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THE RELATION RETHEEX THEY STRUCTURES

OF SOK¥E CONIFEROUS FHOODS AND THEIR PENETRATION RY FKESERVATIVES.

The incentive for the work which I have attempted on the relation,
if there be any, between the microscopic structures of some of the soft
woods ana the dedree to which they are penetrated by creosote oil, was
furnished by one of the conclusions reached by Teesdale (1) in his work
on that subject. The conclusion was as follows;

"Phe results obtained with a ¢iven species of wood canﬁ%fzgé ap-
plied to another species,however similar in structure the two may be.
This fact is strikingly evident in the treatment of heartwood larch”
(Larix occiaentalis)"and tamarack”(L. lartcina). Teesaale treated three
pieces of each species under identical coﬁditions and reported the re-

sults as follows;

L. occidentalis. Average londitudinal penetration 3.17 ins.
Average radial penetration 0.09 ins.
L. laricina. {verage lond¢itudinal penetration 0.84 ins.
Averade radial penetration 0.04 irs.

Penhallow (2) describes these two species as fellows;
Larix occidentalis ANutt.

"PRANSVERSE., Growth rinés usually broaa, the dense and prominent
summer wood about one half the spriné wood, from which the transition is
abrupt. Tracheids of the summer wooa larg¢e, sjyuarish, in redular rows.
Tracheids of the spring wood very larde and thin walled, squarish hexa¢-
cnal, in very rec¢ular rcws, rather uniferm. Yedullary rays preminent,
rather resinous and brocd, one cell wid;? distant 2-6 rows of tracheids.
Resin passad¢es few, lardge, without thyloses, the epithelium narrow, rather

thin walled, the nutritive layell thick walled and resinous. Kesin cells

101905 .



vicely scatterea on the outer surface of the sumner woea, but reaaily
recognised by their abunaant resinous contents.
FADIAL. Fays congpticuausly resinous thruout; the tracheias rerrow and
marsinal, rarely intsrspersez. Kay cells chiefly straicht theuout and
equol to 3-2 spring trachetas; the upoer ana lower wells ohiefly thick
and unequal, sparingly pittea thruout, more stronély sa in the summer
weaa, the terminal walls coarsely pitiea thruput, the lateral walls
with elliptical aend aistinctly borcerea pits, with @ narrow; chiefiy
eblong or lenticular orifiece, numeraus, at firse 6-& per tracheia,
soon greatly reaucea in size, and in the summer weod abruptly 1 per
tracheia. Foraerea pits conspicuausly in 1-# raws, more rarely in one

row only, elliotical, the orifice very larce. Fits an the tandential
walls ef the summer wooa rather numereus but small ana often aobscure.
Fesin cells about 14.5 microns wiace and 60 -150 microne laeng.
TANGENTIAL. Kays rather numerous, ilow to very hish., Fusiform rays
with a lerde reein canal without thyloses, the epithelium eslis thick
wallea, Ordinary rays often very hi¢gh, chiefly vetry uniform, ana net
contracted at the positien af the rarely interspersea traecheias,; the
parenchyma celis rather unequal, sometimes in pairs, oval or oblong,
somewhat variabile.

Larix americana Nichx, (L. laricima (Lurci) kaech)..
THANSVERSE, Growth rings rather broad aena uniform, spwetimes

aouble. Suwmmer waoa rather aenge; about one fourth to one half the
epriné wooa, from shich the transition is either graaual ar abrupt;
the trecheids emall, censricuously unequal, ane mot in very retuler
rows, distinctly rounded. Spriné tracheias leree, heéxagonsl, raaially
elantatea, thin. lkeaullary rays promiment, broaa, one cell wiae, ais+

tant 2-8, rarely more, tracheios. Fesineus passagses large, sequal to
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devoid of thyloses, the epithelium cells flat, rather thin wallea, the
nutritive rarenchyma scanty, thick walled, not very numerous, chiefly

in the summer wood. Resin cells few, widely scattered, on the outer face
of the summer woad, non resinous, distinguished by (1) their thin outer
walls and advanced position, and (2) by the sieve plate structure of the
terminal walls.

RADIAL. Rays somewhat resinous thruout, the tracheias prominent, numer-
ous and marginal. Parenchyma cells straight or barely contracted in the
summer wood, the upper and loser walls thick, unegual, and usually
sparingly pitted,; the terminal walls coarsely pittea thruout,; the lateral
walls with aistinctly borderea pits, tke narrow orifice chiefly oblong,
2-6 per traocheid, becoming distinctly smaller tward the summer woed,
where they are abruptly reduced to 2 and finally L ner tracheid. Ror-
dered ptts in 1 or 2 rows, large, ellipvtical, becoming smaller and

round tward the summer wood. Pits often showingé an equatorial band..

Pits on the tanggntial walls of the summer wooa numerous, small, approx-
imate, on the outermost trackteids only; The outer summer tracheids often
show a marked tendency tward the formation of spirals. Resin cells 15
microns wide, about 125 microns long.

