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INTRODUCTION 

In the previous papers of this series (PRESTON, 1946, 1947) K has been shown that the 
primary layer in the ways of conifer tracheids ~.e., the layer which alone surrounded 
each cell during Ks growth) ~ the only layer in which the moMcular chains of cellulose fie 
approximately transversdy to the cell Mngth - -  in other layers the orientation is along 
fairly steep spirals - -  and as a result of X-ray examination of blocks of wood and study 
of dissected wall fragments under the polarising microscope ~ was decided at that time 
that the whole secondary layer, as far as the phy~cal evidence went, was to all intents 
and purposes homogeneous in chain direction. Since then, re-examination of the bire- 
fringence of tracheids in transverse section has indicated that there ~, in fact, in the 
secondary layer a narrow outer lameHa in which the ce~ulose chains He along a spiral 
flatter than in the bulk of the wall within; and that  failure to interpret correctly the 
features of this layer in the earher work was due largely to the very con~derable angular 
d~per~on in this outer layer. A preliminary account of this later work has akeady been 
given (WARDROP A~D PRESTON, I947) and it ~ intended to give a fuller account and 
a more detailed discus~on later in this series. The present investigation concerns the 
organ~afion of the cellulose in the central lamella of the secondary wall, in an at tempt 
to redefine the factors underlying the length relationships of spiral organisation first 
revealed many years ago (PRESTON, 1934). Briefly th~ relationship ~ as follows. 

If the major extinction por t ion  (m.e.p.) of the walls of a number of tracheids in any 
one annual ring of a conifer ~ determined, and the average cotangent ~ calculated of the 
angles they make with the Mngth of the cell, then th~ average cotangent is related to 
the average length by a relation approximatMy of the form 

L = K cot ~, K b~ng constant, 

over a considerable number of annual rings. The major extinction por t ion  defines 
approximately the orientation of the cellulose chains in the central layer under con~der- 
ation here (PRESTON, I947), so that the relation may be taken to imply a connection 
between cell length and chain orientation. This is clearly of the type connecting the 
Mngth of a spiral spring to the angle the winding makes wkh the ax~ of the spiral if 
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the spiral ~ extended at constant giAh. Now since in conifers the cambial initials con- 
tinue to Mongate for about the first 60 years in the Hfe of a tree, cutting off "replicas" 
of thems~ves (the t rach~d~ throughout each growing season, it was con~dered rea- 
sonable that this relat%n arose because (~ each primary ~xtending) wall cons~ted of 
cellulose chains oriented in a direct~n ~m~ar to that of the secondary wall later depo~ 
ited upon it, and (b) the cambial cell, with its primary wall was, in effect, elongating 
at constant giAh - -  in spite of some difficulty in'precise interpretat%n due to the radial 
exten~on of the radial wall after each longitudinal divi~on in the cambial cell, both in 
the daughter c~l ~hKh remained m e r ~ e m a t ~  and in the other wh~h became a 
trach~& Now, however, that the primary wall in the ~ach 6 d  is known to possess cell~- 
lose chains which always He more or Mss transvers~y - -  and th~ has been shown also 
for the cambial cells thems~ves (PRESTON AND WARDRO~ 1948 ) - -  Krespective, appav 
ently, of the history of the cell as regards dimen~onal change~ this type of explanat%n 
is ruled out. Indeed, it now seems that any explanat~n based simply on mechan~al 
exten~on must be d~carded, ~nce the secondary layer is deposffed after the bulk, at 
Mast, of the change in cell dimen~ons ~ over. 

In seeking an explanat%n along new Hnes, ff ~ tempting to recall that in the algae 
VaNnia (PRESTON AND ASTBURY, I937), marine Cladophora (ASTBURY AND PRESTON, 
I94 N and Chaaornorpha (NIcoLAI ANn FREY-WYSSLIN~, 1938 ) (and, as we now know, 
in freshwater Cladophora and in Rhizodonium [PRESTON AND NICOLAI, I94~)  wall 
layers are 1Md down quite r eguNry  in which the cellulose chains are oriented at an 
angle somewhat Mss than a right angle to those in the lameHa la~ deported.  Similarly, 
in ~achNds the p r nmry  layer N built of cellulose chains which are almost transverse, 
whge in the secondary lamella under conNderation here they are ~eeply incline& This 
type of connection ~ part~ulaNy attractive since ff throws the responsibility for the 
orientation back where it must bdong - -  to the cytoplasm and almost ceAainly the 
cytoplasmic surface. At the moment, howeveL it seems undeNrable to put much em- 
phas~ on thN Nmilarity between speNes of widely different types. For, firstly, there is 
interposed, between the primary wall and this central layer, a secondary lamMla whose 
chain orientation ~ different from that in both these layers; and secondly the variability 
from cell to cell of the orientation in the primary wall N nothing Hke suffiNent to account 
for the variabilffy in the secondary lameHa ff the chMns in the la~er are to be oriented 
at a con~ant  angle to those in the former (PRESTON, I947). There remNn, howeveL two 
Hnes along wh~h an (xplanat%n cf the Mngth/spiral angle r~at%nsnip ~ to be sought. 
I t  may be that the change in spKal angle from inner to outer annual rings arises in vi~ue 
of some "agNn~'  effect in the cambium so that the Mngth/angle rdat%nship N in a 
sense fo~uffous; or it may be that knowledge of the increa~ng average tracheid Mngth 
from one annual ~ng to the next has Md to a miNnterpretat%n of the phenomenon and 
that, in fact, a NmHar rdat ion holds among the individual cells - -  of widely varied 
Mngth - -  even within one annual ring. 

