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SUMMARY 

The  roots  of 36-year-old  Donglas  firs were s ampled  in a s t ra t i f i ed  r a n d o m  
fash ion  w i t h  a V e i h m e y e r - t y p e  auger.  T he  l eng ths  of roo t  were v e r y  va r i ab l e  
as was  t h e  p r o p o r t i o n  of f ine roo ts  wh ich  were dead.  F r o m  cons ide ra t ion  of 
t he  possible  causes  of spa t i a l  va r i ab i l i ty ,  i t  was  conc luded  t h a t  i t  was n o t  due  
p r i m a r i l y  to  e n v i r o n m e n t a l  va r i a t ion ,  no r  to  pos i t ion  re la t ive  to t h e  t r ee  
t r u n k s  a n d  crowns  excep t  for  c o n c e n t r a t i o n s  a d j a c e n t  to  t he  t r u n k s  where  
s t e m  fIow is cons iderable .  Cyclical  in i t i a t ion ,  ex t ens ion  a n d  d e a t h  of f ine 
roo ts  in  a spa t i a l  p a t t e r n  w i t h  cells p e r h a p s  as smal l  as 30 cm d i a m e t e r  could 
exp la in  t h e  obse rva t ions .  A d r o u g h t  per iod  m i g h t  h a v e  caused  more  ex tens ive  
d e a t h  of f ine roo ts  on  one of t he  t h r e e  p lo ts  examined .  

INTRODUCTION 

The purpose of studying root distributions largely determines the 
method employed. The nature of the data collected ought to be that 
most relevant to the understanding of the specific root function 
being considered (ultimately, in the present case, to interpret the 
uptake of watet by the plants). Uprooting or excavating single root 
systems examines to varying degrees the major root skeleton rather 
than the absorbing roots, and deals with the system of the individual 
investigated and not the interacting systems of all the plants. Ex- 
amination of roots on the face of a trench has been very extensively 
and usefully employed, but the interpretation in terms of root 
funetion ot the results of arduous mapping or counting of the visible 
cut roots is difficult. The location of the vertical face in a woodland 
soil poses problems of representativeness. In the present investi- 
gation, the soil was sampled with a volumetric core tool at random 
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to estimate the length of roots and its spatial variability. The 
method was outlined previously ii  and has been successfully follow- 
e d b y M c Q u e e n  s 

SITE 

The samples  were t a k e n  f rom 13agley Wood  near  Oxford (Grid Ref. 
SP  508024) in a s t and  of P. 29 Douglas  fir (Pseudotsuga taxi/olia (Poir.) Bri t t . )  
on a 1 in 18 slope whose  aspec t  was app rox ima t e l y  sou th  east.  A square  (side 
15.23 m) was  def ined in this  and  subdiv ided  into four  p lo ts  (sides 7.62 m), 
samples  for root  d i s t r ibu t ions  being t aken  in th ree  of these  on the  da tes  in 
Table  1. The samples  were f rom 0-15 cm in the  minera l  soil in plots  13 and  C, 
and  0-15, 15-46, 46-77, 77-107 cm in D. F r o m  a crown pro jee t ion  m a p  (Fig. 
1) r a n d o m  co-ord ina tes  of poin ts  on a 15-cm grid were classified in to  four 
zones by  the  ra t io  of the  d is tance  to  the  t ree  t r u n k  under  whose crown each 
fell to the  crown radius  along the  same line (or the  m e a n  rat io  of t he  d is tances  
to t he  t runks  of t rees  be tween  whose  crowns i t  fell and  the  cor responding  
c rown radii). 100% corresponds  wi th  the  crowrt edge. By this  means  the  
areas of the  zones in each plot  were de t e rmined  (see Table 1). The m e a n  top  
he igh t  was 28.5 m and  the  s tocking was 774 s t ems /ha  wi th  a basal  area (the 
cross-sect ional  area of the  t ree  sterns a t  1.3 m above  ground  level) of 30.1 m2/ 
ha. There  were sca t t e red  larch in t he  p l an t a t ion :  one occurred in plot  A 
account ing  for 15% of the  basal  area in t he  plot,  and  one in 13 account ing  for 
26% of t he  basal  area. Five  weeks pr ior  to t he  t h i rd  sampl ing  da te  the  
p l an t a t i on  was th inned  : 4 sterns (including one of the  larch trees), compr is ing  
6.6% of t he  to ta l  basal  area, were r emoved  f rom the  p lo ts  as shown in Figure 
1. The s t and  had  last  been  th inned  several  years  before and  all the  s t u mp s  
were dead. The site had  previous ly  carr ied oak:  t he  remains  of several  oak 
s t u m p s  (40-60 cm diameter)  were still visible. I t  had  also a t  one t ime  been  a 
r abb i t  war ren  and old bur rows  were common,  mos t ly  in p lo t  C. The ground  
vege t a t i on  was very  sparse and  no t  a t  all vigorous. All roots  in the  samples  