TANGENTIAL., Rays numerous, medium to high, srarirély resinous. The
fusiform rays with a broad central tract and a larde resin camal with-
out thyloses. The orainary rays ratker broad, sometimes 2 seriate in
part, the resin cells thick walled, chiefly ratkter equal, uniform,oblong,
more rarely oval. Rays somewhat contracted at the position of the nar-

row and Ilnterspersed tracheids.”



A careful compdrison of the foredgoinéd descrirtions shows that
in thc transverse sxctions the tracheids of the summer wood are larger
in Larix occidentalis than they are in larix laricina. It has been
found to be a fact in wooa preservation thzt the dense summer wood of
some species, notably of the hara pines, is much more easily penetrated.
and absorbes mare creosote than doed the more open srring wood. The
presumea cause for this difference is th« preszmce of resin passades
in the summer wood, however. ¢iven resin pa:ysad¢es in the summer wood
of both L. laricina and L.occidentalis, the larger tracheids in the
latter may be a contributing factor in it's eas.ier penetration.

The radial ana tangential sections, according to the descriptions,
show no appreciable differences, at least no differences which would be
active in assisting or retarding the penetration of preservatives.

43 the wcod of conifers is made up almost wholly of tracheids,
some of these at least , are analad¢ous to the tracheary system of the
4n¢iospermous woods. The question of the penetration of preservatives
into wooa resolves itself into two preblems; first, the structure of the
conducting system of the wood, and secand, the penetradbility of the cell
walls. PRoth Railey (3) and feesdale (4) have shown that the rassade
of creosote oil thru the cell wall is practically negli¢ible. Therefoee
M remaine to be nmade a detailed stuay of the individual tracheias of
L. laricina and L. occiaentalis with reference to their role as con+
ducting structures. Thispthen,is the point fron which the problem has been
attacki,and though I consider it by no means solved, as. that would take
much more time than was available, the results ¢ive an inaication as to
what the structural aifferences may be which cause this seeming paraaox

in penetration .



The Kethad of Investid¢ation..

Typical specimens of Larix laricina and L. occidentalis were 8e-+
curea thru the kindness of ¥r. H.D. Tiemann of the Forest Products
Laboratory at Kadison, Kisconsin. That of L. laricina was a piece
from the collection of "Commercial Woods of the Unitea States”" pre-
pared by the Forest Service, while that of tée L. occidentalis canme
from the caollection at the Laboratory @&t Xadison. Small pieces of
each wooda, about the thickness of a toothpick and 3/4" to 1" long
were split from the specimens and macerated by Schultzeg method®.
However instead of using all nitric acid as Schultze did, ] used about
1/4 water, applying more heat and lenéthening the time of maceration,
thus being able to control the process to a ¢reater extent than with
strong acid. After maceratiaen the tracheids were boiled in water for
a short time to exrgell the acid and air. The macerated material was
then rlaced in a vial and used as needed. Small amounts of the wood
from the vial were carefully separated into individual cells with two
needles and usingé a dissecting lens., Only one tracheid was mounted on
the slide at a time and was placed in just enout¢h water to hold the
cover ¢lass down. The water dradually evarorated and it was found
that the parts of the indiviaual pite were easiest to see at the time
when the water was leaving them.

All measurements of tracheid lendths were made in sSpaces of the
ocular micrometer usint the 16 mm, objective. Such a space on the micro-
scopne employed was equal to 0.00845 millimeters, The remaining meas-
urements werzc all made in spaces of the ocular micrometer using the
4 mm, objective. Such a space on the microscope used was equivalent
to 0.00191 mm. At the concluston of each set of measurements the average

was secured and translated inta terms of millimeters. From these measure-
*ChamberIain, C.J. Methods in Plant Histology, P. 109,
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ments there were calculated the faollowing;

(1) The renetrable bordsred pit area.

According to Railey (3) the bordered pits are the means of .ras-
sage for liquids ¢oind from one tracheid to another. Not all of the
bordered pit,however, is available for this purpose. The accompanying
diagram shows the various parts of the boraered pit both entire ana

in szction.

A, surface view of bordered pit. F and C, sectional views of
boredred pits. PRr, embossed or boraered area of s:«condary wall.
Oe, pit or orifice (mouth) in the secondary wall. HKe, membrane.

Ts, thickenea area of membrane, or torus. (After Railey).

Accordingé to PRailey(3) the only part of the boraered pit structure
which functions in the transmission of preservatives is the pit membrans,
less t he torus,which is locatea in the center of the same. Afdter
wood s seasoned, this membrane, from the torus to the edde, is composed

of a number of raaiating ribbons so shrunken that there is actual



space between them. This area of raailating ribbons is what I have
adesgiénated as "the penatrable bordered pit area’..

In oraer to compare the the penetrable bordered pit area of ane
wood with that of another it is not enough to determine the renetra-
ble bardered pit area of an averade tracheid of each., To make this
comparison the length of an averade tracheid, in millimetsrs, was ai-
vided into the average number of bordered pits per tracheid ana the
penetrable bordered pit area of an average pit was then multiplied
by the quotient obtained. The result waa'}he penetrable bordered pit area
per millimeter of tracheid lengtht This wae then direectly comparable
to the same lendth of tracheid in any other species.

(%) The simple pit area.

