The Diameter-Increment of Trees.!
BY
A. W. BORTHWICK, B.Sc.

There are two methods, apart from the use of callipers, by
which the diameter-increment or rate of growth in thickness of
trees can be ascertained. One of these—the tape-method—
has already been described by Dr. Christison ; the other is by
use of a very simple instrument invented by Pressler, and
known as Pressler’s increment-borer. By means of this instru-
ment cylinders of wood about a quarter-inch in diameter and
from two to six inches long—according to species—can be
extracted, and upon these the breadth of the year-rings may be
measured. In order to allow for any eccentricity or irregularity
of growth it is safer to take the mean of four cylinders, one from
each end of two diameters at right angles.

The great difference between these two methods is that the
tape-method requires a very considerable period of time in
order to get reliable results, as we cannot draw an average
from one or two season’s growths. In very few cases have
careful measurements extending over a long period of time been
carried out, but in the whole history of British arboriculture
there is no place where more extensive and careful girth-
measurements have been made than in the Royal Botanic
Garden, Edinburgh.'

By the kind permission of the Regius Keeper I have
had the rare opportunity of testing whether the increment-borer
would yield the same, or approximately the same, resul were
obtained by Dr. Christison by means of the tape. The trees I
examined were those measured by Dr. Christison, and the

! See Notes from the Royal Botanic Garden, Edinburgh, Number I11.
(1900), p. 41.

(Notes, R.B.G., Edin., No. V, 101,
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numbers attached to the trees are those of his lists. In many cases
I was able to extract cylinders fully five inches long, and in no
case less than two inches. The length of the cylinder is, how-
ever, not necessarily an indication of the number of year-rings in
it. A cylinder five inches long from a broad-ringed or fast-
growing tree may contain no more or even fewer year-rings than
a cylinder four inches long from a narrow-ringed or slow-growing
tree. The greatest number of year-rings extracted was forty
from a horse-chestnut, while fifteen to twenty-five was an easily
obtained number from other species. (See Table 1.)

The breadth of the year-rings sometimes varies greatly on
different sides of the same tree, especially in isolated trees which
have not been grown in the company of other: This was
well shown on many of the cylinders, so that cylinders of the
same length from different sides of the tree do not necessarily
have the same number of year-rings, and conversely cylinders
with the same number of year-rings are not necessarily of equal
lengths.  This can be seen from the accompanying Table 111.

Having got the four borings I counted off the number of year-
rings in each. It was generally found that one of the cylinder:
showed a smaller number than any of the others. I therefore
marked off this number ( say #) on each of the other cylinders,
disregarding any that were left over, as they did not come into
consideration in making out an average. Having done this, I
next found the aggregate length of the cylinders for this number
of year-rings, and by dividing this by two and subtracting the
result from the present diameter (bark included) I obtained the
diameter which the tree had as many years ago as there were
marked off rings in the cylinders. I next subtracted in succes-
sion twice the mean breadth of each annual ring from the
diameter of the corresponding year, which gave the diameter of
the preceding year. This operation gave the intermediate
diameters and again the diameter # years ago.  The first opera-
tion was an excellent means of checking the second.

It was then an easy matter to get the circumference for each
year from the diameters. By subtracting the circumference for
a certain year from that of the year following I got the circum-
ference increment.

On comparing the results obtained by both methods—tape and
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borer—it is extremely interesting to find how closely they
coincide. The actual figures are not the same, because the
borings were not taken at the same level as the tape-measure-
ments. I purposely took them slightly higher or lower as seemed
expedient in order not to interfere with the marked circumference
measured by Dr. Christison.

Although the actual figures for each separate year do not
exactly coincide, still the mean or average increment for a period
of five or ten years does correspond very closely. In order to
show the parallelism between both methods 1 have arranged the
final results in adjacent columns in the appended Table 11

It has been suggested that the increment-borer might damage
the trees, but if care is taken to properly fill up the holes no
danger can possibly exist. I may also point out that a very
short time is required for the tree to naturally occlude such a
trifling wound as the instrument makes. In almost every case
the trees which I bored in the spring of last year were occluded
by the autumn of this year and scarcely any trace of a scar
remains.

The increment-borer can also be used in pathological work.
For example, in making artificial infections, in order to study the
course of development and effect on the tree of any wood-
destroying fungus, there is no better method than to introduce a
cylinder bored from a diseased tree into a healthy one. It is
then an easy matter to extract cylinders from such an artificially
infected tree at different times and from different parts, and thus
get exact information regarding the rate at which the disease
spreads and the various pathological appearances presented by
the wood as the disease runs its course.

