made. The numbers of 
trees  'before thinning were 575 , 586 and 682 r e s p e c t iv e ly . The 
a v .g irth s  were 19en, 19" and 17|f* and the volumes were 2131, ' 
2014 and 1742 c u . f t .  reap. The heigh t growth in p lo t  e .13  
had gained a l i t t l e  on E .12, but that o f  E.14 was s t i l l  2% to 
5 fe e t  behind. A thinning was made, leav ing  453, 470 and 485 
stems per acre re sp e ctiv e ly  o f  a v .g irth s  2 0 ", 20" and 18" and 
volumes o f  1859, 1878 and 1574 o u . f t .  Generally speaking 
p lo ts  E.12 and E.13 were now a lik e  in  most re sp e o ts . The fort 
fa c to rs  were r368, .368 and .378 re sp e ctiv e ly *  The M .A .I.#  
had been 5 .7 # , 8 .3 # , and 10 .4# , I . e .  h ighest f o r  the heavies* 
th inning.

In 3.924, a th ird  measurement was made. The numbers of 
trees 'before thinning were 453, 420 and 482 averaging In girtb 
21&", 21tn and 19°, and the volumes were 2255, 2380 and 2081 
o u .f t .  r e s p e c t iv e ly . In height growth, P lot E.12, which is  
the most exposed, had fa l l e n  behind to be r e la t iv e ly  le s s  than 
E.+4 and 2 f e e t  le s s  than E .13. A th inning was made, leaving 
262, 273 and 268 stems per acre r e s p e c t iv e ly , o f  average girtto 
22f %  22" and 2oJn and volumes o f  1449, 1552 and 1334 c u . f t .  
Ttie s im ila r ity  between p lo ts  E.12 and 13 was s t i l l  g rea t, but 
the d iscrepancies o f  E.14 had been reduced in some re sp e c ts . 
The Form fa c to r s  were now .3 5 8 , .363 and .407 , I . e . ,  f o r  p lot 
E*12 i t  was sta tion ary , f o r  E .13 , the increase was dLight and 
f o r  E.14* there was a marked in crea se .
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The Pom  qu otien t measurements on the sample trees  have r e s 
p e c t iv e ly  mean Form c la s s e s  o f  *713, *713 and ©7451> There is  thus 
a very  marked s u p e r io r ity  in  form in E*14, which in the beginning 
had the h ighest d en s ity . I t  seems p o s s ib le  that the ea rly  e f f e c t s  
o f  d en s ity  upon form may la s t  fo r  a long tim e. The s l ig h t ly  de
creased Form fa c to r  in  E .12 is  due to  the greater roota w ellin g  com
pared w ith  the other p lo t s .  It is  o f  in te re st  to  n ote , that the 
roo tsw e llin g  increases on the h igher and most exposed ground. The 
M.A.I.;* were 4*2 ,  5*3 , and 6 .4  r e s p e c t iv e ly . The improvement in 
P lo t E.14 is  again outstanding.

Remarks: I t  is  obvious from the fig u re s  g iven  that any d i f 
feren ces  must be put down to  v a r ia tion  in the l o c a l i t y  and in the 
crop and not to  the treatm ent. This p la in ly  demonstrates the 
n e ce ss ity  fo r  absolute u n iform ity  in  o r ig in a l crop and l o c a l  cond i
t io n s , in  tho case o f  comparative sample p lo t s ,  which are intended 
to demonstrate tho e f f e c t  o f  treatm ents. The standard o f  uniform
i t y  o f  con d ition s fo r  such p lo t s  must be con siderab ly  ra ised  in  
fu tu re .

Douglas F ir :

Three s in g le  p lo ts  o f  Douglas f i r  were d e a lt  w ith , two on the 
Tortworth Estate, G los. and one on the Dunster E state, Somerset,

TTortworth.

The two s in g le  p lo t s  on the Tortworth E state  are near each 
other on the south s id e  o f  a deep combe.

P lo t  E,:19 is  now 65 years o ld  and is  o f  Quality Class I , I t  
was f i r s t  measured in 1912, As tho p lot area then staked out was 
a lte red  in la te r  measurements and lik ew ise  the method o f measure
ment, the fig u res  then found do not f i t  in  a b so lu te ly  w ith  la t e r  
f ig u r e s . The data , however, converted to the same b a s is  as now In 
use. w e re ;-  Number per a o re , 216; mean h e ig h t, 94 f e e t j  a v .g ir th , 
47^"; u ,b ,v o l,,B 1 1 3  o u . f t ,  and Form fa c t o r ,  ,321 . No thinning 
was made.

In 1919, a fr e s h  p lo t  was esta b lish ed  and ttd n n e i Several 
re ce n tly  blown tre e s  provided  u se fu l data. The f ig u r e s  f o r  th is  
measurement w e re :-  number per a cre , 222; a v ,h e lg h t, 106 f e e t ;  av. 
g ir th ,  60&B; u ,b ,v o l# ,  9590 c u , f t ,  and Form fa c t o r ,  ,33 0 . In  
a d d ition  26 th innings were cut out w ith a mean heigh t o f  84 fe e t  
and a volume o f  389 o u . f t .

In 1924. the p lo t  was remeasured and reth inned. The raathod 
o f  measurement was based on several standing sample tre e s  and form 
q u otien ts , w ith one f e l l e d  sample tre e  as a check. This is  a 
oase where the usual number o f  f e l l e d  sample tre e s  is  im possib le . 
The fig u re s  obtained now w e re ;-  number per aore , 196; mean h e igh t, 
112^ f e e t ;  mean G irth , 5 3 "; u .h .v o l .  10392 c u . f t .  and F ,fa c to r ,  
•344. In a d d ition , 22 th innings had a mean height o f  94§ fe e t  and 
a volume o f  616 o u . f t .  Hie M .A .I. f o r  the period  was 283 o u .f t .  
or  2.95J6 which Is  s t i l l  s a t is fa c t o r y .  The t o t a l  recorded pro
duction  f o r  the p lo t  i s ,  thus, 11396 o u . f t ,  ThiB is  c e r ta in ly  
one o f  the t a l l e s t  p lo ts  ever measured; the h ighest tre e  i s  1311- 
fe e t  h igh  w hile some were over 125 f e e t .  The s itu a t io n  is  un
den iab ly  favourable and there are few l o c a l i t i e s  rherc i t  w il l  be 
p o ss ib le  to  carry  such a heavy stock ing  o f  Douglas F ir  to th is  age. 
As i t  i s ,  where th e  s o i l  is  wet, severe w in d fa ll damage has 
ocourred ,
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P lot E.20 has the same h is to ry  as p lo t  E .19 , which Is 
c lo se  at’ VaiSr#T

In 1912 the age was 29 years euid the nunbor per acre wail 
given as 205, rather le s s  than In E .19. The mean height wae ! 
66 f e e t ,  the Qual# Class being II# The mean G irth  was 39-j?", 
tho u .b .v o l . ,  4049 ou # ft, and the Form fa c t o r ,  #351. No thi^ 
ning was made.

In 1919, several blown trees wero a v a ila b le  fo r  samples, 
The fig u res  obtained f o r  th is  measurement w ere :- number per 
a cre , 177; mean h e igh t, 78^ f o o t ;  mean g ir th , 40^-", u,b#vol, 
4314 o u .f t .  and the Form fa c t o r ,  #341, 14 thinnings taken oi
had a volume o f  55 c u . f t .

m  1924, a second measurement and thinning were carried 
ou t. The number per aore was 163, with a mean height o f  88 
f e e t ,  a mean g ir th  o f  43n and a u .b . v o l .  o f  5097 ax . f t .  Ih 
a d d ition , there were 14 thinnings with a volume o f  141 cu .ft . 
The M .A.I. f o r  the period  was 185 c u . f t .  or 4 .3 $ , which Is txiglf

The age o f  th is  p lo t  is  now 41 years, which approximates; 
to that o f  p lo t  E .19, at i t s  f i r s t  measurement, namely 43 ye«i[ 
A comparison o f  the data fo r  the two p lo ts  at these ages Is 
in te r e s t in g :-

P lot No. N o.of Ht* F.F. G irth. B.A. u .b . Bark j(i
 ____________

E 19 215 94T .321 47£" 268.8 8213 12
E 20 163 8 8 ’ .344 43 166.4 5098 15

At f i r s t  s ig h t the volume o f  E .20, compared with that ofi 
E.19 seems remarkably low , amounting to on ly 62$ o f  the volume 
o f the la t t e r  p lo t .  The greater part th is  d iffe r e n ce  Is dv 
to the smaller number o f  stems in p lo t  E .20, amounting to only 
76$ o f  that in  E .19. Moreover the percentage o f  bark Is 3$ 
g rea ter . The d iffe re n ce  is  not in  excess of what might be ex«, 
peoted w ith the lower Q uality Class and the poorer d e n s ity . The 
p lo t  is  a lso  a good deal more exposed than p lo t  e .1 9 .

Punster.

P lot E^18 at Punster i s  situ ated  in a Douglas F ir  wood oi 
Qual. Class I I I .  I t  has the same h is to ry  as p lo ts  E.19 and 2fl<

In 1913, a measurement was made, which gave the following 
r e s u lts . The age was then 33 years* The number o f stans was| 
360; average h e igh t, 74 f e e t ;  average g ir th , 33n; u .b .v o l .  56̂  
o u . f t .  and the over-bark F .F ., .402 . A s l ig h t  thinning was 
made, removing 5 trees w ith  a volume o f  76 o u . f t .  In 1915 and 
1918, thinnings were made by the esta te  s t a f f ,  which rea lised  
892 c u . f t .

In 1919, a new p lo t  was la id  out. No s a t is fa c to r y  sampl*) 
tree data were a v a ila b le , but by working back from the 1924 dat* 
the fo llow in g  figu res  were obta in ed . Age, 39 years; number V6' 
acre, 232; mean h eigh t, 81 f o e t ;  mean g ir th , 4 0 "; u .b .v o l . ,  
6618 c u . f t .  and Fottn fa c to r ,  .3 9 2 . In .ad d ition  16 thinnings 
were taken out with a volume o f  228 c u . f t .

. In 1924, eleven standing sample trees were measured as 
none oould be f e l l e d .  The fig u r e s  fo r  th is  year vTer6:- Age,44 
years ; number per a ore , 223; mean h eight, 85^ f e e t ;  mean girtbi 
42t  i u .b .v o l . ,  7467 o u .f t .  and Form fa c to r , .396. In addition
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10 tfeinnings were taken out with a volume o f  178 c u . f t .  Tho 
M .A.I. between 1919 end 1924 was 225 c u . f t , ,  coiresponcLjig to
3 .45$ , which ie  s t i l l  s a tis fa c to ry *

The t o t a l  known production  from th is  p lo t  has been 6968 
c u . f t . ,  o f  which 1298 o u .f t .  have been r e a l is e d  in 11 years, or 
118 e u * ft , per annum, which at 6d per f o o t ,  is  n early  £3 per 
annum. The th inn ings have been moderate throughout. The 
volume is  B lig h tly  h igher than that giv^n in  the B r it is h  Y ield  
Tables fo r  th is  Q uality o f  Douglas F ir , The p lo t  is  now con
s id era b ly  exposed in the crowns and most of the tops are broken,

t itk a  Sprucet

The s in g le  p lo t ,  E .41 , e s ta b lish ed  a t Punster in  1921,was 
remeasured and re  th inned, as the th inning was overdue. No th in 
ning was made in  1921, although the p lo t  was measured.

In 1921, the fig u r e s  w e re :-  Age, 13 years ; number o f  tr e e s , 
1654; A v .K t., 32|r f e e t ;  mean G irth , 1 3 " , u .b .v o l . ,1649 and Form 
fa c t o r ,  .3 2 3 ,

A heavy low thinning was made th is  year with the fo llo w in g  
r e s u l t s : -  Age 15 y e a rs ; number per aore, 981; A v.H t., 42 f e e t ;  
mean g ir th  1 6 "; u .b .v o l* ,  2286 o u . f t ,  and Form fa c to r ,  ,380 . Da 
a d d ition , 662 th innings were removed with a volume o f  563 o u . f t .  
The to ta l  volume was thus 2848 c u .f t *  At 15 yea- Qual. Class 
I o f  D ouglas F ir  produ: es on ly 1833 c u . f t .  This wood, which 
is  in  a very  favou rable  s itu a t io n , has g iven  more than h a lf  as 
much again . In the 2\ years s in ce  th e  f i r s t  measurement, the 
M .A .I. has been 480 cuf f t . ,  or 29.11^. The to ta l  M .A .I, has 
been 190 c u . f t . ,  which is  high f o r  15 y ea rs .

General.

Onetenporary p lo t  was measured, 1 p lo t  was remeasured and 
4 p lo t s  were e s ta b lis h e d . The tenporarv measurement was one o f 
Sitka Spruce. perm ission  was obtained t o  proceed with a second 
comparative p lo t  o f  Abies grandis a t Novar. The e x is t in g  p lo t  
there was remeasured. A s in g le  Douglas F ir p lo t  was la id  down 
at Iriverliever. The remaining 2 p lo ts  were o f  Scots P ine, 
es ta b lish ed  in  the v a lle y  o f  the Spey. 7/ork is  proceeding on 
a p lo t  in  the Natural L*rch in Tom lnuird, Strathspey.

Temporary P lo t  416.
Sitka Elpruoe -  Q lenbranter*

The opportun ity  was taken o f  .securing data from a small 
p lo t  o f  th is  sp eo ie s , in a wood about t o  be f e l l e d ,  A group 
o f  Norway spruce was measured in  the same wood f o r  comparison.
The fig u re s  w e re :-  Age, 41 y ea rs ; Av.Ht. 77 f e e t .  A v .g ir th , 8^n 
Q .G .j number per a cre , 465; Q .G .vo l. 7700 c u . f t .  and Form fa c to r ,  
.403 . The Q uality  Claes o f  the Norway Spruce was I.-, and the 
corresponding fig u re s  from the Y ie ld  Table a r c : -  Age, 40 yea rs ; 
Av.Ht. 66^ f t .  A v .g ir th , 8 ^  Q .G .; number per aore, 410; Q .G .vol. 
5260 o u . f t .  and Form fa c t o r ,  .407*

The M .A .I. f o r  the S itka  S jruce is  188 o u .f t  Q.G. and fo r  
the Norway Spruce 132 o u .f t .  This is  not the fa s  cost growth o f  
Sitka Spruoe recorded ; o f  F lo t S 67 at Dunach and E 41 at Dun- 
s te r .
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Abies grand1b* -  Novar, R oss -sh lre .

We have been very  fortunate in  securing  p -rm ission  to 
esta b lish  a p a ir  o f  comparative thinning p lo ts  in the 20-year 
old  p lantation  o f  Abiea grandis a t  Novar, at an e leva tion  ofgk 
fe e t .  At p resen t, these are our most n orth erly  p lo t s .  Plot' 
35 was la id  down in October 1921 and thon measured, bu t no thii 
nlng was made. Hie f ig u re s  then were i -  Ago, 18 years plants 
No* o f  stems per a cre , 2855; Av.Ht.36 f e e t ,  Av*Girth, 23-3n; 
u .b .v o l*  3895 c u . f t ,  and Form fa c to r  *389.

In 1923, th is  p lo t  was remeasured, when the data were:- 
Age, 20 years; N o,of stems, 1820; Av.Ht, 43 f e e t ;  Av.G irth, 18|
u .b . v o l . 4615 c u . f t .  and Form fa c to r ,  *396. A moderate lew 
thinning was ap p lied , by which 1035 steins were removed, withi 
average h eight o f  31 f e e t ,  an average g ir th  o f  8^" and a yolia 
o f  314 c u . f t .  The to ta l  volume wgb, thus, 4840 c u . f t .  and th 
M .A .I. was 472 o u . f t .  f o r  the 2 year p er io d , or 12 ,1% ,

Pl o t  36 has ju s t  been estab lish ed  la s t  O ctober, and al
though*"noTT^quite up to  the standard o f  P lot 35, should make a 
good comparison with i t .  A heavy low thinning was app lied , k] 
which 50^ o f the number o f  trees was removed. The Main crop 
fig u res  were Age 20 years; N o,of stems, 1355; Av.Et, 42
f e e t ;  Av.G irth, 15|rj u .b .v o l*  2965 c u . f t .  and Form fa c t o r  .36( 
In a d d ition , 1540 stems were cut ou t, o f  mean h e igh t, 33| feet; 
Av.G irth, 11" and u .b * v o l. o f  1035 o u .f t .

Douglas F ir : Iaverl le v e r , A rg y llsh ire .

A s in g le  p lo t ,  No.83, was estab lish ed  in Compartment 1,  ̂
in  the crown fo r e s t  at In v erliov er . The area is  sm all, but 
the p lo t  is  f a i r ly  uniform . So fa r ,  the Q uality  Class is  II, 
nearly i .

The figu res  were Age, 16 years; number per aore, 1510; 
Av.Ht. 33^ f e e t ;  A v .g irth , 13 "; u .b .v o l .  1550, A f a i r l y  heaTj 
thinning was app lied , removing 896 stems w ith  a volume o f  386 
c u . f t .  The to ta l volume was, thus, 1935 c u . f t .  and the M.A.l 
has been 121 c u . f t .

Though the p lo t  is  sm all, i t  f i l l s  a 'gap , which i s  occa
sioned by the s c a r c ity  o f  uniform areas on the West Coast, 
su itab le  fo r  p lo ts*

Soots F ine: S ea fle ld  E states. M orayshire.

Two p lo t s ,  Nos.64 and 65, were esta b lish ed  in Tom na Cul* 
gan p la n tation , Strathspey. These p lo ts  have beerfthlnned to 
d iffe re n t  degrees o f  th inn ing, one l ig h t  and the other moderate 
ly  heavy, but they were not s u f f ic ie n t ly  a lik e  before  treatm en t 
to g ive  an accurate comparison. Tho fig u re s  were

F lot 64 . "B" Grade. Age, 42 y ea rs ; number per acre , 
1581; Av.Bt. {36 f e e t ;  Av.G irth, 15 "; u .b .v o l .  2444, 283 steffl«
per aore were removed with a volume o f  74 c u . f t .  The to ta l 
volume was thus 2518 o u ,f t ,  and the M .A.I. has boon 60 c u .f t .  
The Q uality Class is  I I I  (40*)#

This p lo t  is  remarkably fr e e  from s q u ir r :!  c.uapge, and tt 
tre e s  are o f  good type. Hie stocking is  verv  h i- .i .  The s i0" 
ra te  o f  growth, type o f  ground and the unto-, on ed r.d undamage13
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p lo t  65+,_J*Qt t Age, 42 years ; number per a cre ,
12o4; 'Jfv.’fftV 7 e e t ; Av»G irth , 16” ; u .b .v o l .  2186. 532 sterna
per acre were removed with a volume o f  528 c u . f t .  The to ta l  
volume was thus 2714 o u . f t .  and the M .A .I. has been 65 c u .ft .
The Qualify Clas* is  I I I  (4 0 ') «

ThiB p lo t  is  1s> some extent damaged by s q u ir r e ls . The 
thinning was mainly d ire cted  against s q u ir r e l  damaged dominants,’ 
o f  which -per-acre were cut o u t . The p lo t  w il l
be u se fu l f o r  the observation  o f  s q u ir re l  damage and i t s  e f f e c t  
upon the orop. At the some time i t  may in d ica te  how the r e 
moval o f  sev ere ly  damaged trees  Improves the crop .

These are the f i r s t  Scots Pine p lo ts  in  Scotland o f  th is  
Q uality C lass.

nature o f  the crop , lender th is  p lo t  va lu ab le .

general Notes.

On the accompanying map the lo c a t io n  o f  p lo t s  esta b lish ed  
in previous years, i s  shown by b lack  d o ts . PlotB remeasured 
are shown w ith a b la o k o iro le  or a red c i r c l e ,  f o r  past and 
present year remeasttrements r e s p e c t iv e ly . New p lo t s  in  1923-24 
are shown as red d o ts .

I t  w i l l  be seen that some p lo ts  have been p la ced  in  parts 
o f  the country, h ith e r to  untouched.

P inal summaries o f  p lo t s  d ea lt with th is  year are attached 
in  f u l l .

a d d ition  to the ordinary p lo t  work, a f e l l e d  p lo t  was 
d oa lt  with in  January in  the Tintern woods to te s t  a method o f  
measuring sample t r e e s ,  without having to f e l l  them. The re
s u lt  was gen era lly  s a t is fa c to r y .  This forme the su b ject o f  a 
separate report*

30th September, 1924.

13



FINAL SUMMARIES OF SAMPLE PLOTS ESTABLISHED

IN THE YEAR 1923 -  1924 .

Lot  MAIN CROP.________
fo. Species. Date. Age. N o.of H t .o f  Aver.Form Aver. Basal U.B. Bark.

Stems.Larg- Ht. f a c t -  G irth.Area. Volume.
:e s t  :o r .

_   Trees ■_____________________________________________

UPLAND.

•m1 Larch. D ec/1 3 . 4 3 . 300 7 4 ' 7 0 ' . 3 9 8 2 7 " 123 33420 15 %II D e c /l6 . 4 6 . 230 77 i ' 7 4 ' -3 9 5 2 9 |" 111 3255 -
m It Mar/,1 9 . 4 8 . 230 81 7 7 ' -3 9 2 3 ° i " 118 3580 -
ti 11 F eb /2 4 . 5 3 . 165 8 3 ' 80V -3 8 0  

71 .3 8 7
3 4 * 104 3180 18^

2 . Larch. Jan/1 4 . 5 1 . 310 7 5 ' 27  V 129 353 5 17 %II II D ec/1 6 . 5 4 . 245 7 7 ' 73V  *388 2 9 -|" 118 3380 -

M 11 Mar/1 9 . 5 6 . 245 7 8 ' 75  .3 7 8 3 °| "
3 2 S

124 3520 -

11 11 F eb /2 4 . 6 1 . 190 81|' 7 8 ' .3 6 7 106 3020 20 %

3 . Larch. D ec/1 3 . 3 5 . 590 52* ' 4 9 | ' .4 0 3 18?!' 109 2175 18 %11 11 D ec/1 6 . 3 8 . 425 56 r 5 3 | ' .4 0 7  
5 5 * .4 0 0

2°| "
22

103 2240 -

II It Mar/1 9 . 4 0 . 426 58 i ! 113 2530 -

II 11 F eb /2 4 . 4 5 . 310 62 6 1 ' .3 9 6 2 4 " 101 2440 20 %

4 . Oak. Mar/2 4 . 4 6 . 182 55i ' 53 -V . 3 9 3 2 3 " 53 1117 18 %II Beech. 11 ii 342 56 43  .3 5 2 1 3 " 32 491 6/to
Standards 11

• - 12 - -  - 57|" 23 469 16 / CII Total. II - 536 - -  - - 109 2077 -

. 5 . Oak. Mar/2 4 . 4 6 . 173 5 4 ' 5 2 ' .3 8 7 22  k "  

1 2|"
48 967 18 %tl Beech. 11 i i 352 54§ ' 4 4 ' .3 3 7 31 457 6%

Standards 11t - 9 - - 55V 15 296 16 %

Totals. 11
- 534 i

- - 94 1720 -

.  6 . Oak. Mar/ 2 4 . 46 205 5 5 ' 52V . 3 7 8 2 1 " 50 984 18 %
II Beech. II ii 356 5 7 ' 49V  .3 6 3 1 4 |" 40 725 6%

Total. II
- 561 - -  - - 90 1709 -

‘ I1* Larch. Jan/1 5 . 23 546 4 5 V 4 3 ' .3 7 9 15V 73 1186 17 %

it

II Jun/1 7 . - 26 Thinnings removed..
ISV"
2 2 S

20 %

11 It May/1 9 . 27 397 5 0 ' 4 7 ' .3 6 5 83 1423
II A p l /2 4 . 32 192 55%' 5 2 ' .3 7 2 51 994 21 %

.12. Larch. J a n /1 5 . 25 628 50 r 4 6 V *389 1 7 " 100 1813 19%11 Jun/ 1 6 .  

A p l /1 9 .
48 Thinnings removed

ii

ii

11 29 453 5 4 ' 5 1 ' .3 5 8 2 0 " 102 1859 24 %
ii II A p l /2 4 . 34 262 58  V 54V  >358 22V

ie | "
74 1449 22 %

.13. Larch. J a n / 1 5 . 25 661 49 46  .3 8 1 97 1703 18 %

Il-

II Jun/ 1 6 . - 72 Thinnings removed. .

2 0 " 24 %ii

11 A p l /1 9 . 29 470 54 V 51V *355 103 1878

.14.
||

11 A p l /2 4 . 34 273 59§ ' 5 6 V . 3 6 3 2 2 " 75 1532 22 %

Larch. Jan/1 5 . 25 602 47 45  .3 7 0 1 5 " 75 1251 18 %II J u n /l6 . _ 20 Thinnings removed..||
21 %||

11 May/1 9 . 29 485 53 V 4 8 V .3 7 8 1 8 " 86 1574

.18.
If

11 A p l /2 4 . 34 268 57-|1 5 4 * .4 0 7 2° V 61 1334 19 %

Douglas . - / l 3 . 33 350 - 7 4 ' 33 213 5594 12 %

II 1915  & -1 8 . - 85 Thinnings removed..
4 0 "It

ii May/1 9 . 39 232 9 5 ' 8 1 ' . 3 9 2 205 6518 12 %

'19.
II

11 Jun/2 4 . 44 223 9 5 V 8 5 V .  396 4 2 |" 220 7467 -

Douglas . - / l 2 . 43 215 9 4 * .3 2 1 4 7 | 269 8213 12 %

II

11 May/1 9 . 50 196 l io -v
1 15|'

1 0 6 ' .3 3 0 5°| "
53

274 9590 -

.20
II

11 May/2 4 . 55 174 1 12V . 3 4 4 268 10392 13 %

Douglas . - / 1 2 . 29 205 6 6 * .3 5 1 39V' 175 4048 14 %

II

11 May/1 9 . 36 177 a u ' 78V  .3 4 1 4 °| "
43

161 431 4 14 %

■41
II

II May/2 4 . 41 163 93 8 8 * . 3 4 4 168 5097 1 5 %

Sitka. Aug/2 1 . 13 1643 38  V 3 2 -V .3 2 3 1 3 " 157 1649 13 %

.03.
0  A

II Jun/2 4 . 15 981 47 4 2 * .3 8 0 1 6 " 143 2285 12 %

OorsicanJun/2 4 . 37 465 6 7 ' 6 5 ' . 4 1 8 2 8 -V
10

210 5691 19 %

-AaJx. Jun/2 4 . 22 979 3 8 ’ — 2.&V-* 193 .5A 3 72 9% .

f o r  continuation  (Thinnings) See next page.



FINAL SUMMARIES OF SAMPLE PLOTS ESTABLISHED

IN THE _YLAR 1925 -1924 . (Oontd.)

Periodic B. A. of
Plot THINNINGS._______________TOTAL Increment M.A. I .  Thins .
No. Species. No. Av. Av. B. A. Vol . B. A. Vol .  B. A. Vol . B. A. Vol  over

Ht. Girth. Total
___________________________________________________________________________________ BJl..

ENGLAND.~ _ ___  __ _ _ -i »i _ _ _ _ _ _ ̂  _1. Larch. 185 65 194"
24|"

39 940 162 4360 - - — - .241 C2. Itl 75 70| 24 710 135 3965 12 545 4 180 .178 Cl. ti
II - - - - - 118 3580 7 325 3 i 162 - - 11
II 65 28 28 800 132 3980 14 400 3 BO .212 02. 11

2. Larch. 125 65| 21 31 730 160 4265 - - - - .194 C2. 11II 65 69 234" 20 510 138 3890 9 355 3 120 .145 Cl. 11
tl - - - - - 124 3520 6 140 3 70 - - n
It 55 744 274 23 645 129 3665 5 145 1 30 .178 C2. n

3. Larch. - - - - - 109 2175 - - - - - - I I UII 165 51 17 25 480 128 2720 19 545 6 182 .195 C2. ti
II - - - — - 113 2530 10 290 5 145 - - 11
II 115 56 194 25 540 126 2980 13 450 3 90 .198 C2. 11

4. Oak. 109 454 154 14 232 67 1349 7 - i i - .210 Cl. -
Beech. 25 514 18 5 93 37 584 4 i ̂2 - 1 - .122 D. -

Standards. - - - - 23 469 - - - - - -
Totals. 134 - - 19 385 127 2402 13 - 2 i - - - -
5. Oak. 96 44 154

i 4
13 207 61 1174 6 i - i i - .211 Cl. -

Beech. 36 484 7 152 38 609 6 - 1 - .198 D. -
Standards. - - — - - 15 296
Totals. 132 - - 20 359 114 2079 14 - 3 - - - -
6. Oak. 86 43 154 11 169 61 1153 9 - 2 - .183 Cl. -

Beech. 95 534 22 26 549 67 1274 11 - 2 - .392 D. -
T ota ls . 181 - - 37 718 127 2427 20 - 4 - - - -

11. Larch. 219 374 12 18 200 91 1386 - - - - .199 Cl. LII 26 424 15 3 32 - - - - - - - - ti
tl 123 41 144 14 208 97 1631 - - - - .143 Cl. it
II 204 49 20 46 856 97 .1850 14 427 3 85 .472 C2. 11

12. Larch. 402 404 114 30 306 130 2119 - - - - .229 C2. i utl $8 46 14 j 6 195 - - - - - - . 265 -\̂ S • II
It 122 4551 16 17 272 119 2131 24 413 6 103 .144 Cl. II
II 191 50 1?: 42 806 116 2256 15 396 3 79 .361 C2. II

13. Larch. 476 41 n i 34 311 131 2014 - - - - .256 C2. I -II 72 45 134 7 125 - - - - - - - - II
II 116 464 15 14 214 117 2092 27 514 7 128 .122 Cl. II
II 197 53 194 42 848 117 2380 14 502 3 100 .363 C2. II

14. Larch. 666 404 11 45 456 120 1707 - - - - .375 C3. i uII 20 43 134 2 30 - - - - - - - - tl
II 97 45 i 4 11 168 97 1742 24 521 6 130 .115 Cl. il
II 214 504 18 37 747 98 2081 12 507 pi‘-'2 101 .381 C2. II

18. Douglas. 5 - - 76 - 5670 - - - - B I I III 85 - - 78 892 - - - - - - - Cl. II
II 16 65 32 9 228 214 6746 - - - - .042 B. It
II 10 - 354 7 178 227 7645 22 1127 4 225 .030 B. II

19. Douglas. - - - - 269 8213 - - - - .000 - I .tl 26 84 32 15 389 289 9979 - - - - .051 B If
II 22 944 414 21 615 28911007 15 1417 3 283 .071 B. II

20. Douglas. - - - 175 4048 - - - - .000 - II .II 14 56 234 4 55 166 4369 - - - - .027 B. 11
II 14 63 30 7 141 175 5238 14 924 3 185 .039 B. II

41. Sitka. 11 154 4 4 0 0 157 1649 - - - - .000 A. -

II

83. Corsican
662 334

58f
3 l l

12 51 563 194 2848 37 1199 15 480 .261 C2. -

.101 20 22 465 232 6156 - - - - .097 B. H
84. Ash. 642 84 24 92 78 464 - - - .310 C2. -

For Main Crop see preceding page.