Here the averade area ofa simple pit was determinea, and then nmul=
tirlied by the averagde number of simple pits in a tracheid. Then,by the
same method ag described for the penetrable bordered pit area,'}he simple
pit area per millimeter of trackeid length”was asxcertained.

T'he preliminary tables of measurements on Larix laricina ana L. occ-

cidentalis are as follows; (See next pade).
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TARLE I.

Larix

Length 500 390 600 456 510
Diameter 43 82 40 45 36
No. bord.

pits. 186 188 2,27 1e5 200
Pit diam. 12 12 12 12 12
Torus diam.8 8 8 8 8
Mouth diam,4 4 4 4 4
No, simple

pits. 325 330 269 197 225
Av. simple

pit area. 2 2 2 2 2
No.reys

ocrossed. 8 8 8 5 ”

The penetrable borderea
Av. area of 1 pit

Av.. area of torus

Penetrable area of 1 av. pit

Av. ne. pits per tracheid

Penetrable area of 1 av. tracheia
The simple pit area is;

Av. area of 1 pit

Av. na. plits per tracheia

Simple pit area per av. tracheid

laricina(heartwooa)

b9

40

16

12

28

Forest Service spécimen.

7 & 9

10 ao.
O 440 485 440 440 470
40 40 42 38 40
8 216 206 128 166 187
1% 12 12 12 12
8 8 8 8 8
4 4 4 4 4
1 246 250 283 234 264
2 2 2 2 2
8 4 7 7 n

pit area is;

0.00038 sqg., mm,

sq. mm.

sqg. mnm,

0.000007 mme

264
0.001848 sq.

8Q.

Mo

mme

8.,971560

0,07640

0.0229%2

0,08528

0.,00764

0.,000007

The penetaable bordered pit area per mm., of tracheid is 0.00912 sq.nm

The simple pit area for the same unit is

0.000462 8g. mm.
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TMBLE II.
Larix occidentalis(heartwood) Forest Service specimen.
1 2 3 4 5 6 7 & 9 10 av.
Length 650 6510 630 620 610 450 6520 620 600 600 661
Diameter 35 80 40 40 45 40 45 40 40 40 40
N;h:f”' 216 260 260 283 220 220 260 233 250 300 248
Pit diam. 13 13 13 13 18 13 13 19 13 18 13
Torus diem.? 7 7 7 n 7 ” 7 7 7 ”
Mouth dism.5 5 5 5 6 5 5 5 5 6 5
N;it:f'ple 268 202 3068 830 171 149 338 321 6546 540 325
A;it'::fif 2 8 8 1 1 2 3 3 1 1 2
Norosess. 11 8 10 18 8 8 10 12 12, 13 10
The penetrable borderea pit area is;
Av. area of 1 bit 0.00048 sq. mm.
Av. area of torus _0,00014
Penetrable area of 1 av. pit 0. 00034 sq. mnm.
Av. no. pits per tracheia ——__248
Penetrable area of 1 av. tracheia 0.08527 sq. mm.,
The simple pit area is;

Av.. area of 1 pit 0.000007 sq. mm.
Av., no. pits per tracheid 325
Simple pit mrea per av. tracheid 0.002371 8q. mn.

The penetrable bordered pit area per mm.

0.01804 sq. mm.

of tracheia len¢th

The simple pit area for thes same unit is 0,000490 sq. mm..

mme

4.,74045

0,07€40

0.,02488

0,01887

0,00855

0,000007

is
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1. comparison of the fidures ¢iven in Tables I and II shows that
the simple pit area is not directly connected with the penetrance
fi¢ures as ¢iven by Teesdale (1). However the penetrable bordered pit
areas show enou¢h of a correlation to the fidures of Teesdale to warrant
a more critical study of a large number of bordered pits in order to
fyrther test and verify the results of the preliminary survey. There-
faore I abandoned any claose study of the simple pit areas and concen=-
trated on measurements of the penetrable areas of boraered pits. The
rest of the measurements, on the fresh material, were taken mereyto
check the first ones and establish their accuracy as far a% possible.

Table III shows the measurements of 100 borderea pits, selected
from 10 averad¢e tracheids, 10 pits per tracheid, of Larix laricina.
The averedes of each 10 pits are incorporated in Table IV under the
headings of Fit diameter,; Torus diameter, and Kouth diameter..

Tables V and VI show the correspondiné measurements for Larix

occidentalis. (See followiné pages for tables)
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TARLE III.

Yeasurements of 100 bordered pits

penetrance speclmen

ef Larix laricina,

from Nichigan..
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of 1¢(,
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¥outh Av. of 10 Fit Torus
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The previous measurements are all in units of 0.00191 mm,

latin: to millimeters then, the measurements are as follows;
Pit dtameter 0,02:006 mn.
Torus aiameter 0.01242 mm,
¥outh diameter 0.00745 mm.
Usin: the formula Radius squared x 3.1416 to obtain the
results are; '
Pit area 0.00032 8q. mm.
Torus area 0.00012 sq. mm,

¥outh area 0.00004 8Qemm,

area,

Trans-

the
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TARLE IV,

Larix laricina(heartwooda) Penetrance snecimen.