It  ~ the purpose of this paper to conNder both these posNbilifies. I t  may be said 
now that ~ appears that the latter explanat%n N the correct one, and wh~e this only 
takes us forward a small step, ff does Mad to some intere~ing speculations. During the 
course of the inveaigation a paper by MEEUSE (1938) was hotbed  in which a qualitative 
connect%n was reposed  between cell Mngth and spiral angle in some monocotyledonous 
fibres and thN has been recently confirmed for bamboo (PREsToN AND SINGg, 1948): 
and after the inve~igation was completed an article appeared by MEREDITH (1946) hl 
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which a Mngth~piral an~e relat~nship was derivabM for cotton hMrs. I t  may wdl be, 
there~re,  that the correlations to be desc~bed here are very general in plant cells and 
thus may carry implications of a very fundamental nature. 

MATERIALS AND METHODS 
* 

In order to explore the first of the two possibilities mentioned above - -  that change 
in spiral angle ~ assodated with an "ag~n~ '  effect in the meri~em - -  it was thought 
necessary and suffident to determine the angles in several annual rings at one Mv~ in 
the Mader of a softwood tree and to compare these w~h the corresponding regions at 
other Mv~s. If the meri~ems were in fact ageing, then one might expect a progres~ve 
change in the spiral angle in, say, the second annual ring ~om the pith as the point of 
observation ~ rMs6d in the tree. This could have been done roughly, but  not accurately 
(PRESTON, I947), by determining the m. e. p. 's of say 50 trach~ds at each p~nt ,  or 
directly and more accurately by noting under the ordinary microscope the orientation 
of the ~r ia t~ns  ~n the wall wh~h cMafly b d o n ~  in those spe~es showing them, to this 
central layer. This would have invMved, howeveL a tedious examinat~n of some 
thousands of ~ach~d~ so that ff was deeded to use an X-ray method. This yields figures 
for the average sp~al angle at each point which are admfftedly rather rough, but  
neve~heMss suffidently accurate for our purpose. The experimental material was a 
I5-yeavold tree of Pinus sy~estris provided by the Fore~ry  C o m m ~ o n  at Thornton- 
M-Dale, Yorkshire, and from th~ a number of blocks of wood were prepared with two 
faces truly longitudinal tangential and I mm thick in the radial direction. A~ention was 
confined to the late wood only and on this account the outer rings could not be used 
~nce the layer of late wood was too thin. The X-ray beam, collimated by a slit 0. 5 mm 
diameter, was directed through the specimen in the radial direct~n so that  the experi- 
mental material cons~ted of a cylinder of wood 0.5 mm in diameter and I mm long, 
in~uding therefore parts of about IOOO trach~d~ From the resulting X-ray diagram~ 
which refer almost e x d u ~ v d y  to the central layer (PRESTON, 1946, WARDROP AND 
PRESTON, 1947, 1948 ) the average spiral angle could roughly be caMulated (PRESTON, 

I94~.  
In attempting to investigate the second possibility K was deaf ly  essential to use 

a microscopical technique, ~nce examination of small parts of individual tracheids by 
X-ray methods, whim readily po~ible, again would have occupied far too much time. 
Determinat%n of the m.e.p, was impossibM ~nce the Mngths of the cells were also 
needed, and th~ Mff therefore only the mMroscopical observation of striation~ In point 
of fact, howeveL by no means aH the tracheids ava~abM showed ~riations with clarity 
suffident for accurate determination, so that recourse had sometimes to be made to 
the run of the mouths of slit pits. In those cells which did show dear  ~riafions ff was 
obvious that the "tailg' at each end of the mouth of the slit pits gave be~er  corres- 
pondence with striation direction than did the slit mouths themsdves, so that  these 
were invariably used in default of ~riations. Two spedes were investigated, Picea 
~ h e n s ~  (2nd, 3rd, 4th and Ioth annual fing~ and Ab~s n o b ~  Grd and Ioth annual 
ring~, the former showing a rapid, and the latter a ~ow, change in average spiral angle 
from inner to outer rings. Late wood only was used, and was macerated by alternate 
treatments with chlorine and hct sodium sulphite. 