In determining the age of trees, if the diameter is not mort
than one foot the number of year-rings on an extracted cylinder
ble to bore right into the

will give this at once. If it is not poss
centre we can still obtain the number of year rings on a certain
length of the radius and from this compute the probable amount
on the whole, always taking care to allow for the greater year-
ring breadth near the centie of the stem. In many cases the
pith is eccentric ; if, therefore, we bore four cylinders in the radial
direction one of them is generally found to reach the pith even
though the diameter of the stem be more than one foot.
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The relation between the wood-mass of a tree and the time
taken to produce it is a subject of considerable scientific and
practical importance. No matter whether the trees are grown
for ornamental or economic purposes, a knowledge of the relation
between time-increment and volume-increment cannot fail to be of
great service. The proprietor of parks and ornamental policy-
grounds is always interested to know how his trees are doing,
whether they are still increasing by growth or are already mature.
On the other hand in economic forestry it is essential to know the
amount of timber which is or can be produced in a given time
under certain climatic conditions and sylvicultural treatment,
otherwise financial calculations cannot be made with anything
like the degree of accuracy which the case demands. The
manifold external conditions influencing the growth of trees and
plants in general make it well-nigh impossible to lay down any
definite rules which are generally applicable for all species. A
tree which is a fast grower in one locality may behave very
differently in another, hence it is necessary for accurate results to
collect statistics for each locality.

At present the German yield-tables are used in this country,
and for general purposes are found to be approximately accurate,
but the mere fact that in Germany local yield-tables are found
to be necessary shows that the general yield-tables are not
indiscriminately applicable. Our climate being an insular or
milder and moister, is bound to have a different effect on tree-
growth from the continental climate of Europe.

If statistics were collected, especially for the Highlands, to which
the German yield-tables are probably least applicable, they would
be of great service to the forester, especially in making out
working plans to guide the future management of the forests,

[TABLE.
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s
DIAMETER-INCREMENT AND NUMBER OF YEAR-RINGS
BORED.
Increment in
Inches. No. of Rings.
Aisculus - - - - 944 40
Carpinus Betulus - - - - 201 20
Castanea vesca - - - 7'58 28
Cedrus - - - - - 882 23
Fagus sylvatica - - - 391 14
» T Sl B s 371 14
Fraxinus excelsior - - - 339 12
Liriodendron - - - 317 21
Quercus Cerris - - - 205 12
» V T = 454 12
Taxus - - - - - 362 28
Tilia - - - - - - 1'74 20
Ulmus - - - - - 706 15
LIS

COMPARISON OF DR. CHRISTISON'S RESULTS OBTAINED BY

TAPT
R'S BORE

WITH THO:!

OBTAINED BY M

CARPINUS.

165

Circum. Diff. = - 25 ‘ Circum. Diff. -

Diam. Diff.2 ‘08 | Diam. Diff -

Mean Annual ]_)\H”f 008 | Mean Annual Diff =
! Measurements in both cases are in inches,

e Circumference-Difference has been divided in cach case by 3
the Diameter-Difference roughly, but near enough for the present purpose.

‘02

This gives
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CASTANEA V

Tape.

60
675,

1'00 - -
‘60 = =
‘90 - -
‘90 E A
40 . ¥
-80 c =
45 y &

55 %

695

Circum. Diff. = s
Diam. Diff. = - =
Mean Annual Diff.=
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FAGUS SYLVATICA

Circum. Diff. = -
Diam. Diff. = - -
Annual Mean Diff.

Borer.

016

DIAMETER-

RUS ATLANTIC

Circum. 1
Diam. Di
Mecan Annual Diff.=

FAGUS SYLVATICZ
Tape
80 = L
‘95 »
‘95 = = =
90
90 )
90 p
% -
90 - < :
1'1o - - -
90