1 2 3 4 5 6 7 & 9 10 av. Melia

Length #30 6570 460 410 6545 420 480 400 400 410 448 3,78560
Diameter 43 27 37 30 30 31 40 40 38 85 86 0.0687¢
No. bord.

pits. 196 220 217 189 260 160 193 189 2,280 2j26 209

Pit Diawm. 10.4 10.8 11.8 1.1 10.4 10.3 ¥ .0 9.8 9.7 10.3 10.5 0.02008
Torus Diam. 6,2 6.3 7,2 7.3 6.1 6,8 6,8 6.3 6,1 6.4 6,5 0,01242
Mopth Diam, 4.0 4,0 3,6 4.4 385 8,7 4,2 3.8 3,8 4.8 3.9 0,00745
o 8a™1° 501 427 337 868 852 257 246 817 209 268 808
Av, Simple

Pit Ares. 2 3 2 4 3 2 2 2 2 2 2 0,000007
ordwsdd. 8 8 8 5 7 10 ) 4 " n n
The penetrable boraered pit area is,

Average area of one pit 0.00032 8q. m.m.

Average area of torus --0:00012
Penetrablte area of 1 av. pit 0.00020 sq. mm.

Av. no. of pits pert tracheid —__208
Penetrable area o¢ one av. tracheid 0.04880 sq. mm.
The simple pit area is;

Average area of one pit 0.000007 sq. mm.

Average no. pits per tracheid 208

Simple pit mrea per av. trachelad 0.002156 sq. mm.

The penetrable boraered pit area per mm, of tracheid length is

0.01100 8q. mm.

is 0.000560 sq. mm.
The simple pit area for the Samg |, jy
unt
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TARLE

Ve

¥easurements of 100 bordered pits

of Larix occidentalis, penetrance specimen from Kcntana.
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The previous measurements are all in units eguivalent to 0.,00151

Translating to millimeters then, the averunges are as follows;

Pit diameter 0,02388 mm,
Torus diameter U. 01289 mm,
Houth diameter 0.06G879 mm,

Using the formula, radius 3jwared x 3.1416, to obtain the areas,
the resulta are,
Pit area 0.00044 sq. mnm.
Torus area 0.00013 sq. mm,.

Houth area 0.00006 sq. mm.

mme
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TARLE VI,

Larix occidentalis (heirtwood) Penetrance specimen.

1 2 3 4 5 6 7 8 9

Length 4AQ 450 690 410 420 6510 480 460 455
Diamester 38 42 55 4" 35 56 46 B5 44
No. bord.

pits. 179 208 340 240 2z0 240 270 216 186
Pit diam, 12.6 13,0 12,7 12.1 12.1 12.8 12,6 12.2 12.0
Torus diam.7.2 7.0 6.7 86,3 6.5 7.0 6.9 6.4 6.8
Mouth diam.4.9 4.8 4.7 4.8 4.5 4.4 4.8 3.6 4.8
No. simple

pits. 338 292 6568 230 243 2'¢9 424 305 312
l;it'::gif 2 2 2 2 2 2 2 2 2
Norornsd 10 8 10 8 4 10 10 8 )

The penetrable borderea pit area is;

Av. area of 1 pit 0.00044 sq. mn.
Av. area of torus 000013 _
Penetrable area of 1 av. pit 0..00031 sq. mm.

Av. no. pits per tracheta

Penetrabte area of l' av. &racheid
The simple pit area is;
dv. area of 1 pit

Avi no. pits per tracheid

Simple pit area per av: tracheid
The penetrable bordered pit area

is 0.01798 sq.. mnm,

0.07316 8q.. mm,

0.000007 8q.

0.002576 sq. mm.

per mm,

MW,

10

620

56

262

12.9

1"

ale

4886

447

286

12,5

of tracheid lendéth

The simple pit area for the same unit is 0.000630 sq. mm.

mm,
4,10870

0.08977

0,038876
0.0129088

0,0087886

0.000007
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The figuees ¢iven in Tables III, IV, V, and VI verify the prelim-
inary fidures of Tables I and II. The penetrable bordered pit areas

si.em to be the anly factars which ahow a consistant relation to the

penetration figures. The simple pit areas - .. vary from 0,0004g2 sq. mm,

to 0.000560 sq. mm. in the same species.ana there is no evidence

elsewhere that the simple pit area is a factor in the penetratian of

presernatives into wood.

Summary of FKesults.
In the case of Larix laricina and Larix occidentalis we have two
species very similar in most of their characters but dissimilar in
those structures most concerned in the passage of creosote oil into
wood. Thus the seemin¢ paradox in penetration, upon close examination
of the bordered pit structures, is explabeed by a aifference in "pen-
etrable bordered pit areas".. i hether the figures which I have obtain-
ed in the careful measyrements of one humared boraered pits will be
found true in all cases remains to be proven.