FINAL SUMMARIES OF SAMPLE PLOTS ESTABLISHED

IN THE YEAR 1923 - 1 9 2 4 . ( Contd)^

lot  MAIN CROP._____________________
to. Species. Date. Age. No.of  Ht . o f  Aver.Form Aver. Basal U.B. Bark.

Stems.Larg- Ht. F act- Girth.-Area. Volume.
: e s t  :or.

 _________________________________ Trees._________________________________________________

SCOTLAND. 
.35. Abies

gran dis .O ct/21. 2ffi 2855 41i47|'
36' .389 13i"

l e i "
278 3895 8;%

" " Oct/ 23. 22 1820 43' .396 271 4618 8%
.36. " O ct/23. 22 1355 47 42' .390 15s" 182 2985 8%
.53. DouglasNov/23. 16 1510 37 3 3 i ' .318 13 145 1550 11%
.64. Scots. Aug/24. 42 1581 39' 35 .349 15" 200 2444 18%
.65. Scots. Aug/24. 42 1204 39|' 36^ '.353 16" 169 2186 19%

amporary P lot 416 in 
416. Sitka. /2 3 .

Quarter- 
41 465

Girth.
I t ' .403 8f" 248 7700 8%

Thinnings, e t c . ,  below.

P eriod ic  B .A .o f
Lot THINNINGS._____________ TOTAL Increment ,M. A. I . Thinns .
Jo. Species. No. Av. Av. B .A .V ol.B .A .V ol. B .A .V ol. B.A.Vol over

Ht. Girth. Total
     B.A.

SCOTLAND.
35. Abies

grandis. - - - - 278 3895 - - - .000 - -

35 11 1035 31 8|" 43 225 314 4840 36 720 18 360 .137 Cl -
36. tl 1540 33|‘'11 991035 281 4020 - - -  . - .352 02. -
63. Douglas. 895 28' 101"

o f"
13f

52 385 197 1935 - - - .264 C2. H4-
64. Scots P. 283 27' 14 74 214 2518 - - - .065 B. h i
65. Scots P. 532 31* 51 528 220 2714 - - - .231 02. h i

Main Crop above.



APPENDIX.

Some Actual P rices  r eceived f o r Thinnings f r om 1925-24 P lot a .

European Larch.
Plot E . l .  800 c u . f t 629 c u . f t Q.G. & l /2 d

Age . 
53 £ 36 - 13/10 Gros s

« E.2. 645 " 506 " " 0 1 /3  d 61 noO 31 - 1 2 /  6 ii

" E.3. 540 " 424 " " @ l / - 45 oG 21 - 4 /  0 H

Oak and Beech Coppice
11 E.4. 46 Zm£ 6 - 7/7* N ett .

" E.5. 46 £ 7 - 7 / - it

11 E.6. 46 £ 12 - 13/9 tt

European Larch.
" E . l l .  856 c u . f t z. 672 c u . f t Q. 0. @ 1O-g-d 32 - £ 29 -

•

8/ - Gross

" E.12. 806 c u . f t 633 » ii ii ii 34 ■_ | £ 27 - 13/10 it

11 E.13. 848 " 666 " ii ii ii 34 £ 29 - 2/9 ii

" E.14. 747 " J - 587 " n ii ii 34 - £ 25 - 13/7 ti

Sitka S?ruce«
" E.41. The number o f  th innings per acre

ia 662. The p r ice  rece ived  fo r  
the la rg e s t  o f  these rung from 
lOd to  l / -  per p o le .

Say 300 p o les  @ l / -  16 ^ £ 15 -  - : -
Ash.
" E.84. Fo data ava ilable

Abies grandis .
" S .35. 22 ^ £ 32 - - - ii

26 - 1 2 / - Net

" S.36 . 22 ^ £ 8 -  2/6 Gross

£ 5 -  14/6 Net

" S .63 .64 .65 . Ho data a v a ila b le .

oOo



MAP SHOWING THE DISTRIBUTION OF PERMANENT'SAMPLE PLOTS IN THE BRITISH ISLES -  3 0 t h  SEPTEMBER 1 9 2 4 .

Plots establ ished i: 
Plots remeasured in 
Plots established p 
Plots remeasured pr 
Plots remeasured pr 

again in 1923/4 .

0 longitude West 4 o f  Greenwich. 2 OLong E. o f Greenwich

i m i s i  n u s
Scale o f English Miles.10 0__ 20__♦O 60 80

O R K N E Y  

SHETLAND ISon some Seali*

Plots
Plots

W A A K  Johnston,, Limited, IduJmrgh.



P lo t  S .4 . Crowns and upper parts o f steins o f  Oak.

iTot E .6. Oak & Beech Coppice a f t e r  
Thinning. 19E4.

P lo t  E.4. Oak Standards in Oak 
& Beech Copploe.



Another View "before Thinning



E.3. EUROPEAN LARCH. "C ’ Grade. E.19. DOUGLAS FIR. Tortworth.

’ 41. SITKA SPRUCE. "C" Grade o e fo re - and sam6 a fte r  thinning.



P lo t .  S .35. ,rB" Grade thinning. 'Abies g ra n d is1 Novar.

a f t e r  thinning.
S .55. r'C"Grade. Strathspey Scots. 

Pine. Qual. Glass I I I .



(1) GROWTH OF SCOTS & CORSICAN PINE SEEDLINGS. 

(11) GERMINATION OF SEED.



F O R E S T R Y  C O M M I S S I O N .

REPORT Oh RESEARCH YORK 19 24.

Wo E. HUEY.

I . The growth o f  seedl ings ox Scota and. Corsican Pine during

the f i r s t  two years c

A s t a t i s t i c a l  study was made of the growth o f  the 

seed lings in the fo l low in g  manner.

A. F irs t  year . ( l )  Seed was sown on Hay 15th and hatches

o f  the re su lt in g  seed lin gs  were ra ised  at in te rv a ls  during 

the season, d iv ided  in to  s iz e  c la sses  accord ing to shoot growth, 

measured and weighed oefore and a f t e r  drying in an oven.

Each hatch o f  seed lin gs  contained about 60 plants and In the 

case o f  Corsican pine 27 hatches were raised  between June 14 

and October 23, whereas in the case o f  Scots pine 23 hatches 

•were ra ised  between June 30 and October 18.

The mean shoot lengths (d istance  from base o f  cotyledons 

to top  o f  l e a v e s ) , root lengths and dry weights o f  shoots 

and roo ts  are shown in ta b les  I and I I  and graphs A, 3 & C,

In each sp ec ies  the height growth was rapid at f i r s t  

but f e l l  o f f  almost e n t ir e ly  a f t e r  August 18. Scots pine

was slower in s ta rt in g  than Corsican pine but overtook i t

about July 18 and th erea fte r  remained t a l l e r .

The roo ts  o f  both species  appeared to grow at an 

approximately constant rate during the whole season. The 

roo ts  o f  Corsican pine were co n s is ten tly  longer than those 

o f  S cot3 pine and grew s l ig h t ly  more ra p id ly , The d i f f i c u l t y  

o f  ex tracting  the roo ts  en tire  renders the root measurements 

a f t e r  August u n re lia b le .  They worked down into  a hard 

stony layer o f  s o i l  but they did not, as fa r  as oou'ld be 

ascerta ined , penetrate far  into th is  la y er .

The changes in dry weight were fo llow ed  r igh t  through 

from the dry seed to  the end o f  the season ’ s growth* It  i s  

evident that u n t i l  green leaves are exposed to the l ig h t  

4130.A. -  1.



Table I .  Growth o f  Coralcan Pine seed lings  in  f i r s t  year.

pate.
Days
from
sowing.

Moan
shoot
length
ram.

Mean
root
length
ram.

Dry wt.per 100 seed
lings in grora3.

!Water content 
A  o f  dry wt.

Root wt,
— Shoot 

wt.Shoot Root Total 
without 
seed ooats.

Shoot Root

29/5 14 43 !! .55 ii -

30/5 15 54 - .61
i

-

3l/5 16 - 62 - M .60 - -
2/5 18 - 64 - " .52 - -

5/6 S3 - 70 - .61 ! -
14/6 30 2.3 83 - 1,09 1 __ _

18/6* 34 7.3 98 - 1.34 - -
21/6 37 8.5 98 - - 1.45 350 -
25/6 41 10.8 121 - - 1.77 328
30/6 46 13.4 85 - - $ 2.25 279 -
4/7 50 12.3 82 - - 2.25 210 -
8/7 54 15.4 106 - 2.48 267 -

14/7 60 18*1 115 - - 2.90 250 -
18/7 64 18,0 123 2-38 1.01 3.39 263 171 .42 )
22/7 68 18.5 124 2.68 1.08 3.76 243 150 .40 )
28/7 74 21.5 146 3.12 1.20 4.32 241 251 .39 |.43
l /8 78 2 0 .6 101 2.92 1.14 4.06 245 216 . 39 )
5/8 82 2 1 .8 138 3.34 1.84 5.18 261 303 .55 )
9/a 86 24.3 174 3.90 1.96 5.86 250 226 .50 )

13/Q 90 23.6 145 3.66 1.77 5.43 248 228 .48 )
18/8 95 25,9 180 4.21 2.14 6.35 256 191 .51 ) .49
'22/8 99 24.0 137 4.31 2,10 6.41 202 123 .49 )
26/8 96 25.7 191 ? 9• 9 - - ? )
11/9 110 25.0 197 4.75 2.36 7.11 261 231 .50 )
15/9 116 24.3 192 4.26 2.22 6.48 249 187 .52 )

) .50
19/9 120 25.5 207 4.40 2.35 6.75 270 376 .53 )
23/9 124 26.2 208 5.13 2,32 7 . 45 267 343 .47 )
30/9 131 25,7 199 5.07 2,99 8.06 265 391 .59 )

7/10 138 25 ,8 222 5.25 2.74 7.99 259 368 .52 )
j ) .53

14/10 145 27.6 241 i 5.48 2,93 8.41 268 328 .53 )

2VlO 152 26.9 223 : 4 . 7 4 2 .  <10 7.14 295 341 .51 )
28/10 159 25.3 1183 : 5 . 4 5 2.63 Q. 08 240 293 .48 )
413o.A. -  2.



Table I I .  Growth of Scots Pine seedlings in f i r s t  year.

Date
Days 

i from 
j sowing
f

Mean
Shoot
length
mm.

Mean
root
length
Hi I ii •

Dry wt 
l in g s

..Shoot

.per 10(
111 grar
Soot

j  seed- 
ns.

T ota l

Wator content 
°]o dry wt.
Shoot | Root

i

Root w t.
*f shoot 

w t .

30/6 46 11.0 55 - - 1.10
)

285

4/7 50 10.5 5 7 - - 1.20 252

8/7 54 12 .9 62 - - 1.57 310

14/7 60 17.5 84 - 2.21 272

16/7 64 18.4 102 1.71 .66 2.37 269 157 .39 )I
22/7 68 22,6 113 2.28 . 66 2.94 290 | 163 .29

J
)

26/7 74 24.1 97 2.34 .71 3.05 298 | 282 ,30 ) .35 \
1/0 76 24.7 119 2.01 .81 2.82 312 | 189 .40

1

)
\

5/3 82 29.4 131 2.92 1.05 3.97 309 I 280 .36
1
)

9/3 86 26 .9 104 2.61 1.04 3 .64 260 j 250 .40 ,)>
13/8 90 30.1 137 3.24 1.35 4.59 300 264 .42

)
)

18/8 95 33.0 142 3.46 1.34 4,80 276 j 182 .39
I
) :41

22/8 99 31.9 148 4.05 1.75 5.80 227 I 119 .43
1
)
\

26/8 103 31.6 143 4.31 1.84 6.15 275 ! 331 .43
1
)

U/9 119 33.2 150 4 .55 2.21 6.76 254 i 223 .49 )
\

15/9 123 31.6 134 4,25 2.07 6.32 234 ! 137 .49
;
)
) .50

19/9 127 33.3 162 4.87 2.39 7.26 261 | 387 .49 )\
23/9 131 32.7 146 5.05 2.75 7.80 256 I 352 .54

/
)

30/9 138 36.2 221 6,35 3.55 9.91 255 1 309 .56 )'k
7/10 145 33.9 191 5.73 3.34 9.07 260 352 .58

/
)
) .59

14/lD 152 34.3 180 6.24 3.61 9 .85 229 222 .58 )

21/LO 159 34.4 172 5.14 3.32 8.46 229 s 253 • 65
t

)

4130 .A. -  3 .



no carbon ass im ila tion  can occur and no increase in dry 

weight can be expected. In fa c t  in the e a r l ie r  stages o f  

germination there must be a lo s s  in dry weight owing to  the 

store  o f  food being used up. I t  was considered desirab le  

to  obtain an accurate knowledge o f  the actual changes in 

dry weights and the fo l low in g  experiments were ca rr ied  out.

(2) Presh seed. The mean weight o f  100 fresh  seed o f  

Corsican pine in Hay f l o t  24/13) proved t o  be 1,335 gms.

The weight when oven-dried  (mean o f  9 t e s t s  o f  200 seed each) 

was reduced to  1.205 gins. Thus the water content o f  100 

fresh  seed was 0.13 gms. or 10.65$ (10.5 to  10.8$) o f  the 

dry weight .

fu rth er  te s ts  showed that the mean dry weight o f  100 

seed -coa ts  was 0 ,52 gm s., so that the dry weight o f  100 seeds 

without seed -coa ts  was 0.68 gms.

(3) Absorption o f  water on soaking in  wat er . To te s t  th is  

seed was soaked in  water fo r  various in te rv a ls ,  the surface 

was dried by b lo t t in g  paper and the seed weighed. I t  was 

necessary however to  d istingu ish  between the water a c tu a lly  

absorbed and the water l e f t  c l in g in g  to  the seed coats a f t e r  

drying with b lo t t in g  paper. To determine the la t t e r  value 

24 l o t s  o f  100 seed were s t ir r e d  rapid ly  in water, dried 

with b lo t t in g  paper and weighed. The increase in weight 

per 100 seed proved to be 0.08 gms. (0 .05 to  0.10 gms.) In 

the fo llow in g  tab le  th is  weight has been deducted from the 

ascertained weights o f  soaked seed.

4130 .A. -  4 .



Table I II*  Absorption o f  water on soaking seed at 25°C 

and 16°G. Mean estimated from 3 l o t s  o f  EOO 

seed each.

Tine o f  
soaking.

Temp,
V/t »per 
100 
seed 
grams,

i Water ab- 
1 sorbed 
| per hour j

Time o f  
soaking

T onp,
Wt. pe r 
100 
seed 
grams.

I
|Water ab~ 
1 sorbed 
|per hour.

o . 1.34 - 0 - 1.33 |

1 h. 25°G 1.48 | .140 1 h. 16 °C 1,45 j + .120

2 h.40m. IT 1.57 .054 j 3 h. TT 1.53 1 + .040

4 h . 5 m. IT 1.64 .049 |4 h.IOm. 11 1.57 + . 034

2lh.45m. W 1,60 .009 22 h. IT 1.74 + .009

'1  d . 3h. n 1,82 .004 1 d.3h. IT 1,75 + .002

8 d . 3h. IT 1.87 .002 2 d.3h. ft 11,80 + .002

3 d, ih . Tf 1.86 3 d.4h. 11 ; 1,82 + .001

4 d. Tl 1.83 4 d. IT 1,82 |

9 d , IT 1,80 9 d. IT 1.79 i
l i d . 11 1,78 14 d. I .7 1.77 i

j

It thus appears that water absorption  i s  rapid  during the f i r s t  

day, wary slow during the second day and reaches i t s  maximum 

at 25°C in the second day and at 16°0 in  the th ird  day. A fte r  

th is  there i s  a f a l l i n g  o f f ,  no doubt due to the exosmosis o f  

d isso lved  substances,
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(4) Gain In -vet weight and, loas in dry weight on germina t i on..

Twenty four lo ta  o f  100 seed were weighed and incubated 

at 20°C in 8 hatches o f  3 l o t s  each. Batches were weighed 

fresh  and a fte r  oven-drying at in te rv a ls .

A fter  in 
cub at ing 
for days.

State o f  
s e e d l in g s .

Increase in 
wet w t.per 100 
seed .gms.

.Decrease in dry 
w t.per 100 seed, 

gms.

germinated.

2 0.03$ o + 0.30 -  0 .03

4 8$ + 0 .53 -  0.03

6 10$ + 0.51 -  0.04

8 30$ ■*- 0 • 64 -  0.05

8 * 37$ + 0 .5 4 -  0.05

10 Y + 0 . 68 -  0 .05

12 (57$ -  ) 
( r a d ic le s  up to) 
f 2-ip long . )

♦ 1.80 -  0.07

16 (66$ germd. ) 
( Cotyledons not) 
( yet showing. )

+ 1.77 -  0 .11  I

The fu rth er  changes are heat seen from the r e su lts  o f  weighing 

seed lings  raised  from the nursery l in e s .

From here onwards was a separate experiment.



Table IV. Dry weights o f  seed lings at various stares o f

germination. (The weight o f  seed-co&ts has been 

deducted. Dry weight o f  100 fresh seed after  

removing seed -coats  = 0 .68  gins.)

!
j Stage o f  seed lin g , Mean Mo.of Mean dry D ifference
i days from wt.per DO from freshi sowing in  seed lings seed.

cubated soed. g* • gr .

1 Angle o f  hypocoty l) j

i le s s  than 90° ) j 16 0.56 -  0 .13

i  Angle o f  hypocoty l)  j

i mor e than 90°
i CottflTedons not )  !  18 0.58 -  0.10
!  expanded. i j

i  Cotyledons expanded,)!
i  Plumule le s s  than ) :  32 1.02 +  Q .34
[  5 mm. )

j  Plumule more than
{  5 but l e s s  than 42 1.50 + 0.82
:  10 mm.

Mean length 
o f  r a d i c l e .

mm.

40

65

83

106

ii-rom these tab les  i t  appears that the maximum lo s s  in  dry 

weight i s  about 0.13 gme. per 100 seeds, or about 19$ o f  the 

dry weight o f  the seeds without th o ir  seed coa ts . Apparently 

carbon ass im ila t ion  begins oven be fore  the coty ledons expand 

and subsequently proceeds at a rate o f  0 .03 to 0 .05  grams per 

day per 100 seed lin gs .
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Corsican Pine and Scots P ine.

The dry weight increment o f  the seed lin gs  was estimated at 

various dates during the season ana from July 18th. the shoots 

end r o o ts  were estimated separate ly . The r e s u lt s  are shown 

in  ta b le s  I and I I  and on graph 0.

The f ig u re s  show that up to the end o f  June the dry 

weight incraments o f  Corsican P ine followed the compound 

in te rest  lew, in crea s in g  st the rate o f  4 per cent per day 

or doubling in  18 days. Prom th is  t i l l  the f i r s t  week in 

August the rate  was about 3 per cent per day, but a fter  th is  

the ra ts  o f  growth f e l l  o f f  very markedly. There was, however, 

a continuous gain in  dry weight t i l l  the end o f  September.

The funotion  increased gradually from about 0.43

at tho end o f  July to about 0.53 at the middle o f  October, 

whereas during the same period th is  function  for Scots pine 

rose from 0.35 to 0 .5 9 .  This i s  probably due to progress in  

storage o f  food  supplies in  the r o o t .

I t  i s  d i f f i c u l t  to determine the actual water oontent 

o f  r o o ts  since the ro o ts  have f i r s t  to be washed and i t  i s  

im possible to  dry them to a f ixed  degree where they are neither 

wet on the surface nor beginning to  s h r iv e l .  Consequently 

no great re lia n ce  oan be placed on water con tents . never

th e less  a few f a c t 3 soem to emerge from the f ig u res  o f  water 

oontent which were ca lcu la ted  from June £1 onwards.

The water content o f  Corsican pine was at f i r s t  hisfr, 

up to  350 per cent o f  the dry weight o f  the whole seed lin g .

I t  subsequently f e l l  o f f  to about 250 per cent and then 

remained nearly constant from the middle o f  July to the middle 

o f  September. During this period the water content o f  the 

shoot was about 250$ o f  the dry weight and o f  the r o o t  about 

200$. IProra then t i l l  the end o f  October the mean water content 

o f  the shoot was nearly 270$ and o f  the r o o t  350$. The reasons

( 5) Dry weight incr ement o f  seedlings during the f i r s t  year.

*130.a -  8,



for these changes have not been con c lu s iv e ly  determined, but 

i t  appears that in  the early  stages o f growth when the volume o f  

the seed lin g  is  in crea sin g  without there being any p rop ortion a l 

increase in  dry weight, the water content must become very 

h igh . The increased water content o f  the ro o t  in  September 

is  associa ted  with a marked increase in  the dry weight and may 

be due to the osm otic pressure o f  the r o o t  c e l l s  being ra ised  

by the large  amount o f  sugar which i s  passed down from the shoot.

Comparison with | (9 )  shows that the seed lin gs oxamined in  

th is  experiment were very poor and th e ir  t o ta l  dry weight was 

only about one th ird  o f  the mean o f  seed lin g s  sent from other 

nursories St the end o f  1923.

(6 )  Growth o f  Corsican Pine and Scots Pine seed lings during

th e ir  socond year.

On e igh t occasion s from May 9 to October 10 l o t s  o f  about 

eighty seed lin gs each were raised  o f  Corsican pine and Scots 

pine in  th e ir  second year. The r o o ts  o f  these seed lin gs were 

never ra ised  whole., but th e ir  shoot height and the dry weights 

o f  shoots and ro o ts  wero determ ined. The r e s u lts  are shown 

in  ta b le s  V and VI and graphs 3) + 33.

Oorsloah p in e . The mean length  o f  the shoots on May 9 

was 24 mm. Since the f in a l  shoot length  o f  1 s t .  year seed lings 

on October 28 was 85 mm. i t  appears that the second year seed lin gs 

may be regarded as represen tative  o f  the continued growth o f  

the f i r s t  year seed lin g s . The height growth was fa ir ly  

continuous up to the middle o f  August but the subsequent growth 

was s lig h t  and i s  aocounted for by tho autumn extension  o f  a 

few seed lin g s .

The to ta l  d ry  weight incroment was very s l ig h t  up to  the 

middle o f  Ju ly but then rose suddenly and continued up to the 

end o f  September. The sudden increase in  increment i s  

associa ted  with the opening out o f  the current years leaves .

I t  i s  in te re s t in g  to note that in large trees  the dwarf shoots

il&0.A -  9 ,



Table V. "rowth o f  Corsican Pina seedlings in  second year.

Mean shoot 
length ram.

Wt.per 100 seedlings in  Mams.
pate .

Shoot. Ho 01 . T o ta l .
Increase 
per day.

Ho om w t . 
shoot wt.

9 /5 24 6.91 4.33 11.24 .63

£ 3 /5 35 8 .Q0 4,56 13.36
.15

.52

6/6 32 9.52 4,28 13.80
,03

.45

20/6 47 10.01 4.10 14.11
.015

.41

18/7 64 11 .,00 4.51 15.51
.05

.41

'15/8 87 19.54 8.24 27.78
.44

.42

12/9 92 28.00 10.51 38.51
,38

,23
.38

15/10 95 31 .11 13.79 44.90 .44

Table VI. Orowth o f  Scots Pine seed lin gs in  second year.

9/5

23/5

43 8.40 4.81 13.21
.33

.57

72 12,90 4.97 17.87 ) 
)

28.21 j

.39

6/6 81 23.77 4.44- .22 .19
20/6 95 19 .73 4.31

)
24.04 )

.29
.22

18/7 108 24.80 7,30 32.10
oQ 4

.29
15/8 125 26.40 6.72 33.12

o64
.25

18/9 138 36.40 14.75 51.15
.58

.40
10/10 150 51.00 16.50 67.50 .32
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o f  the current year do not expand u n til the height growth 

for the year is  completed ( i . e .  beginning o f  J u ly ), but in  

seed lin gs the height growth is  continued longer and the dwarf 

shoots begin  to expand while height growth is  s t i l l  in  p rogress. 

I t  is  w ell known that carbon a ss im ila tion  is  very a ctiv e  in  

fre sh ly  expanded leaves but becomes sluggish  in  older lea v es .

I t  i s  n o ticea b le  that both in Corsican pine and Scots pine 

the r o o t  weight does not increase but even may dim inish  up 

t i l l  June. As w il l  be shown la te r  starch  is  withdrawn from 

the ro o t  during the spring  months so that a red u ction  in  ro o t  

weight i s  com patible with actu a l growth o f  the r o o t s .

Soots P in e . The course o f  ovents in  Scots pine is  

sim ilar to that in  Corsican pine with the fo llow in g  d if fe r e n c e s :

'The shoot growth did  not cease in August and bud form ation 

was la t e .

The sudden increase in  weight inorement was about a month 

la te r  then in  Corsioan p in e ; the weight increment in  the 

spring  was, however, much greater than for Corsican p in e .

(7 )  Tood storage in  the ro o ts  o f  Corsican pine and Scots p in e .

At the end o f  A p ril the l iv in g  t is su e s  o f  the ro o ts  o f  one- 

y ea r-o ld  seed lin gs o f  both p ines were densely packed with starch .

By May 25 a large  amount o f  the starch  had been extracted  

from the upper part o f  the ro o t  system. I t  was n oticeab le  

that the xylem parenchyma (m edullary rays and c e l l s  round re s in  

ducts) were the f i r s t  to lo se  th e ir  starch  and the p e r ic y c l ic  

starch  was absorbed le s s  ra p id ly . Thus in  a Scots pine seed lin g  

with a current y e a r 's  shoot growth o f  7 oms. the xylem parenchyma 

o f  the hypocotyl was e n t ir e ly  dopleted  whereas the p e r icy c le  

s t i l l  contained a l i t t l e  sta rch . At 2 inches down the xylem 

contained a l i t t l e  starch  and the p e r icy c le  much; at 4 inches 

down the xylem content was moderate whereas in  the p e r io y c le  the 

starch  was dense. In a Corsican pine with a current y e a r 's  shoot 

growth o f  3 inches the only pert that showed any lo s s  o f  starch

^O.A » n .



woe the xylem pnrenchyme o f  the hypocotyl end top inoh o f  ro o t ,

By Juno 10th . an a ctiv e  Scots pine seed lin g  had i t s  roo t 

nearly depleted  o f  s ta rch , whereas Corsican pine s t i l l  showed 

denBe starch  below 6 in ch es . 3y August 1 Corsican pine was 

a lso  p r a c t ic a l ly  depleted  throughout the r o o t .

No further observations on 2nd. yoar p lants were taken u n t il  

the autumn but on November 3 i t  was found that the starch  content 

was very h igh .

The reserves in  the shoot had by th is  time been converted 

into  fa t  with the excep tion  o f a number o f  very minute starch  

granules in  the phloem. In the hypocotyl both starch  ana fat 

were present and fa t  occurred  in  the outermost layers  o f  the 

p e r icy c le  down to 2 inches below the su r fa ce .

31r st year seed lin gs o f  Corsican pine were also examined. 

From August 5 to September 30 the seed lin gs contained only a 

moderate amount o f  starch  except in the case o f  two seed lin gs 

the ra d ic le s  o f  which had been damaged about 3 inches below 

the su r fa ce . These r a d ic le s  had both  branched greatly  but 

i t  was found th a t , unliko those o f  undamaged seed lin gs o f  the 

some age, they were heavily  charged with starch .

By the end o f  Octobor f i r s t  year seed lin gs  contained 

n oticea b ly  more sta rch . There was gen era lly  more starch  

in  the upper p ortion s  o f  the ro o ts  than in  the low er. I t  was 

n oticed  that p ortion s  o f  the ro o t  which were a c t iv e ly  brenching 

at th is  period  contained more starch  than those which were 

quite free  o f  branches.

'There are some in d ica tio n s  that 1924 has been a bad year 

for carbon -as3irn ila tion . Thus seed lin gs at the end o f  1924 

contained much le s s  starch  than 1 year old seed lin gs in  the 

sp rin g . Also the 1 year old seed lin gs in  A p ril, though o f  

the same h e igh t, were much heavier than f i r s t  year seed lin gs  

in  November .
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(0 ) Examination  o f  2 year 1 year transplants o f  Corsican  p in e ,

About 60 2 y r .  1 y r ,  transplants were ra ised  from beds 

at Vu'oney f o r  examination during January and February 1924,

These beds were o r ig in a l ly  planted to shew the e f f e c t  o f  a r t i f i c i a l  

manures on ro o t  growth, but i t  was found that var ia tion s  in the 

s o i l  Were more than s u f f i c i e n t  to obscure any e f f e c t  from the 

manures.

The mean shoot growth o f  these plants in 1922 had been 

2.3 oia; in 1923, a f t e r  transplanting, i t  was 4 .9  cine. TVhen 

these growths were c la s s i f i e d  the fo llow in g  re su lt  was obtained.

Table VI, R elation  between grov/th in the years before and

a fte r  transplanting.

Shoo t growth 
in 1922. 

cms.

No ,o f  
p la n t s .

1
1 Idean growth 
j in 1923.
; cms,

N o.o f dwarf shoots j 
on 1923, main shoot,

1 -  1.9 8 2,5 17 1
2 -  2.9 33 3.6 31

3 -  3.9 13 5.5 42

4 -  4.9 8 7.4 58

5 . -  5.9 5 7.6 80 |

6 -  6.9 1 11.5 73

This table shows that tho rate o f  growth a fte r  transplanting 

was ju st  about proportion a l to the rate o f  growth before trans

p lanting . The seedlings were a l l  o r ig in a l ly  ra ised  from the 

same bed at TJushfield and th is  resu lt  does not n e ce ssa r i ly  

bear any re la t io n  to seedlings ra ised  from d i f fe r e n t  beds.

The number o f  dwarf shoots on the 19 23 main shoot also bears, 

a c lo s e  re la t ion sh ip  to the growth in the previous year. In 

this connection  i t  should be noted that the number o f  dwarf 

shoots on a stem is the number la id  down during the previous 

autumn in the bud which produc es i t ,  I f  an autumn growth 

ocours the dwarf shoots on th is  are ad d it ion a l to those la id  

down in the previous autumn, how 8oots pine normally makes a



winter bud at the end o f  i t s  f i r s t y e a r 's  growth and each subse

quent year; Corsican p in e , however, does not normally make a 

w inter bud at the and o f  the f i r s t  year. At the end o f  the second 

year i t  normally does so , but an autumn growth may occur which 

genera lly  reproduces the juvenile morphology o f  ordinary leaves 

without dwarf sh oots . Such developments n atu ra lly  in te r fe re  to 

some extent with s t a t i s t i c a l  r e s u lt s .