920

Circum. Diff. = -
Diam. Diff. = -
Annual Mean Diff

A

Borer.
109
1'16
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_ raxinus ex | LIRIODENDRON.
Tape. Tape. Borer.
: Ay 40
- | 40 - ‘31
it AT R
g - - = ‘50 - - 53
130 : 109 O5ERi = 33
1'10 - =t 1 40 - ‘50
120 X 125 75 5 = 3 43
125 ST T s 35 - o e
3 % = 40 = = = 37
- - 25 - - - 21
485 466 485 410
485 485
466 410
Circum. Diff, = 19 | Circum. Diff, . 75
Diam. Diff. = ‘06 Diam. Diff. - 25
Mean Annual Diff.= 006 Mean Annual Diff. = ‘025
QUERCUS CERRIS QUERCUS CONFERTA.
T'ape Borer. Tape. Borer
70 5 47 30 7 U35
45 - 927 75 125
65 56 5 ¢ 194
50 47 O o 3 1’57
70 ‘47 ‘75 1'66
85 - ‘62 30 1'79
70 - 62 - .
5500 47 - -
80 - 65 - -
60 65 - & .
650 5135 06y
650
535
B |
Circum. Diff. 2o rrs | (Cireum, Diff =iz
Diam. Diff. - '35 Diam. Diff. = -
Mean Annual Diff. = ‘035 Mean Annual Diff. =
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Taxus.
Tape. Borer |
40 5 = 87 |
‘60 - - sor |
55 - 47 |
55 . 40 |
45 - - o3t |
45 : 40 |
45 - 40 |
40 - o3 |
155 b 27|
20 = 3 34
455 i
|
Circum. Diff. = - 68 |
Diam. Diff. = - - 22
Mean Annual Diff. = 022
ULm
Tape.
g e =
180 - - -
175 - g
I'50 - - -
1'30 - - -
1'70 - - -
6o - - -
205 - - -
17
135 = = =
1655
Circum. Diff. = -
Diam. Diff. = -

Mean Annual Diff. =

TILIA.

Circum. Diff. =
Diam. Diff. = =
Mean Annual Diff, =

us.
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111
DETAILED RESULTS OBTAINED BY MEANS OF PRESSLER’'S BORER
SCULUS HIPPOCASTANUM.
Diam. Inct. for 40 years=944, Dfam. in 1899=1716. Diam. in 1859=7-72.
e T T
Year S. | E. | W.|Sum.{ Diameter| C Increment.
Vulg. | Decimal ‘

8 ‘ % | s ‘ 25289680 1036128

s % | su | 26dme6 | 1130976

| 39 880 27646080 1225224

i ‘ 37 | 927 } 28808472 1 1162392

| @ | ow | 29813788 1005312

2| ve | 311356 1319972

] ‘ 31 1028 i 32295648 11162392

¥ 37 1065 33+458040 1-162392

| e 103 | 3651848 | 1-193808

o 32 ‘ 113 | 35657160 1-005312

1 33 | 168 36693888 1036728

| 39 | 1207 31919112 1225224

} 3 1242 | 3vo18072 1:099560

§ 3 1279 40181064 | 1162392

G| ow | we | coms | o

n| » 1382 43+416912 | 1068144

" 33 1415 44:453640 | 1036728

4 3 1949 asse1Te | 1068144

v | w | aees | osese | vossi

& | 28 | s | 47-469576 879468

‘ 24 ‘ 1535 | 48-223560 | 153984

W o| 28 1663 49103208 ‘ 879648

v | e | s | s | i

N 20 | 1608 | 50516928 ‘ 628320

R 21 1629 514176664 659736

a 11 ‘ 1640 51522240 -345576

Vs a I 1651 51867816 305676

' 12 | 1668 52204808 376992

L 09 1672 52:527562 382744

2 o7 ‘ 1679 52747464 219912

9u | % &
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AESCULUS HIPPOCASTANUM— Continued.
ol ] Average j 4 k
Year. [N.|S. | E. | W i>um - | Diameter | G ‘ Ircamfereno
Vulg. | Deeimal
| e 1685 | 52813128 125664
vl ow lows | oo | 00
Vs 1 06 1692 | 53155872 ‘ “188496
s ‘ 03 1695 | 53250120 094248
" 05 ma | 53438616 *188496
ay o 1706 ‘ syeee | 167080
& 04 17-10 53721360 | 125664
v 03 1713 } 53-815608 | 094248
v B 17116 | 5490085 | 094208
| 9u | 4
CARPINUS BrETULUS, NO. 33.
Diam. Inet. for 20 years=2'C Diam. in 1899=17. Diam. in 1879=14-99.
Average.
Year E.|W.|Sum. = Di zr LI{S::’;L?;:I;‘“
| ‘ | Vulg. 2vmml. |
1880 i | 09 1508 47-375328 282744
1881 gt | 09 1517 47658072 282744
1882 i 11 1528 48-003648
1883 [ w | B | wu 48:412056 408408
1884 | & | # | 43820464 408408
1885 | &4 ] ] 12 1566 49197456 316992
1886 | & | d i 1 | | 08 1574 49-448784 251328
1887 i | & i i 1 12 1586 49:825776 316992
1888 AEAE| A 10 1596 50139936 314160
1889 | & | & | i ‘ o ? % -10 1606 50454096 “314160
100 | A A [ | 12 | 1618 50831088 376992
1891 | & || S| 4 09 1627 511113832 282744
1892 | o | | | & | M i 10 1637 51427992 314160
1893 & | &4 & it $ 12 16-49 51804984 +376992
1899 | & [ i | 4| M 13 1662 52213392 408408
1895 | & ! # & v 07 16'69 52433304 219912
1896 Y R I 10 1679 52747464 +314160
1897 | & | A i k) 119 1689 53-061624 +314160
1898 | & [ d | o || & o 06 { 16°9% 53250120 188496
Bl Bl v 05 ! il 53407200 167080
PR e .| 2o 5 s &
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CEDRUS ATLANTICA, No. 30.
Diam. Inct. for 23 years =8'82. Diam. in 1899= 1843, Diam. in 1876=961.