It would be interesting to pursue this question of "penetrable
bordered pit areas” thru all the woods which are trzated commercially
in ordér to see whether the relationship between penetration and pen-
etrable areas will hold in other cases besiade® the one investidated.
In the aprendix I have incluaed studies of several other kinds of
wood, aifferent species of Pinus,and one of Abies. The penetrance
ficdures for all of these have not been ascertained. Thetr main
value lies in the penetrable bordered pit areas per millimeter of
tracheld lenéth which is ¢iven for each., Of coursz. a comparison

betwcen two species with several points of structural difference
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will necessatate a cvareful aifferentiation between each pair of paoints
involved.. In the case of the two species of larix discussed the spes
cimens were vetry similar exceptingé in bordered pit arew which was
penetrable by preservatives. In comparing Abies to Pinus it would
be secesgsary to allow faor the fact that most forms of Abies have no
resin passad¢es while they are frequent in Pinus. Thus for purposes
of comparison species should be associated which have only one or a
few points that are not common to both. In many cases the heartwood
of a srecies is harder to genetrate than the samwood. Since in the
hi¢her contfers the tracheids, which are the passuage ways,are seldom
found to cantain résin,the cause of this difference can scarceyy be
assumed as a clod¢dea conditdon of tracheids. Here then is a case
where there are no, . or few, structural differences,ana still a dif-
ference in penetration.

The appendix also contains a table showing the results of a few
penetrance tests which I have conducted in an endeavor to check the
figures on L. laricina ana L. occidentalis ¢iven by Teesdale (1 ).
Khere they vary fram his,the error, if there be one, is perhaps due
to the imrerfections of my apparatus, a picture of which will be faund

in PLAT?: XII.



(1)

(4)
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APPENDIX

Caontatning tables of measurements on eight species of Pinus
and one species aof Ables. Also penetrance figures on Larix laricina,

L. occldentalis, ana several miscellaneous srecies.



Length
Diemeter

No. bord.
pits

Pit di.ﬂo
Torus dism.
Meuth diam.

No. simple
pit‘o

Av, simple
pit area.

No. rays
crossed,

464

28

118

156

81

The penetrable

Av,

Av.-

area of 1 pit

area of torus

Pinus
2 3
6§87 300
27 19
153 01
8 10
4 6
2 3
18 4
80 70
7 2

Penetrable area of 1 av.

Av,. no.

Penetrable area of an av.

strobus, specimen from ¥ichidan,

4
585

21

120

10

14

90

pit

pits per tracheid

5

550

22

117

10

13

00

tracheiad

The simple pit area is;

av.

Av. no.

area of 1 pit

pits per tracheia

Simple pit area per av.

The penetrable bordered pit area per mn.

is 0.00504

The simple pit area for the same unit is

sq.

mnt,.

tracheid

‘70

7 8
812 325
25 20
61 586
10 10
8 6
4 5
" 8
100 90
8 8

bordered pit area is;

0.00029 sq.

0.01827 sq.

0.00031 sq.

12

0.0037% sgq.

9
850

20

356

10

100

mne..

mme

Tilie

Timie

nme

mme

10

410

30

60

11

20

100

av.

412

23

85

10

12

85

of tracheia length

0.00107 sq. mm..

mme

8.48140

0,04302

0.01910

0.,00966

0,00678

0.00031
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Pinus
1 2 3 4 5 6 7

Length 850 670 610 800 770 91G 690
Diameter 38 34 50 37 a1 38 36
No. bord.

pits 215 245 245 206 203 822 300
Pit diam, 11 11 12 12 12 12 12
Torus diam. 6 ] 7 6 8 (] 6
Mouth diam, 8 4 6 4 4 4 4
Nggyginple o9 51 52 86 54 51 49
Av,. simple

pit area. 45 45 43 56 45 30 40
No. rays

orossed. 7 7 8 13 11 13 7

The penetrable borde~ed pit area is;

dv. area of 1 pit 0.00038
Av. area of toeus _0,0001 1

Penetrable area of 1 av. pit

Av. no. pits per tracheid
Penetrable area of an av, tracheid
The simple pit area is;

Av. area of 1 pit
Avl. no. pits per tracheid

Simple pit area per av. tracheid

0.00027

—----230
0.06382

0.00015

0, 00804

40

250

12

40

40

sq.

sq.

Sq.

9 10
€40 840
40 21
210 102
12 12
6 6
4 4
74 43
40 40
8 6
mr.
. Millie
mn.
mm.,
mm.
mm e

lambertiana, srecimen from Califarnia.

av.

707

87

289

12

69

42

The penetrable bordered pit area per millimeter of tracheid

length is 0.01080s8 sq. mm,

The simple pit area for the same length is 0.00150 sq.

mm e

mne

65.97416

0.,07067

0.022902

0.011486

0.00764

0.00015
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Pinus monticola, specimen from Cam. hoods
1 2 3 4 5 6 7 8 9

Length 700 1766 710 1710 720 685 610 600 860
Diameter %1 35 30 29 45 37 25 26 30
”§3x2?"‘” 121 125 115 140 240 140 178 156 193
Pit diem. 12 13 12 13 12 12 11 12 13
Torus diam, 6 8 (] 8 8 8 8 8 7
Nauth diam. 4 4 4 4 4 4 4 4 5
N;it:i-pr° 40 43 39 42 80 60 46 40 81
Av, simple

pit area. 28 28 80 830 B0 80 40 40 b0
Nrormss 9 9 8 8 9 7 9 8 13

The penetrable bordered pit area is;
4v. area of 1 pit 0.00038 sq. mm,
iv. area of torus _0,00011_s1. mm,
Penetrable area of an av. pit 0.00027 sq. mm.
Av. no. pits per tracheid o158
Penetrable area of an av. tracheid 0.04139 sq. mm,
The simple pit area is;