Ten o f  the plants raised  from one bed were e s p e c ia l ly  

examined fo r  roo t  morphology. The mean shoot grov/th in these 

p lants was 3.3 eras, in 1922 and 5 ,1  cms in 1923 which was rather 

above the average. Their mean dry weight was 6,40 grams or 

rather below the average. The mean length o f  their  r a d ic le s  was

25.2 cm; the mean t o t a l  length o f  secondary roots  was 150 cms.; 

o f  t e r t i a r i e s ,  461 cros; o f  higher orders 172 cms. Thus the mean 

to ta l  r oo t  length , om itting small f i b r e s ,  ms 800 eras.(about

27 f e e t ) .  The to ta l  number o f  secondary roo ts  borne by the ten 

p lants  was 113. I f  a f t e r  ra is ing  the plants the r a d ic le s  had 

been cult o f f  at 11 cms. below the lowest stem branch, h a l f  the 

la t e r a ls ,  comprising 68$ o f  the whole ro o t  length , would have 

been l o f t .  I f  cut at 15 cms. 82$ o f  the whole roo t  length would 

have been l e f t .  I t  is  thus apparent that tho la te r a ls  borne on 

the lower parts o f  the ra d ic les  are unimportant in amount.

An attempt was made to find a s in g le  measurement which could 

be taken as a c r i t e r io n  o f  the qu a lity  o f  the p la n t .  No measure

ment i s  very s a t is fa c to r y ,  but i f  d i s  the diameter o f  the hypo

c o t y l  in mm. then the dry weight o f  the plant is  generally  about 
*d‘ + l o . i n  gms fo r  these p lants .

~ T 5 - - - - - - - - - - - - - - -

The to ta l  dry weights o f  the p lants varied from 1.7 gm. to

31.2 gm with a mean at 7.7 gm. The mean m t io  o f  ro o t  weight 

to shoot weight was .58 . Of the dry weight o f  the shoot 70$ 

is  made up o f  leaves and 30$ o f  stems and buds,

A comparison o f  the dry weights o f  p lants at tho end o f  

each year is  shown in the fo llow in g  table.

4l3O.A.- 14.



Table VII. Mean dr;/ weights o f  100 Corsican pine at end o f  

each year.

(Approximate 
lie an Dry v/t. 
[per 100 plants 

in g o .
Increase Roo t v/t.

_• shoot wt. 
•

Dry sead
without coat.;  0 .68

End o f  f i r s t  ;
year 8.5 12.5 times .53

End o f  seoond;
year 45 5.3 times .44

End o f  th ird  !
year.
(2 y r . l  y r .  77o 17.1 tines .56
p la n t .)

Since the p lants were grown under d i f f e r e n t  c i  r curas tances 

we cannot attach  muoh importance to the f igu res  and they must 

only be regarded as a rough in d ica t io n .  I t  appears, however, 

that the re la t ion  o f  roo t  weight to stem weight does n o t  

grea t ly  a l t e r  during the f i r s t  three years . The comparatively 

sraall increase in the second year may be due to overcrowding 

in the nursery l in e s  and the com paratively large increase 

in the th ird  year may he due to the plants having more room. 

The measureraen ts show that the throe year old plants were not 

la rger , when two years o ld ,  than the two year old  p lants when 

weighed.

*130. A .-  15 .



(9 ) Examination o f  "> ora lean pine 1 j / r .  s_eedliri£S_ so r t  f r om 

vari ous nu rs e r i  e a . (i.larch 1924)

One-year seedlings were sent from several d i f fe r e n t  

nurseries  and were examined. The method o f  examination was 

to s o r t  each l o t  o f  seed lings into s ize  o lasses  and to p iok  

out p rop ortion a l numbers from each c la s s .  In some cases 10, in 

others 20, seed lings wore ca r e fu l ly  measured and weighed. The 

cond itions  under which the seedlings wore grown are g iven  in 

Table V III , and the resu lts  o f  examination in Table IX.

The fo l low in g  notes were a ls o  nado:-

( i )  This was a remarkable strong-growing l o t ,  and a l l  the 

shoots were branches though only seed lin g  leaves were 

presen t. The r o o ts ,  which were a l l  broken in l i f t i n g ,  were 

h eav ily  branched and a c t iv e ly  growing (March 1 1 ) ,

( i i  Jplants not large with few stem branches. Roots with very 

irregular,m uch branched la te r a ls ;  they looked as though 

they had been unable to grow deep.

(iii)R oots  much branched and rad ic les  appear to have been 

damaged while growing. Surface roo ts a c t iv e ly  growing 

( liar .13 )

( iv )S h oots  mostly unbranched. L atera l roo ts  numerous but very 

thin and o ften  with very few dwarf roots  attached,

(v )  Shoots very long , but s ca rce ly  branched at a l l .  Root 

la te r a ls  very thin; growth ju st  s ta r t in g .

(v ijV ery  small seed lings with very thin ro o ts .

(vii)Very small seed lings with very thin r o o ts .

photographs were taken o f  ty p ic a l  seedlings o f  each l o t .

Remarks. In no case were the roo ts  complete and higher

root weigh ts would have been recorded i f  the seedlings had been

raised  without breaking. Investiga tion  >on the spot suggested

that at Rapley the roots f i l led  to penetrate deeply and fo r

this reason bra/ached near the su rfa ce . This may account fo r  the 
Root wt. 

high shoot wt. value in ( i i ).

There' are severa l variables that may a f f e c t  the s ize  and 

413O.A.- 16.
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weight o f  the seed lin gs .

(a) The lo t  o f  seed, l o t  23/25 has given two good re su lts ;

23/30 has given one good and one bad.; 23/23 has given
<

two fa i r  and one bad*

(b) late  o f  sowing. There is  an apparent c o r r e la t io n  between 

the dry weight o f  the plants and the date o f  sowing. The 

c o r re la t io n  c o e f f i c i e n t  i s  -  0 .61 + 0 .16 . ( i i )  ia a notable 

exception  in  that i t  was sewn la te  but lias given good 

growth, and i t  should be pointed out that i f  ( v i )  and ( v i i )  

(the poor growth o f  which can be otherwise aocounted f o r )

he omitted, no co r r e la t io n  is  v i s i b l e ,

(o )  S o i l .  A l l  the s o i l s  except ( v i i )  were l ig h t  in  character .

We cannot say whether the bad growth o f  ( v i i )  was due to 

the heavier s o i l .  A l l  the s o i l s  except ( v i )  and ( v i i )  had 

e ith er  p le n t i fu l  or a d d it io n a l  manures, and as ( v i )  

and ( v i i )  are in a c la ss  by themselves ( i . e .  very poor growth) 

th is  i s  probably an important fa c to r  in  growth.

(d ) Density o f  p la n ts . The re is  no apparent r e la t io n  between 

density  o f  p lants and mean dry weight. I t  is  n o t ice a b le ,  

however, that ( i v )  with by fa r  the highest dens ity , is 

second in ta lln e ss  o f  shoot but onl,y f i f t h  in  thickness o f  

stem „

The number o f  la te r a l  roo ts  show e x tra ord in a r ily  l i t t l e  

v a r ia t io n .  The t o t a l  length o f  la te r a ls  show con s id er 

able v a r ia t io n  and fo llow s  the t o t a l  dry w eights. I t  is  

n o t icea b le  that ( v i i ) ,  the only one on a heavy s o i l /  lias 

markedly le s s  branching than the others.

In a d d it ion  to  the a b o v e  l o t s  o f  seedlings one l o t  o f  2 y r .  

seedlings was sent from Cannock Chase. These showed a mean shoot 

length o f  6,7 cms.; a mean stem thickness o f  1.6 mm, and mean dry 

weight o f  6,12 gms. (shoot 4.64 gms., root 1.48 gm s.). They were 

p a r t icu la r ly  good seed lings  with very much branched, r o o ts .
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On account o f  the favourable resu lts  obtained la s t  

year from root-pru n in g  f i r s t  year seed lin gs during the 

summer, a la rg er  aoale experiment was carried  out th is  

year. Several methods o f  undercutting roo ts  were t r ie d .

In each oase the beds were b u ilt  up w ith boarded sides so 

that the undercutting mechanism oould be operated underneath 

the boards.

(1 ) Wire n e tt in g  was la id  under the beds and i t  was 

intended to  p u ll  th is  n e ttin g  so as to  break o f f  the roots  

a t  any desired  depth. This method fa i le d  as i t  was found 

that the res is ta n ce  o f  tlee wire n e ttin g  was too  g rea t.

(2 ) A taut w ire, attached lik e  the s tr in g  o f  a bow

to a frame o f  gas p ip ing , was found to  be in s u f f ic ie n t ly

strong to stand the s tr a in .

(3 ) A h or izon ta l cross-saw  with v e r t ic a l  handles 

was even tu ally  used . This instrument can be worked 

along the bed under the boards, but the operation  is  

ted ious and i t  loosens the s o i l  to  an undesirable ex ten t.

Seed o f  Corsican and Scots pine was sown at Tubney 

in  ra ised  beds on A p r il 17. One year seed lin gs  were 

a lso  lin ed  ou t. A part o f  these were underout with the 

cross  saw on three occa s ion s , June 16, July 7 and August 7.

F irs t  year seed lin gs o f  Corsican pine were ra ised

on September 18 and Deoember 5. I t  was found that the

undercut seed lin gs  were d is t in c t ly  sm aller than those not 

undercut and they had made fewer la te r a l  r o o ts .

Boot Pruning Experiment•

Corsican Pine seed lings raised  December 5.

Moan Ho. 
o f  la te r a l

Mean length 
o f la t .r o o t s

Mean dry w t.per 100 
seed lin gs in  gms.

Root wt.
*. shoot wt.

r o o ts . mm. Stem • R oot. |Total,

Oontrol 14.2 34 .0 11.1 8 .0  | 19,1 .72

Underout 10.1 34 .7 7.0 6 .6  13.6 .94
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I t  w i l l  be seen that the co n tro l  seed lings had 

ex cep t ion a lly  w ell branched r o o ts .  The d isappointing  

resu lt  o f  th is  experiment may be due in part to  th is  f a c t ;  

and i t  is  p oss ib le  that a r e p e t it io n  o f  the experiment under 

other cond itions might give valuable r e s u lts .  I t  may be 

noted that in  the undercut seedlings the root weight, is  

ex tra ord in a r ily  high in re la t io n  to shoot ’weight.
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XI. Germination o f Seed a ft e r  treatm ent.

To te s t  Mr. S teven ^  method o f  ohemioal stim ulation  o f  seed*

Two experiments were carried  out under th is  .head, 

both with European larch  ( 2 4 / l l ) .

In E x p .l  the fo llo w in g  treatments were compared.

L.B. C ontrol: sown dry.

L .B .1. Soaked 24 hours in  oold  water: Temp. 10°C*

L .B .7. Soaked 7 days in  co ld  w ater: Temp varied  from

3°0 to  14°0. Mean o f d a ily  observations 7 .7°0, 

L .I .a .  Water 17 hours: Iodine s o lu t io n  24 hours.
L .I .b .  " 23 " ; « " 18

Temp 
about 10° 0.L . I .o .  " 19 " s " " 12 " .

water 10 hours.
L .I .d .  " 17 " : " " 6 * : )

water 18 hours.
1 .2 0 .7 .  Incubated on damp f i l t e r  paper at 20°C fo r  7 days

(About 3f0 o f the seeds had germinated when sown

and a few ra d io le s  were up to  2 cm. lo n g ).

The soaking in iod in e  in  th is  experiment was not s a t is fa c to r y

since the counted lo ts  were kept separate in  muslin bags which 

absorbed the iodine so that the so lu t io n  lo s t  most o f  i t s  co lou r ,

On th is  being d iscovered  fu rth er  iodine c ry s ta ls  were added, 

but even th is  did not make the experiment s a t is fa c to r y .

Each lo t  contained 300 seed and 7 lo t s  o f  each treatment 

(8 c o n tro ls )  were sown in  a lte rn a tin g  d r i l l s  on A p r il  16, The 

number o f  seed lin gs was oounted three times a week and dead 

seed lin gs were counted and removed. The t o t a l  number o f  seed lin gs 

(in c lu d in g  those that died ) produced per 100 seed f o r  each 

treatment is  shown in  oolumn 1 o f  Table X ,

In E xpt.2 no muslin bags were used and the iodine treatment 

was performed by p la cin g  each lo t  o f seed in a separate b o tt le  

o f iodine s o lu t io n . The fo llo w in g  treatments were compared.

L.B. C ontrol: sown dry,

L .I .  Water 8-g- hours: iod ine so ln . 18 hours, j

L.W. Soaked 26^ hours in co ld  water )

L.W .7.Inoubated on damp f i l t e r  paper at 20°C fo r  7 days.

41̂ 0*A.22.
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Table 1 .

Germination o f larch  seed a f t e r  various treatments, (Seed lo t  2 4 / l l  

Germination per oent 4 4 ) .

!T ota l p lant 
Treatment, jpef, oent to 

; 25 /8 /24  i n o l ( 
ilosfees,

May 12.
>

June 6. Sept. 90
Mean h t . o f  
seed lin gs 
Oct. 30th. 

oms •

Exp. 1 sown Apr. 16.

L.E, j1 5 .6 -0 .a 1,.0*0.3 9 .610 .8 13 .0*0 .7 3 .6

It.B*1• 3 4 .4 -1 .0 2 1 ,0 -la  1 32 .3*1 ,0 27 ,910 .6 5.8

lloEt 7 a 3 8 ,1 -0 .8 28 .5*1 .1 37 .0*0 ,8 31 .9*0 .8 5.2

Xi e X • a » 3 1 ,0 -0 .7 2 0 .4 -0 .7 29 .6*0 .8 25 ,8*0 ,9 4 .9

Xl o X • b , |3 5 .9 -1 .2 2 6 .4 -0 .8 34 .0*1 .2 29 ,4*1 .3 5.7

Xi, X« o « 33 .6*1 ,4 22.5*1.4 , 32 .3*1 ,4 27 .9*0 .9 5.5

1 , 1 . d. :3 6 ,6 -0 .4 2 7.3 ̂ 0. 7 3 4 .9*0 .4 29 ,5*0 .9 5 .1

1 ,2 0 ,7 i 26 ,4*0 .9 32b1—0 .8 33 .9*0 .9 28 .9*0 .9 5.3

Exp u2. sown May 5, May 21. A ug.25.

L.N. 18 .3*1 .4 0 ,7 *0 ,4 15 .6*1 .5 3 .3

L.W, 3 9 .4 *0 .5 17 .9*0 .5 36 .1*0 .4 4 o 9

1 .2 0 .7 29 .7*0 .6 19 .7*0 .8 25 .6*0 .7 5 .1

L« X o 38 ,6 *0 ,4 17 .6*0 .1 34. 6*0 n 3 5 .0

•
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Each lo t  oontalned 300 seed and 7 lo t s  o f  each (8 oon tro ls ) 

were sown in  a lte rn a tin g  d r i l l s  on May 5. The number o f seed lings 

were oounted three times a week and an an a lysis  o f  lo sses  has 

been made.

The plant per cents as determined at various dates in  these 

two experiments are shown in  Table X and Graphs P & G.
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C onclusions.

( i ) Treatment w ith soaking in  cold w ater. 3oth experiments show 

that soaking in  cold  water p r io r  to  sowing g rea tly  increases 

germ ination; in  fa c t  in  each experiment i t  has more than doubled i t .  

In E x p .l soaking fo r  7 days gave an appreciab ly  b e t te r  resu lt

than soaking f o r  1 day.

( i i )  Treatment w ith  Iodjyie s o lu t io n . The mean o f a l l  the iodine 

te s ts  in  E x p .l gave a plant fo o f  34.3 whereas soaking f o r  1 day

in  cold  water gave 3 4 .4 . This experiment was adm ittedly inconclusive 

but in  the second ex p t. soaking in  Iod ine gave a mean plant $ 

of 38 .6  w h ils t soaking fo r  the same time in  ’water gave 3 9 .4 .

Thus the only re su lt  that can be deduced from th is  experiment 

is  that the prosenoe o f iod ine in  the water in  which the seed is  

soaked has no e f fe c t#

( i i i )  In cu b ation . In E x p t .l  gave a s l ig h t ly  worse resu lt  than 

soaking f o r  7 days and rather b e tte r  than soaking fo r  1 day, but 

the d iffe re n ce s  are not s ig n i f ic a n t .  In E xpt.2 incubation  is  

s ig n i f ic a n t ly  worse than soaking in  water or iod in e f o r  1 day.

In  1923 incubation  f o r  6 days gave 50$ b e tte r  p lant per cent 

than soaking, a re su lt  which is  contrary to ,th a t  o f th is  year.

The fo llo w in g  con sid era tion s throw seme l ig h t  on th is  d ivergen ce .

In  each year the incubated seed germinates much more ra p id ly  

than seed treated  in  any other way. Nearly -a ll the inoubated 

seed that are going to  germinate w i l l  have appeared above ground 

3 to  4 weeks a f t e r  sowing, whereas the other soed germinates from 

a few days to  a few weeks la t e r .  In 1923 from A p ril 25 to  May 9 

the mean d a ily  temperature did not f a l l  below 45°P. In th is  

period n early  a l l  the incubated seed and a few o f  the other seed 

appeared above ground. Prom May 10 to  May 17 only one day showed 

a temperature above 45°P and there was a very marked slow ing WPf. 

in  the rate o f germ ination. This low temperature during the 

period when most o f  the non-incubated seed should have germinated 

appears g re a tly  to  have reduced th e ir  subsequent su ccess . In 1924

4l30 .A .-25 .



on the other hand the mean d a ily  temperature f e l l  below 

45°F on only two days between A pril  16 and Hay 31 and these 

does not appear to  have been any check in  the germination in  

any o f  the d r i l l s .

Further a s p e c ia l  l o t  o f  con tro ls  sown in  1923 ten days 

be fore  the other seed gave a very much b e tte r  re su lt  than those 

sown at the same time as other seed.

I t  thus appears that the weather which occurs at the time 

when the seed lings are coming above ground has a very important 

e f f e o t  on the number o f  seeds that germinate su cce ss fu l ly ;  

and th is  fa c t o r  is  one o f  the c h ie f  sources of e rror  in  a l l  

these germination experiments.

I t  w i l l  fu rth er  be noticed  that-, with the exception  o f  

the c o n tro ls ,  the heights o f  a l l  the l o t s  are about the same. 

This i s  in  agreement with the conclusion  reached in  previous 

years that the height o f  seed lings in  any given bed i s  c h ie f ly  

determined by the time they have had to  grow in .  Those lo t s  

which germinated oar ly  grew the t a l l e s t .

(2) Incubator t e s t s  o f the Iodine trea tment.

In order to  t e s t  the e f f e c t  o f  iodine on germination in 

the incubator the fo l lo w in g  experiments were carried  out.

E xpt.3 .  6 l e t s  of 100 laroh  seed were placed in

water f o r  6-jj- hours and iodine so lu t ion  f o r  18-g- hour3. At the 

same time 6 l o t s  were placed in  water f o r  24-jr hours. This 

soaking was performed at 20°C. Each l o t  was then la id  out 

on damp f i l t e r  paper in  the incubator at 20°0. They were 

arranged in  4 batches each containing 3 l o t s .  Batch No.4 

(water trea ted ) was inadvertently  allowed to become dry at 

the beginning o f  the incubation which retarded the germination 

o f the seed.

4130.A . -2 6 .



Table X I.

Numbers o f  Seed germinated .

5 days 

[23

Batch N o,l* {22  
(Io d in e )

(23

(39
(

Batch N o .2 .(23 
(Iod in e) (

6 days. 7 days* 12 days. 29 days.

33 36 39 42 )

25 26 28 31 ) 
)

38 )29 30 35
Mean 41.3 * 2 . 0

43

27

43

30

47

33

(29 38 44 46 46

(30
f

36 30 40 42

Batch No*3. 
(water )

(29
(

32 32 35 36

(27 33 40 42 45

(0
(
(0 v .d r y .

0 7 30 37

Batch No.4 . 
(water)

1 7 34 40

(0 0 9 44 53

52 . 
)

39 ) 
) 
)

Mean 42.2 i  1.7

)
)

A fu rth er  exp t. was carried  out along the same lin e s  but 200 

seed were here included in  each l o t .  The whole was ca rried  out 

in  the basement at a temperature which varied  from 15° to  17 .5°C .

Table X II .

JSxpt.4. (Termination per oent a ft e r  soaking In Iodine and Water.

6 days. 7 days. 8 days. 15 days, 36 dayB.

Iod in e . 4 .6  11.5 18.1 42 .2  46 .9„+ 2 .£

Water. 4 .6 11.1 17.5 41.5 54.4-*- 2 .2

Under the con d ition s o f  these experiments i t  does not appear 

that treatment w ith-iodiner so lu t io n  m a ter ia lly  a f fe c t s  the germina- 

-"ti on.
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(3 J Rate o f  Germination and Losses.

The number o f seed lin gs In each d r i l l  was counted three times

a week and dead and dying seed lings were removed and counted.,

sep a ra te ly . Prom these fig u re s  the average number o f new germi

nations and the average number o f lo sses  per day can be ca lcu la ted . 

They are given in  Table X III  oolumns 2 and 6.

In order to  observe more accu rate ly  the e f fe c t  of weather on 

germ ination, the d a lly  rate  o f  germ ination has a lso  been expressed 

in  terms o f  the number o f seeds which subsequently germinated.

Thus from May 5 onwards 4770 seed germinated in  E x p t,I . Prom 

May 5 to  May 7 1528 new seed germinated, or 764 per day. Expressing 

these f ig u re s  as per thousand of those which a ctu a lly  d id  germinate 

then or subsequently we fin d  that fo r  every thousand 320 germinated

in  ten days, or 160 per day. The fig u re s  oalcu laced  in  th is

manner are given in  column 4 . In column 0 w i l l  be found the d a ily

lo sse s  o f seed lin gs expressed per thousand o f those presen t.

Columns 3 ,5  and 9 g ive  s im ila r  values f o r  Exp,11 .

In Graph H is  shown the numbers o f  germ inations per day per

thousand o f those s t i l l  to  germinate f o r  each experiment, and a lso  

the mean temperature f o r  the p er iod . The two experiments do not 

show a c lose  agreement and the fa c to r s  which cause seed lin gs to  

appear when they do are obscure. These fig u re s  are rece iv in g  

fu rth er  a tte n tio n .

In Graph K are shown the lo s se s  per thousand per day f o r  the 

two experim ents. Here there is  a very f a i r  agreement between the 

two experiments and there is  evidence that the seed lings d ie  o f f  

p r in c ip a lly  on a r is in g  temperature, and in  the absenoe o f  rain*

Observations made p e r io d ic a lly  on the dying seed lings showed 

that they were k i l le d  by many causes. ( l )  A few showed the ty p ica l 

fea tu res  o f "damping o f f " ;  (2) a few showed the e f fe c t s  o f high 

surface s o i l  tem perature, and (3) a few had th e ir  roots eaten by 

in s e c ts . (4) The m a jority , however, sim ply s h r iv e lle d , the whole 

seed lin g  drying up, and i t  appears that th is  is  duo to  fe e b le 

ness in  the absorption  o f water by the r o o ts .

4130.A . -2 8 .



lahle X III . Germinations and. Loaaes per day. E x p ts .l and I I .

Date
1924.

Fresh seed

Terntf .p er  day, 
Nearest 

In teger)

j Expressed as 
j -fjO o f those 
I remaining to 

he germd.

Losses 
per day.

Losses per 
1000 ex is tin g  
seed lin gs .

E x p .l. Exp, I I . j  Exp, I . Exp* I X . E x p .l. Exp, I I . Exp*l» Exp^i;

30 /4-2 /5 ae

I
i
i

5 0. } 0
2-5/5 173 33 1 .0 i 1 .3
5-7/5 764 !  160 0 0
7-9/5 422 !  130 ! :  4.5 1 .4
9-12/5 215 S 90 1

i
i o 0

12-14/5 98 8 1 56 ! 3 ! 2.5 0 0.6 0
14-16/5 91 60 1 59 1 22 i 17.0 0.5 4 .1 3 .3
16-19/5 57 239 1 42 | 94 ! 2 .7 0 0.6 0
19-21/5 99 155 ! 82 ! 85 ! 5 .0 0 1 .1 0
21-23/5 31 46 ! 31 ! 31 ! 6 .5 0 1.4 0
23-26/5 32 76 j 34 54 | 2 .3 2.7 0.5 1.7
26-20/5 30 219 ! 35 185 | 8 .0 5.5 1.7 2.8
28-30/5 47 72 i 60 97 1 15.5 18.0 3.2 8.7
30 /5-2 /6 61 69 j 88 116 i 1.0 0.7 0.2 0 .3
2-4/6 59 28 j 117 73 | 0 .5 5 .0 0.1 2.2
4-6/6 30 6 : 77 19 ! 2 .0 2 .0 0 .4 0.8
6-11/6 16 16 j 48 50 ; 2 .2 1,8 0 .4 0.7
11-13/6 85 12 101 50 1 4 .0 7.5 0.7 3.1
13-16/6 10 8 : 48 36 ; 3 .7 4 .7 0 .7 1.9
16-18/6 11 29 ; 67 153 ; 6 .0 7.0 1 .1 2.8
18-20/6 19 10 ! 127 75 ; 9 .0 1 .0 1.7 0 .4
20-23/6 5 0 | 48 0 I 3.7 2 .3 0 .7 1.0
23-25/6 4 8 ! 42 75 | 4.5 3 .0 0.8 1.2
25-27/6 2 0 I 23 0 ; 24.0 13.0 4.6 5 .3
27-30/6 3 1 j 37 14 I 10.7 6 ,0 2 ,0 2.5
30 /6 -2 /7 0 0 7 0 I 17.5 11.0 3 .3 4.5
2 /7 -4 /7 0 0 7 0 1 4 .0 4 .0 0.7 1.6
4 / 7—7/7 0 1 5 7 i 0 .7 1 .3 0 .1 0.6
7 /7 -9 /7 0 0 0 0 I 1 .0 2 .0 0 .2 0.8
9 /7 -11 /7 0 3 7 39 I 10.5 12.5 2.0 5.2
11 /7 -14 /7 0 0 5 4 I 22.3 5 .3 4 .4 2.2
14 /7 -16 /7 14 1 213 12 ! 25.5 3.5 5 .0 1 .4
16 /7-18/7 (-2 ) 0 0 | 5 .0 0 1 .0 0
18/7-21/7 0 0 0 1 1 .0 1.7 0,2 0.7
21 /7 -23 /7 0 0 0 I 1 .5 1 .0 0 .3 0 .4

*

23/7 -25 /7 0 0 0 | 0 .5 2.5 0.1 1>0
25/7-30/7 4 3 106 i 0 .4 0 .2 0 .1 0.1
30 /7 -1 /8 4 9 60 I 1 .0 2 ,0 0.2 0.8
1 /8 -4 /8 3 2 68 1 0 .3 0 .3 0 .1 0.1
4/B-6/8 1 8 140 ! o 0 .5 0.8
6/B-8/8 0 5 0 1.5 0.6
9 /8 -11 /8 0 3 0 0.7, 0 .3
11/8-13/8 0 0 : o 0 0
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In the early  stages the lo sse s  were on the whole greater than 

in the la te r  stages, but during August and September many seedlings 

were out o f f  above ground by out worms, and though in most oases 

a few green leaves were l e f t  so that the seedling continued to l i v e ,  

these seed lings would have been very l i t t l e  value f o r  l in in g  out.

4130,A„~30.



The seedlings raised  in th is  experiment, which was 

reported on la s t  year, were l i f t e d  during A p ril  1924.

Eaoh l o t  was divided in to  three c la sses , sound, l iv in g  but 

damaged and dead. The losses  were high, ch ie f ly  owing to 

cut-worm and many seedlings had been cut o f f  at the s o i l  

surface so that they had been overlooked the previous 

autumn.

Table ZVT shows the plant per oent and mean heights 

in  Oot. 1923, the plant per cent -  t o ta l  and sound only -  

in  A p r il  1924, and the mean dry weights -  shoot and root -  

o f  the sound seedlings in  A p r il  1924.

I t  w i l l  be seen that the seed whioh had been incubated 

f o r  9 days gave the heav iest  p lants; those incubated fo r  

6 days gave the grea test  number o f  sound plants and the 

second h igh est mean weights.

I mprovement of Germination Experiment 1923.

^130.A»-3 1 .



Table XIV. Improvement of Germination 1923. European larch.
(G erm .p .o»31.)

Treatment.
Plant % 
6 /1 0 /23 .

Soaked 14 days 
10° 0 .

Soaked 10 days 
10°CK

Soaked 6 days 
10°C*

Soaked 9 days 
20°C.

Soaked 6 days 
20° 0 .

In cu t ,6 days 
20° C.

Inout.3 days 
20° G.

Control 
sown dry

9.9

9.9

8.5

2,4

2.5

Soaked 3 days 4 .6  
20°C.

In c u t .9 days 8.6 
20° C.

13.2

6 . 8

5.5

Mean 
h t. cm.

3.6

3.8

4 .5

3.8

4 si

3o3

5 ,8

5.7

4 .4

3.2

Pla nt fo Apr. 1924.
l iv in g  
Sc dead.

Sound.

Dry wt.per 100 seed
lin g s  (Sound seed

l in g s  on ly ) .
Shoot
Grins.

111.9 7.6 10,0 6.8 (

> 1 , 5 - 0 .9 i 0 .4 + 0 .2  j

12.0 8,2 10.1 6.6  !
~r

+1.4 + 0 .8 + 0 .3 + 0 .2  j— ~
\ 9.7 7.5 11.0 7.6 ]

■<) V
it1 *2 + 0.0 j 0 . 4 *0 .3  j

j 3 .4 2.0 11.0 7.3  ;
1

W;i
i+0.4s.* + 0 ,3 + 0.5 + 0.4  j

) 3.7 2 .2 10.8 7.3 |
i \
1+0.6 + 0 .3 + 1.2 + 0.7  J

i 6.6 3 .3 10 oO 6.3 :
-s r
i+0.9 + 0 .3 +1.0 + 0 .5  j

i l l . 8 6,5 16.1 11.7 ~!

ItO. 9 +1.0 +0.5
I

+ 0 .3  j

i l7 .9
J.