Refemnc~ p. 383. 





3 7 4  R. 1). PRESTON VOL. 2 ( I ( )4S )  

P l a t e  ~. All  t i le  f i gn res  in  t h i s  p k t t e  a r e  X c a y  d i a g r a m s  of  t h e  l a t e  w o o d  a t  v a r i o u s r e g i o n s i n  a spec i -  
m e n  of  Pi~us slq~,e,slr/& In  a 11 t i le  d i a g r a m s  t h e  s p e d m e n  N ~ m m  t h i c k  a m l  t h e  X ¢ a v  b e a m  is d i r e c l e d  
r a d i a l l y  t h r o u g h  t h e  w(~nl. T h e  g ~ t i n  ~ /nd  t h e r e f o r e  a l so  t r a c h d d  l e n g t h )  l ies  ~ r a l l e l  lo  t h e ~ m g ~ w  
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Fig. 4 a and b. 15agrams a t  the 95 cm level  

Figs I 4" The dmgraIns  in the  ~ t t  hand co lnmn are  of wood from the  sccoml annua l  r ing  f rom the  
pi th,  and in r i gh t  hand  cMunm from the fifth annua l  ring. 

Fig. 5 a. Second annna l  r ing Fig. 5 b. F i f ~  annua l  Nng. 

Fig. 5 c. Tenth  a n n u a l  r ing.  

Fig. 5- D ~ g r a m s  of ~vood 14 cm from the tmsc of the  t ree  
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RESULTS 

The values of the spiral angles, determined by an X ~ a y  methoG at various points 
in the spedmen of Pinus syN~tris are presented in Table I and some of the relevant 
X-ray diagrams are reproduced in Plate I, F~s  I-5 in corroborat~n. From these 
resuRs it is clear that  the cegulose c h i n s  in the central layer of tracheids do in fact 
become more nearly parallel to cell length in pasNng from inner to outer rings at any 
one Mvel*. This confirms the earlier Matement (PRESTON, I93 ~ in wh~h, howeveL a 
small correction must be made since the angles given in this early paper re~rred to the 
m. e. p.'s of the wh~fle wall thickness ( P R E S T O N ,  1947). Similarly, as one might expect, 
the spirals also become steeper on pasMng from top to bottom of the tree in any annual 
cylinder laid down during one year (e.~, ring 3 at Mv~ 39 ° cm; to 4 at 360, 5 at 28~ etc.) 
There N, howeveL no general trend not~eabM ~ the same annual ring ~ observed at 
each level (vert~al column~ so that the present data supply no evidence of any agNng 
edfect of the meri~em on spiral angle; all changes in this angle could be readily under- 
standable in terms of a Mngth/angle relationship. 

T A B L E  I 

T H E  A V E R A G E  A N G L E  B E T W E E N  T H E  C E L L U L O S E  W I N D I N G  A N D  C E L L  L E N G T H  I N  T R A C H E I D S  F R O M  

V A R I O U S  A N N U A L  R I N G ~  A T  D I F F E R E N T  L E V E L S  I N  T H E  L E A D E R  O F  A I S - Y E A R - O L D  T R E E  O F  Pinus 
Sylvearis. LATE WOOD 

H M g h t  a b o v e  
g r o u n d  MvM ~ m )  

39o 
36o 
280 

247 
2 1 5  

18o 
14o 

95 
55 
14 

a n n u M  ringsNttmber of I- 2 I 

3 
4 34 .0 
5 37.5 
6 35.o 
7 38.0 
8 

9 
i o  39 .o  
I I  

12 34.0 

A v g e  36.2 

A v e r a g e  a n ~ e  ~ e g r e e s )  in  a n n u m  r i n g  n u m b e r  

• - -  ' 35 
27.5 
3 0 . O  , - -  , 

- -  

30.0 , _ _  , 
, _ _  . 35.0 

25.0 , __  . 
- -  

. _ _  . 30.0 • - -  , 
_ _  

31.8 

I 

3 4 5 ! 