Av. area of 1 pit 0.00014 sq. mm,
Av. no. pits per tracheid I 54
Simple pit area per av. tracheid 0.0076& sq. mm,

ef U.S.
10 av
450 675
30 32
148 155
12 12
6 8
4 4
44 54
60 39
)

mm

5,703875

0.06112

0.022¢92

0,01148

0.00764

0.00014

The renetrable bordered pit area per millimeter of t-acheid lendgth

is 0.00729 sq. mm.

The simple pit

area for the sma lenéth is 0.,00133

SQq.

mme
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Pinus resinosa, specimen from Com, ¥oods eof U.S.

1 2 3 4 5 6 7 8 9 10 av mm.

Langth 500 450 400 360 410 365 850 420 360 3855 897 3,354656
Dismeter 28 32 22 21 25 23 25 21 24 286 26 0,04775
No. bard.

pits 8n 84 71 76 101 &7 88 73 860 107 n9

Pit diam, 10 10 10 10 12 10 icC 10 10 11 10 0.01910
Torus diam. 6 6 6 5 6 8 8 (] 5 8 6 0.01 146
Mouth diam. 3 3 3 3 4 4 4 4 3 4 4 0,00764

No. simple
pits. 16 14 14 14 4 19 22 4 7 10 14

Av, sinrle
pit area. 60 60 50 50 50 60 80 80 40 70 60 0,00018

No. rays
cromsed 6 4 3 3 2 e 8 2 (] 3 4

The penetrable bordered pit area is;

Av. area af 1 pit 0.000384 sq. nmnm.
Av.. area of torus --0.00011 sq. mm,
Penetrable area of 1 av. pit 0.00020 sq. mnm.
Av. no. pits per tracheid 278

Penetrable area of an av. tfacheiad 0.01586 sq. mm.

The simple pit area is;
dv., area of 1 pit 0.00018 sqg. mm,
3v. no. pits per tracheid ————oo14
Simrle pit area per av. tracheid 0.00255 sq. mm,

The penetradble borde~jea pit area per millimeter of tracheia length

is 0.00460 sq. min.

The simple pit area for the same lehdth is 0.00074 sq. mm.



v
Pinus adivaricata, sacwood, srecimen fronm

Length 860 260 290 240 370 290 810 290
Diameter 20 20 17 25 23 20 20 20
No. bard.

pits. 50 41 42 48 90 48 7% e9

Pit diam. 10 10 10 10 10 10 10 10

Torue diam, 6 8 6 6 8 6 8 6

Mauth diam. 4 4 4 4 4 4 4 4

No. simple

pits. 46 37 19 48 24 43 22 38
Av, simple 6
pit area. 10 8 8 8 10 10 8

No., rays=
orossed 6 3 3 5 5 4 4 3

The reretrable boraered pit area is;

Av. area of 1 pit 0.00029 sq.
Av. area of torus -_0.00011_sq.
Penetrable area of 1 av. pit 0.0001&8 sq..

Adv. no.. pits per tracheid —————_obr

Penetroble area of 1 av. tracheid 0.0108& sg.

The simple pit area is;

du . area of 1 pit 0.00003 sgq.
Av. no. pits rem tiacheid  _________ 37
Simple pit area per av. trackeild 0.00107 sq.

The penetrable borderea pit area per millimeter of tracheiad

length is 0.00396 sq. mm.

The simple pit area for the same length is 0400042 sq. nn.

¥aaison Laboratory.

330

20

83

10

mm,

Mg

mm e

Mime

mn,

mm,

10

410

20

69

10

av

314

20

61

10

mn

2,65330

0.,0&820

0.01910

0.011486

0.00764

0,000028
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Pinus palustris, heartwood, specimen from Com.

Length
Diareter

No. bord.
pit‘.

Pit di‘ﬂo
Torus diam,
Mouth diem,

No. simgle
pits.

Av, simple
pit area

No. rays
erossed

700

35

208

12

82

45

6510

356

205

14

20

45

700

35

190

iz

99

45

720

3"

280

1z

56

40

6560

28

108

13

64

30

740 710 €80

36 80 30

162 180 g08

12 12 12

128 78 54

45 80 35

12 8 8

The penetrable borderea rit area is;

Adv., area of 1 pit

Av. area of toeus

Penetrable area of 1 av. pit

No. of pits per av.

Eenetrable area of 1 av.

Simple pit area is;

dv., area of 1 pit

Av. no. pits per trackeid

Simple pit area per cv.

tracheid

tracheid

tracheid

0.006038 sq..

-0, 00014 sg.

0.00024 sq.

m—eon$190_

0.04560 sq.

0.00015 sq.
70

0.01050 sq.

g

700

32

188

35

60

mme

mme

nm .

Mo

mm o

mme

noods of U.S.