10.4 14.4 9.7 !
(

iO . 8 +0.3 + 0 .4  J

110 s 8J 5,4 12.5 8,2

It 1 .0 +0.4 + 0 .8 +0.3 j

i 8 ,4 . 3o7 8.7 5.9 1j-\
1+1.3 + 0.6 + 0.7 +0*5 j

Boot. 
Grma.

Total.
Grms.

16.8

16.7

18.6

18.3

18.1

16.3

27.8

24.1

20.7

14.6
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Improvement o f  Germination Experiment 1922. European la rch  

and Douglas f i r .

These experiments have "been reported  on fo r  the la s t  

two years . For eaoh sp ecies  the seed lin gs were d iv ided  in to  

two p a r ts .

( i )  Some were lin e d  out in  Bagley 7/ood nursory

( i i )  Some remained in  the seed teds and were ra ised  and.

weighed when two years o ld .

( i )  These were lin e d  out in  order that the subsequent growth 

o f  se e d lin g s , produced from inoutated. seed, might ta watched.

The main o b je c t  was to t e s t  the c r it ic is m  that the ad d ition a l 

seed lin gs produced ty in ou ta tion  might, on the average, te  

weaker than those produoed norm ally.

The lo s s e s  in  the lin e d  out teds were h igh . The seed lings 

died in  ce rta in  patches without any observable attack  o f  

in se c ts  or fu ngi. S o il te s ts  have teen made without e lu c id a tin g  

the oanse, tu t  the nursery has teen  continuously cropped fo r  

20 years and the s o i l  appears to have become oompaoted and 

i l l -d r a in e d .  10 out o f  131 la b e ls  were lo s t  and the consequently 

doubtfu l numbers were assessed on a basis o f  p rop ortion s .

The lo sses  to  date are shown in  Tables XV and XVI. li’rom 

these ta b les  i t  w i l l  be seen that in  eaoh case the co n tro ls  

show the h ighest per cent o f  lo s s e s , and th is  may be accounted 

fo r  by the fa c t  that they contained the la rg e s t  p rop ortion  o f  

poor p lan ts when lin ed  ou t. I t  w il l  also be seen that with 

each sp ecies  incubation  fo r  7 days at 20°C has given the 

highest number o f  p la n ts .

These transplants are now (D ec.1924) 1 y r . 2 y r . and are 

being planted out on an area o f  about 2 acres in  Bagley Wood.

The woodman i s  destroy in g  p lants whioh he would normally regard 

as c u l ls  and the remainder are being p lanted and la b e lle d .

The subsequent growth w i l l  be recorded by Mr.Champion who is  

taking over th is  together with other Bagley Wood experim ents.

4130..A. -  33



( i i )  Those l e f t  in  the Beed beds were raised  during May 

1924. Their growths in  1922 and 1923 were measured and the dry 

weight o f  ro o ts  and sh oots . With la rch  there were remarkably 

few lo s s e s  in  those seed beds and the plant per cents o f  tho 

l iv in g  p lan ts  ra ised  (Table XV, la s t  oolumn) were much higher 

than those o f  the lin e d  out se e d lin g s . The mean dry weights 

o f  the seed lin gs in  eaoh d r i l l  varied  from 0.50 gm, to 1 .39 gm. 

C orre la tion  c o e f f i c ie n t s  were calculated, to show the connection  

between dry weight and (a )  s ize  o f  seed lin gs at end o f  f i r s t  

year’ and (b ) th e ir  d en s ity . The evidence deduoed from these 

co rre la tio n s  i s  that the dry weight i s  in fluen ced  p o s it iv e ly  

by (a ) and n eg a tiv e ly  by ( b) ,  but that density  has a greater 

in fluen oe than s iz e  in  the f i r s t  year. As the ta b les  involved 

in  th is  work are long  they are not reproduced here. The 

Douglas f i r  grew badly during th e ir  second year in  the seedbeds. 

Their height growth was small and th e ir  lo s se s  were heavy 

(see Table XVI, la s t  colum n.) The mean dry weights o f  the 

seed lin gs (mean o f  each d r i l l )  varied  from to .



Table XV. Improvement o f  Germination Experiment 1922.
European larch.Gerra.p.c. 47

jrastEnent.
Plarit | Plant

! L/o \ fo 
;3 0 /l0 /2 2 j 20 /8 /23
i i

Plant
f>

18 /10 /24

Loss
30/10 /22

to
20/ 8 /2 3

3 per cent 
20/8/23 ; 

to
18/10/24

4

30/10/22 Plant jo o f  
to |those l e f t  

1 8 /lo /2 4 | in  seedbedsi 
iilay 1924..

Inoub.  ̂
days 20 C •

j 25.8
j i

19.2 17.9
j

26 7
1

31 22.5

Incub.
. 3 days 

20 C •
| 18.1 15.2

i
13.5

;
16 11 25 18.5

Incub.
1 day 

20 C .
17.3 15.6 13.4 10 14 22 18.2

Incub.
7 days 

25 C.
S 15.0 14.3 12.4 5 14 17 16.2

Inoub.
3 days 

25 0 •
21.0 17.6 15.7 16 11 25 23.2

I
Incub.
1 day 

25°0.
| 17.4 14.8 13.3 15 10 24 15.3

i
Incub.
12 days 

30°C.
9.5 7.4 6.8 22 8 28

1
1

1 1 . 0

Incub.
1 days 

30 C »
j 15.0 13.5 ! 12.1 10 10 19

1
15.8 '

Incub.
3 days 

30°C .
I 20.7 19.1 17.5 8 8 15 22.0 1

Control 
sown dry. | 10.54 7.5 6.5 29 13 38

r

10 *4

i1
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Douglas fir*Germ ,p.o<,74.

Table XVI. Improvement of Germination Experiment 1922.

' '

jyefttmsnt«
Plant

, ff 
6/10 /22*

!
Plant

20/8^23

Plant 
• fo 

18 /10 /2 4 .

Los
6/10/22

to
20/8 /2 3 .

s per ce- 
20/8/23 

to
18/10/24

a t.
6 /10/22

to
.18f l t f  24.

Plant f0 o f 
seed lings 
l e f t  in 
seedbeds 
May 1924.

Inoub,
12 days 

£0°C.
34.7 22 o 6 17,8 35 21 49 15,4

Incub, 
7 days 
20°0.

41 tO 26,4 23 o 1 36 12 44 14.0

Inoub» 
3 days 
20O0.

38*7 24 03 Elc3 37 12 45 13.8

Inoub. 
7 days 
25°C,

28, 9 15,9 13,4 45 16 54 13.7

Incub, 
3 days 
25°0.

22 o 7 14,1 12,0 38 15 47 10.3

Inoub • 
1 day 
256C.

31,4 19,9 19.3 37 3 39 13.9

Incub,
12 days 
300c.

30,6 20 eO 16.4 35 18 46 12,4

Incub, 
7 days 
30°0.

28,0 1702 14. 2 38 17 49 17,7

Incub, 
3 days
30°0.

26,1 16,1 14.0 38 13 46 16.7

Control 
sown dry. 23,8 13,5 10.9 43 19' ' 54 13.0

m 36.
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COMPARATIVE GROWTH OF NORWAY & SITKA 

SPRUCE SEEDLINGS IN ORDINARY AND

PEATY SOILS.



RKPORT ON PROGRESS OP RESEARCH. 19 23-24.
(

miring the year 1923-24, the study o f  the Physiology and 

Structure o f  Norway and Sitka Spruce has been commenced with specia l 

reference to root act ion  and development embodying the continuation 

o f  the Mycorhiza in v e s t ig a t io n .

I t  i s  proposed in  th is  report  to outline  the work done 

under the fo l low in g  heads ( l )  Hoot development, (2) Mineral requ ire 

ments o f  Norway and Sitka Spruce, (3) Structures in  these plants 

in d ica t in g  environmental con d ition s , (4) General.

1. Root Development.

(a) Anatomical work on the o r ig in  and nature o f  Spruce 

roots  has been in  p rogress .

(b) Experimentally the con trov ers ia l  point as to whether 

the tap root o f  Spruoe does or does not p e rs is t  during the f i r s t  

year has been studied. Seed o f  Norway and Sitka Spruce was sown 

in g lass  ja rs  in  ordinary Nursery s o i l  in  suoh a p o s it io n  that the 

ra d ic le  would grow down the side o f the g la s s .  Blackened paper 

being put over the containers to cut o f f  the l ig h t  from the roots, 

the growth o f  the ra d io le  could be r e g is te re d  p e r io d ic a l ly . The 

conclusion  was arrived at that normally the tap root o f  neither 

Norway nor Sitka Spruce disappears in  the f i r s t  year. This is  for  

normal w ell aerated s o i l .  The depth o f  penetration  in  th is  instance 

varied  from 10-12 cms. measured from the c o l la r  fo r  Norway Spruce 

and about 7 fo r  Sitka Spruce.

(c )  The tracing  o f  the development o f  root systems in 

Norway and Sitka Spruce from seedling onwards to determine normal 

root systems in  d i f fe r e n t  s o i ls  has been commenced. The s o i l s  

worked on th is  year have been Loamy B oils  from the Nursery and Peat.

A. Nursery S o i l .

The fo l low in g  experiments have been done in  boxes in  the 

greenhouse with Norway and Sitka Spruce, where the fa c to r s  could 

be s ta b i l is e d  and c o n tro l le d .

1. To te s t  the influence o f  depth o f  sowing on root 

development and shoot growth.

‘130.C. -  i .



2. To te s t  f o r  d if fe ren ces  in  root and shoot growth in 

seedlings transplanted at normal le v e l ,  too deeply and with 

root t ip s  removed.

Depth o f  Sowing.

Boxes f i l l e d  with earth from the Nursery were used and 

the depths o f  sowing made were re sp e c t iv e ly  0.5cm.., 1.0cm., and 

1.5om. Most accurate work could be got by the formation o f  narrow 

d r i l l s  o f  the required depth. The resu lts  are summarised in the 

fo llow in g  ta b les  the data representing averages o f  a large number 

o f  me a sure ids nts before removal from the s o i l ,  the s o i l  leve l being 

marked on the plants with white p a in t .

TABIE 1.

IB! Oi J-l rHtH 0 
0 •Ha u © 

-P

60a
•H
is
o
CO

O
.0
ft
CDP

CQ
-POo

*H 
<H O  • O ®m id .0 ftrH W .H t)
6D-P 0)a oCl O flt-\ +»
rH •0 ©
-P -P O O 
EH O

»CO
-Poo
B
o
£
CO .  
-p «
°  2 O  A
A
CO iH  

03

A  U -p a) 60+* 0© c 
p -p

OQ
•POo
s
o!H

-Pooo •ft-p 
P» oW O Jh
O -P CO
A  3h
•P *H 60‘H 
0
03 O
Pi -P

o
&
isorH0)
A

o •
ft-p p»o W O
«H  ̂
O -Pcar0 U 
-P vH 60*H 
0
03 O  Pl-P

• «
CO
•p

fl •0 o
<33 0 o

-P 0 fH
CQ O

0 «H
CQ 60 O

-P t£ -PO o 0
B rH 0

03
A ■ M

<H ©O •P0 rH.0 CO 0
-P H u60 ft ©0 -p
03 CH 0

rH O H
i—1 A 1 H
0 •P 0

-P f t -P
O 03 O
EH Pi EH

17. 6 .4 •

0o■H
•P
0
0•pH
B0
a:03

0 .5cm 
1.0cm 

1.5  cm

0.5cm 
1 .Oorn 
1.5cm

2.05 
2.10 
2.50

1.5
1.6 
2.4

1.16
1.25
1.40

0.8
0.95
1.6

2.5
3 .0
3.7

0.8
1.4
2.7

2.05; 0*8
2.3
2.4

1.3
1.7

14.9 
15.6

12.9 
9.0

13.9

7.1
9.6

9 .0 
8 .7

6.5 I 7.2 
6.1 I 4.1
7.5 : 8 .0

29%
41 % 
31%

Norway Spruce

49%
48%
46%

Sitka Spruce,

The conclusions drawn a r e : -

1. That depth o f  sowing has an in fluence  on Total Shoot Growth, 

growth from base o f  cotyledons to  terminal bud, length o f  t o ta l  

hypocotyl and length  o f  hypocotyl below ground. D ifferences  in 

to ta l  shoot growth are most marked in Sitka, in length o f  hypocotyl 

hoth t o t a l  and below ground in Norway. As regards to ta l  length o f  

plant parts  above ground there i s  l i t t l e  d if fe ren ce  in e ith er  Norway 

or S itka . That depth o f  sowing would influence depth o f  surface 

-  E.



roots might be in ferred  but the d ifferen ces  are more pronounced 

than might be expected,

2. Total depth o f  plant parts in the case under examination in 

creases s l i g h t l y  with depth o f  sowing but there i s  l i t t l e  actual 

d if fe ren ce  in the to ta l  length o f  the systems.

3. D if fe ren ces  in  Germination fo (see Graph) are marked in Norway 

Spruce the best resu lt  being obtained with a depth o f  sowing o f  

1.0cm. Germination commenced 3ooner with the 0.5cm. depth, but 

the 1.0cm. sowing though l a t e r  and slower to begin with was more 

regular and overtook and surpassed the 0.5cm. sowing. The 1.5cm. 

sowing was tardy the f i r s t  seedlings appearing 5 days a fte r  the 

f i r s t  0.5cm. seed lin gs . With the increased depth o f  sowing however 

the s ize  and vigour o f  the seedlings was markedly superior to

the o th ers .

With Sitka Spruce f in a l  germination fo r  d i f fe re n t  depths 

o f  sowing show no appreciable d i f fe r e n c e s .  Speed however d if fe re d ,  

the shallow sowing being much speedier (see Graph). With deep 

sowing 1 zfo had appeared w ithin  42 days and by the end o f  59 days 

49$ had germinated. This delay i s  counterbalanced by la rger  p lants .

4. Depth o f  sowing as in fluen cin g  depth o f  top roots  i s  o f  v i t a l  

importance. In dry s ituations  the further  removed the top roots 

are from the boII  l e v e l ,  the le s s  r i s k  o f  su ffe r in g  from drought.

The depth o f  sowing to give the best r e su lts  for  a given set o f  

cond ition s  would require to be ca rr ied  out f o r  each nursery, as 

undoubtedly a best depth o f  sowing must obtain fo r  each s o i l  and 

set o f  co n d it io n s .

5. I t  remains f o r  future work to determine hov/ fa r  the large 

extent o f  Kypoootyl beneath the ground le v e l  obtained with the 

deeper sowing w i l l  a f fe c t  the developnssnt o f  adventitious r o o ts .

Depth o f  Planting o f  Seedlings»

Seedlings o f  Norway and Sitka Spruce raised from seed 

sown in  Sawdust were l in ed  out in  boxes in  the greenhouse. The 

seedlings were treated as f o l l o w s 5— f l )  Planted at the same le v e l  

as they were in the sawdust. (2) Planted very deeply. (3 ) Planted

41S0«0. -  3 .



with root t ip s  removed.

The r e s u l t s  are tubulated in the fo l low ing  table 

TABLE I I .

ccP

p
p

e
-pa)oPC-i

o »
P  CO 0) • rH 
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Conclusions.

1- Appreciable d i f fe ren ces  in t o t a l  shoot and stem growth (from 

octs  to t ip  o f  terminal bud) are only shown in the case o f  Norway 

Spruce.

2. Transplanting y ie ld s  in both increase o f  t o t a l  extent o f  root 

system (see Table I) .

3. In both Norway and Sitka Spruce the greatest l a t e r a l  root 

length i s  increased markedly by removing the rad ic le  t i p .

4. In the case where the ra d ic le  t i p  has been removed, what 

appeared to be a tap root  remained, penetrating deeply into the 

so i l  as far  in fac t  as in the normally treated plants.
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In order to te s t  root development in peat from seedling 

onwards Norway and Sitka Spruce seed was sown at Parkhill on (a) 

natural surface* (b) on Screefed patches from natural::.surface •

(c )  on tu r fs  reversed* (d) on screafed patches on burned area.

As fa r  as p oss ib le  the cond itions  were otherwise equal in  a l l  

cases . The surface o f  the screefed  phtches were broken up with 

the spade to \  in .  in  depth to prevent caking o f  the surface .

The ground chosen bore a Cotton grass, ^ r ica ,  Calluna f l o r a .

In every case the seed was red-leaded*

The sowings on the scree fed  patches and tu r fs  were very 

unsuccessfu l, due to  the removal o f  the red lead by acid con

tained in  the peat, and the ultimata sh e ll in g  o f  the very great 

m ajority  o f  the seed . The main destructive agent, as the seed 

was p rotected  from b irds , was thought to be mice as one was found 

dead on one o f  the patches. S u ff ic ie n t  seedlings were l e f t  how

ever to trace root development, although in s u f f ic ie n t  remained to 

te s t  the e f f e c t  o f  the add ition  o f  f e r t i l i s e r s  as had o r ig in a l ly  

been proposed. On the natural surface on the other .hand where 

the red-leaded  seed had been simply la id  on the peat without 

mixing but covered with Sphagnum u n t i l  germination began quite 

a good germination was obtained. Of the Norway 20$ established 

themselves but about 27$ germinated. (Germination in ordinary 

s o i l  29$). With Sitka 12$ became estab lish ed , the t o t a l  germina

t ion  being about 20$ (Germination in  s o i l , 47$). Failure to 

e s ta b lish  themselves was found to be due to the in a b i l i t y  o f  the 

rad ic le  to  penetrate the top surface o f  the peat.

Root development i s  in te re s t in g .  On the natural surface 

the roo ts  penetrated up to if in .  in the case o f  Norway Spruce, 

and -f- in .  max. in  the case o f  Sitka. A ltogether the root system 

is  extremely compact. (Plate I f i g  a .)  many Norway showing 

te r t ia r ie s *  On the screefed  unourned patches on ly  Norway became 

established  unfortunately , but the root system i s  deeper and 

much more extensive* ( p l . I  f i g . c * )  being even more so however in

3 * Hootgrowth o f  Seedlings in Peat *
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the burned, patches. (E l . I  f i g . e . k  f i ) Here Sitka are as numerous 

as Norway. In contrast i t  i s  in terestin g  to note the more ex

tensive la t e r a l  growth o f  Norway at th is  stage than Sitka (P I .I  

f ig .e .&  f . ) .  The greatest  de pth o f  penetration i s  on the tu rfs  

however. (P I .I  f i g . d . ) .

With the remaining seedlings p rotect ive  measures have 

been taken to ensure observations being made in the second year 

o f  growth. Seedlings have been preserved in order to carry out 

further stud ies  during the winter monthso

The po in ts  o f  value which would appear to be indicated 

so fa r  are : -

1 . The fa i lu r e  o f  red-lead ing  the seed o f  the whole

o f  the seed i s  in contact with the peat. i . e .  in  breaking up the 

peat and in covering the peat the red-lead  i s  removed.

2. Failure in  seeding would be due prim arily  to b io t i c

agencie s .

3. F a ilures  arise  on unprepared surface due to non- 

penetration  o f  the peat by the r a d ic le .

4. Depth o f  penetration o f  the root system would appear 

in a general way to be corre la ted  to the dryness o f  the top layers 

o f  p eat .

C. Hoot Development o f  Transplants in  Peat.

At Parkh ill p lo t s  were la id  down to test  the e f f e c t  o f  

too deep planting on peat as a f fe c t in g  the death o f  the nursery 

root system and the development o f  an adventitious system and the 

growth o f  the shoot. This experiment has been carried  out with 

Norway and Sitka Spruce on peat with an Eriophorum, Erica,

Calluna vegeta tion , with patches o f  Sphagnum. This experiment 

has been so la id  out as to show the e f f e c t  o f  c lose  p lanting on 

growth, h a lf  the duplicate  p lo ts  having 4-g- f t .  spacing and h a lf 

3 f t .  spacing. Norway and Sitka p lo ts  were also formed on Heather 

ground and Norway on an area o f  burned Heather ground. The plants 

used were 2 y r .  2 y r .  I t  has been impossible up to the present to 

make other than f i e l d  observations.



1 * Sitka Spruce in every case are much, bet ter  at the

end o f  the f i r s t  year than Norway. The Sitka Spruce have retained

their  normal colour whereas Norway has assumed the yellowish 

green so c h a ra c te r is t i c  o f  the plant on moorlands. Some Norway 

however have developed abundant new roo ts  and the needles o f  

these plants are o f  a better  co lour.  The deop-planted Norway 

are s l i g h t l y  better  in colour than the shallow-planted owing to 

the p ro te c t io n  a f forded  by the vegetat ion .  Similarly  the Spruce 

amongst the Heather are better  in colour than on the burnt 

area. The conclusion  arrived at is  that the yellow colour in 

Norway i s  a combination o f  exposure and malnutrition. That pro

tected  shoots or branches o f  Norway retained thoir  normal colour 

has already been noted at I n v e r l i e v e r . The bad colour is  the 

result  o f  the balance in  transpirat ion  and absorption being upset.

2. Hew roo ts  in both species  have developed in the

d r ie r  peat and as the peat gets wetter the new root growth

ceases .  I t  i s  impossible to  say d e f in i t e ly  at th is  ear ly  stage 

whether the nursery system i s  dead. The now roots  ar ise  near 

the surface and proceed h o r iz o n ta l ly .  In the shallow placed 

plants they ar ise  from the old root  system; in the deep planted 

from the stem.

3. Frosting on the Parkhill  moor has been rather 

severe.  Sitka has suffered most, 30$ o f  the shallow plants and 

50$ o f  the dsep planted being a f fe c ted  to d i f fe ren t  degrees. '

With Norway 3$ showed signs o f  f r o s t  but tli9 deeply planted 

suffered  much more. In th6 heather the cleax-ed plants suffered 

badl;/. On the burned area, the , Nor way escaped.

4 . Although the casu a lt ies  from f r o s t  are greater 

amongst the depeer plants, those which have escaped tend to show 

s l i g h t l y  better  growth for  the year. Measurements were taken 

which gave the fo l low ing  averages:-

Sitka Spruce at Normal leve l  -  2 ins .  (l~£'k i n s . ) :  S.S.Deep
planted -  S\ ( 1 -3 ) .

Norway Spruce, Normal leve l  -  l-f ins .  ( I - I 4 in 3 . ) :  NrS.Deep
planted -  I f  ( 1^ - 2 ) .
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D. Hoot Devel o pment o f  Transplants in t he Nursery.

I t  i s  found that great va r ia tion  occurs in  the depth

at which plants are placed in the transplant l in e s  even in the

same bed a This var ia tion  in depth o f  planting leads to varia 

tion s  in the production  o f  adventitious stem -roots. For instance 

even in one l in e  plants are found with l i t t l e  or no stem roots  

developed in: others the m ajority  o f  the roots  are adventitious 

r o o ts  developed from the stem or even lower branches. Such 

d iv e r s i ty  o f  root type must lead, to varia tion s in the general 

growth and behaviour o f  the plant when placed in  the f i e l d .  To 

te s t  th is  2 y r » seed lings o f  Norway and Sitka Spruce have been 

l in ed  out at Seaton Nursery in the fo l low in g  manner. (1) Deeply 

planted. (2) Planted at the same le v e l  as in the seeds beds.

(3) Very shallow transplanting . This should provide plants with 

d i f fe r e n t  types o f  root system which fo llow ing  another year in 

the transplant l in e s  w il l  he put into the f i e l d .

As fa r  as shoot growth i s  concerned in the f i r s t  year 

o f  th e ir  transplanted l i f e  in  the case o f  Norway Spruce there is  

l i t t l e  to  chose between the deeply planted and those put in  at 

the proper l e v e l .  The shallow planted l in e s  however show much 

poorer growth. In the case o f  Sitka the deeply planted are un

doubtedly the b es t ,  the normal; le v e l  p lants second and the 

shallow a bad th ird .  The shoot growth o f  several l in e s  o f  trans

plants was measur-Qd and averages taken to ind icate  v a r ia t io n s .
Deej). Normal. Shallow.

Norway Spruce. 1.90 in s .  1.90 in s .  1.40 in s .
Sitka Spruce. 3.50 in s .  2.50 in s .  1.90 ins .

In Sitka the deep plants are l ig h te r  in colour than 

the o th ers .
As regards losses  the two species  have su ffered  as

f o l l o w s : -
Deep. Normal. ’ Shallow.

Norway Spruce. 13$ ®$

Sitka Spruce. 13$ 11$ 13$
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With the deep Norway most o f  the lo sses  appear to 

have resulted, from crowding out by Weeds p a r t icu la r ly  Poa 

and Chickweed. In the shallow Norway the lo s s e s  are due to 

the fa i lu r e  o f  the plants to take a firm grip  and thus lo s in g  

th e ir  hold against wind. The deep planted trees are smaller 

and are more re a d ily  damaged by weeds. This does not hold 

with Sitka since even when deeply planted they are above the 

le v e l  o f  the competing weeds.

2. Min era l  He quirementa o f  Norway and Sitka Spruee.

Culture experiments to  demonstrate the reaction  

in Norway and Sitka Spruce resu lt in g  from the absence o f  

certa in  otherwise regarded as e sse n t ia l  bases, the use o f 

d i f fe r e n t  concentrations o f  nutrient so lu tion s, lack  o f  

aeration  and the addition  o f  Manganese Dioxide were set up 

in the beginning o f  June. These cu lture  experiments are 

regarded as prelim inary to further experiments next year.

The so lu t io n  used in the present instance was Crones Culture 

S o lu tion . The so lu tipn s were renewed p e r io d ic a l ly  and aera

t ion  carr ied  out d a i ly .  Unfortunately the con tro l with Sitka 

Spruce shows much d iscrepancies that the experiment may have 

to be repeated . The r e s u lts ,  representing averages are here

with tabulated .
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Tabulated =,

Norway Spruce 
(10 plants per j a r ) .

Sitka Spruce 
(5 plants per ja r ) .

j i . Control. 3.30cm« Deep-green Ambigu
n eed les . ous

re sul t .
: 2, Sol .non-aerated. 2 ■jlOcm. do. 3.20cm. Deep-green

n eed les .
;3. Sol.Mang.Diox. 3.60cm. Needles 3.00cm. Shoots very

l ig h te r l ig h t-g reen .
green.

4. Sol .-Potassium. 2.33cm. Needles 2.70cm. Bluish-green
l ig h te r needles.
than 3. / . 4 O

5. S o l . -N it r a te . 1.32cm. Needles dark fl'»0,©um. Very l ig h t  green
dreen. Buds
la r g e . O-SO16. Sol . - I r o n . 2.11cm. C ots.green ; -*v49cm. Cots.green;
otherwise otherwise
c h l o r o t i c . c h l o r o t i c .

j 7. Sol .-Phosphate . 1.73cm. Needles 1.14cm. Deep green.
l ig h te r  than

: c o n t r o l .
8. So l. -Lime . 2.20cm. Needles dark 2.20cm. Deep green.

green.
9. Sol .-Magnesium. 2.30cm. Needles f a l  2 .76cm. Lighter green

l in g  green than without
ish -ye llow Lime.

10< Sol.-g- concentra-- 2.80cm. Deep green. 3.05om. S lig h tly  l ig h te r
t io n . green.

11. Sol. 'X ? concen 2.10cm. do. 2.60cm. do.
t r a t io n . '

12. Sol. X 3 conten- 1.85cm. do. 1.30cm. Top needles very
tr a t io n . l ig h t  green.

Height growth from cotyledon to t ip  o f  terminal needles.

C onclusions.

1« With both Norway and Sitka Spruce, the absence o f  Nitrate and 

Phosphate has the most deoided retard ing  influence on growth.

2. Lack o f  aeration  with Norway Spruce leads to lo ss  o f  growth.

3. A ddition  o f  Manganese dioxide stim ulates growth in Norway 

Spruce.

4. The most in te rest in g  resu lt  i s  due to lack  o f  Magnesium which 

leads qu ickly  in  Norway Spruce to a yellow ish -green  co lo ra t ion  

and a shedding o f  the needles. This does not happen with Sitka 

Spruce.

5. Too high a concentration  a f fe c t s  growth adversely .

Further r e su lts  may be expected from the examination 

o f  the root stem and l e a f  structure in these p lants . This work 

i s  reserved f o r  the winter.

- 10.



3. Stru ctu ra l Features ind icating  environmental C onditions.

Trees (Norway and Sitka Spruce) in the check stage from 

d i f fe r e n t  types o f  peat at In v er liev er  and Corrour (through the 

kindness o f  S ir  John S t ir l in g  Maxwell) have been analysed. These 

analyses brought out a few points  o f  importance.

1 . In p la n ts  from certa in  peats more annual rings occur at 

higher le v e l s  in  the plant than at lower l e v e l s .  For instance in 

plants from E rica  Calluna Scirpus Molinia peat an a la ly s is  showed 

(Plate I I .  F ig .B .)  that the old  root system had become function - 

le s s  immediately a f t e r  p lanting  out since at the base o f  the stem 

there were four ringB and i t  may be assumed that the plants were

4 years o ld  when p lanted . A short d istance above the old  system 

an adven titious system had developed and above th is  there were 

5-6 r in g s .  Then above t h is  another adventitious system and s t i l l  

more r ings above. The la te r a l  shoot which had now become the main 

leader  showed 9 r ings  at the base. None o f  the roots  which could 

be said to be fu n ct ion a l had more than 3 r in ge . A sim ilar condi

t ion  o f  a f f a i r s  e x is t s  in  trees  in check in Sphagnum and in 

Heather ( P I . I I .F i g .A . ) The underground stem shows scars or 

marks where roo ts  had been but which are now destroyed. In 

certa in  peat conditions therefore  the tree simply survives as a 

resu lt  o f  the development o f  these adventitious roots  and only 

the part above the new set o f  roo ts  i s  growing. This successive 

adven titious root growth is  the resu lt  o f  the growth o f  the vege

ta t ion  p a r t ic u la r ly  Sphagnum and some means must be found o f  p re 

venting or - ;re tar  ding the growth o f  the peat.

2. Frost Rings are found to  be o f  frequent occurrence in 

trees  in  peat, and more so in some peats than in o th ers . In 

certa in  trees  f r o s t  leaves i t s  mark on the t issu es  o f  the plant 

( r e f  .G-raebner, Sorauer) by forming cankerous rings characterised 

by swollen medullary rays, large production o f  parenchyma and 

general con tortion  o f  the annual ring (Plate I I I  .F ig . )• In some 

cases the f r o s t  mark i s  on one side only c f  the stern, in o..ner 

cases i t  com pletely  e n c irc le s  the stem. I t  may occur in toe spring
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wood alone, the autumn wood alone or in  both. I t  i s  thus 

possible by th is  malformation in the annual r ing  to t e l l  the 

past h is t o r y  o f  c e r ta in  trees  &b regards the action  o f  f r o s t  

on them. S itaa Spruoe develops these f r o s t  rings or marks 

very c h a r a c t e r is t io a l ly ,  Norway Spruce le s s  frequently*

These f r o s t  r ings  may appear in  a plant without any 

external f r o s t  e f f e c t s  being d is c e r n ib le .  Growth w il l  con

tinue but i t  i s  sm all. For instanoe Sitka p lants s t i l l  in  

check stage from Erioa Soirpus Cotton grass ground (In ver liever)  

sectioned t h is  spring showed the shoot to  contain  f r o s t  rings 

as f o l l o w s ; -  1923, spring and autumn; 1922, absent; 1921,Spring 

and autumn; 1920, s l ig h t  spring. Such p lants from a su p er f ic ia l  

inspection  do not show fr o s t in g  e f f e c t s .