| Average.
W.|Sum.|— T L or Treremen
Val. | Decimal.
I |

LR I 1003 ssize | 1319472
iU 55 1058 33238128 1721980
g | 4 | #s | 1o | 3essess 1445136

T TR s0 | s 3250068 | 1570800
tu| | | 2w 37699200 1445136
16| A 49 1249 | 3o23ses | 153384
Hin| v | w0 1289 | 40495224 | 1256740
M| ow | ou w | ww | wome | 1
W ow | | a2 1379 | 43322664 1319472
M 1| 2 | u ‘ 44°642136 1:319472
wln | we | e 1319472
H { | = 1498 47061168 1099560
wlon| e s | w3 | aszao | viexe
M|t % | 3 | 157 | e93esss | 1130976
| 3 1604 | S0%01264 | 1036728

Ml o] o 38 1642 | 51685072 | 1193808
wla| s | w | ea ‘ 563124456 | 14539384
Wl | nw | e 1 13| 6aeeesee | 1445136
4 3 1773 ‘ 56700568 1130976
& [ i e | 56061 345576
il 16T PR BoL | 56580216 534072
o 8| 4 21 w2 57230952 659736
o u| 4 2 | 1843 ; 57899668 659736

|
|
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Diam. Inct. for

Bor

HWICK—THE

28 years =158

CASTANEA, No. 4.

Diam. in 1699

DIAME

Diam. in 1871=20-92.

E
Year. | V.| 8 |
el

Circumferency

67:0103;
68141304
68801040

70-0262

711125824
12225364
13324944
14-361672
5398400

T1°283360

81'656036

5017008
86:676744
87210816
811372
88104624

6938696

1099560
1:099560

1036728

*816816

1256

18:400

816816

659736

534072
502656
691152
534072
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Facus, No. 7.

Diam. Int. in 14 years =3 91, Diam. in 1899=3052. Diam.

Average |

Year. | N.[ 5. | F.[W. [sum Diameter Circumference, (Cireumference
| Vulg. | Decimal | |

o |olalalula| vl = o064

P A e i 1088144

1 | aau| u 8 |

1889 N & T " ] e

181 | & fu ula]| n 1 29 21000 911064

2 |4 ululal ; ’8 2003 91200641 579648

w9 [aluliels] ul .




Diam. Inct. for 14 years=371.
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Facus, No. 8.
Diam. in 1899=264.

DIAMETER-

Diam. in 1885=

69,

|

Averag

Circumference]

—C — [Diameter.(CircumferenceCireumieren:
| Vulg. | Decimal. |
188 | u| n | 25 | 2293 | 7:068304 | 78400
w9 |alalnla w | ou B | e | e | 7ot
s |4 a il u 3 2348 TEAee | 973696
ol |84 & | 973696
AEIRANAET 9738
o & M|alw 879648
AEARI AN 912480
18 |&laluial s % | 29 78414336 | 87618
1894 v & |l & % IH 23 2519 79176901 | 722568
o lalsulal % 23 2542 | 1985012 | 122068
[a|alw|m] | o W | wm | e [
ks o lie ey | 21 2593 | 81461688 659136
slalala e | % o1 | eeu | s2121m 659736
winlal g (| 5y 26 | 264 82938210 8.6816
)
FRAXINUS EXCELSIOR, No.

Diam. Inct. for 12 years =339, Diam. in 1900=6:. Diam. in 1888=341

Vulg. | Decimal. |

Average. |

cumference, (Circumference
11718168 1105312
12-723480 1:006:12
13-823040 1:099560
14-922600 1°099560
16-053576 1130976
17310216 1°256640
1840976 | 119960
etz | 56T
1960381 | 302
19980576 317002
20608896 628320
288 121392

33|
X 405
w0 |
35 415 |
% | 0
10
2 |
| 1 | e
| 2 | e :
i 0 | 6%
|
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LIRIODENDRON, No. 6.
Diam. in 1899: Diam. in 1878=24-83.