10

800

42

i87

12

83

45

av

691

34

190

12

70

41

The penetrable bordered pit area per millimeter of tracheid

is 0.00792 s8q. mm,

The simple pit area for the same lendth is

0.00180 sgq.

mne

mn.,
5.88885

0,06494

0.02,292
0.01337

0.00e568

0,000156

length
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Pinus ¢labra, sapwoci(?) , specimen from Kadison Laboratory.

Length 440 435 4256 350 340
Diameter 286 27 27 30 30
No. bord.,

pits. 74 73 87 81 €68

Pit dianm. 12 12 12 12 12

Tarus diam 6 8 (3} 8 6

Mouth diam., 4 4 4 4 4

No., sinmple

pitd 31 28 2" 23 7
Av, simple

pit area 15 20 20 i8 7
No., rays

orosssd 4 4 4 2 2

The penetrable boraered pit area is,

dv. area of 1 pit

Av. area of torus

Penetrable area of 1 av. pit

Ao. no. pits per tracheid

Penetrable area of 1 av. tracheid
The simple pit area is;

Av. area of 1 pit

4dv., no. pits per tracheid

Simple pit area per av. tracheid

88

10

43

10

290

25

70

12

24

10

0,00036

- -

0,018089

0.00005

— -

0o

61

10

38

10

sq.

sq

sq.

sq.

Sq.

0.00160 sgq.

390

22
55

1C

33

10

Tim e

mme

mme

mme

mme

mimie

10 av
570 418
27 27
44 en
12 13,
6 8

4 4
67 32
15 13

8 5

mmm

3.58210

0,06157

0.02292

0,01146

0.00764

0,00005

The penetrable bordered prit area per millimeter of tracheid lendth

is 0.00513 sq. mm,

The simple pit area for the same lendth is

0.00045 sq.

mm.,



Pinus taeda, sapwood(?), srecimen from Com. Koods

viii

1 2 3 4 5 6 7 & g 10 av

Length 590 B30 600 420 510 880 410 490 b500O 510 509
Diemeter 86 34 40 35 37 28 23 30 28 82 32
Nao bal’do

pits. o7 82 112 110 7 75 88 74 72 147 88
Pit diam. 12 1% 12 12 15 10 10 iz 12 12 12
Torus diam, 7 7 7 7 7 € e 7 7 7 7
Mouth diam, § 5 5 5 5 4 4 5 5 5 5
No. simple

pits 49 81 84 54 &1 25 37 37 27 44 50
Av, simple

pit area 35 20 20 25 20 20 20 20 20 20 20
No. rays

crossed 7 10 e 8 10 4 8 1) 5 6 7

The renetrable bordered pit area is;

dv. area of 1 pit

Av. area of torus

Penetrable area of 1 av. pit

dv. noi pits per tracheid

Penetrable area of 1 av. tracheid
The simple rit area is;

Av. area of 1 pit

4v. no. pits per tracheid

Simple pit area per av. tracheiad

The penetrable bordered pit area per millimeter of tracheia

lenéth is 0.00480 sqg. mm,

0.00038 sq.

mm .

0.00014_8Qq, _mm.

0.00024 sq.

g

mm.o

0.02112 g8q. mm.

0.000078g. mm.

-1

0.00350 sq.

mm,

The simple pit area for the same lenéth is 0.00081 sq. mm.

of U.S.

mm

4,80105

0.06112

0.02292

0,0183"7

0,00955

0,00007
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Abies grandis, 3apwood; specimen from Nadison Laboratory.

1 P 3 4 5 6 7 8 9 10 av
Length 270 450 550 420 520 4680 B0OO0 430 400 410 441
Diameter 26 35 B:3 36 50 27 27 40 30 b3 386
"§;t3°'d' "6 212 260 195 270 95 186 164 128 230 182
Pit diam. 10 10 10 10 10 1O 10 10 10 10 10
Torus diam 6 6 6 6 6 8 6 6 (] 8 8
Mouth diam. 4 4 4 4 4 4 4 4 4 4 4

No. simple
pits. 112 106 140 136 184 35 81 215 101 194 130

Av., area of

simple pit.10 10 10 10 10 10 8 8 8 5 9
Na. rays
crossed 3 7 7 8 8 5] 6 8 5 5 6

The renetrable borderea pit area is;

Av. area of 1 pit 0.00029 sq. mm.,
Av. area of torus __0,00011 sq. mm.
Penetrable area of 1 av. pit 0.00018 sqi mm,
4v, no. pits per t: acheld —_—— 182

Penetrable area of 1 av. tracheia 0.03276 sqg. mm.

The simple pit area is;

dv. area of 1 pit 0.00003 sq. mm,
4v. no. pits per tracheid ———_2130
Simple pit area per av. tracheid 0..00390 sq. nm,

mm

3.72845

0.,06876

0.01€10

0.01146

0.00764

0.00003

The penetrable bordered pit area per millimeter of tracheid lendth

is 0.00852 sg. mm.

The simntle pit area for the same lendéth ié 0.00105 sq. mm.



The foldowing tuble dives the penetrations in inches (accord-
ing to Teesdale), and the penetrable borderea pit and simple pit areas

per millimeter of trachetd len¢th, in sq. mm. (according to my calcu-

tations).
Species Penetration P.R.P. A, S.P. 4.
ton¢., rad.