In twigs with a more or l e s s  h or izon ta l p os it ion ,  

the fo r e t  r ing  very seldom e n c ir c le s  the twig but i s  confined to 

the underside. Twigs so a ffea ted  show small growth and in th is  

oase bI bo no browning o f  the n eed les .

F rost r ings  have been found in  checked plants from 

the fo l lo w in g  types o f  peat*

Erioa. Scirpus Cotton grass -  Worst.
Erioa. Cotton gra ss . Sphagnum. Myrica. -  very bad. Similar contortion  

o f  the r ings  found ih  the r o o ts .
Soirpus -  Calluna -  bad.
Calluna. Scirpus -  bad.
E rica . Scirpus. C&lluna. Molinia -  frequent. Calluna -  frequent. 
Sphagnum clump.
Calluna. Molinia -  o c ca s io n a lly .
Molinia -  o c ca s io n a l.

These are observations based on the analyses o f  trees

from these p ea ts .

4. General.

1 .  Bag experiment. Mr. Robinson 's Corrour bag experiment 

where bags are placed at the base o f  the cheoked trees  in  order to 

k i l l  out the heather was repeated with smaller Norway Spruce at 

Inverliever in  A p r i l .  Although i t  i s  early  yet to note any 

^ f i n i t e  r e s u lts  a s l ig h t ly  better  colour was appreciable in the 

Plants in  August. The heather w il l  be weakened but the most



important poin t appears to  be the change in  progress o f  the peat. 

Fungi are beginning to develop on the top o f  the peat and in 

the moss beneath the bags.

2. Cleared p la n ts . A few Norway Spruce plants in  the 

check stage were c leared  o f  heather in a few d if fe re n t  parts o f  

the area but i f  anything in  August the cleared plants Were more 

miserable in  appearance than the uncleared.

3. Dying-back o f  R oots. The dying back o f  surface roots  

o f  Norway Spruoe in heather i s  a point o f  v i t a l  importance to the 

plant since the ro o ts  are never allowed to penetrate into the peat 

or s o i l .  On any heather ground i t  i s  a marked feature that the 

plants whioh are doing b e tte r  have been successfu l in  pushing the 

surface adventitious  roo ts  in to  the tu r f  or s o i l  whereas the 

checked p lants  have been unable to do so . The dying back may

be due to f r o s t  or drought. Such roo ts  are found in  A pril fo l lo w 

ing a period  o f  dry weather. In August new roots  are found grow

ing from the c o l la r  or stem amongst the heather and moss. Such 

roots bear long root hairs very v isa b le  to  the naked eye. Such 

root h a irs  are formed on Spruce on roo ts  in  dry s o i l  or in water 

vapour, and drought may therefore  quite e a s i ly  be the causal 

f a c t o r .  Frost i s  a poss ib le  fa c t o r .  I t  has prev ious ly  been 

noted in th is  report that f r o s t  r ings have been found in the 

roots  o f  trees  in one type o f  peat.

4. F rost . Frost has done extensive damage to the Spruces 

at In v e r lie v e r  th is  year. The young shoots have been nipped soon 

a fte r  bursting  (ear ly  June). The actual v i s ib le  damage is  more 

frequent on the lower le v e ls  than on the higher moors and Sitka 

has on the whole su ffered  more than Norway Spruce. The lower 

shoots are much more a ffected  than the upper shoots. For instance 

in one case a l l  the fro s te d  t ip s  in  a p lantation  o f  Sitka occurred 

at 30 in s .  or le s s  above the ground l e v e l .  Further, f r o s t in g  is  

worse on the shoots at or below the le v e l  o f  the herbage. This 

niQ-y in d ica te  a f r o s t  le v e l ,  but the f r o s t in g  o f  these lower



shoots i s  probably p r in c ip a l ly  due to the e a r l ie r  bursting o f  

the lower buds than the higher buds on the tree with correspond

ing l ik e l ih o o d  o f  damage. I t  i s  remarkable how certa in  trees 

escape f r o s t  damage. Of two trees growing side by side and under 

apparently id e n t ica l  conditions one will be f ro s ted  and the other 

w i l l  escape.

5. Sitka Spruce i s  proving i t s e l f  superior to Norway 

at I n v e r l ie v e r .  I t  r e s i s t s  the wind much better  and i s  o f  a 

h ea l th ie r  and be t ter  co lou r .  This i s  p a r t i cu la r ly  noticeable 

in the spring.

SUMMARY.

The research during the past year has been d irected to 

wards the determination o f  what i s  a normal root  system in Norway 

and Sitka Spruce f o r  d i f fe r e n t  types o f  s o i l ,  to the determina

t io n  o f  the mineral requirements o f  Norway and Sitka. Spruce, 

to the determination o f  the e f f e o t  o f  fa c to rs  o f  l o c a l i t y  on 

the tree growth and the m odification  o f  tree form and structure .

The carrying out o f  such determinations o ften  brings to 

l ig h t  po in ts  o f  immediate p ra o t ica l  value. Those points which 

are considered to be o f  importance a r e ; -

1 . The in fluence  o f  depth o f  sowing on the germination

o f  seed both as regards speed and percentage obtained.

2. The influence o f  depth o f  3owing on the size o f  

the plant and the depth o f  the top roots  below the ground l e v e l .  

This poin t i s  o f  the utmost value in  the drier  s i t e s .

3. That even in  the f i r s t  year transplanting increases

the length  o f  the roo t  systems in the two speoies in  question

but does not increase shoot growth. I f  anything a s l ig h t ly  de

crease o f  both to ta l  shoot and stem growth r e s u lts .  The greatest 

l a t e r a l  roo ts  are obtained by nipping o f f  the ra d ic le  t i p .

4. The non-success o f  mixing red-leaded seed with

peat, but the comparative success secured by sprinkling the seed

on the surface o f  the peat amongst the herbage and covering tbe 
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seed with Sphagnum to keep the seed moist u n til  germination 

begins.

5. The absence o f  germination o f  tree seed on moor

lands where natural germination might be poss ib le  would be due 

to b i o t i c  agencies .

6. The d i f fe r e n t  types o f  roo t  system in seedlings 

on natural surface on soreefed  patohes on natural surface and 

burned surface and on upturned tu r fs .  The opener and d rier  

the top o f  the peat the fiurther the roots  penetrate into the 

peat in  the f i r s t  year. This in d ica tes  peat drainage and 

t i l l a g e .

7. The e f f e c t  o f  f r o s t  on the internal stem structure.

8 . The k i l l in g  o f f  o f  successive parts o f  the stem by 

the growing vegetation  p a r t icu la r ly  Sphagnum.

9. The very decided retard ing  influence o f  the absence 

o f  n it ra te s  and phosphates on seedling growth o f  Norway and 

Sitka Spruce, and the e f f e c t  o f  the absence o f  Magnesium on

the colour o f  Norway Spruce needles .

10. The better  appearance o f  Sitka as compared with 

Norway Spruoe in  the f i r s t  year and la te r  years o f  planting 

during check on peat.
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PLATE 1.

Seedlings (1 s t ,  year) from peat.

(a) Norway Spruce on natural surface.

(b) Sitka Spruce on natural surface.

( c )  Norway Spruce from screefed patch.

(d) Norway Spruce from upturned tu r fs .

(e )  Norway Spruce froin screefed patches on burned area.

( f ) Sitka Spruce from screefed  patches on burned area.



PLATE 2 .

A. Norway Spruce from Calluna ground.

B. Norway Spruce from Erica, Scirpus, Calluna,

Molinia Plat.



PLATE 3 .
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SECTION I„

STUDIES pi PEAT DRAINAGE.

A Report was to liave boen submitted on Drainage in  r e la t io n  

to the In v e r lie v e r  research, A good deal of l i te ra tu re  has been 

investigated fo r  inform ation on th is  question but the aotual inform

ation obtained has been meagre and u nsatis factory  owing to the lack 

of comparative data0 I t  is  hoped to obtain more information from 

Danish and Scandinavian sources and that th is  would be o f more value 

to us. Otherwise any report would con s is t  mainly o f  a rep et it ion  

of text book d ic t a  on Drainage,

As it  was f e l t  that 'prelim inary basic  data were at once 

required a s e r ie s  o f  laboratory  experiments were set on fo o t  with 

a view to obtaining th e s e .

At In v er liev er  we are dealing with a r a in fa l l  higher than 

is to  be found anywhere in  Europe in regions o f  the same or sim ilar 

c lim atic  c on d it ion s .  Hence it  was considered necessary to  determine 

whether, were f u l l  opportunity given to  natural fa c to rs  inducing 

dryness, peat would become moderately dry. at In ver liever ,

Study o f  r a in f a l l  records and the wet and dry hulb thermometri: 

readings at Eord (which is  d r ie r  than Cruachan) show that periods 

o f  over a week v?ithout any ra in  occur only once or at most twice 

during the year, periods o f  a fortn igh t never, as far as the records 

go. Hence only very ra re ly  does evaporation remove more than the 

water a c tu a lly  held on the surface by the vegetation , i f  i t  does 

that. There is  no evidence that drying by evaporation to  a cond ition  

of ’’ drought” in  the ordinary sense does occur except in  one or two 

oases where the tops of Sphagnum mounds are ev id en tly  scorched on 

high exposed s i t e s .  The dry periods are accompanied by l i t t l e  wind, 

another fa c to r  in  reducing evaporation.

In the laboratory  it  was found that evaporation of water 

from peat occurs very  slowly a fte r  the f i r s t  s u p e r f i c ia l  water film s 

are removed, so that even from bare peat surfaces evaporation a f fe c t s  

only the f i r s t  f r a c t io n  of an inch w ith in  a fo rtn igh t i f  the &ir 

is  at normal moisture content,
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In "the second, instance water is  l o s t  by percolation* Prom 

the figures obtained by perco la t ion  experiments under a pressure of  1 

foot of  water,^peat w i l l  allow f r e e  passage o f  only 0.2 ins of  water 

on one day, in  a fortn ight  2,8 ins, but i f  water i s  net allowed to  

pass away readily  the rate is  much reduced and from peat at ordinary 

saturation, water does not drain at a l l  a f t e r  the i n i t i a l  l o s s  due to 

handling. I t  i s  th ere fo re  necessary t o  produce some fundamental change 

in the peat i t  se l f  before water passage can occur, as far  as immediate 

results are concerned. Drainage e f f e c t s  only the removal o f  surface 

moisture and permits o f  the aeration  o f  a s l i g h t l y  deeper surface 

skiri of peat .  In v e r i f i c a t i o n  of t h i s  since aeration produces dark

ening of the peat a s e r ie s  of traverses were made between drains 

at Inver l iever  in order to obtain f i e l d  evidence on the point .  

Diagrammatic a l l y  the result  is  given below*

The shaded areas represent the peat, darkened by aeration, on a deeper 

peat, That is  t o  say apart from the immediate v i o i n i t y  o f  the drains 

no good e f f e c t  is  produced (on deep peat at least )  by drains, apart 

from the removal o f  the surface water* The problem now becomes one 

of determining whether a change may be brought about in peat o f  such 

a nature as to  permit o f  drainage ocourringc

Peat belongs to the c l a s s  o f  substances c a l le d  c o l l o id s  the 

pr incipa l  p rop er t ies  o f  which from our present point o f  view is  the ir  

power o f  re ta in ing  quant it ies  of l iq u id ,  w ith  which they enter into 

a loose physical  union* Their a b i l i t y  t o  remain in a distended cond

i t io n  in contact  with water is  frequent ly  influenced by the reaction 

of the water with which they come in  contact* An experiment to deter

mine the r e la t i o n  between the water r e ta in in g  power o f  peat and 

Hydrogen Ion concentration  or degree o f  a c i d i t y  o f  the peat was carried  

out in the laboratory  (Details  Appendix H a)

The resu l ts  indicate t h a t : -
(1) Peat o f  the type used (Soirpus-Calluna) belongs to a well  recog

nised c o l l o id a l  form ( o f  which Albumin is  thq type example) in which
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near the n eutra l,  a point o f  greatest density of the so l id  matter occurs

(2) For the peat investiga ted  th i3  point l i e s  at a pH value o f  

approximately 5^5 on e ith er  s ide  o f whioh expansion occu rs . Between 

this point and a pH value o f  4.5 ( i . e .  with increase o f  a c id ity )  the 

volume has increased, a fte r  which i t  diminishes w ith  increase o f  a c id ity  

Prom pH 5 t5„ decrease o f  a c id i t y  al30 causes increase in  volume o f  the 

peat but i t  must be borne in mind that under s o i l  conditions the 

presence o f  p r e c ip i ta t in g  bases such as lime tend to bring about an 

opposite e f fe c to  

Practical con c lu s ion s .

(1) Peat3 of the had types at Irtverliever have an a c id i ty  greater 

(pH average 4*5) than that at which the peat occupied the anallest 

volume (pH 5e5) and w i l l  at the same time support good vegetation  

e.g. Spruce. By increasing the a c id ity  or by reducing the a c id i ty  

the volume becomes sn a ller , that is  t o  say from the p r a c t ic a l  point 

of view the peat re ta in s  le s s  water and cracks up allowing more a ir  

to penetrate i ce» the peat becomes w e ll-a era ted . She addition  of 

Acid to  increase a c id ity  appears on the surface to  be impracticable 

since be fore  trees  can be grown, th is  a c id i ty  must be counteracted 

again, but i t  must be pointed out that a c ids  are rea d ily  leached from 

peat, while Bases are not, so that the increased a c id i t y  might be 

followed by a rapid decomposition o f  the peat and hence a higher 

basicity . This can he determined only by experiment.

The ad d it ion  o f  Bases e . g .  lime to  increase the B a s ic ity  is  

the more obvious method o f  treatment. At the same time to bring 

about a rap id  decrease in  volume, large qu a n tit ies  of lime must be 

added and brought into  c lo s e  contact with the peat by mixing, other 

wise the process must he spread over a considerable  period o f time.

In order to test  the e f f i c ie n c y  o f  the r e su lts  as applied to 

actual p e rco la t io n  o f  moisture a second set o f  experiments was carr ied  

out in  which were measured rates of drainage from the same peat 

"treated by d i f f e r e n t  reagents. This se r ie s  is  d e ta iled  in  Appendix I I .

The r e s u lt s  show that even when the water has a b a d  o f  12 in . 

drainage through 1 fo o t  o f  Scirpus peat is  very low, o n ly .2 in s . per 

^7 • The a d d it ion  o f  substances in so lu tion  to  the drainage water



has no good immediate e f f e c t ,  with the doubtful exception o f  

Sulphuric Acid, In the f i e ld  the lack o f  e f f e c t  might not be bo 

marked owing to surface movement o f  rain water, which was not allowed 

to occur in  the laboratory* The addition  o f  chemicals by impregnation 

of the peat witb so lu t ion  had l i t t l e  e f f e c t  by i t s e l f ,  any apparent 

e f fe c t  sooh disappearing*

The e f f e c t  o f  freez in g  was attempted on each o f  these cases 

when i t  was rather unexpectedly found that ( l )  Freezing alone in 

creases the fa te  o f  p erco la t ion  through peat by ten times (2) th is  

e f f e c t  is  greatly  increased by the addition  o f  e le c t ro ly te s  whether 

a lka line , acid  or neutra lj so long as these do not oause so lu tion  

or chemical d isten tion  o f  the peat (as does ammoniu). No co rre la t ion  

was made between strength o f  s o lu t ion , quantity o f  so lu tion  and 

quantity o f  peat owing to the d i f f i c u l t y  o f  determining accurately 

the amount o f  water o r ig in a l ly  present in  the peat, the strengths 

of the s o lu t io n  as o r ig in a lly  added were equimolecular and equiva

lent to  a saturated so lu t ion  o f  slaked lime.

Conelusions.

The e f f e c t  o f  the addition  o f  e le c tro ly te s  to peat 

depends on the method by which they are added. Simple app lica t ion  

to the surface  tends to p re c ip ita te  a continuous impermeable skin 

on the surface  and hinders permeation o f  water and consequently 

aeration, or at most does not improve i t  appreciably . The pre

c ip ita t io n  e f f e c t  is  b e n e f i c ia l  i f  a t a l l  only to a s l ig h t  degree 

when an e le c t r o ly te  in  so lu t ion  is  s tron g ly  mixed with the peat.

A fter  freez in g , p re c ip ita t io n  or contraction  o f  peat 

occurs thus allow ing the perco la tion  o f  water through (and over) 

the peat and hence increasing aeration , but th is  e f f e c t  tends to 

wear o f f  in  time, When however e le c t ro ly te s  are added to  the peat 

before freez in g  occurs the e f f e c t  o f  freez in g  is  enhanced and is 

apparently more permanent, the e f fe c t s  o f  freez in g  alone allowing 

of the passage o f  ten times the amount o f  water and o f  the addition  

of e le c t r o ly te s  with freez in g  o f  more than 100 times the amount o f 

water that would pass through an unaltered peat.
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It may be noted that the fa l l in g  o f f  o f  the h e n o f ic ia l  e f f e c t  in 

the experiment i s  probably large ly  due to subsidence o f  the peat in  

the water. An ooservation  made during the experiment was the low 

temperature frequent]y  necessary before  freez in g  actually  took place 

in peat, often more than 5°^ below freez in g  po in t, while the low 

conductiv ity  of the peat allowed considerable va r ia tion  in  tempera

ture within very small d istances throughout the peat. Hence even 

although surface temperatures may be below freez in g  point yet i t  

does not fo l lo w  that the peat is  frozen or even that when frozen 

more than the merest she].], on the surface i s  a f fe c te d .

These points would in d ica te  that i f  any attempts at 

manuring o f  peat are carried  out in practice they ought to be made 

during or immediately before  the winter so that th e ir  f u l l  ben efit  

may be obtained. They a lso  o f fe r  an explanation o f  the method by 

which flush  peat ir r ig a te d  by water carrying soluble sa lts  tends to  

become granular and permeable while seepage slopes from higher- 

lying peat are not a f fe c te d  by fro s t  to nearly the Eame extent* In the 

one case granular peat is  formed, in the other, although darkening 

of the co lou r occurs, the peat as a whole remains impermeable and 

badly aerated , since the lack  o f  soluble  material reduces the e f f e c t  

o f f r e e z in g .  Probably one o f  the most important resu lts  o f  tu r f  

planting l i e s  in the exposure o f  the tu r f  to  the action  o f  fr o s t  

which opens i t  up in th is  way, hence the preparation o f  turves should 

take place at lea st  one winter previous to th e ir  being planted.

The absence o f  prolonged winter f r o s t  is  apparently one 

of the p r in c ip a l  fa c to rs  conducing to the formation o f  peat o f  

the Scirpus type on the west coast o f  Scotland. The powdery form 

of shallow heather peats is  probably produced by c lim atic  action  

of th is  kind since they occur on wind-swept s lopes . When the dopth 

of peat becomes s u f f i c ie n t  to prevent the conduction e f f e c t s  o f  

m in e r a l 's o i l , then the peat tends to become impermeable and develops 

into the Sphagnum type ( th is  also occurs however owing to d ire ct  

invasion o f  the heather by Sphagnum]
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Conclusions with regard to drainage o f  Peat at Inver l iever .

1. Surface drains remove only the surface water from peat 

areas apart from the margins o f  the drains themselves.

2.  Deeper drains would tend to consol idate  the lower strata 

of peat only; the surface peat would tend to be better  drained 

only in so far  as i t  i s  rendered more subject  to the action o f  

f r o s t  and drying wind, a process which would l ik e ly  take some years 

to a c t .

3. The addition o f  the chemicals tested to peat to increase 

drainage by p re c ip i ta t io n  o f  the peat i s  useless  unless (a) thorough 

mixing of peat and manure i s  performed or (b) the process i s  carried  

on by adding small quantit ies  o f  chemicals over a protracted period .

4. Any process whioh renders peat more subject  to the action 

o f  winter f r o s t  must tend to decrease i t s  a b i l i t y  to absorb

and retain  moisture and this  e f f e c t  i s  enhanced by mineral manures, 

s o i l  e t o . ,  which give into  so lut ion  p rec ip i ta t in g  e le c t r o ly te s .
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PEAT AERATION.

The question Ox metnods and oauses o f  aeration  is  n eoessar ily  

an aspect o f  the question o f  drainage and f a l l s  to  be treated 
as such as in Part I 0

This se c t io n  deals with oondition  o f  the peat in s itu  as 

regards a v a i la b i l i t y  o f  a ir  fo r  the immediate needs o f  

plants growing in  i t .

The data obtained la st  year have been revised  and ex

tended, an improved method o f  taking and transporting samples 

having been used so that the present data are considered more 

s a t is fa c to r y  although they are only o f  general p ra c t ic a l  value 

owing to d i f f i c u l t i e s  o f  technique.

I t  is  hoped to  make determinations during the winter 

by e le ctrom etr io  methods and so reduce these data to a 

more accurate s c i e n t i f i c  baslse At. the same time i t  is  expeoted 

that these may be corre la ted  with the a v a i la b i l i t y  of nitrogenous 

food  supply in the better  aerated types at least .(T a b le  o f  resu lts  

in Appendix I I I ) 0

The resu lts  obtained d e f in i t e ly  confirm the opinion ex

pressed in  la s t  y e a r ’ s report that

1. The amount o f  read ily  ox id isab le  m ateria l, and thus 

in verse ly  the degree o f aeration  varies in d if fe re n t  peat 

■t7 P®s, and that th is  var ia tion  corresponds in a general way with 

the health  of the fo re s t  crop on the peat.

2. The degree o f  aeration oan be oorrelated  a lso  

with the quantity o f  mineral matter (e s p e c ia l ly  in an active  

cond ition  or e a s i ly  so lu b le )  in  the peat#

3 . In a l l  deeper peats th is  amount tends to become
' vv,,, r

the same p e ra it  o f  organio matter,

4 . The worst peat types show at least  partly  anaerobio 

oondition  even within a fr a c t io n  o f  an inch from the surface .

In connection  with the aeration  o f  tree roots  growing amongst 

moss and sphagnum the observation had been made that even on du ll 

days Sphagnum, e sp e c ia l ly  in  the hummocky form, f e e ls  warmer to  the 

band than the surrounding vegetation . This was tested  by a 

thermometer and i t  was found that when such Sphagnum is
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quickly exposed to the air, an appreciable r ise  in  temperature 

oocurs. This i s  in  i t s e l f  an in d ica tion  o f  ox idation  and that 

such Sphagnum acts as a preventive o f  aeration  o f  the roots  o f  

tre e s ,  oven when s t i l l  growing or reoently  dead. The same result 

was not obtained in the case o f  the looser  Sphagnum s o c ie t ie s  

although these also appear warm when pulled out.

SECTION I I I .

TEHEE RATU HE) AND IB AT.

The question o f  temperature varia tions  on peat with r e f 

erence to In v3 rlievor  was studied from the already known data, 

while during the year a ser ies  o f  temperature readings were made 

at Cruachan in  order to  obtain supplementary information. From 

the graph ica l f ig u res  in  appendix I which represent the average 

( o f  four year ’ s data) number o f  nights in  each month on which 

the minimum thermometer reaches 32°F and under, and 36°F and under 

at Cruachan; and F ig .I I .  The t o t a l  number o f  n ights for  each week 

beginning at the f i r s t  o f  January on which 32°F and under occurred 

during these four years.

Conclusions from the data.

There are on ly  two months or  a period o f  eight continuous 

weeks in  each year in  which f r o s t  has not occurred during the past 

four years at In v er liev er , while fro s t  i s  p r a c t ic a l ly  certa in  to 

occur any week from October to the end o f  May. I f  we include the 

36°F record as being a more l ik e ly  index o f  frequency on the higher 

ground in  general, then fr o s t  may occur on occasion al night3 through

out the whole year. Certainly July and August are the only months on 

which f r o s t  has not occurred at the le v e l  o f  the Bothy at cruachan 

and even at that le v e l  minimal temperatures o f  36°F are reached in

both o f  these months.
Since temperature in vest iga tion s  on peat published 

both in  Europe and in  America show a much greater fros t  

frequency on peat as compared with adjacent mineral s o i l  and 

rook, records were made both over and in  peat on the fro s t  

bollow near the gate at Cruachan Farm at about the same 

leve l as 'th e  Bothy station . The records are in  a general



way elm l i a r  to  those s,t the Bothy, but do not bear out the invest 

igat ions  mentioned, the periods end in te n s i t ie s  o f  f r o s t  being 

p r a c t i c a l ly  the same# Comparing' the temperature at 3 feet  

above the peat and the temperature at a depth o f  1 ins .  below the 

peat, the la t t e r  are round to be almost invariably higher throughout 

the whole period  so fa r  determined. As examples the f igures  f o r  May 

are given from the Bothy, above the peat and in the peat (only a l t e r 

nate days 1 s t ,3 r d ,5th e t c . )

Bothy 38,37, 28, 28 ,32 ,32 ,34 ,36 ,36 ,34 ,44 ,47 ,36 ,39 ,38 ,45 .

Above. 30, 36,29, 35 ,22 ,4 3 ,34 ,37 ,3 8 ,36 ,4 4 ,4 7 ,39 ,4 5 ,43 ,48 .

In. 43, 43,41, 41 ,39 ,44 ,44 ,45 .46 ,46 ,46 ,50 ,46 ,47 ,49 ,51 .

These f igures  are a lso  in terest in g  in re la t ion  to temperature 

records taken during the day at various s tations  on Inver l iever .  I t  

was found that in A pr i l  extraordinary rapid temperature trans it ions  

occur at  the surface o f  peat and peat vegetation, while at a depth 

of 1 f o o t  the temperature is  apparently stable throughout the 24 

hours and fo r  a fortn igh t  on end. e . g .  in A pr i l  44°S'.

The point is i l lu s t r a t e d  by the fo l low ing  temperatures taken 

A p r i l  5th at 10.30 in  f u l l  sunshine.

Much cannot be said with regard to these f igures  3ince the 

p h y s io lo g ic a l  e f f e c t s  o f  variations  o f  temperature o f  th is  kind do 

not appear to  be known; but from general pr inc ip les  the opinion i s  

perhaps j u s t i f i e d  that such var iations  are s u f f i c i e n t l y  great to 

produce serious derangement in the roo t - tran sp ira t ion  balance in 

con i fe rs ,  and i t  is  suggested that this may be in part at least  the 

cause of l e a f - c a s t in g  of Spruce in these exposed s i t e s ,  an e f f e c t  

usually ascribed, to wind. It was noted that Red Sphagnum reacted 

more ran id ly  to the sun's rays than the greener types,  Rachomitriui 

lanuginosurn more rapidly than Bphagnum ruoellura.
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A ir  1 f t  
A ir  2ins.  
Surface o f  moss

A ir  3 f t  above s o i l 45 .5 ° . F 
48.5 S’
50.0 S’
72.0 F
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PEAT ANALYSES.

During the year a considerable number o f  analyses o f  iieats 

were made from samples of the various types.

Although i t  cannot he said that eaoh type has a d e f in ite  

and unvarying ana lysis  yet on the whole each type varies  in  analysis 

within d e f in i te  l im it s ,  any exceptions occurring being due to  obvious 

causes such as the presence o f p ieoes  o f  grit or stone in the sample 

taken fo r  a n a ly s is ,  as happens frequ ently  in  the case o f  shallow 

peats and near rock  s lo p e s .

From the f i r s t  set o f  Tables (Appendix IV) i t  may he 

concluded that although considerable varia tion s occur in the to ta l  

ash-content o f  peats o f  one type yet the ultimate analyses of these 

ashes in d ica te  that the le s s  su itab le  a peat is  f o r  fo r e s t  plant growth 

the lower the soluble food m aterial tends to become while the presence 

of la rger  amounts o f  mineral m aterial generally  tends to improve the 

peat, an e f f e c t  which is  probably physicochemical as much as 

nut r i t io .ra l .

The second 3 o r ie s  of analyses i s  added in order to show 

that in a general way ash content var ies  to  a f a i r  degree with the 

growth of Spruce even w ithin  small l im its  o f  area the two ser ies  com

prising samples from two areas o f not more than 50 yards square, each in  

one v a l le y  near Dum Corraoh,

Other analyses were carried  out hut require to be completed 

before in c lu s io n  in  the report ; Hydrogen Ion concentration te s ts  by 

co lor im etr ic  methods both in the f i e l d  and in  the laboratory  give 

results d i f f i c u l t  o f  in terp reta t ion , and i t  is  f e l t  that co lor im etr ic  

methods are unsuitable fo r  peat pH determinations owing to techn ica l 

d i f f i c u l t i e s .  These t e s t s  are being repeated eleotrome tr io  a l ly .

SECTION IV.
MANURING. Note on work in hand.

During the year manuring experiments were carr ied  out 

in the f i e l d  at P arkh ill and at In ver liever , using varying quantities  

of the usual a g r icu ltu r a l  manures and various methods o f  

aPPlication , R esults  w i l l  not be available u n t il  next season.

Also attempts have been made to  destroy Sphagnum
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Sphagnum with various reagent a o f  which the most s a t i s fa c to r y  seem 

to be s a l t s  of  Ammonia or sLiong acid.  The duration o f  these e f f e c t s  

also can only be determined next season,

S im ilar ly  p lo t s  at Inver l iever  have been treated in d i f f e r e n t  

ways to determine whether plants on the ground may bo a f fected  by 

ameliorative measures suc-h as removal of  Sphagnum, i t s  destructions, 

addition of manure to  the ground e t c .

I t  Is intended t o  extend these experiments next year.
SI301I01

KE.PQRI OH GQIhPI flOKo AT IHVER L m iK .

General fa c to r s  o f  l o c a l i t y  at Inver l iever  as influencing growth 
of peat vegetat ion  and of fo res t  t rees .

C lima tie  . Lying as i o  does on the 'Test of Scotland, Invcrl iever  

belongs t o  the region o f  high R a in fa l l ,  low Sunshine and o f  moderate 

thermal c on d it ion s ,  apart from l i a b i l i t y  t o  extreme minimal temp

eratures throughout the year.