32.5 
26.0 

, _ _  . 2 5 . 0  . _ _  

30.0 . __  
29.0 - -  

27. 5 . __  
29.0 - -  

25.0 

' - -  ' 2 7 . 5  - -  

3o.1 26. 7 

6 7 8 9 

- -  

- -  

27. 5 . __  
- -  

- -  - -  

- -  

- -  27. 5 

25.0 
- -  

19.o 
14.o 

14.o 14.o 

19.3 14.o 

I O  

14.o 

l 1 4 . O  

Turning now therefore to the second possibility - -  that the length/angle relation- 
ship refers to individuM cells and not merely to whole annual rings - -  the first problem 
to be solved is that  of assigning to one tracheid one characteristic spirM angle. This 
necessity arises by virtue of the fact that the spiral angle varies along a tracheid as the 
breadth of the tracheid varies. This is made clear in Table II, where a series of deter- 
minations are presented, chosen at random from a large sample, of the spirM angle # 
at various points of measured cell breadth b in individuM tracheids. I t  is fortunate 
therefore that,  as also shown in the Table, the spirM tends to become flatter as b in- 
creases, in such a way that  sin ~ is proportionM to b. Hence for each tracheid a hypo- 
theticM spirM angle ~.oo can be cMculated corresponding to a breadth of I unit, and 
_ 

* T h i s  h a s  a lso  b e e n  d e m o n s t r a t e d  b y  a n  X - r a y  m e t h o d  in  Pseudotsuga (PRESTON, I 9 4 ~  a n d  in  
Pinus insignis a n d  Picea sitchensis ( u n p u b l i s h e d ) .  

References p. 383. 

24 



378 ~. D. PRESTON VOL. 2 (1948) 

TABLE II 
D E R I V A ~ O N  OF STANDARD ANGLE ~ I . ~  ~ROM OBSERVED ANGLES 

Spedes TrachNd (iBreadtu h n i  t = 2~b)~) (~)pira(dlegreea s)ngle b /~nO (degreeZg~ "°° 

P i n u s  i n ~ g n ~  . . I 

P i c e a  s i ~ h e n s i s  . . 

A b i e s  n o b i l i s  . . . 

2.031 
1.83~ 
1.570 
1.39~ 
1.3% 

I . I 2  6 

1 . 1 2  o 

1 . 2 o  2 
1.0I 6 

1.35~ 
I . I ~  
1.¢G 
0.8% 

I .OI8 

1.150 
1.218 

1.39a 
1.600 
1.560 

1.331 
1.250 
0.908 

25.4 
21.8 
17.4 
15.6 
14.8 

19 .2  
18.5 
20.8 
I7.5 

21.O 

19.1 
27.6 
12. 4 

19.2 
23.o 
23.2 

43.5 
53.5 
44.0 

44.0 
41 .o 
27.3 

4.73 
4.93 
5.28 
5-I9 
5.20 

3.41 
3.53 
3.4 ° 
3.4 ° 

3.78 
3.55 
3.83 
3.76 

3.o9 
2.96 
3.o9 

2 . 0 2  
2 . 0 0  

2.25 

1.92 
i .9 ° 
i .98 

IX. 4 

17.o 

19.3 

19.3 

28.5 

31.2 

th~ has been done in the Table. This constitutes a sample of the procedure adopted 
here with a number of observations too large (some 600 each of b and 8) to be presented 
individually in th~  way. In Table I I I  therefore ~ given only a summary of the bulk 
of the results, showing the relation between cell length and the standard angle #i.~- 
In order to faciState inspection of the results the figures are fisted in order of increaMng 
cell length, though the determinations were not of course made in that  order. The 
averages of the real angles actually observed are also included for comparison. Measure- 
ments a~o made of lumen width at the same points are not included here, Mnce much 
the better correlation was found between external width and ~n 8. Incidentally, no 
correla~on could be detected between wall thickness and cell width. 

These results are also given graphically in Figs 6, 7 and 8, where the lengths are 
plotted, however, against cot ~ .~ .  It  cannot be claimed that this presentation has any 
theoretical merit except that ff retains the general type of relation previou~y suggested 
in d~cussing averages in va~ous annual rings (PRESTON, 1934). The justification ~ that,  
of the various pos~ble simple functions of # (cot 8, cot ~ 8, cos 8, cos~#) which might be 
used, cot # ~ the only one giving an approximately Hnear rela~on. 

DISCUSSION 

I t  is evident in Fig. 6, which presents the data for the uncorrected spiral angle in 

R e f e r e n c e s  p .  3 8 3 .  
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T A B L E  I I I  

T H E  S T A N D A R D  A N G L E  ~ I . ~  F O R  T R A C H E I D S  O F  K N O W N  L E N G T H  ( T H E  U N I T  O F  B R E A D T H  IS  A S  I N  

T A B L E  I I ,  A N D  F O R  L E N G T H  I U N I T  = 7 4  ~ )  

Species 

Picea 
silchensis 

d bies 
nobilis 

3 
3 
3 
4 
4 
3 
3 
2 

I 0  

3 
2 

I 0  

4 
2 

2 

3 
2 

2 

I 0  

4 
I O  

2 

2 

4 
3 

I 0  

4 
I O  

3 
4 
2 
2 

4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

11. 7 
13.6 
14.3 
14.6 
14.7 
15.2 
1 5 . 2  

16.o 
I6.2 
16.4 
16.6 
17.2 
17.2 
17.3 
17.5 
17.6 
17.9 
I9.1 
19.2 
19.2 
19.3 
19.5 
19.6 
19.8 
19.8 
2 0 . 0  