Pinus taeda 12,0 2.0 0. 00480 0.00081
"  palustris 12,0 2.0 0.00759% 0.00180
" ¢glabra 12,0 2.0 0.00£13 0. 00045

Larix eccidentalis 3.17 0,09 0.01798 0.00063
" laricina 0.87 0.04 0.01100 0.00056

Abies ¢randis 8.00 0.1& 0.00882 0.0010%

The following are penetrations which I have made,using¢ one spe-
cimen anly, with a pressure of 100 poundas per 8q. in. continuea for
30 minutes. The oil temperature was 20°C. The arparatus used was
that shown in PLATE XII. The penetrable bordered pit and simple pit
areas were not determined for Tsuda canadensis or Picea excelsa.

Species Penetration (ins.) P.R.P.A. S.FP. A,
lon¢., rad. tan.

Tsu¢a canadensis 2.62 0,05 0,20
Picea excelsa 2.93 0,05 0.15
Pinus taeda 7.31 0.50 0,680 0.00480 0.00081

Einus lambertiana 7.31 0.30 0,20 0.01060 0.00150



xi .

The fallowiné tables shaw the penetrations in Larix laricina
and [. oeccidentalis as caused by a rressure of 100 peunds per s8g. in.
continued for 30 minutes. In all my penetrations the oil used was a
comnerctal product from the Rarrett Co., Chicag¢o, known as “"Carbosota,
Grade One, Liquid Creosote 0il". In all cases,unless otherwise noted,
the wood was in pieces 24 x 2 x 4 inches. It was first dried in an
electric oven for 48 hours at a caenstant temrerature of 100°C to re-
move as much moisture as possible. The oil temperature at the time of

treatment was about 20°C.

LARIX LARICINA Pen, bor.pit area 0,01100 sq.nmn
Simple pit area 0,00056 " "

Snecimen no. Penetration in inches.
long., rad.. tan,

I (12 ins. long) 0.15 0.05 0.15
I1 ( do ) 6.00* 0.20 0.10
I1I 0.15 0.05 0.15
Iv do ) 6.00** 0,20 0.10
Vo do ) 4.30 0.15 0.05
VI ( do ) 6. 00 0.20 0.05

* At the end of 10 minutes.
** Almost instantanecusly.
Due to an oversight Specimens II, IV, V, and VI, which were cut fron

the seme pieceé of wood, remained in the oven about 60 hours instead of

the usual 48 hours. This, coupled with the fact; that other piéces ship-
ped in the same lot were so season checked as to be worthless for exper-
imental purposes, seems to indicate poor seasoning of the entire lot and
perhaps acoounts for the excessive and variable longitudinal penetratiens

in those casds. Numbers I and III were from a different source than the



xii
foregoing snd presumsably werd out from the samé piece.. They show a
mare normal penetraticon, In wviedw of Teesdale's figures these last are
the ones ta be campared to the oorresponding penetrations in Larix

ococoidentalis.

LARIX OCCIDENTALIS Pen, bo#. pit 4. 0.01796
Simple pit A, 0, 00063

Specimen na. Penetration in inches.
long.. rad. tang.
I 0.54 0.20 0,10
II 0.43 0.20 0,10
III 0.30 0.20 0,10
Iy 0.33 0.20 0,10
|4 0.30 0.15 0,05
VI 0.30 0.20 0.05 (lang. eccastsnally
to 1.15 ins.
VII 0., 30 0,10 0,05
VIII 0.35 0.20 0,20
IX G, 15 0.15 0.10
X 0,17 0,20 0,20
XrI 0,25 0,10 0,20
Average 0.31 0.17 0,11

The specimens of L. laricina were obtainea from the FE. Hansen Co.
and came from northern Nichiéan. They were of poeor quality for expér+
imental work, denerallp, and only about one third of the lct could be
utilized at all.

The specimens of L. occidentalis were secured from ¥ontana thru
the kindness of Kr. C.N. Khitney, the then (June 3832) licting Forester
of District I. The material was first class in every respect, g¢iving

eviadence of having been carefully seasoned and selected.



PLATE I.
Larix laricina, radialt section, showin? the perforated pit
membranes and the relatively larde pit torus. Na¢ntfication about

697 diameters.

PLATE II.
Larix occlidentalls, radial section, showiné¢ the perforated pit
membrane and the relatively small pit torus. Na¢nification as

above.
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PLATE II.
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Plate VIL.
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Plate VIII.

Plate IX.
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PLATE XII.

The apparatus used in the penetrance experiments, consisting af
a reserve cylinder above fer use in cass vacuum 18 first desired,
and the pressure cylinder below. 4 piece of wood is shown tn pasi-
tion between the metal plates which hala it to the pipe leadiné fram
the presxsure cylinaer. The wood has a hole bored in the Yface which
rite over the tip of the pipe comin¢ thru the plate fram the cylinder.
This hole affords the penetrance surface.. Apraratus modeled somewhat

after that of Teesdale. (see U.S.D.A., Rul. 101 ).
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Plate XII.