Average. |

Sum{————_IDiameter | Circumference.[Circumference

| “Tnerement.
Vulg. | Deci

19262568
79796640 30072
8026788 411240
80770536 5024
81367410 596904
901612 | 634072

824356581 534072

2645 £83:096320 659736

2658 83503728 | 4084C8
83617888 14:60
81414792 596904
81918864 634072
85:388688 339824
85891344 502656
£6'331168 139824
86710992 439824
87147964 316992
8136769 219912
87587808 21912
87-961800 316992
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QUERCUS CERRIS, NoO. 63.

Diam, Inct, for 12 years= Diam, in 1899 Diam. in 1887=2015.
[ [ = |
E W, [sum|—— " |piameterCircumferenceCifcumterencd
o P
L N Y O O R ) 63774480 1240
1889 | || | v | o ‘ 2042 ‘ slslnz | 36002
1890 | & | & | @ ‘,‘ ! ‘ Y 18 2060 61716960 565085
1892 o ‘ i 8 2090 | 65659440 471240
18 |4la|ala)n| u 2 | 210 66287760 628320
8 |5 falala " w | nw | eoem | e
185 | & || d] [ a5 | ass ‘ a0 | amzw
19% & |alale g ‘\ 21 2166 | 68047056 659736
1897 | G [ [ | & : 2 2181 | 6806192 659736
1098 | 4 || | & A | s 2202 69178032 471200
19 || alala { 18 22 69743620 565488
| [
| | | |

Diam, Inct. for 12 years =454,

QUERCUS CONFERTA, NO. 54.
Diam, in 1899=14'5.

Diam, in 1687996

— ,‘Dumem

Circumference]
Increment

B Circumfe

nee.

Vulg. | Decimal, |

? 3 | w030 | seeiees 1:350888
) 0 | 107 | 3sseme 1256640
@ k war | 35845656 197792
: 50 | e 31416466 1570800
) 5 | 12w 39081504 1685048

i o | o | eosmee 1190M12
3 B3 | 134 w2318 1350888
" 1378 43291248 1068144
W wor | aezozsie 911064
d 15 | 12 | e | 4mize0

wo|om | 143 5019128 | 34656
1 1| ws0 | oessss0 | suor




INCREMENT OF TREES,

I'1L1a, No. 2.
Diam. Inct. for 20 years =174, Diam. in 1899=26. Diam. in 1879=2426.

\ I | avesge ‘ | ‘
s. | E|w.|sum.| D ..! ;

G
| Increment.
Vulg. | Decimal

76592208
4952

77189112 314160
17628936 439624

314160

219912
78:382920 219912
78:6970:0 316160
78885576 188496
9828 | 094248
79199136 219912
19482480 282704
79-796640 314160
80079384 282744
50424560 345576
80676288 261328
80959032 282100
81273192 314160
81555936 282744
81631600 125684
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Tax 0. 41.
Diam. Inet. for 28 years =362, Diam. in 1699=24. Diam. in 1871=20T8.
T

| _

Diameter.| Circumference,Cifcumferenc
ue«..”..u‘
| m 6581652 534072
15 6628776 41124
15 6675900 anas
12 | 67135992 316992
12 67512984 316992
12 67889976 316992
15 63361216 | -4m2e0
13 68769624 | 408408
1 6920448 439824
12 6058610 | -3TeSR
-. u | 10026264 439624
. 0465068 439624
1 71000160 534072
s 13 T
14 1848392 439824
1 193968 345576
12 725700 316992
16 73073616 502656
15 135486 | 4Ti20
w | lalalals W 13 73953264 i 408408
1we la|alalal u| 10 726724 | 314160
188 |a|a|alal ul| M RER ] 6T 408408
80 | alalala Ve 13| 239 75084240 408408
185 | & |ala|a g 0 | 2000 5398100 | 314160
1896 | |5 | a|a s ' 2 | 212 75775392 376992
v alalalalul s 1 223 76120968 345576
1008 |a a4 | W 0 | 203 314160
1 | Al e | 0| e | zem2
| | e | |
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ULMUS MONTANA, NoO. 93.

. for 15 years=T-16

Diam, in 1900=11.

Diam. in 1885=384,

Average.

Vulg. | Decimal.

| |

|
Diameter.| Circumference.

a4z 13885872
496 | 1558233
549 17207384
618 19415088
673 | 21142968
731 22965096

24:315084
| 2ssse18e
27080592

| 26023072

i 94z | 292

O R —

[

| 108 ‘ 33458040

| | a5

=
Increment.

1622128
1696464
1665048
2167708
1727680
1622128

1-349888

1445136
1256640
1162392
1099560