20.2 
20.2 
20.6 
20. 7 
20.8 
20.8 
2 1 . 6  

2 1 . 8  

21.9 
22.0 
2 2 . 0  

13.o 
13.7 
t4.o 
14.4 
15.2 
15.5 
16.1 
I8. 4 
i8.6 
19.5 
t9.9 
2 0 . 2  

21.3 
23.8 

1.25 
0.66 
o.70 
0.80 
0.95 
0.96 
1 . 6 0  

1 . 1 2  

i .08 
1 . 0 I  

1.39 
1 . 2 0  

i .05 
i .46  
i .67 
1.14 
i .05 
1 .29  
i .o9 
1.72 
1.43 
1 .35 
1.4 8 

1.37  
1 .57  
1 . 2 0  

0.98 
i .o8 
1.15 
i .46 
1.26 
i .22 
i .06 
i .04 
1.25 
1.19 
1.78 
i .44 
1.38 
1.14 
1.33 
1.61 
i .55 
1.34  
1.92 
0.92 
1.6o 
1.61 
i .51 
i .03 
1.69 

a = a n n u m  ~ n g  f r o m  w h ~ h  t r a c h ~ d  is 
d = ~ x . ~  e = a v e r a g e O  

I 

34.6 
38.6 
27.5 
27.6 
23.2 
26.2 
24.2 
2 2 . 0  

I9 .o  
22.9 
20.5 
17.o 
18.2 
I7.9 
20.5 
I8.2 
17.o 
16.1 
13.5 
17.4 
14.7 
17.3 
IS.I 

17.4 
12. 7 
19.9 
15.6 
16.5 
22.5 
16. 7 
11.2 
19.3 
18.1 
14.1 
16.2 
15.4 
15.5 
36.5 
44-5 
37-3 
31.2 
28.5 
30.0 
33.2 
23.2 
35.6 
32.4 
2 5 . 1  

2 4 . 6  

23.8 
21.o 

37-7 
22.8 
19.o 
21.o 
19.o 
21.6 

33.5 
24.0 
18.7 
22. 7 
26.9 
19.5 
19.o 
23 "4 
33.1 
2 1 . 0  

16. 7 
2 0 . O  

16.6 
28.0 

24.4 
24.0 
23.2 
24.3 
17.6 
21.7 
15.8 
17.5 
23.1 
22.5 
12.9 
21.8 
17.6 
14.4 
19.1 
15.7 
2 0 . 0  

58.8 
71.7 
43.2 
37.4 
47.0 
54.3 
47.o 
49.2 
29.8 
58.2 
38.9 
39.0 
21.5 
42.0 

2 

3 
4 

I O  

2 

3 
4 
4 
3 
4 

I O  

2 

4 
3 
3 
3 

I O  

2 

3 
I O  

4 
I O  

2 

4 
I O  

4 
3 
2 

2 

3 
I O  

3 
3 
4 

I O  

I O  

3 
3 
3 

. I 0  

3 
3 
3 

I 0  

I O  

I 0  

I 0  

I O  

I 0  

chosen 

2 2 . 2  

22.3 
22.8 
23.1 
23.2 
23.5 
23.6 
24.0 
24.2 
24.2 
24.3 
24.6 
25.o 
25.2 
25.6 
25.8 
26.1 
26.2 
26.3 
26. 4 
26.6 
27.6 
27.8 
28.0 
28.3 
28. 4 
28.5 
28. 7 
28.8 
29.0 
29.2 
29.5 
29.8 
3o.0 
35.9 
37.8 

24.0 
25.0 
25.0 
25.2 
26.2 
26.6 
26.6 
27.0 
27.5 
29.6 
29.6 

37.4 
41 .o 

1 . 2 1  

1.15 
1 . 0 0  

1.7 ° 
1.14 
1.36 
1.23 
1.34 
1.4 ° 
1.18 
1.79 
1.89 
0.96 
0.97 
I .o 7 
1.26 
1 .66  
1.16 
1.07  
1.31 
1.24 
1.46 
1.43  
1.04 
1.07 
1.07 
1.22 
1.4 ° 
0.90 
1 . 2 0  