The R a in fa l l  probably var ies  considerably within the l im its  of the 

estate i t s e l f  as f o r  instance there is  an average annual d if ference  

of R a in fa l l  o f  p r a c t i c a l l y  lOins, between Ford and Cruachan and i t  

is h ighly  probable that the r a i n f a l l  on the higher plateau above 

Kilmaha is  s t i l l  higher than Cruachan. The occurrence of  rain during 

p r a c t ic a l ly  \ o f  the days o f  the year ind icates  that rate o f  evaporation 

is extremely low and that therefor© a l l ,  excess moisture must be 

removed by drainage.

Temperature. I ts  proximity to  the western seaboard results  in a 

comparatively lev/ summer and high winter mean t  emperat ure, other things 

being equal. Although westerly  winds p reva i l ,  i t  almost o f  necessity  

occurs that east winds of windless, c loudless ,  nights fo l lowing on 

bright days cause a rapid f a l l  in the air  temperature while the lack o f  

conductivity  o f  the s o i l  (peat) accentuates th is  f a l l .  'Hence unseason

ed f r o s t s  are t o  be expected. And °n analyses o f  the temperature data 

f or Cruachan confiim this idea, showing that during the four yearsT 

Period studied^night f r o s t  docs not occur only in the. period
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period approximately--re.oresented by the months of July and August; 

and s in ce  temperatures of 36°F occur even in  these months at Cruachan 

lower temperatures are not un likely  to occur on the peat areas above.

v/ith regard to  exposure to wind, i t  i s  d i f f i c u l t  to conclude 

that In v e r lie v e r  is  subject to  wind to any remarkabale degree.

Iop ogra p h ica ^ y . In v er liev er  co n s is ts  o f a centra l h i l l  mass p r o j 

ecting in a S.A. d ir e c t io n  into the Loch Awe basin; flanked on the

S.E. face  by a f a i r l y  3 teep r almost continuous slope, while on the 

Southerly and IT.Easterly flanks a se r ie s  o f  va lleys  desoend to the 

lower l e v e l s  marginal to  the lo ch . On the former side these cut 

from the centra l plateau through the h i l l  r id ge  terminating in 

Dum Corrach, and f a l l  rap id ly  into a common v a lle y ;  w hile  on the 

la t te r  the h i l l  mass breaks down in to  a series  of undulating ridges 

and k n o lls  descending f i n a l l y  as a whole upon the g la c ia l  f l a t s  

ro und Cr uacban and New York.

Geologic a l ly  <* the area under con sidera tion  l i e s  upon the series o f 

igneous and metamorphic rocks characterised  as the Loch Awe E p id ior ite  

Series, named from the E p id io r ite  mass which l i e s  as a whole to  

the N.'V. Hence although E p id ior ite  occurs as a rock at Inverliever  

the bulk o f  the rooks are not Igneous but Met amorphic consisting  o f  

s la t e - l ik e  Sch ists , and flagstones, nearly  a l l  of greenish or bluish  

appearance, and containing notable quantities o f Eerre-magnesian 

minerals, aud apparently impregnated with considerable quantities 

o f C a lc it e ,  e s p e c ia l ly  on the lower ground. These rocks have a 

general d ip  to  the ITorth-East, that i s  to  say for the most part 

drainage must occur across the s tra ta  of the rocks; the " l i e ” of 

the rocks tend3 to  hold up drainage. By t h e i r  decomposition there 

is formed a s e r ie s  o f  s o i l s  varying in  th e ir  physical texture but 

agreeing in  having a large proportion  of c la y ;  they are a l l  heavy, 

p lastic  and impervious; the/Sqiil i t s e l f  tends to re ta in  water and 

to hinder s a t is fa c to r y  drainage. The s o i l s  aro, on the whole, however, 

comparatively shallow, a re su lt  of the high r a in fa l l  and steep grad

ients which are common. G la c ia l  s o i l s  occur toward Cruachan and 

beyond to  DelaviGh. and thespi aro d i s t i n c t l y  opener in texture
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although th is  advantage tends to become minimised through the formation 

of Iron pan.

Other rooks such as endesito and Basalt occur hut these dykes 

apparently are to o  narrow to exert any appreciable influence on surface 

so i l  c o n d it io n s .  Grits  come to  the surface mainly toward the Northerly 

side (w e ll  developed at Delavich) and to  the lower side of New York 

p ier ;  although these are l imited in area yet the change to  gr i t  seems 

to be accompanied by the development of o pene r-texture d s o i l  showing 

lens evidence of  had aeration than do the s o i l s  o f  E p id io r i t ic  o r ig in .

D ef in ite  hands of Limestone (formerly used fo r  agricultural '-

purposes) occur belovs,' Kilmehs, but these do not come into the area
fait r

dealt with, and no Limestone has been ferined in  contact with peat.

The s o i l s  are not in t hems el ve s i n f e r t i l e .

Cone lu s io n s . The fundamental fac tors  of  l o c a l i t y  at Inverrliever are 

(1) Heavy r a i n f a l l ;  (2) Impervious rock; (3) Shallow impervious s o i l ;

(4) Low sunshine; (5) L i a b i l i t y  t o  n ig h t - f  ro s t ; a l l  of which combine 

to g ive  (6) short or i n e f f i c i e n t  growing season.

Vegetat ion; -

The above fa c to r s  of l o c a l i t y  tend to  produce a spec-  

ia l i s e d  f l o r a  and th is  f l o r a  w i l l  he developed primarily in such 

s ites  as emphasise these fa c to r s .  Such s i t e s  are these e s p e c ia l ly  

•in which drainage i 3 at a minimum e . g ,  in the high, l e v e l  val leys  

and on the high plateau, and at lower elevations on f l a t  areas 

and c o l l e c t i n g  basins.  In a l l  o f  these there has become dominant, 

at l e a s t  temporarily ,  a vegetational  type which is  characterised 

by dominants suited to the fa c to rs  detailed,  of  these the out

standing plant is  Sphagnum e s p e c ia l l y  Sphagnum rubeHum. This is  

accompanied by spec ies  of higher plants also adapted to these condi

t ions of  which the princ ipa l  is  Scirpus caespitosus.Another species 

which seems to p lay  an important part in in i t ia t in g  the development ,

° f ' t h e  s p e c ia l  vegeta t ion a l  con d it ion  at In vor l ievcr  is  Eriophomm 

^aginatum, which is however found at i t s  p r in c ip a l  development,not on 

f-i-ats and v a l l e y s  but on long, very much exposed f l a t  s lopes ,  and 

esP 9 c ia l ly  those  having a Northerly and Horth-Lasterly
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aspect. Here i t  takes the place of Scirpus.

The development of plant s o c ie t ie s  characterised "by these 

plants is  accompanied by the formation o f  peat o f  the in f e r t i l e  

"Hoch-moor,T type, and such s o c ie t ie s  tend t o  f i l l  up hollows, over

flow from basins,, and e s p e c ia l ly  do they from centres of  d is tr ibu t ion  

from which Sphagnum tends to progress in a l l  d irect ions reproducing 

as it  goes the unsatis factory  s o i l  conditions in which i t  or ig inated  

and thus by i t s  nature tending to over-run the s o i l  completely,

At In v e r l ie v o r  th is  has occurred with small exceptional areas 

throughout the whole o f  the region roughly above the road. Belov/ 

the road the canopy formed by semi-natural Oak-Birch coppices has 

checked i t s  advance to a large  extent.  Above the road (apart from 

rock fa c e s  which are also invaded in time) the only parts to escape 

the advance o f  the Sphagnum are the steep slopes on the h i l l 

tops ly ing  above the plateau, and one or two steep va l ley  sides 

i . e .  those s i t e s  in which drainage is  goodf where grass and lieath 

can occupy the s o i l  in  s u f f i c i e n t  density to  prevent the develop

ment of  Sphagnum. Even there, there are indications that s o i l  

water-content becomes approximately that o f  Harsh (see Photo, 

with Rushes; top o f  D.Corrach N o ,L ) . On large tracts  th is  develop

ment o f  Sphagnum is  more or le ss  recent as i s  evidenced by the 

cond it ion  o f  the grazed land in the neighbourhood; and the rate o f  

growth and mode of development of the Sphagnum appears to be 

influenced by the species  of  higher p i  ant 3 o r ig in a l ly  present 

before Sphagnum invaded. Thus grasses may r e s is t  Sphagnum f o r  a 

considerable  number of years while open clumps of  heather,Bilberry 

e tc .  apparently a f ford  that amount of  sh e lter  which g ives optimum 

condit ions  for  the growth o f  Sphagnum, and so on.

This vegetat iona l  progression has given r ise  t o  a s c r ie s  of  

peats of d i f fe ren t  types which are o f  varying composition and char

acter, and which therefore, act d i f f e r e n t ly  as media fo r  tho growth 

of con iferous  tr e e s .

These are now characterised and notes of observations are 

made upon t Ixd rcrowth of trees  on these as w e l l  as of other points 

which may be of value.
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iha previous c la s s i f i c a t io n  o f  peats has heen considered too 

d iffu se  and. i t  i s  now f e l t  that the high—moor and sub-Alpine Inver— 

l ie v e r  peats oan he c la s s i f i e d  under the follow ing groups.

D is t in ct iv e  Character
A. Fibrotis peats. Yellow colour; with d i f f i c u l t y  t c m

apart or broken up.

B. Pseudo-fibrous peats . Yellow co lou r ; ea s ily  torn up and moulded
by the fin gers .

0. Brown nodular peats . Dark to yellowish-brown; somewhat fibrous
but consolidated enough to  break or cut 

c lea n ly .

Do Black granular peats . Black at le a s t  for  about 6ine.on the
surfaoe. Having a somewhat granular 

appearance unless puddled; c la y - l ik e  
below.

E. Black powdery peats. l ike  blaok c lay , where these overlie
dark c lay  i t  i3 d i f f i c u l t  to  see the 

tra n s it ion  from peat to c lay .
Botes.

1. T ran sit ion a l forms occur.

S. One type may over-lie  another

3. Observation should be made whenever the peat is  exposed.

4. Weathered peat such as old  hags, turves e t c . ,  cannot he U3ed
as indexes.

5. Observations as to toughness etc should he made apart from the
e f f e o t s  o f  l iv in g  or recen tly  dead parts o f  p lants .

So i l  cond itions and Spruce Growth at In v e r lie v e r .

On mineral s o i l s  provided there is  no peat Spruco, e sp e c ia l ly  

Sitka, grows w ell on any s ite  provided s u f f i c ie n t ly  large blocks 

can he formed to g ive the plants mutual p ro te c t ion , e.g .Photo 2, 

where Spruce i s  seen on exposuires from f u l l  West to S.E. at an 

e levation  o f  nearly  800 f t  on Dun Clorraoh.

On peat, cond itions  and resu lts  are t o t a l ly  d i f fe r e n t .

A. .Fibrous P eats .

Thes'e are the resu lt  o f  the death o f  plant remains ( in  a 

loose con d it ion  as a general ru le )  below stagnant free water, the 

plants concerned being usually Eriophorum angustifolium, and Carices 

as w e ll  as Sphagnum. They are exceedingly tough fo r  about on e -foo t ,  

below which they become sludgy i . e .  the water supports the f ib res  not 

Yice versa as in  most peats. V/hen dried without breaking up these



peats become tough like£  Chemically they are characterised  "by a 

low ash-content end a low percentage o f  lime, Potash and Phosphate 

in their  ashes. They occur (a) as the resu lt  o f  the marginal 

advance o f  Sphagnum in to  stagnant water e .g .  small lo ch s ; and (b) 

where fo r  one cause or anotlrr  surface water o o l le c t s  e .g .  on rock 

basins, panny s o i l s ,  depressions on peat e tc .

V egetation , fa) Sphagnum with Sedges and broad-leaved cotton -grass . 

Calluna usually  invades; then Scirpus e t c .  transforming these into 

type B. (b ) Sphagnum, Sedges, both Cotton-grasses, Soirpus with a 

grey appearance due to  Erioa T e tra lix  which i s  strongly  developed in  

this type . D eta ils  l i s t e d  Appendix V,A.

Growth o f  Spruce, (a) i s  unimportant and i t  is  lo o a l  in  charaoter 

and cannot be planted without complete drainage o f  the looh  whioh 

i t  invades.
fb ) Suoh basins are invariab ly  f r o s t  holes. The rate o f  

growth o f  the trees seems to  be so slow, however, that the buds e ithei 

do not develop or are fro s te d  while bursting. Sitka usually assumes 

a branch-like  habit as i f  bent and blasted on one s ide  by the wind 

but that th is  is  not due to  wind is  obvious, as benuing occurs in  

d i f fe re n t  d ire c t io n s  in  adjacent p la n ts . The cause is  not determined 

but is  probably f r o s t .  Growth very bad.

Possible  improvements o f  l o c a l i t y .  large areas o f  th is  type are not 

frequent but should be treated as unplantable. Smaller areas should 

be treated by a deep centra l drain  to  remove the underlying water 

while seepage water from adjacent slopes should be led  away by a 

surrounding d it ch . Turf planting would probably not be o f  any great 

advantage without thorough drainage owing to  the subsidence o f  the 

tu r f in  the sodden peat (Photo 3. centra l area shows th is  type and 

No. 4 in  the foreground).
B. Apparently fibrous peats . These peats occupy extendod areas at 

In ver liever  and are the results o f  long continued growth o f  Sphagnum 

(a) under the sh e lter  o f  sub-shrubs l ik e  Heather, Vaccinium etc.which 

f in a l ly  become dominated by Scirpus oaespitosus in the ty p ica l  forms 

01, f b ) und er the
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shelter  o f  Eriophorum vaginatum whioh apparently remains dominant 

at le a s t  fo r  a very prolonged period# The former f in a l ly  assumes 

a raised  centre and f o r  that reason is  ca l le d  High-moor (the la t te r  

does not show this feature so s tr ik in g ly )  when th is  occurs beyond a 

certa in  poin t the weight o f  water held by the poat causes i t s  

co llap se  along ce rta in  l in e s ,  the peat mud flows to the lower ground 

and peat "Hags” are formed* These may develop secondary vegetional 

types ( e .g .  Molinia, strong Oalluna, or , in  hollows "Fibrous” peat) 

Photos 11, 5 e tc .

These peats are yellow  or l ig h t  brown in  colour p r a c t ic a l ly  to 

the su r fa ce ;  the l ig h t  c o lo u r  changes to b lack  soon a fte r  exposure to 

the a i r .  They contain a large amount o f  f ib ro  which in the fresh  oon

d it ion  is  qu ite  in e la s t ic  and can be squeezed to mud in the hand 

(When exposed to a ir  the f ib r e s  beoome tough and on prolonged 

leaching th e  peat beoomes spongy). They havo a low ash-content with 

an ash comprised mostly o f  s i l i c e o u s  c u t ic le s  o f  the plants forming 

the peat (Sometimes there are l o c a l i t i e s  where Iron oxides c o l l e c t  

under the a c t ion  o f  Iron b a cter ia  when the ash content is  h igher).

The ashes have a very low food value.

Two types (a) Scirpus (Oalluna) type, oocurring in fLat areas 

le v e l  v a l le y s ,  and developing upon water-formed peats such as Types A 

above. Here the ty p ica l  vegetation  oorEists o f  Scirpus caespitosue 

amongst which grows short Oalluna vu lgaris , Harthecium ossifragum, 

both Cotton grasses, Tormentil, Erica T e tra lix  e tc .  in  scanty but 

variable amounts. Of mosses, in  the ty p ic a l  form Sphagnum is  not 

n e ce ssa r i ly  the p r in c ip a l  moss, occurring mainly in  somewhat small 

patohes or where water would tend to  c o l l e c t ;  Hypnum schreberi, 

H.Oupressiforme, Hachomitrium lanugincsum are quite abundant and 

generally  occupy as much space as Sphagnum. Sphagnum rube Hum is  the 

p r in c ip a l species  but others such as Sp.intermedium, Sp.tenellum 

also occur.

Growth o f  Spruce.
In the ty p ica l  form ordinary Spruce d ies  out with l i t t l e  i f  

■̂ny growth at a l l .  Sitka is  not much b e t te r .  The p r in c ipa l cause

would appear to  be the lack o f  an aerated medium into which the 
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plant ro o ts  can penetrate (the vegetation  is  soant) and lack o f  

nutrient m ateria l, on the surface on which adventitious roots  might 
grow.

In the e a r l ie r  stages o f  the development o f  th is  type o f  

peat xi'om shallower types where heather, B ilberry  etc  are f a i r ly  

luxuriant the main type o f  moss i s  Sphagnum ruhellum. This plant 

grows rap id ly  betr/een and under the tu fts  o f  heather e t c .  and hero 

growth o f  spruce is  e f f e c t iv e ly  prevented simply by the continued 

smothering o f  the roo ts  by new deposits  o f  Sphagnum. That th is  rapid 

growth o f  Sphagnum is  due to  the p a r t ia l  shelter  afforded by the 

sub-shrubs i s  seen by the fa c t  that the process goes on mors rap id ly  

in these areas planted with Soots Pine (or even Spruce) than where 

no p lanting  has been done or where the pines are completely h i l le d  

out. Again when i t  occurs in  a sheltered s ite  the sphagnum grows 

more rap id ly  than in  an exposed s i te  for  example in  the low v a lley  

above the road midway’ between Zilmaha and Cruachan. In th is  rap id ly  
growing form Spruce grows somewhat b e tte r  than in  the deeper Scirpus 
type but i t  is  doubtful whether anywhere e ith er  Sitka or florway 

Spruce w i l l  overcome the Sphagnum.

Methods o f  Improvement. Main Type. Ideas for  the improvement o f  these 

peats may be obtained by studying the variants and developments which 

occur on them, (a ) When drains are la id  out on these a more luxuriant 

form o f  heather develops in  the margins o f  the drains* In th is  the 

plants remain a live  for  a longer tim e. Ordinary Spruce does not grow 

however to any appreciable extent. I f ,  however, a general breaking 

up o f  the peat occurs then Molinia develops strongly as in  w e ll-  

weathered hags or deep, wide drains. Here rows o f  Spruce grow well 

for a time at le a s t  end would probably continue to  grow provided they 

were in  s u f f i c i e n t ly  large blocks (see Photo 6 . ) .  This resu lt  is  

evidently produced by the aeration o f  the peat by water perco la tin g  

over i t  and by the loosening action  o f  the Molinia ro o ts .  Hence i t  

might be loo  alls ’- p oss ib le  to flush  such peat with fresh  running 

water, when i t  might be expected that the improvement produced would 

enable Spruce to grow* This e f f e c t  is  produced naturally \ .on flush  

water from s o i l  or rocks in  the v a l le y  slopes passes ove*. ...irpas 
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peat. Then the peat opens out, becomes granular and develops a 

Molinia, or Hush vegeta tion  in whioh both species  o f  Spruoe grow 

ipiite w e ll  (Photo 7)* This Molinia-Hush peat o v e r l ie s  considerable  

areas o f  Scirpus peat frequently  in  very small patches only  but 

occasionally reaching a good many acres as in  a wide v a l le y  reoently  

planted above Cruaohan Farm. Any means to  induce th is  ohange would 

render the peat plantafcle. Certainly the frequent practioe  o f  

cutting o f f  f lu sh  water from such peat in  attempts to drain i s  to be 

deprecated.

The laying out o f  an extensive drainage system o f  the 

ordinary type used resu lts  in  very l i t t l e  advantage while i t  may 

give the reverse .
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fa ) \  (b)x
I l lu s tr a t in g  the lo o a l  nature o f  change in  the f lo ra

produced hy (a ) sm aller; (b ) la rger  dra ins, on deep Scirpus peat.
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The improvement obtained, is  only in immediate contact with 

the drain , Where Calluna and possib ly  Kolinia become more luxuriant. 

This may be emphasised by leaving  the turves from the drain in  a 

ridge beside i t .  The e f f e c t  on the area drained as a whole i s  often 

harmful since the intervening space tends to subside forming a 

hollow  in  which drainage is  worse than before , and th is  applies 

a lso to better  types o f  deep peat. The re su lt  i s  that the fibrous 

type A (b ) tends to develop end the whole process o f  peat formation 

commences in a new c i r c l e .  Hence unless c lose  drainage i s  carried 

out in  such peat or on deep peats in general they might as w ell be 

l e f t  alone, since the cutting o f  widely spaced drains does quite 

a d e f in ite  amount o f harm. The practice  o f  laying the turves in a 

continuous ridge along the sides o f  drains also produces the same 

e f f e c t  and th is  may he seen on almost any type o f  peet at Inver

l i e v e r .  Turves should be scattered  or thrown to the middle o f  the 

area between the pa irs  o f  d ra ins . The addition o f  manures would no 

doubt improve the quality  o f  these peats hut u n t il  physical impro

vement can be carried  out the n u tr it ion a l  value o f  the manure is  

l o s t ,

0. Greyish-black or brown peats form the bulk o f  the peat at 

In v e r lie v e r ;  at le a s t  are the most abundant o f  any individual type 

o f  peat. They vary in depth from a few inches but have not been 

observed much more than 1-g- fee t  in  depth. When deeper than th is  the 

more rapid developiaent o f  Sphagnum in mounds resu lts  in  a shallower 

ye llow  pest sim ilar  to B type in stru cture . These peats are appar

en tly  the r e s u lt  o f  the invasion by Sphagnum o f  other types o f  

vegeta tion  which may not necessarily  tend o f  themselves to form peat. 

Hence the f lo ra  is  frequently  very varied . The most abundant form 

o f  vegetation  found occurs in the recently-grazed areas round 

Barmaddy and above Gruachsn, where M olinia, Scirpus and Calluna are 

the p r in c ip a l  higher p lants . On the removal o f  grazing the l e s t  o f  

these apparently at f i r s t  assumes dominance ( the great development 

o f  heather a fter  enclosure is very n oticea b le ) and f in a l ly  Molinia
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is  reduced in  quantity and. Calluno, Sciipus and Sphagnum form the 

hulk o f  the vegeta tion . A f in a l  development apparently occurs when 

the depth o f  Sphagnum weakens the Calluna and Scirpus, and Sphagnum 

predominates.

The heather k n olls  occurring on wind-swept va lley  sides 

and slopes are a development o f  th is  type apparently from Calluna 

heath, (see Photo 12)

Characters o f  P ea t.

Brownish-bleck to "black in  co lou r , with a large amount o f  

plant ro o ts  e t c ,  g iv ing a fibrous appearance; rea d ily  broken when 

only p a r t ia l ly  dry, the peat being composed o f  fa i r ly  large 

nodules, o f  a gelatinous rather then granular structure; ssh-content 

usually f a i r ly  high; n u tr it ion a l value o f  ash moderately high; a 

fa ir  amount o f  s o i l  is  o ften  incorporated in the shallower types. 

Growth o f  Spruce. V a r ie t ies  o f  th is  type are among the most d is 

appointing peats at In v e r l ie v e r . The peat is  however incapable o f  

supporting the growth o f  Spruce mainly for the reason o f  bad 

aeration , and drainage produces comparatively l i t t l e  resu lt  owing to 

reasons already set fo r th ,  large areas have been planted recently  

and in these the plants are yellow , b laated -look ing  and wholly 

u n sa tis fa c to ry .  Hot only so but the removal o f  sheep must 

tend to increase the growth o f  heather and these areas w il l  almost 

certa in ly  be a fa i lu r e ,  as has been the case on ground o f  apparently 

the same type in  the older p lantation s.

An experiment has been made o f  tu r f  p lanting two years 

ego near Barmaddy, and the re su lts  are very s a t is fa c to ry  as far 

as they go. The neighbouring plants (both Sitka and Norway) are 

as usual yellow  and unhealthy; ca su a lt ies  5-lOp- Sitka; Norx/ay lC^v.

On the turves .Norway i s  quite bright ana green the plants on the 

whole ore bushy and show no signs o f  b la s t in g ; casu alties  

(On th is  area the peat i s  deeper than is  usual on th is  type).

Although, th ere fo re ,  i t  cunnot be said that on such peat tu r f  planting 

is  a d e f in i t e  means o f  success, yet so far as the f i r s t  few years 

sre concerned tu r f in g  would at lea st  appear to give the plents a 

30od i n i t i a l  send o f f .



'Hie n ecess ity  for the addition  o f  manure in  order to increase 

the i n i t i a l  growth and allow canopy to close  s u f f i c ie n t ly  early 

may become obvious la te r  on, but in  most cases rote  o f  growth 

la s t  year ranged from 3-6 inches, that is  in  the f i r s t  yoar a fte r  

proper establishm ent. The planting o f  Spruce into  such peet 

without am elioration  o f  any kind is  u se less .

Black Granular P ea ts . Types 1).

The ty p ica l  form o f  black granular pest i s  found where peat 

develops under flush  con d itions , that i s  where f a i r ly  rapidly  

moving, and hence w ell-aerated  water perco la tes  over and through 

the peat. This occurs p r in c ip a l ly  where water moves rapidly  down 

fro  m rotten  rock slopes 'and exposed s o i l s  upon the peat below. A 

sim ilar e f f e c t  i s  produced by the crumbling down o f  yellow  peat 

when a peat hag c o l la p s e s .  Again the action  o f  mineral matter in  

so lu t io n  and in  suspension in  drainage water shrinks the poat and 

renders i t  granular thus allow ing surface water to pass through and 

aerate i t .  I f  for any reason the passage o f  th is  mineral-bearing 

water is  inh ib ited  i . e .  i f  i t  becomes stagnant, then fibrous un- 

decompcsed peat, not black peat r e s u lts ,  with Deschempsia flexuosa -  

Erica T e tr a l ix  f l o r a .  Such peats on the highor areas are occupied 

by quite ty p ica l  vegetation , Itushes {Juncus in f l e x u s ) and Molinia 

caerulea (Appendix V. D. 4 and 5 ) .  In the absence o f  the former the 

la t t e r  occurs as comparatively large d e f in ite  clumps or trissccks 

round which water frequently t r i c k l e s .  This is  the ty p ica l  good 

M olinia (Appendix V; B .3 . )  On the poorest types o f  Molinia ground 

the grass may be moro or less  continuous but the plants ere small 

and have not coalesced  into  d e f in i t e  tussocks, while as s general 

rule  noteable qu antit ies  o f  Eriophorum spp. and Erica T etra lix  

e t c .  are d if fu sed  throughout the M olin ia . (A pp .v .D .l & Z ) .

The peat found under these assoc ia t ion s  i s  black In colour 

(o c c a s io n a l ly  b lue -b lack  owing to mineral matter) and i s  composed 

o f  irregu lar  grains or "crumbs” , which read ily  separate from each /  

o th er . I t  i s  intermediate between the Scirpus or "Highmoor" type 

and the calcareous peats o f  the Tens or muddy peats o f  r iver  and 

lake margins known as "lowmoor" types, o f  which approximate examples
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are to bo seen in  the i r i s  f la t s  oocurring here and there near 

loch  Awe. when dried by drainage or by the action  o f  a orop o f  

spruco they become somewhat more consolidated , forming a c la y - l ik e  

peat or even a vegetable loam, both exce llen t  for tree growth. 

Chemically as compared with the highmoor and alpine peat types 

h ith erto  descr ibed , i t  i s  characterised by e ither  a hiorh general 

mineral co'nteht^ or at lea s t  by a high lime and nutritive-m iner al 

content. This may a c t ,  as already Indicated , in  two ways; e ither 

by allow ing increased growth, or by increasing aeration and 

decom position o f  the peat i t s e l f  and thus providing a Suitable 

medium for the r o o ts .

The Molinia and Bush types o f  peat occur (1 )  either as d ir e c t  

developments on s o i l ,  (8) or as secondary peat strata  super-impOBed 

on othor types by somo recent change in  con d ition s ; as (1 ) near 

streams, (8.) by the passage o f  a stream (or drain ) through or upon 

another type causing the development o f  Molinia with or without 

Sushe s .

Growth o f  Spruce.

On Bush and M olinia, Bush, and tussocky M olini6 types the 

Spruces .grow at their  best . The p r in c ipa l danger o f  these l i e s  in  

the fa c t  that such typeB frequently l i e  in  low p o s it io n s  as com

pared with their  immediate surroundings. For th is  reason the plants 

are very su b ject  to f r o s t  during the f i r s t  few years. Thus f r o s t -  

blanks are frequuently to be found in  the midst o f  ex ce llen t  patches 

o f  both Norway and Sitka Spruce (e s p e c ia l ly  the l e t t e r ) .  Another 

cause o f  such blanks to which a tten tion  may be drawn is  the drowning 

out o f  the p lants by the luxuriance o f  the vegetation . For the 

f i r s t  years the p lants must be cleaned in the autumn at le a s t ;  after 

winter they are frequently found, even four yearn; a fter  p lanting, 

bent down by the weight o f  lodged Bushes and grass. Both these 

d i f f i c u l t i e s  might be coped with by using larger plants .since in 

no case i s  there any danger o f  drought in planting such areas. '

The le s s  s a t is fa c to r y  types o f  Molinia peat are apparently 

always o f  more recent o r ig in  frequently , occurring in patches 

within  the deeper peat types.
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They are frequent along drains, on mounds formed from drains and 

on the d eb r is  deposited  by decomposing peat hags e sp e c ia l ly  in  

the moderately sheltered  areas. When a drain cuts deeply into 

the peat end causes a general shrinkage o f  the peat in  the neigh

bourhood, Molinia develops. This may be only temporary Bince i f  the 

am eliorating prooess i s  retarded reversion  may take place not only 

to ye llow  peat but more frequently to fibrous Erica T e tra l ix -  

Eriophcrum types.

As compared with the better  q u a lit ie s  these Molinie peats are

(1 )  c f  lower basic  mineral content (2 ) o f  shallower depth so far 

as the black surface peat is  ooncorned (usually  not more than 4 (6 ) 

in ch e s ) .  (3 )  and frequently  more wind-swept. They correspond to a 

considerable degree to the undrained Molinia peat o f  the Hertogen- 

wald«

The growth o f  Spruce on these depends mainly on the depth 

o f  the b la ck , dcoomposod sin:face stratum which con be correlated  

to  a fa ir  degree with the oondition  o f  the M olinia. Where i t  is  in  

tussocks and luxuriant the black post i s  doep, where the Molinia 

i s  sh ort , s t i f f  and even i t  i s  shallow. Growth o f  Spruce i s  f r e 

quently irregu lar  and check oocurs for a considerable period but 

even ordinary spruce does f a i r ly  s a t is fa c to ry  for a time at lea st  

on such vegeta tion . Frequently, however, the areas occupied by i t  

are vary smell in  extent and unlass the developing plants are 

a fforded  shelter  they become blasted and f a l l  o f f  in growth (samples 

o f  th is  may be seen in Photo 6 where the plant in  the centre o f  

the M olinia is  now, to a l l  in te n ts ,  dead a fter  good growth).