1.33 
1 . 0 o  

1 . 0 o  

1.41 
1.18 

1.43 

1 . 9  o 

1 . 2 o  

1.24  
1 . 0 I  

0.82 
1.12 
1.72 
i .48 
1.17 
i .o6 
1.13 
i .80 
i .63 

d e 

16.2 19.4 
18.6 2o.1 
15.7 15 .o 
16.6 19.8 
18. 3 21.o 
i i . o  17.o 
14.o 16.1 
lO.8 12.5 
15. 5 21.3 
12. 5 13.8 
13.6 25.0 
15.1 23.7 
I3.5 11.4 
13-4 13 .o 
12.8 13.3 
18.o 18.o 
11.6 17.6 
14.5 15.9 
14.o 14.8 
12.7 12.3 

9.I 11.9 
12.3 I6.4 
14. 4 18.3 
lO. 7 lO. 7 
11.2 11. 5 
13.7 13.7 
12.2 14. 5 
12.o 15.8 
15.4 11.9 
io .o  9.6 
11. 7 12. 4 
12.5 16.2 
12.5 12.o 
i o . i  11.8 

8.8 lO. 3 
8. 4 lO.6 

19.5 31.5 
19.1 22.8 
19.o 23.0 
22. 3 18.5 
23.8 18.2 
16.6 18.o 
20.5 37.0 
14.2 19.7 
19.4 22.9 
12.6 13.1 
19.9 17.8 
12.8 23.6 
13.1 19.4 

b = l e n g t h  of t r a c h e i d  c = b r e a d t h  of t r a c h e i d  

R~rences p. 3 ~ .  
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co, Oi 

Picea, that there is a marked tendency for # to decrease as L increase~ i.e., the molecular 
spkal N steeper the greater its length. This relation ~ much improved when # is corrected 
to standard breadth (Figs 7 and 8), and there can remain Httle doubt but that the 
dimensions of a tracheid and the molecular configuration of its wall are closely retated, 
roughly in the form L = A + B cot 3 ~ .  The regres~on lines drawn in Figs 7 and S 
correspond to the relations: 

Picea L = 7.57 + 3.91 cot#~.~ 
Abies L = 6.66 + 8.94 c o t ~ . ~  

where L N in scale unffs, or 
Picea L = 568 + 293 cot#  .... 
Abies L = 500 + 67o c o t ~ . ~  

where L ~ in ~. The standard errors of the factors in the two cot # terms are =~ 20 and 

0 
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O ©  

/ 

0 o 

© 

0 / 

'0 20 30 ~0 
L 

~ g .  6. P ~ .  C ~ o n b ~ w ~ n  ~ a c h e ~ M n ~ h  
and the cotangent  of the average i n d i n a ~ o n  ~. 

~ 2 3 4 5 6 ~ 
c o ~  

~g. 7. P~ea. C o h e S i o n  betwee~ tracheid ~ n g t h  
and the cotangene of the s tandard  a n ~ e  Ot.oo. 

:~ 58 respectively, so that the difference 5 fully significant. The constants 568 and 500 
are not ~gnificantly different for these samples,, but K remains uncertain whether a 
difference could be estabfshed ~ the resuKs for A bies were more numerous. 

It  ~ essential to note that these relations imply a statistical trend only and that 
other factors are also concerned which modify these Nmple relations and of which as 
yet we know nothing: K is not at all implied thereby that any individual shorter ceil 
will have necessarily a Nower spKal than any individual longer ce~. Nevertheless the 
resuRs demonstrate a relation as nearly rigid phy~cally as may perhaps be expected 
in biology when, of neces~ty, comparatively few individuaN come under conNderation. 
The phyNcal meaning of the constants A and B ~ obscure, as is common in numercM 
relations in biology. Formally, A represents the maximum tracheid length at which 

Re~mn~s p. 383. 
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#~.~ = 9 o°, but  ff seems certain that tracheids of length 5oo # would not in fact have 
transverse ce~ulose chain~ The dimen~ons 500 # × 24 # (the standard width used 
here) are indeed very different from those of vessels where the orientation of the cellulose 
chains ~ still not transverse (PRESTON, 1938). B represents the increment in L above 
th~ Hmff for each decrement in ~ . ~  cau~ng unff increment in cot ~.~.  The complete 
relation between L and b is clearly 

L = A  + B % / ( b )  ~cosec ~ - I  

In seeking an interpretation of these results we can, of course, no longer con~der 
dimen~onal changes in the wall ffself to be involved such as were used in the earlier 
(1934) paper; for firstly, the tracheid has c~mpleted its dimen~onal changes before 

/ 

/ 
o c 

Q 

Fig. 8. AM~. CorrMafion between ~ache~ length and the cotangent of the standard an#e ~.oo. 

th~ secondary layer ~ depoMted and, secondly, during at Mast the greater part of the 
period when dimen~onM changes are occurring, the wall surrounding the cell ~ a 
primary wall with cellulose chains lying approximatdy transversely (PRESTON, 1947, 
PRESTON AND WARDROP, 1948 ). I t  ~ particularly to be stressed that Mnce cot #,.~ ~ 
related to the who~ length L, then the small increase in length which occurs during the 
differentiation of a ~acheid from the cambium ~ not in any case adequate to explain 
the effect. Two possible Hnes along which explanation 5 to be sought immediately sug- 
gest themsdvea  Both of these involve the assumption that orientation of cellulose chains 
~ governed by some factor in the cytoplasm-wall interface, and are better understood 
~ we adopt the Mmple picture that th~ factor ~ an orientation of protein chains in the 
surface forming, as K wer~ an 'Mnzym~' which, with the aid no doubt of other accessory 
factor~ as usual with enzyme~ condense glucose (or ceHobiose or some oHgo4accharid~ 
to cellulose in such a way that  the chains of cellulose He parallel to those of the proton.  
Th~ simple suggestion has some Htfle suppolt in the often quoted approximate equality 
of the length of the ceHobiose unK in cellulose (lO.3 A) and the length in the extended 
polypepfide chain of three amino acids, together with the fact that, whether the proteins 
in protoplasm are globular or fibrillar, the surface may be expected to be covered with 

Refemnc~ p. 383. 
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a monNayer of polypeptide chMns (HOBER, 1943). The e~ence of the assumpt~n is, in 
fact, that the whom surface of the cytoplasm cons~tutes an enzyme sy~em MmHar 
to the phosphorylase invNved in the condensat~n of a-glucose to starch. Now the first, 
and less probable, explanat~n would be that this surface could replace the p~mary 
wMl in the explanatbn prev~uNy given (PRESTON, I93 ~ i.e., the surface could be con- 
Mdered as extending in such a way that the protein chMns in the surface layer would 
be pulled into steeper spirMs as the cell Mongated and into flatter spir~s as it increased 
in breadth. In suppo~ of this suggeMbn the observation could be quoted that in multb 
layers deposited on metal by repeated passage through protNn mon@ayers the polypep- 
tide chMns tend to be o~ented parallM to the direction of movement of the metM slip; 
for while the conditbns in the two cases are different R ~ evident that lhe intermoMcular 
forces in a monoNyer are not suffidently strong as to outw~gh the effect of relativMy 
N~ht  external mechanicM effects. Yet conMderat~n of the detailed structure of the 
wall Mone makes this suggestion rather improbable. Fi~tly, while the cambiN initi~ 
is elongating, the wM1 surrounding R N a p~mary wall with ceHubse chains wh~h mMn- 
rain approximatdy transverse o~entafion (PRESTON, 1947, PRESTO~ AND WARDROP, 
1948 ) : the layer we are con~defing now is not 1Md down until much later - -  in fact after 
a secondary layer has been deposited whose micellar spiral N rda f ivdy  flat. The structure 
of the wall is therefore very complex and R N difficult to associate extension of the cyto- 
plasmic su~ace with any one of these three layers. SecondlG the ebnga t~n  is Now and 
amounts to only a few per cent increase per year whim the cambial init~l, in v~tue 
of ffs repeated longitudinM tangentiM divi~on, ~ increaMng effectively in lhe radial 
dkecfion by many hundreds per cent. I t  is therefore necessary to fall back on a second 
~ne of argument. It  appears room fikely that the structure of the layer examined here is 
determined by a mechanNm wh~h bears no direct relation to the previous history of 
the ce~ as regards dimenMonM changes, but rather to the actuM dimens~ns attained at 
the time of deposit~n. ThN ~ in fact, as far as the wall itse~ is concerned, merely a 
reMatement of the facts. Interpreting it in terms of the cytoplasm~ mechanism sug- 
gested here would imply an o~enta t~n of polypepfide chains in the surface in a direction 
which depends, in a MatNtkal sense, on cell dimen~ons. I t  g deafly not deMrable to 
discuss this in any detail until the structure of the other cell layers has been reposed  
upon, where a similar phenomenon has in fact been found. It  will be cMar even now that 
the detailed structures demand a change in the cytoplasm~ membrane from time to 
time. A change of some kind ~ not in fact unfik~y, for taking the v~w that ~he membrane 
N active in converting fi-glucose to cellubse as R migrates outwards, thN effective 
permeabilRy of the membrane contrasts ~rongly wffh the known impermeability of 
the membrane to sugar in the adult cell. 