Sitka Spruce does d i s t in c t ly  b9tter than Ordinary Spruoe 

on these poorer M olinia types although su ffe r in g  in  the same way 

when develop ing  in  small numbers or as in d iv id u a ls . Photo 7 shows 

a o luster o f  Sitka (on the r ig h t  centre) about 8 ft  high 8b compared 

with Norway (the narrow dark l in e  on the r ight s ide ) 3 -4 ft  high.

On Rush and the better Molinia peats so far as s o i l  conditions 

are concerned, i t  does not appear that s o i l  amelioration is  

necessary apart from s a t is fa c to r y  removal o f  surface water.
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I f  however, S3 Belgian fo res ters  claim, the additional cost  o f  the

t u r f  system p lantin g  is balanced by cost  o f  c leaning the young

p la n ta tion  then the reduction o f  the losses  due to weeds and o f  the

time during which the plants are subject to fr o s t  should be a

clear  gain i f  th is  system v/ere used. On the poorer Molinia ground 

the Belgian system would just e f f e c t  the improvement necessary to 

bring  the peat in to  the better condition  required to make i t  s u it 

able for p lanting e sp e c ia l ly  in p laces where Erica, Eriophorum 

sp p .,  Northecium e tc  are mixed with Molinia and. i t  is  certa in  that 

surface drainage is  not s u f f i c ie n t  and that water i s  c o l le c t in g  on 

the area.

In connection with M olinie types i t  may be noted that so 

far as observations at- Inverliever  in d ica te , the to ta l  depth o f  a 

peat has per se no bearing on the rato o f  growth o f  Spruce, certainly 

for a considerable  part o f  the l i f e  o f  the tree ( which is  as far as 

the e x is t in g  m aterial permits observation to be made). E.G. the 

depth o f  peat on which Sitka is  shown growing so w ell ,  photo 4, 

v a r ie s  to over 3 f t .  And at the north o f  Cruachan Bothy s im ila r ly , 

good Sitka and Norway are growing on Molinia and Molonie Bush peat 

o f  over 1 fo o t  in  depth which l i e 3  on a yellow sphagnum peat over 

4 f t .  in  depth, a t o t a l  depth o f  something over 6 f t ;  the s itu ation  

i s  sim ilar to that o f  the Spruce surrounding the bad.area in  the 

centre o f  photo 4 where the peat is  much shallower (and the trees 

are not so s a t i s fa c t o r y ) ,  peat analyses No.3 shows how the peat 

d i f f e r s  in  ash content from the con tro l  Scirpus area i t  surrounds; 

the extra  surface ash con sistin g  la rge ly  o f  mineral debris  washed 

down from the surrounding s o i l  s lo p e s .  Here a lso  we have a Molinia 

peat overly in g  a deep Scirpus type.

Oalluna Typ es .

The type o f  peat considered under th is  head i s  frequently 

not considered a peat at a l l  but must be included os a peat under 

any s a t is fa c to r y  d e f in i t io n  o f  that substance. I t  rnay be ca lled  

Heath peat, and i s  composed o f  the well-weathered debris  o f  plants 

l ik e  Heather, other Erieaceous plants and mosses like  the Hypnums 

but l i t t l e  or no Sphagnum, i . e .  that is  plants with a low water-
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hold ing  capac ity . These plants ere o f  low basic ash content and 

perhaps for th is  reason after  a certa in  point decomposition o f  

their  remains slows up and a black peat, powdery when dry, i s  

the resu lt*  This a c ts ,  l ike  c lay , as an impervious s o i l  and i s  

in  i t s e l f  o f  low n u tr it iv e  value. After a certa in  depth has 

forraod i t  tends to he badly cerated and forms a bed for the 

development o f  Sphagnum, e sp e c ia l ly  under the high r a in fa l l  o f  

In vor lievero  This change has happened almost a l l  over at 

Inver l ie v e r  but here and there where slopes are steep , and 

where Sphagnum invasion  can take place only in an upward 

d ir e c t io n ,  the surface past is  black and shallow, as i t  had been 

who n gr a z e d .

‘The vegetation  found in  t h is ,  peat ranges from Deschampsia 

flexuoss grassland, to heath grassland ( 'iraes, Vacclniura. Erica 

c in erea , Calluna e tc )  ( 3 .1 ,  App.V); and Calluna heeth {Calluna 

and Erica c in e re a ) .  The heath grassland appears to have succumbed 

to  the invasion o f  Sphagnum except on the tops o f  h i l l s ,  the 

Oalluna except on very steep s lopes ; the resu lt  is  either a 

brown Sphagnum-Calluna peat or e rap id ly  developing yellow 

Sphagnum o f  the types e a r l ie r  described , the la t te r  varying 

in  vegeta lidn  as did the e a r l ie r  heath or grassy heath fa c ie s .

‘The grassland forms, where they e x is t  are quite sa t is fac tory  

for Spruce. Where Calluna develops to any extent however,

Spruce i s  only moderately good. The cause o f  th is  has not been 

s a t i s f a c t o r i l y  determined and i t  seams that the idea that Calluna 

producos d e f in i t o  onti-Spruee toxins i s  probably co rrec t ,  Sitka 

Is  again d i s t i n c t l y  better than common Spruce but at the same time 

does not (with one or two exceptions)  promise well on anything

l i k e  pure Celluna,
The peat i s  so shallow in th is  case that the s o i l  might be 

mixed with i t  and turned up to the surface by means o f  a mattock 

and plants inserted in these prepared patches. On the continent 

before  p lant ing  Spruce on Calluna ground the heather i s  frequently 

burnt; in t h i s  way the plants come away before the heather has

time to a f f e c t  them.
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The other method o f  dea lin g  with the problem is  to fittempt

the grov/th o f  species  l ik e  PinuS ceulbra )and fountain  Pine which are
Pemutr&yiftna )

not a f fe c te d  end can to le ra te  the heavy re in ; even i f  these teach 

only pole  s ize  Spruce might he introduced under their  shade.

oouchus iou s .

Erom observations made at Inverliever i t  i s  concluded that .

1 . V ariations in  the topography ere accompanied by character

i s t i c  v a r ia t ion s  in vegetation  and in  the peat formed by these 

vegeto tion a l s o c i e t i e s ,  r e s u lt in g  in sim ilar vor ie t ion s  in the 

growth o f  Spruce. (See Diagrams o f  actual traverses o f  areas at 

Inverliever  App. V . ) .

2. Bad growth o f  Spruce at Inver liever  is  the resu lt  o f  two 

main edaphic f a c t o r s : -

(a ) Bad aeration  or water-logged peat
(b) lack  o f  ava ila b le  food supply for p lants .

3 . These fa ctors  as a whole run concurrently, since w e ll -

aerated peat decomposes s u f f i c ie n t ly  rap id ly  to l ib era te  food

m aterial s u f f i c ie n t  to the requirements o f  Spruce. (Exceptions to 

this may occur in  the case o f  d is in tegratin g  hag p e r t ) .

4. The p r in c ipa l methods o f  remedying these d e fects  a r e : -

(a ) E f f i c ie n t  drainage
(b ) Manuring.

5. Drainage is  not s a t i s fa c t o r i ly  accomplished by ordinary 

methods owing to the reten tive  power for water o f  (a) Sphagnum 

which prevents evaporation and p erco la tion  and thus prevents 

even p a r t ia l  drying o f  the peat below; (b ) o f  the peat i t s e l f  

which tends to re ta in  water to an extraordinary degree against 

the force  o f  g ra v ity .  Benoe:- surface drainage must be 

accompanied by improvement o f  the consistency o f  the peat and by 

removal o f  Sphagnum. This is  most s a t i s fa c t o r i ly  accomplished as 

far as present methods go by the 'Tur f -p la n t in g  system; ( c )  On peat, 

surface drains ere in e f fe c t iv e  as waters c o l le c t o r s  i f  placed 

widely apart owing to the subsidence o f  the intermediate peat. T h e r e 

f o r e  drains must be as c lo s e ly  spaced as oan be economically

done .
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6. Of the peat types occurring Culluna-Heath, and the many 

v a r ie t ie s  in  which sub-shrubs allow the rapid growth o f  mounds o f  

Sphagnum, would not be helped by drainage as e general ru le ;  Hush 

and Molinia types o f  the better c lo se  do not require much drainage 

although improved by drainage which removes surface water and thus 

lessens the r is k  o f  reversion  to bad types. Other types o f  peat 

w i l l  not grow Spruco without drainage o f  an intensive kind.

7. Chemical am elioration by tho addition o f  manures i s ,  

as far as can be stated at present, only supplementary to

dr a inage .

8. 'The d estru ct ion  o f  Sphagnum by some means ( l ik e ly  

chem ical) i s  the only mode o f  attack o f  some vegetations e .g .r a p id ly  

growing Sphagnum.

9. The continuance o f  p lanting  operations on a general scale  

on peat areas l ik e  Inverlievar without intensive preliminary 

am eliorative measures is  not advisab le , owing to small area covered 

by better  quality  peat.

Botes.

Except where otherwise d e f in i t e ly  indicated referenoe is  

made to the e a r l ie r  planted types o f  peat only . The e f f e c t s  o f  

grazing and the changes occurring when grazing is  removed are very 

remarkable. This applied s p e c ia l ly  also to vegetstional 

d e s c r ip t io n s .

In applying the vegeta tion sl l i s t s  to the id e n t i f i c a t io n  

o f  any area i t  must be borne in mind that the vegetational fao ies  

v a r ies  from season to season. I t  appears that July to August or 

even la te r  to  early  December is  the best time for observing the 

t o t a l  vegeta tion . Before that time a considerable number o f  

p lants  are soaroely  n otioeab le , a fte r  that time the ear lier  plants 

d isa p p ear ,

In the Appendices are included the analyses o f  these 

peats upon which along with f i e ld  observations these notes are 

based. Appendix V contains l i s t s  o f  the principa l plants and the 

frequencies  with which they occur on the various c lasses o f  peats;
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while two graphica l sketches are included o f  traverses through 

ch a ractoristic . areas chosen from those which have run out and 

included as f a i r l y  good evidence o f  the varia tion  occurring in  the 

growth o f  p lants in  c lose  proximity hut upon d if fe r e n t  vegeta tions, 

which in  turn correspond tc varia tions  in  topography and produce 

d i f f e r e n t  c la sses  o f  peat. (The depths o f  peat are not indicated 

as the skotch would be overcrowded, they may be in ferred  from the 

gcnoral n o te s ) .

Photographs ere addod as i l lu s t r a t io n s  to prin ts  mentioned 

in  the text and to give a general idea o f  the appearance o f  

v eg o ta t ion c l  typos noted.
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Preliminary test o f  oho amount o f  water held "by peat at saturation 
under varying pHvalue . (Degrees o f  acid i &y.)

31ocks o f  Scirpus pe^t were cut, from a ir -d ry  p e a t ,a l l  'being o f  
similar s iz e  and shape and consistancy .They were allov/ed to come to 
a water-aquilibrium in  solu tion s o f  d iffe r in g  pH va lu es. They rwere 
then ca re fu lly  wiped and weighed, and the increase in  weight per ee* 
cant was de be rained .

follow in g are the re su lts

APPEI1PI1 I l a .

P2 Ho . 1 . H o.2 . Avera{
Water per cent o f  dry w eight.

2.5 199.0 188 .8 195

3.6 201 .2 39 5 .8 303

4.0 221.4 229.0 225

5.0 232 .8 239 .8 236

5.6 229.2 227.0 228

6.7 463 .2 534.6 500

11.0 580 .5 554 .0 560

4 .8 " " 229.3 232.1 231

""(The liq u id  here used was d is t i l le d  w ater; otherwise Sodium- 
Acetic mixtures were u sed .)

The approximation o f  the paired re su lts  i s  very sa tisfa c to ry  .con
sidering the d i f f ic u lt y  in  obtaining exact sim ila rity  in  the blocks 
of peat, and o f  evenly removing the surface-m oisture.

BSlbw i s  a Graphical representation o f  these r e s u lts .



AERATION Of PEAT . TABULAR STATEMENT Of RESULTS.

APPENDIX H I :

Tie r e la tiv e  reducing-power o f  various p e a ts ,o r  re la tiv e  A ir -

reauirements ,a measurement o f  lack o f  a eratio n .
(The fig u re s  are r e la t iv e — deep. Scirpus p e a t,a t 2 f t .  being take 

as showing 100 %  o f  bad a era tio n ; averages o f  2 o r  3 sam ples.)

Description o f  sample .

Deep Scirpus peat,.
CD 2 f t .

m.1 f t .

© 2ins.

61 in s .

Scraped from su rfa c e .

6 1 ft .,e x p o s e d  over n ig h t.

3 Brown p e a ts .
S cirpus -Oalluna -Ho lin ia  .
© 6 i n s .

© surfh.ce.

Scirpus with R O lin ia .
© 6 in s .

© surfh.ce .

■Eriophorun with M olin iaa 
© 6nins.

© surfh.ce .

R elative lack o f  a i r .  
/2of D ry.' /2of Organic

V.Teight

2 fibrous ty p e s .  
Molinia -E r ic a .

Sri c a -A ira -M o lin ia .)

Hea the r , sha llo w .
© 4 i n s .
© 2 i n s .

Hllinia, deep f lu s h .
® 2 f t , (= d e e p  S c irp u s .)  

® 1 f t .
© 6 i n s .
Surfh.ce 2 in s  .

^olinia-Rush f lu s h .
® 2-g- f t . ( y e l l o w )

2 fft, (dark)
©1 f t .
^urfhce

©surfh.ce.

100

100

98

Matter. 
100

100 

98

83.5 83 .

25 25

33 33

50 as

23 38

57 85

22 32

42 50

20 24

15 16

13 15.

9 15
6> 8

100 100
21 23

7 .5 10
7 8,

100 101
1 8 .5 19
10 12

7 9
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TA3L33 OP RESULT ) OP PEAT A1TAMP3S3 . (ASH-G0NTE1TT3 .)

APPEIIEIH. IV.

I .  GEIIE] A L .

A .fibrous typ es, (in  order o f  s o l id i t y .)

BJOeep peat --S cirp u s flnax. iO samples fo r  ash -con ten t.
(Min.
(Mean.

CjDeep peat--Eriophorum (Max.
(Min. 5 samples.
(Mean.

D. M olinia on deep psat.\iM ax.
(Min; . iO sample s i  
(Mean.

EBecent "Hag" M olinia ,one sample .

I.R ush-flush,on & near deep peat (Max.
(Min. 7 samples.
(Mean.

0. Dark-"brown "cheesy" peats ,4  typ es.
(3cirpus . ( contaminated . ?)
(3 ci rpus -Mo lin ia  - Oalluna .
(C alluna.
(Erica Te bralix-Briophorum e t c . .mixture .

H. Shallow Heath p e a ts , three ty p ic a l samples.

Organic iAgh 
matter : t o t a l

Ash
soluhle in solu ble

Soluble- 
Ee,Qs Al^O

a sh ,de ta ile d  analyse s . 
> QfcA MgA.J K r 0 , EA

(97.33
97.26

.96 .90
(95.44

2 .6 7  
2 .7 4  
3 .iO, 
4 .5 6

.83

.85.
,95

i  .9 i
2 A 5  
3 . 5i

.i 8  .i9

.18 .18  

.20 ,i8

.14

.14

.17

.17

.i5

.i5

.0 23 

.0 35 

.041

.0 73 

.0 70 

. 0  7 1

(95.65
'•(92.31
(94.31

7 .6 9  
4 .3 5
5 .69

1 .7 3  
i  .i6  
i  .49

6 .5 i
3 .38
4.20

.49 .82  

.30 .48  

.33 .71

.23

.13

.17

.30

.i6

.19

,.07  
.10%

.04

*.0 9 ' 
.0 6 
.0 6

(94.86 
88.83 

(93 , i i

i i a i ?
5 .1 4
6 .89

5 .1 5  
i  .38  
i  .96

5 .9 2  
3.75
4 .9 3

 ̂-  -  -

.56 .56 .20 .3 i "!o4 .0 5

, (9i .47 
I* 69.69 

(78.46

f30 .3i\ 
v 8 .5 3 J-
21 .54

i9 .8 9 \  
4 .3 2   ̂
8.30

r22,42  
5 .6 8  

1 3 .2 7

i 4 .39. io  .14  
3 .2 2  i . 2 i  
5365c 4 .9 3

i  . 0 0

.63

.75

.16  

.0 9 

.16

.i6  
.I'- .0 9 

.10

. i i  

.0 7 

.0 9
M 93.3i 6 .6 9 2 .1 7 4 .5 2 .62 .75 .31 ■ .2 i .0 7 .0 5

6190 *3i 
f* 77.33 

(86.28 
A.3H

, (42.00 
'• i i  .54  

i 3 . i i  
(iO . 0 0

22 .67
9 .6 9

i 3 .72  
>SOl. 
i 5  .31 

4.40  
4 .8 6  
3 .$ 9

20 .23  
4 .3 9  
5 .5 7
in s o l .

■16.69
7 .i 4
8 .2 5
6 .0 4

iB .87  
4 .3 5  
8 .io

10 .96 i 4 .23  
.67 i . 3 i  

i .2 8  i .5 3

2^46 
i  .i2  
i  .46

.43

.10

.21

.20 

.0 6 

.0 9

.20

.0&

.i5

5
k

™ 0
0 5 .8 6 i 6 .72

-34 -



APPENDIX. IV .

__

I .  Contd.

Variations occuring w ithin short distances .

Series (a} I .  Shallow peat .M olinia on hare s o i l .  

2 .M olinia f lu s h .

3 .M olinia with Erica T e tr a lix .

4 .M olinia with much E iica T e tr a lix .

M iloIinia-Eriophorum  vaginatim .

6 ‘.'Eiica Te t  r a lix -E iio  pho rum .

Series (b) I .Hush slope . ^Probably includes s o i l . )

2 . M olinia-Calluna

3 .Calluna-Eiiopho rum-M olinia.

4 .Eri ca -Mo l i n i a .

B HE i i  o pho rum -A i ra flexuo s a : .

(a)

)

No . ASH
Total Soluble Insoluble

Growth o f  
Spruces.

61*46 2 0  .15 41 .31 V .Good.

2 . 8 .5 3 4 .1 1 4 .4 2 V. Good.

3 . 7 . 8 5 3 .9 9 3 .8 6 P a ir .
•

4 . -4 .46 2 .8 3 1 .6 3 V ariab le--P  .to

5 . 4 .0  3 2 .5 1 1 .5 2 Pair to Bad.

6 . 2 .6 7 1 1 .9 5 .72 Very Poor.

x * 3 3 .2 ?  1 6 .7 6  17 .02 ., Good.

2 . 13.50 4.88 8 .6 2  Poor.

3 . 8 .7 9  3 .7 1  5.0 8 Veiy Poor.

4 1 1 .8 2  4 .1 7  7 .65  Sitka G.,'Spruce Poarr.

5 . 1 3 .16  6 .1 4  7.0 2 Sitka fh ir ly  Good.

-35 -



a p p e n d i x  i v .

PEAT ANAIffSES 3 .

Tahle o f  ash contents at d iffe re n t depths o f  Scirpus, 

M olinia and Push in d icatin g that the two la t te r  develop ahove

former on the addition  o f  m ineral m atter.

Depth o f  Peat Scirpus M olinia Push (Moll

1 . 4 .7 7 3.40 9.93

2 . 4 .40 21 .54 16 .51

3 . 4.60 5.40 11.30

4 . 5 .03 5 .18 5.83

5 . 6.05 5.10 5.0 9

6 . .33 * 5.43 5.20

7 . 84 .75  \ 6 .22 8.37
\ - - -----

8 . 92 .37 7.97 20 .99

9 . 38'.57

These are a c tu a l examples from adjacent areas. Other

S o il

surface samples vary in  d e ta il  hut each series  shows sim ilar  

ten d en cies.

S c i r p u s ---------------------

R u s h -H o H n ia --------------

M olinia ------------------------

1-----

L.25 •

-21-

Graph o f  the ahove_ Analyses .    t
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f *  Records o f  the p rin cip al H a n ts  found on the principal 

V egetational types at In v e rlie v e r .

Outline d e scr ip t io n  o f  types recorded.

A . 1 .Marginal Sphagnum-Uarex peat o f  lochs and moderate ly
deep w ater.

. 2 . Typical Erica Tetralix-Sphagnum fibrous p eat. 
u) „

g  ^  3 . fibrou s peat o f  mixed vegetation" type 
pq K

4.Deschampsia flexaosa-Eriophorum vagin vbum type. Unto whfch 
mineral m atter i s  "being carried from naar-oy s lo p e s .)

B . lT y p ica l "High-moor" Scirpus. . J
)Deep3S ci rpus.

2 .0 Id "H ag",w ith  variable co n d ition s.)

3 . Typi ca l Erio pho rum . vagina-t um^peat)
9fvl )
,9o  4 .  D itto .,u n d e r  g n z in g . )
^  '

D .l  l.B Scen tly  developed on old  icirp u s Hag.

2 .0 f  o ld er developement on Hag.

.flu sh  MO lin ia  .
^•1
3  —4 jio lin ia -E u sh . (

a  is 5 .Bush flu sh  p eat.

E . 1 .Shallow Calluna heath slope with^/powde^y" .black peat.

C. »1.Interm ediate Oalluna-Sphagnum $ 3 ^ .type.
a

■ cvJ2 .C allu n a-Scirpu s-M olin ia .
S o
fH ° 4 . Scirpus type.

Pi3
NoJe;-Very rapidly developing tyres o f  Sphagnum are not d etailed , 

since ;, there are so many d iffe re n t fa c ie s  .depending on the 
e a r lie r  vegetation .

Grazed association s have a\very d is tin c t  appearance from.'sun-  
grazed id e n tic a l types.

Key to fre quency symbo Is  .

V1' ____________ very
D---------------------- Dominating the type ;p artly  excluding other sg?p.
1 ---------------------- (before symbol or alone . j Occurring lo c a lly..
r ---------------------- rare ,once or twice on ly .
o ---------------------- occasionally'dbhroughout the area’ .
c ---------------------- asfscat tered units or tufts j common.
g ------------------- -g en erally  d iffu sed  but not in  masses.
f f f ------------------ fre  cpaent ,no t qui te abundant.
a ------------------- -abundant .forming continuous masses,and giving

i t s  general appearance (fh c ie s)to  the type.

The nume ra Is $1234) a f te r  the symbo lsllndi cate the degree o f  lux- 
^ftnceodff the species .e .g ,  ,fo r  M olinia

9
1— W ell-developed tu fts o f  large pianos .
2— M oderately large plants'.err t u f t s .  _
3s--S m a ll tu fts  o f  p i mbs .  - 5 / -
4 — Occurring as weal: in d iv id u a ls .
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FUNGUS DISEASES IN NURSERIES & PLANTATIONS.



Annual Research Meeting January 1925>

M. WILSON.

Report on Work done during the year 1923/24.

iMerla l a r l c l s ,

This fungus has been found in  several nurseries causing serious damage 
to seedlings o f  European la r ch . At E a lw ill  Devon both one-year and two- 
year seed lings are attacked. The leaves become in fec ted  turn brown and 
soon f a l l .  The D,0* reports  that the beds looked exce llen t up t o  about 
August but were then attacked and in  October the seedlings appeared to  be 
dying, He sta tes  that they hardly appear to  be worth l in in g  out next year .

At the Forest School, Beeuly the larch  seedlings are in  a s im ilar  
condition. Mr James Fraser sta tes  that the seedlings have made very poor 
growth and, i f  they survive without A n ther  attack , they w i l l  requ ire  t o  be 
kept an ad d it ion a l year in  the nursery. S im ilar diseased seedlings have 
also been re ce iv ed  from Bushfield Nursery and from Cumberland.

I t  appears that no methods f o r  d ea lin g  with the disease have been a t 
tempted up t o  the present.

The fungus i s  oonfined to  the lee-ves and removal and destru ction  o f  
diseased leaves would no doubt prevent the recurrence o f  the d isease but 
this i s  obviously  im practicab le .

The spores o f  the fungus are very th in -w alled  and apparently not high
ly r e s is t a n t .  They are probably present on the stem, in  cracks o f  the 
bark, at bases o f  buds e t c . ,  and p oss ib ly  between the Beales, but i t  i s  not 
known whether they can la s t  through the winter in  a l iv in g  con d it ion . The 

mycelium has been shown t o  remain in  a l iv in g  cond ition  through the winter 
In dead leaves and spores can be produced on these in  the spring when tho 
oonditions are s u ita b le .

I n fe c t io n  probably takes p la ce  in  the spring from diseased needles o f  
the previous year which are ly in g  about on the ground. Seedlings which 
have been diseased during the f i r s t  year w il l  almost ce r ta in ly  be again 
Rttaoked in  the fo l lo w in g  year . The' d isease up t o  the present has only 
been found on European la rch .

Merla l a r l c l s  was recorded in  Scotland in  1920 by Mr H iley but there 
appears t o  have teen  no serious outbreak o f  tne d isease  in  nurseries in  thiB 
country prev iously  to  th is  season.

The adverse weather conditions during the season may have influenced 
the spread o f  the d isea se ,  . But in  view o f  i t s  wide d is t r ib u t io n  (from 
D*von to  Inverness) i t  i s  p oss ib le  that in fe o t io n  has been spread by seed. 
Steps should be taken t o  a s cer ta in  whother'the seed was obtained from in 
fected t r e e s .

D is tr ib u t io n  o f  diseased seedlings t o  nurseries , h ith er to  uninfected , 
*111 almost c e r ta in ly  spread tho d isease . The disease 1& not confined to  
bursery stook and observations should be made o n .s l ig h t ly  in fe c ted  young 
trees whioh have been planted out.

I t  Is  proposed t o  oarry out spraying experiments to  attempt to  oheck 
the d isea se .  The fo l lo w in g  methods are  suggested and these should be 
Carried out in  at le a s t  two widely separated nurseries*

-1 -



Seedlings which have been p rev iou s ly  d iseased  should  be sprayed f 
w ith copper sulphate s o lu t io n  (Copper Sulphate 4 lb s .  water 100 ga lls ,) 
in  the early  sp rin g  b e fo re  the buds beg in  t o  open. The su rfaoe  o f  the 
s o i l  should a ls o  be soaked with the s o lu t io n . (This s o lu t io n  should no 
be used on seedlingB with expanded le a v e s .)

Seedlings should be sprayed with Bordeaux M ixture 3oon a f t e r  the 
leaves expand.

In  n u rserios known to  be in fe c te d  th e  s o i l  might be trea ted  with 
Copper Sulphate so lu t io n  (Copper Sulphate 1 o z . water 1 g a llon ) before 
the) seed is  sown.

Femes annosus.

Althoufgi g en era lly  found on C on ifers  the fungus has been found at
ta ck in g  Bird Cherry (Prunus Padus) Rowan ( Pyrus Auouparla) . Y/hitebeam 
( Pyrus A r ia ) ,  Hawthorn l brata~egu3 oxyaoantKa) /  )3eech tFagus s y lv a t lo e ), 
A lder (Alnus g lu t in o sa ) .  arid Rfaod'odendran s p .

Pomes annosua i s  causing exten sive  damage t o  the Douglas f i r  up to 
about '25 years "o ld . The trees  are o ften  attacked sh o rt ly  a f t e r  plantit 
out and are qu ick ly  k i l l e d .

The e f fe o t s  on the Douglas f i r  have been worked out by Mr James 
Maodonald. The fo llo w in g  is  a summary o f  h is  work.

(1 ) There is  no d e f in it e  heart r o t  as in  the la r c h . The r o t  extends 
through both sap-wood and heart-w ood; freq u en tly  a patch o f  sound wood 
ocoupies the cen tre  o f  the stem.

(2 ) The ftingus makes i t s  way more ra p id ly  up the stem than across i t .  
As a r e s u lt  the In fe cted  part i s  roughly cone-shaped.

(3 ) The wound in  the f i r s t  stage o f  decay becomes p in k ish ; th is  is  
c h ie f ly  due t o  the accum ulation o f  a dark-brown in so lu b le  m atter in  the 
parenohyma o f  the r a y s •

i

(4 ) The b la ck  specks, whicb are  ty p ic a l  o f  the r o t  in  the spruoe are 
not in v a ria b ly  found in  the Douglas f i r .  They are  a ltog e th er  absent 
from young t r e e s .  In  o lder  tre e s  when found they a re  s itu a ted  in  the 
sap-wood most freq u en tly  Just below the bark and a re  a ls o  present in  the 
bark I t s e l f .

(6 ) The r o t  r e s u lts  in  th e  form ation  o f  numerous s o f t  w hite patohes In 
the wood c o n s is t in g  o f  d e l lg n i f ie d  elem ents. I

(6 )  There i s  o ften  a marked sw ellin g  at the base o f  the in fe o te d  tree* 
This i s  due t o  the abnormal development o f  one or two o f  the la te s t  
formed annual r in g s .

No d e f in it e  r e su lts  were obtained as t o  the method o f  In fe c t io n  of 
the trees  but i t  would appear that in fe c t io n  sta rted  in  the sm all, dead 
la te r a l  ro o ts  near the su rfa ce  o f  the s o i l .

At OlentresB where the d isea se  is  oommon the Douglas is  on an area 
p rev iou s ly  ataoked with S cote P ine, The stumps o f  the la t t e r  are aimos1 
a l l  In fe cted  and I t  appears that these are the sources o f  in fe c t io n  for 
the D ouglas.

- 2 -



In the Tay v a l le y  young trees planted out on an area previously  covered 
ilth scrub birch, and oak are badly disc- sod. Here there  are no old stumps 
nfected. ' •

I t  Is noteworthy that almost a l l  the In fected  trees had been badly 
ilant ed •

In the report  fo r  1923 a fungus causing d e fo l ia t io n  o f Plcea pungena 
md P» s itch en sla  was reported . This was p ro v is io n a lly  placed in  the genus 
IgospEaeriaT fa rth er  in v e s t ig a t io n  has shown that i t  i s  a rpeciea o f  
tilzosphaera.. R. Ablet is  was f i r s t  described  in  Prance in 1907 as causing  
e fo lia tion  o f  the s l iv e r  f i r .

The species  found, on the spruce In th is  country c le a r ly  d i f f e r s  from 
8, Ablet la  and the name R. Plceae Is proposed fo r  i t .

I t  i s  a serious  d isease  o f  Ploea pungena but no more specimens have 
teen found on the Sitka Spruce*

In the report fo r  1923 a fungus causing d e fo l ia t io n  o f  the b luo Dougl&B 
(ir was mentioned. This appears to  be id e n t ica l  with Rhabdoollne 
tseudotsugae reoen tly  described  as causing a d isease  of' tfreDougTaB in  the 
United S ta te s ,

In this oountry i t  appears to  be - i  present confined to  one area in  the 
louth o f  Scotland where i t  i s  causing very serious d e fo l ia t io n  o f  th e  
Douglas. The d isease  here appears t o  be confined to  the blue Douglas but 
Ms apparently i s  not the case in  the United S tates .

i I t  i s  important that e f fo r t s  should be made to  prevent the spread o f  : 
ihis d isease  from the small area where i t  i s  found at presen t. There is  
little doubt that i t  has been re ca a t ly  imported in to  th is  country, ’

An account o f  thB d isea se  o f  the S ilv e r  f i r s  oaused by Rehmiellopsla 
Johemica has been o iro u la te d .