SUMMAKY 

A re4nvesfigaSon has been at~mp~d of the ~ t ~ n  L ~ K cot ~ shown some years ago to 
connect the average ~ngth L of trach~ds in an annu~ ring with the average cotangent of the an~e ~ 
which the cellulose chMns make w~h the ~ n ~ t u d ~  cell axN. It ~ shown that the r~afion does 
not ar%e as a ~s~ t  ~ '~gMn~' in the m ~ m .  New data suggest that the an~eO N ~ d  to cell 
breadth b by the r~ation b ~  O = constant, from wh~h a standard an#e ~ x.oo can be c~culated 
for unit cell breadth. It then appears that in individual tracheids there is a statistical r~afion be- 
tween L and 0~.oo of the form 

L = A + B cotO~.~ 

Refe~nc~ p. 383. 
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The a n ~ e  ~ a t  any  p ~ n t  in the  wall is t h ~ e % ~  ~ d  to the breadth  of the cell a t  the point of 
observation and to the whom length of the cell. I t  is suggested tha t  t h ~  might  ar~e  from ~ r u ~ u r a l  
p ~ f i t i e s  ~ the cy top l~mwal l  ~ r ~ .  

R ~ S U M ~  

Une no~v~M 6tud~ a 6t6 ~ i t e  de 1Mxpres~on L = K cot. ~ dont  H a 6t6 m o n ~  H y a q u e ~ u ~  
ann6eE qu'elle tel% la ~ n g u e u r  moyenne L des ~ a c h ~ d e s  dans nne zone ~ M ~  annueHe avec ~ 
co~ixgente moyenne de l ~ n ~ e  ~ que la ch~He ~ H u ~ s ~ u e  ~ avec l~xe  ~ n ~ t u ~ n a l  de la ceriuM. 
On m o n ~ e  que ~ e  e x p i e ~ n  ne % s ~  p ~  d ~ n  % ~ e m e n t  du m ~ m e .  De nonvelles d o r m . s  
sugg~rent que l ~ n ~ e  ~ d6pend de la ~ r g e u r  ae la cerium b s~on 1Mxpres~on b[sin ~ = constante, 
expres~on ~ par~r  de l~quelle pe~t ~ cMcuM un a n # e  t y p e ~ . ~  po~r ~ ~ rge u r  dMne cerium unK~. 
~ a p p ~ A t  a ~ s i  que ~ans ~ s  ~ a c h ~ d e s  ~dividuelles,  H e ~ e  une r~a f ion  s ~ u e  entre L et  
~x.~ de ~ ~ r m e  : 

L = A + P ~ t O a ~  

L ~ n ~ e #  a ~ u t  pM~t de ~ p a r ~ :  ~ t  Ansi  ~ c f i o n  de ~ h r g e u r  de h celluM au p ~ n t  ~nA d~%  
et de h ~ n g u e u r  ~ t a l (  de ~ ceriuM. H ~ t  p~AMe que cette d~pendance p rov~nne  de p a r f i c u h r K ~  
structurales  ~ l q n ~ r M ~  c y t o ~ m e ~ a r ~ .  

ZUSAMMENFASSUNG 

Eine N e u u n ~ u c h u n g  der Be~ehung  L = K cotO, die, wie vor 6 ~ n  Jahren  ~ z M ~  wurde, 
~ e  D u ~ h ~ h ~ M g n ~  L ~ r  T~chMden  ~ M ~ m  J a M e ~ i n g  mi t  ~em D u r c h ~ h ~ s w ~ t  des ~ n -  
~ n s  des W m ~  ~ den die Z ~ M ~ k ~ n  m ~  d ~  ~ n ~ n M e n  ZeHachse m ~ h e ~  ~ Z u ~ m m e m  
hang b r ~ g L  wurde u n i ~ n o m m e m  Dabei wird ~ z M ~ ,  d a ~  d~se  Be~ehung  ~ c h t  als R ~ u ~  e ~  
" A I M i n g "  im M ~ m  auff f i~ .  Neue R ~ u ~ e  ~ h ~ n  ~ der Annahme,  d a ~  der W ~ k e l O  ~ d ~  
ZeHenbrM~ b in Beziehung stehL und zwar dass b ~ n O  k o ~  ist. H ~ r a u s  kann  ein Standard-  
winkel# ~ ~ r  die Einheit  der Zellb~ite ~ c h n e t  w ~ m  Hi¢raus ~ l g t  dann, d a ~  ~ r  ~ d u e l l e  
Trach~den  e ~ e  ~af i s~sche  Be~ehung  zw~chen L und #~.~ bestehL d ~  d ~  Form ha t  

L = A  + B ~ t # i . ~  

Der W ~ I  ~ an i r ~ n d ~ n e m  Punk t  der Wand ~ t  M ~  a b h ~ n # g  yon der ZeHenbreite an dem 
Beobachtungspunkt  und der ~ m ~ n  Z M ~ n ~ .  Es wird a n ~ n o m m e ~  d a ~  d~se  Be~ehung  dutch  
s ~ u k t u r ~ M  B e ~ n d e r h e ~ e n  der Zytoplasma-Wand-GrenzflXche verursacht  s e ~  k 6 n n ~ .  
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