The d isea se  appears t o  be spreading rap id ly  in  Scotland e s p e c ia l ly  in  
the weBt and south-west. I t  has now been found attack ing  ^ b ies  peotlnata 
kn ob llla . A. Plnsapo, A. Plndrow and A. oephalonlca. I t L  p o ss ib le  that 
b grand!b may be" a ls o  attacked-.

Specimens o f  oak saplings have been received on two occasions from the 
forest o f  Dean. These are evidently  attacked by some fungus but owing to  
the oon dition  o f  the specimens I t  has not been p oss ib le  to  Id en t ify  the 
fangus with c e r ta in t y .  An Investiga tion  o f  the disease on the spot should 
te carried  ou t.

iilgysomyxa Rhododendrl (? )
This has not been looked upon up *o  the present, as a serious d isease  

to th is coun try . Specimens o f  spruce badly damaged apparently by the 
'ecldial stage o f  th is  fungus have been rece ived  from Eewtown atewart, 
toeland.



Solerophoma p lthyoph lla  has been found causing d e fo l ia t io n  o f  Scots pinjf 
from Wokingham and Eythe, Kent. This has not been prev iou s ly  recorded, 
as a p a ra s ite .

Brunchorstla destruens oauaing a serious  d isea se  o f  various species  o f  
El'nus has been observed in  severa l l o c a l i t i e s .

The fungus attacks the terminal buds and k i l l s  back the shoot for  
some d is ta n ce .  The Austrian  pine in p a r t icu la r ly  l i a b l e  to  the diseased 
and the C orsican  pine ( P . la r i c l o )  , P inus rn on tana , P. Cembra and P. excelel 
are a lso  attacked by th is  or a very c lo s e ly  a l l i e d  s p e c ie s .  BrunchoFSW 
de8truons is  o ften  a ssoc ia ted  with Cenangulm A b ig t ls  and some consider  t| 
the two are d i f f e r e n t  stages in  the l i f e  h is to ry  o f  the same species  but* 
evidence from ou ltures in d ica tes  that th is  i s  not the case .

Both fungi produce the same type o f  d isea se .  Cenangulm A b le t is  la 
causing considerab le  damage to  S cots  Pine in  S.W. S co tla n d . j

C orsican  and Mountain Pine s u f fe r in g  from the d isease  have been fow 
at Corrour, near K elso and at Lake Vyrnwy (on P .L a r lc lo  o n ly ) .

Plnus Cenbra is  severe ly  attacked at Corrcur. I t  appears that in  most I 
oases the d isea se  spreads from in fe c te d  trees  o f  P.austrl&oa to  the other 
s p e c ie s .

I t  1b suggested that b e fo re  p lanting  out Corsican Pine care should to! 
taken to  remove any old  or d iseased  trees  o f  Austrian pin© from the vicinil 
ty  and that Austrian pine should net be planted among or near the edges ok 
p lantations  o f  Corsican p in e .

A number o f  samples o f  seed lings o f  Douglas f i r  have been received  
s u f fe r in g  from attack s  o f  Rhlzootor:; a anchor B o t r y t la .

I t  Is  suggested that In the coning season In vest iga tion s  should be 
ca rr ied  out e s p e c ia l ly  on the f o l l o w in g : -

(1 ) Diseases o f  seed lings e .g .  Merla, R hlzoctonla -and B o t r y t is .
(2 )  Fomea annosus.
(3) A rm lllar la  m e lle a .

(1) The d iseases  o f  nursery s tock  are causing la rga  lo s se s  e sp ec ia lly  of j 
Douglas f i r  and laroh , at presen t. I t  Is  b e llov ed  that these diseasos 
be checked to  a la rg e  extent by s u ita b le  s o i l  treatment and spraying. I t ' 
i s  p a r t icu la r ly  d es ira b le  that these  d iseases should be recognised  at an 
early  stage and preventive measures taken. I t  i s  th ere fo re  proposed to 
v i s i t  as many nurseries as p o s s ib le  in  the spring and summer.

(2 ) Fomes annosus Is  causing very extensive damage t o  several species . 
In v est ig a t ion  the con d it ion s  -under whioh in fe o t io n  occurs are particul< 
l y  requ ired .

.(,3) A rm lllar la  m ellea i s  a ls o  causing wide spread damage and. here also 
con d it ion s  under which in fe c t io n  occurs requ ire  in v e s t ig a t io n .  The * 
s c a r c i ty  o f  f r u c t i f i c a t i o n s  o f  t h is  fungus in  Scotland and the abundance 
rhizomorphs a ls o  needs t o  be In vestiga ted .
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INSECT PESTS IN NURSERIES & PLANTATIONS.



Report on Research and Experimental Work in

Entomology# f o r  1924.

1 . Pine W eevil.

(1 ) The experiments -on the movements or m igrations o f  
E yloblus have not been ca rried  out f o r  lack  o f  su ita b le  s i t e  and
f a c i l l t l e s .  The s i t e  best su ited  fo r  them adjoined the burned
areas a t Montreathmont Muir and as a rb itra t io n  was in  progress 
between the Commissioners and South Eok Estate,Mr Annand desired  
to avoid any experlmantal^work at Montreathmont Muir.

I t  is  proposed to  oarxy these experiments out next y ea r .

(2 ) A study o f  parasitism  o f  Eylobins was made at M iddleton J
Wood and there o f  67 larvae found in the stumps 23 were p arasitise*
Batches o f  coooons o f  the paraBite were c o lle c te d  and brought to  
Kew on July 29th but unfortunately  a l l  emerged in tra n s it  and died 
without reproduction*

The d i f f i c u l t y  here is  a frequent onojm aterial c o lle c te d  in 
the f i e l d ,  unless i t  can be d ea lt with ra p id ly , is  rendered o f  no 
va lu e . Technical A ssistance in the laboratory  would remove th is  
d i f f i c u l t y .

(3 ) Experiments to te s t  the a ttra ctiven ess  o f  Finene and 
Terpineol f o r  pine W eevil.

lh eso  were conducted at Kew* Terpineol w»3 found too 
pungent oven in  the open and f in a l ly  V a n ilin ,o f  which Pinone is  the' 
main constituent,w as ohosen#

A saturated so lu t io n  o f  V anilin  in water was painted on the 
bark and b i l l e t s  used. Those b i l l e t s  wore o f  elm and Soots pine 
and in ad d ition  elm and pine twigs were used to  test feed in g  h a b its

-if
The f i r s t  fou r experimental te s ts  were sp o iled  by heavy rain  

which flood ed  the cages and drowned itjEry w eevils and f in a l ly  the r e 
maining experiments had to  be canduoted indoors.

Two s iz e s  o f  cage wero used a small (18n x 9n x 9rt) and a 
la rge  4* x 2^* x 2^*. As in  1922 no d e fin ite  re su lt  was got from 
the small oages. This soema to  be due to  the saturation  o f the • 
a ir  in  so confined  a space w ith the essen tia l o i l s  used.

3h the la rge  oage the resu lts  showed •-

1 . That elm bark, elm b i l l e t s  and elm twigs were gnawed as 
re a d ily  as pino by the w eevils i f  painted with v a n ilin  but 
that elm twigs e t c .  unpainted were not touched in the p r e - '  
sence o f  p in e .

2 . That painted elm bark was A ttractive  only f o r  a time th» 
w eevils leaving  i t  In a few hours (6 to  8 ) apparently when» 
the outer bark was n ibbled  and the inner baa* proved un
a t tr a c t iv e .

3 . No appreciable d iffe ren ce  in  a ttractiven ess  between Scots 
p ine painted with V anilin  and unpainted pine was observed. 
Both were equally  favoured by the v/eoviln,

4 . Ih the absence o f  pine aud o f v a n ilin  painted, elm,
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untreated  elm twigs were gnawed by the weevil#

5 . A p ie ce  o f  elm baric trea ted  w ith v a n ilin  was used by 
the w eev ils  f o r  o v ip o s it  ion a ft e r  p ine bark in the uame 
•age had become dry . Untreated elm bark was gnawed but 
no eggs were found in i t .  I do n ot attach  much import
ance to  th is  observation  because Hylobiua i f  d riven  to  It 
w i l l  la y  i t s  oggs in  the s o i l .

The r e s u lts  o f  these experiments In d ica te  that v a n ilin  is 
a t tr a c t iv e  to  Hylobius but that I t  does not s u f f i c ie n t ly  enhance 
pine lo g s  to  make i i  worth while using  It  to  counteract the drying 
up o f  bark -traps or b i l l e t s .  Dry b i l l e t s  o f  p ine except when wet 
from p a in tin g  were no more a t tr a c t iv e  than untreated p in e .

I do not propose to extend th ese  experiments as I  think 
b e t te r  re s u lts  w i l l  accrue from f i e l d  observation s on the weevil 
under natural cond itions#  As la re fe rre d  to l a t e r ,  i t  seems that 
the m oisture content o f  bark and cambium are fa r  more important 
fa c to r s  in  a ttra c t in g  w eevils  and bark b e e t le s  than the essential 
o i l  con stitu en ts#  Or more c o r r e c t ly  that the e s s e n tia l o i l  con
s t itu e n ts  o f  the bark and cambium, i f  they are a t t r a c t iv e  to  such 
in sects  are so under c e r ta in  con d ition s  among which the moisture 
content o f  the bark and cambium is  o f  c h ie f  Importance.

(4 ) The e f f e c t  o f  p oison s on Eyloblus#

Experiments in  the outdoor cages were s p o ile d  by wet 
weather. In the la b ora tory  owing t o  rap id  drying o f  painted  twlj 
and stems these soon ooaeed t o  a t tr a c t  the w e e v ils . Lead arsenat 
and a orros lv e  sublim ate were used but i f  these were swallowed by 
the w eevils  they were ra p id ly  passed out f o r  except when the weerl 
were taken in  the aot o f  feed in g  l i t t l e  food  was found in the 
alim entary oanal# Lack o f  time -> the T ortr lx  c a te r p il la r s  re 
quired c lo s e  a tten tion  during th is  time -  prevented s u f f ic ie n t  car 
being given to  these experim ents whioh w i l l  be repeated next sprli

(5) To a scerta in  whether trapping o f  the w eevil in pine wood 
about to be f e l l e d  re su lts  in  a redu ction  o f  the ensuing outbreak

The s i t e  s e le c te d  f o r  th is  experiment was Kawkhill Inolosum 
in  the New F o re s t . owing to  delay in  f o i l i n g  the experiment has 
been held  up but is  now d e f in i t e ly  arranged f o r  and w il l  be begun 
next month#

(6) To determine whether any r e la t io n  e x is ts  between the ag*
o f  f e l l e d  areas and the age o f  the w eevils p resen t.

D isseo tion  o f  w eev ils  from Rendleaham, g lvedon , Wokingham, 
Bagshot, Bournemouth and Oulbln sands showed that w eevils o f  a ll 
agee may ooour in any area but that In the e a r lie r  months June and 
ea rly  July o ld  w eev ils  are most numerous and in the la t e r  month® 
young w eevils preponderate. This supports the hypothesis that 
R yloblus is  an inhabitant o f  standing woods f o r  in  a reoent fe ll*1 
at' Eftveden most o f  the w eevils  c o l le c t e d  in  July were o ld  weevil®
which had produced two broods, in d ica tin g  that th e ir  f i r s t  broods
were reared  in dead trees  or  branches in  the neighbouring woods 
or in  the f e l l e d  wood I t s e l f  w hile i t  was standing.

(7) To a soerta in  i f  spraying o f  p la n ts  renders trapping mor< 
e f fe o t iv e  in  young p la n ta t io n s .

Wet weather rendored the conduct o f  th is  experiment d i f f i ° a 
and the experiment w ill  be made next sp rin g .



(8) The l i t e r a tu r e  on Eyloblua has been rev ised , informa- 
t io n  c o l le c t e d  by myself has been gathered together.

2 . Bark beetleB .

(1) Progress has been made with the Bark b ee t le  B u lle t in  
which however has not been pressed on as I undorstand the p u b li 
cation s O ff ic e r  wishes Dr W ilson 's Phomopais B u lle tin  to precede 
i t .

(2) A report  on experiments conducted on Elm Bark b ee t le s  at

( i )  That Soolytus destructor  atod S .raultiatriatus do not 
attack elms in f u l l  v igour.

( i i )  That severe root pruning on transplanting renders elm 
trees l ia b le  to Scolytus a ttack .

(3) That la t e  planting rendors them l ia b le  to  a ttack .

(4) That the moisture content o f  the bark and cambium is  an 
important fa o to r  in favouring bark -beetle  attaak. Too dry stems 
are not attacked. Moderately wet Bteraa are Immune* Stems un
duly wot owing to  fa u lty  tran sp iration  or fa u lty  roo t  a c t ion  are 
attacked,

(5) Oarbolineum emulsion sprayed on trees has no deterrent 
e f f e c t  on the bark b e e t le s  unless appliod during th e ir  swarm 
p eriod ,

3 , Aphides on r oots  o f  Conifers.

Lack o f  m aterial prevented work on these aphides. Pemphigus 
spooios common on poplar and Ash at Kew in 1922 and 1923 were 
wholly absent th is  year probably owing to  the wet weather. Pro- 
c lp h ilu s  species  on pines in my small nursery p lo t  at hew dwindled 
in June" and died o f f ,

4, Spruce aphis*

Everywhere the prevalence o f  spruce aphis has been le 6 s .  The 
main features  o f  the in sects  statuB th is  year are contained in my 
reports  to the Technical Commissioner under f i l e  heading ’'Entomo
l o g i c a l  R eports" .

5 , F ie ld  Mice and Voles.
A box trap , e e l f - s e t t ln g ,  tr ie d  at K er  was e f f e c t iv e  In trap* 

ping the Bank Vole Evotomys ..glareolus.

Experiments with anti-rodent smears and washes planned with 
the co -op era t ion  o f  u r  J.M.Murray were delayed by r e t  weather and 
f i n a l l y  abandoned f o r  the reason given below.

Experiments with soreeving or c learing  o f  the ground round 
young poplars proved wholly su ccess fu l against vo les  at Duror, Thli 
is  due to the vo les  droad o f  crossing  bare s o i l  where i t  is  ex
posed to attack  by the Kestrel hawk, Falco tlnnunculus.

3



7 . Oak T o r tr ix ,

S pecia l a tte n t io n  hae been given  to the oak T o rtr ix  moth, 
The eggs h ith e r to  not lo ca ted  in nature were found f i r s t  in the 
labora tory  experiments and then in the f i e l d .  ■ • .ey are la id  fo 
pa irs  on the twigs o f  the previous year most freq u en tly  at the 
base o f  the l e a f  scar and commonly on the scars  l e f t  by fa llen  
twigs whioh are such a fea tu re  of the oak.

The eggs are invariab ly  concealed by a covering o f  lichen, 
(? p r o to -c o c c u s ) and o f  soa les  f i ’om the moth. in the laboratoi 
where oak tw igs, f r e e  from lio l ien  were supplied t o  the moths the 
covered the eggs with sca les  from the brush at the t ip  o f  the 
abdomon, on brown or dark brown twigs the sca les  used were dai 
gray on green twigs the soa les used were greerfend dark green, in 
such oases towards the end o f  o v ip o s i t io n  the sca les  covering th 
eggs ceased to  show p r o te c t iv e  resemblance probably because suit 
able eoales  were no longer  a v a ila b le .

The eggs are la id  in  June and July and remain unhatohod al 
w in ter . Small T o r tr ie id  c a te r p i l la r s  found on twigs and within 
the buds o f  oak in winter and ea r ly  spring are not those o f  Tor
t r ix  v ir id a n a , They appear to be those o f  a Ooleophorid moth.

The f i r s t  eggs hatohed in the lab ora tory  on A pril 12th. 
These come from variou s sou rces ; from twigs supplied  to  captive 
moths, from twigs c o l l e c t e d  la s t  w inter at Esher and Coldharboul 
and from twigs used in  outdoor experiments a t Kew.

D eta iled  studies o f  the hatohing o f  the egg, o f  the f irs t  
and subsequent stages o f  the larvae and o f  the pupae o f  T .v ir i-  
dana have been made but need not be given here. The main resul 
o f  Ih e  work Is that the 1 i f  e -h is to r y  o f  the moth Is now known at 
i t  takes p la ce  in England,

Studies o f  the feed in g  h a b its  o f  the Tortr ix  larvae were 
made and are o f  in t e r e s t .  F ir s t  and second stage larvae are 
qu ite  Incapable o f  entering unopened oak buds and larvae fed  on 
ear ly  opening shrubs such as Pyrus and prunus a l l  d ied before  tt 
seoond moult, ihe f i r s t  three Btages o f  the T ortr ix  caterpills 
are the most exposed to c l im a tic  dangers and, as is  re ferred  to 
l a t e r ,  the c lim a tic  fa c to r  i s  probably o f  the f i r s t  importance 3 
favouring outbreaks on the one hand and reducing them on the 
oth er .

Experiments with carbollneum emulsion and lead  arsenate 
sprays showed that the f i r s t ,  applied  in w inter . Is destructive 
the eggs and that the second, applied  ju s t  when the buds expand, 
i s  d es tru c t iv e  t o  the f i r s t  and second stage c a t e r p i l la r s ,  but 1 
qu ite  in e f f e c t iv e  la t e r  as the a a te r p i l la r s  then feed  within spu 
or r o l l e d  loaves  which the arsenate spray f a i l e d  to  reach.

Parasites  o f  T ,y ir  ida;. a reared la s t  year s t i l l  await ldent 
f i c a t i o n  they belong" to ihe  i-fymenoploroua fa m il ie s  Ichneumonidae 
and Braconidao and t o  the Dipterous fam ily  Tachinidae. Dr Wate 
aton and Major Austen, the a u th o r it ie s  on those groups at the 
B r it is h  BJuseun promise a report  at an ea r ly  date .

No p a ra s ites  o f  the T ortr ix  were reared th is  year , in 
Richmond park, at Esher and at Ashstead Forest the Tortr ix  attec 
broke down in  June, Hundreds o f  c a t e r p i l la r s  were washed to tti 
s o i l  by ra in  and were drowned, others c o l le c t e d  in these local 
t i e s  and brought to  the labora tory  f a i l e d  to fe e d ,wandered about 
fo r  a home and became f l a c c i d  and f e e b le ,  Mono reached the pUP 
sta ge . This dying o f  the c a te r p i l la r s  was ■confirmed in July
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in most l o c a l i t i e s  £rcm Surrey to  Hampshire few mothe were soon 
and th is  winter eggs are few and infrequent at Esher, Richmond 
Park and Bere F orest.

The importance o f  wot, c o ld , ,  spring weather in reducing 
the numberb o f  T .viridana is  oonfirmed by various workers. 
Ratzeturg was the f i r s t  to  o a l l  attention  to i t  in 1840, Garcia 
in Spain has doscribed  the co lla p se  o f  an outbreak la s t in g  from 
1883 to 1892 aB a r e s u lt  o f  a f a l l  in temperature accompanied 
by heavy rain  from May 6th to May 11th 1892. S i lv o s t r i  in 
I ta ly  observed the co lla p se  o f  an outbreak in Bolognola in the 
spring o f  1919 during May when the average temperature was 
2,2°G* and d r iz z l in g  ra in  f e l l  f o r  a fo r tn ig h t .

Supervision o f  Research.

The work o f  Messrs Chrystal and Fisher on the Chermesldae 
and Soolytidae has rece ived  due attention* Mr C h ry s ta l^  r e 
port c on h is  work to the S c ie n t i f i c  and industr ia l Research De
partment w i l l  be a v a ila b le  at the Research Meeting. Dr Fisher*£ 
reports  are at present in the press avfaiting publication*

I arranged f o r  Mr chrysta l to study the S i lv e r  f i r  
Chernies in  Denmark and a roport on h is  work there i s  in the hande 
o f  the Research O ff io e r  the Commission* Dr Fisher has now 
J e f t  my laboratory  to study, on my re©  mmendation, under Pro
fe s so r  S i lv e s t r i  o f  P o r t i c i  near Naples*

Miscellaneous*

Many minor studies o f  various insects submitted by 
D iv is ion a l o f f i c e r s  and cthere have been made. The studies 
are not s u f f i c i e n t ly  extensive to  bo termed research work but 
w i l l  doubtless form the ba s is  f o r  research at some fu ture  tdme*
As i t  now proves, advisory and routine work omployo most o f  my 
time and some tech n ica lly  tSainod assistance is  required to  oope 
with research  work* The programme fo r  next year w il l  include 
weevil work, studies o f  cock -cha fer  Chemes c o o le v i ,  Oak Tortrix , 
Pine T ortr ix  moths and MQgastlgmus.

1
The soope o f  work in those subjeots w i l l  be ra ised  in n 

d iscu ss ion  at the Research Mooting. Meanwhile some arrangement j| 
whereby proper care o f research work can be ensured during my 
absenoe from the laboratory  on f i e l d  work is  urgently needed.

J.W.M.

11 .11 .24.
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INVESTIGATION OF THE LARCH HYBRID.



LARCH HYBRIDISATION.

Notes on Experiments at Bommont F orest, 1924.

From the D ia ry , 

17th March.

19th March. 

21st March.

Observations commenced. In Shank Plantation the 
Jap. o^and g  flowers w ell developed and pollen  shed
ding. 17 year o ld .

Kale Banks. Jap. flowers os above, 14 year o ld .

N o ,I .  Flowers o f  European at various stages o f  
development but none fu l ly  out.

Shank Si£« European flowers not yet showing.
Jap, flowers shedding p o llen .

N o .I I .  Jap. (North Block) shedding p o llen .

N o.V III. European^ stages from bud to  f a l l  f low er .
cf not showing stamens.

Dean S tr ip .  S.W. exposure but at the same 
stage as in No.I and No.VIII. 
No flowers showing co lou r .

Kale Banks. Jap.^> and d  well forward.
Pollen  in c lo u d s . Many cm not 
quite mature.

22nd March. 

27th March.

No. I I

Grahams lav; G len .- Top End. European show
ing a few d* and g  f low ers.

North Block -  East o f  kennels. Jap. 
just showing, g  showing a l i t t l e .

Langdale’ a S t r ip .  At low end the European showing^

Caver's H i l l .  European showing^) fu l ly  developed

An old European showing both 
(w ell advanced) and o (very few)

Kale Banks East 

Kale Banks,

31st March. Kale Banks.

A Jap.with re flexed  bract scales 
giv ing a thatched appearance.

As fo r  27th March.

1st A p r i l .

Glen (Grahamslaw) N.E. corner. European w ell
developed.. Tree near centre 
sheltered and. showing r ip e  p o lle n .  
S light dissemination.
Attempted on 27th to p o ll in a te  
Jap ,o at Kale Banks with European 
pollen  taken from the above tree  
in the glen .

General Note. Though Japs, are shedding much pollen  
the flowers are at a l l  stares o f  dev el op meat.
Very few o flowers are. fu l ly  en.
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2nd A p r i l .

3rd A pril*
5 th A or It l ,

7 th A p r i l .

3th A p r i l ,

9th A pril  
10th "

12th A pril 

15th A p r il

16th A p ril  

17th A p r il

18th A p ril  

19th A pril ,

20th A pril .

21st A p ril,

llo . I .  near S .E . corner. European xo and cr^ just be-
ycnd bud stage.

No *11, Heather E lat . C o llected  some Jap, p o l le n .

N o .I I .  More Jap, po llen  c o l le c t e d ,
$ 0 .1 1 .  ,T̂ ore jTap. p o l le n  c o l le c t e d .N o .I I ,  N *.vj . some European p o llen  c o l l e c t e d .

Kale Banks. Old European showing fu l ly  developed o 
f low ers . The Jap, shoi?ed no increase^of 
o flowers with reflexed b ra cts .

S '

Glen (Grahamslaw). S ligh t  dissemination o f  European 
p o llen .

Cavers E i l l . European flowers well advanced,

No*II Heather F la t .  Jap, pollen  c o l le c t e d .
Very high S.V/. wind.

Shank. Jap, p o llen  c o l l e c t e d .

| Snow, h a i l  and s le e t .

. No. IX, Some protected  Jap. o flowers -  in  bud 
stage (see  F .) ^

. Kale Banks, Some o f  European ^  flowers empty o f  
p o lle n .  Jap. a*  apparently empty,
High wind.

. Wind not so high.

No. I ,  A European with white p flowers (see  B .) 
shedding p o llen  fa ir ly ^ p ro fu s e ly .

. No. I .  European Tfith red o flowers (see  A .) shed
ding p o lle n . ^
The Europeans on S.E. s ide  other tban the 
above shewing very s l ig h t  dissemination o f 
p o lle n .  The xo flowers in  various stages 
o f  development. Many are in  bud. On S.W. 
s ide  the Europeans are not so far  forward 
as the above.

. C o lle cted  pollen  from European with the white flowers 
(See B.)

» C o lle cted  po llen  from same.
V ery .s lig h t  dissemination o f  pollen  from European 
in  S.E, corner o f  Queen’ s S tr ip  (See D.)

. Kale Danlo, Pollen c o l le c te d  from European. Also
from those indicated  by B. and D. Fair 
amount o f  pollen  being shed from B.

, No, V III .  Increased dissemination o f  pollen  from
D.

No. I I .  Some Jap, flowers not yet fu l ly  out and
some ju st  shedding pollen  (Heather Flat), 
near Jap. H. which is  a lso  shedding 
p o lle n .



One o f  protected. yc< flowers o f  H dead, proba
b ly  due to f r o s t . '
Two o f  ;,o flowers o f  K dead -  f r o s t .
Top o f  h i l l .  Jap, po llen  shedding,
Two o f  ;<o flowers o f  L dead -  f r o s t .

25th A p r i l .  No. I .  Next Kasnowe F ie ld .  Profuse shedding o f
European p o llen  and many o '  flowers not
fu l ly  o u t .

27th A p r i l .  Kale Banks. One o f  pa ir  o f  Jap p flowers dead - f r o s t .

N o.II Heather F la t .  Several Japs, shedding clouds o f
p o lle n .

General N ote.

( Some Jap, xo flowers become "s la ted "  and others 
( show bracts  r e f le x e d .  Most European ^o flowers do 
( not show re flex ed  bracts and only a small number 
( have the "s la ted "  appearance,
( Query -  Are the "slated." flowers f e r t i l i s e d ?

European p o llen  shedding profusely  in  general. Some 
bright red flowers have become d u ll  and appear to  have 
been p o ll in a ted  e .g .  on Caver's K i l l  and Kale Banks, 
European trees  o f  a l l  ages, even in exposed s itu ation s , 
show flowers w ell advanced at th is  date.

Removed muslin covers on specimens at Kale Banks.

17th May* Covers removed from a l l  other flow ers ,

Note on P ollen  employed.

A» Japanese.

This was c o l le c t e d  on 2nd A pril in No.II Heather f l a t .
5rd " " No.II " "
7th " " No.II " "
8th " at Shank (10 year old)

The four were mixed.

B, European.

F irs t  c o l l e c t i o n  from B. in No.I on 18th April 
Second " " " " " " " 19th "
Third " " " " " " and from D in No.VIII

and. at Kale Banks on 20th A p r il .

The three were again employed mixed.

Note on Aspect. Exposure. S o i l  and A lt itu d e*.

Aspect and Exposure.

For trees  ind icated  by
A, B and E. These are situated  on a r idge  top and the slopes

aro to  the South East and 1. orx.h •< e s t ,
■Their particu lar  exposure i s  S„F:, ( s l i g h t l y ) .  
S h elter  is  afforded from a young p lantation  o f
12 year old Scots un<? Spruce.,



D. The s lope  Is 1T.E. and N.
The tree  has exposure to  N.E, where a young 
p lantation  Is r is in g  as s h e lte r .

C. Aspect s l ig h t ly  S. E asterly .
Exposure o f  tre e  -  E asterly . Bead o f  tree  w ell 
exposed but young p lantation  r is in g  as sh e lte r .

General aspect -  slope very s l ig h t ly  N.Westerly 
P a rticu lar  exposure -  n i l .

p

G. Aspect -  s lope very s l ig h t ly  S. E asterly . 
Exposure -  n i l .

Ii. & I .  Aspect -  f a i r ly  le v e l  area with tendency to  a
S.E, s lo p e .
Exposvire -  n i l ,

J , Aspect • s l ig h t  S .E .s lo p e .
Exposure -  w esterly ,

E. Aspect -  N.W, s lo p e .
Exposure o f  K, n i l ;  o f  Block N.W. sh e lter  r is in g .

L,M,N. Aspect -  W, with very s l ig h t  s lope .
Exposure very s l ig h t  to  S.Vi. to  r id e .  Plantation 
on op posite  s ide  o f  same age.

0* Aspect -  S.S.W. gentle  slope to  r iv e r .
Exposure * n i l  in  a f a i r ly  deep v a l le y .

Noto on S o i l ,

Gonorally i t  1b s la g  on sandstone pan (o ld  red form ation). 
When denuded o f  f o r e s t  i t  reverts  t o  heather with some shallow 
dry peat. Specimen 0, is  perhaps on r iv e r in e  s o i l .

Note on A lt i tu d e .

Among the trees  treated  during th is  experiment the one at the 
highest a l t i tu d e  is  K. and that at the lowest is  0. Exclusive o f  
0 . the d i f fe r e n c e  between the a lt itu d es  o f  a l l  treeted  specimens 
i s  not very great and i s  w ithin  the l im its  o f  60. A ltitude o f  0, 
is' 200 and K. is  600*. Most l i e  between 550* and 6GO*.

Note on Exposure.

The exposure may have the greatest in fluence  on the times o f  
flow ering  o f  the larches within the area. The te s t  o f  a lt itu d e  
i s  to o  l im ite d .

Number-of cones fo r  trees  with protected  flow ers.

A. 2 )
B. 4
C. 9 ) European
D. 3 )



F. 2
G. 6
H. 4
I .  1
J * 2  /  T „2. ) Japanese
l I 3 )
M. 4 )
N • 3 )
0 . 3 )

Number o f  cones f o r  trees  with unprotected flowers 

A* 1 European.

E. 2 ) 
I .  1 ) Japanese. 
J .  2?)

H ybrid isation  o f  Spruces«

Experiments with the same care have been carried  out with*

T

p* s itch en s is and P. excelsa

p. alba and n ti

p. excelsa
X °

and P. alba

5-
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