TABLE 1 

DougIasfirstand, Bagley Wood, Plotdata, May1964 

Nos. % areas of zolles * Basal Numbers 
Plot Sampling 

date random 0- 51- 91- > 110% area of stems 
points 50% 90% 110% m2 

A N.S. 135 12.6 31.1 30.4 25.9 0.23 5 
B 23 :6 :64  118 16.9 35.6 22.9 24.6 0.15 4 
C 5 : 8 : 6 4  122 6.6 36.1 27.0 30.3 0.13 3 
D 19:10:65 122 13.1 35.2 24.6 27.1 0.19 6 

* Zones based on distance from tree trunks as % crown radius. N.S. plot not sampled. 
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were t a k e n  to  be  Douglas  fir a l t h o u g h  a smal l  p r o p o r t i o n  were l ikely to h a v e  
b e e n  l a rch  or roo ts  of t h e  herbs .  

T h e  soil is deve loped  in P le i s tocene  g rave l  wh ich  in t he  i m m e d i a t e  v ic in i ty  
of t he  p lo t s  is a coarse  s a n d  or s a n d y  l oam more  t h a n  two  m e t r e s  t h i c k  w i t h  
a l t e r n a t i n g  layers  of pale  yel low sof t  s a n d  and  weak ly  c e m e n t e d  o range  s and  
c o m m o n l y  assoc ia ted  w i t h  gravel .  Ver t i ca l  soil profi les showed  t h a t  these  
l a t t e r  hor izons  usua l ly  p r e v e n t  Douglas  fir  roots  ex tend i l lg  below a b o u t  
87 cm. However ,  t he se  b a n d s  are no t  comple t e ly  con t inuous  a n d  oecasiol lal ly 
roo ts  r e a c h  140 cm o f t en  be ing  localised in  old roo t  channels .  

METHODS 

The  v o l n m e t r i c  soil s ample r s  used are of t he  fo rm devised  b y  V e i h -  
m e y e r  la. The  n a r r o w e s t  p a r t  of t he  bo t e  is t he  c u t t i n g  edge ( in te rna l  d i ame-  
t e r  4.5 cm). The  wides t  ex t e rna l  d i a m e t e r  (6.8 cm) of t he  tool  is well  b e h i n d  
t he  c u t t i n g  edge. T h e  organie  horizol l  c o n t a i n e d  no  roots  a n d  was r e m o v e d  
before  t he  t o p  15 cm of m i n e r a l  soll was  s amp led  b y  p n s h i n g  in  b y  h a n d  a 
s h o r t  tube ,  21 cm 1ohg. Deeper  samples  a t  t he  same  p o i n t  were t a k e n  w i t h  a 
longer  t u b e  in se r t ed  w i t h  a pos t  h a m m e r  a n d  e x t r a c t e d  w i t h  a j a ck  screw 
(W. 1-I. H i n s o n ,  U.K.  i¢orestry  Commission) .  I n  th i s  l a t t e r  s amp le r  t h e  
c u t t i n g  edge was of h a r d e n e d  al loy ( ' E u t e e T r o d e  2') and  was sea ted  on  a 
p a d d i n g  al loy ( ' E u t e c T r o d e  680'). This  tool  was  nsed  to sample  30.5 cm 
layers  snccess ive ly  down  to 106.5 cm. T he  s amp l ing  tools  were able  to  en t  
t h r o u g h  roots  up  to 0.6 cm d iamete r ,  a n d  n o t  more  t h a n  1 in 30 s amp l ing  
p o i n t s  e n c o u n t e r e d  roots  too t h i c k  to cut .  

t ~ a n d o m  sampl ing  w i t h i n  zones b e n e a t h  t he  t ree  crowns was a d o p t e d  to 
ensure  t h a t  some of t he  smal le r  b n t  poss ib ly  i m p o r t a n t  zones of t he  w o o d l a n d  
were  a d e q u a t e l y  sampled .  Sampl ing  on  each  p lo t  was a t  t e n  r a n d o m  po in t s  
in  each  of t h e  fol lowing zones:  0 - 5 0 % ,  5 1 - 9 0 % ,  9 1 - 1 1 0 %  a n d  g rea te r  t h a n  
110% of t he  c rown radius .  T he  d i s tance  f rom t h e  t r ee  t r u n k  or t r u n k s  u n d e r  
or b e t w e e n  whose  crowns a s amp l ing  poi l l t  fell was  m e a s u r e d  in t he  field a n d  
t h e  co r r e spond ing  c rown radii .  A r o n n d  and  i m m e d i a t e l y  a d j a c e n t  to  t he  
t r u n k s  of two r a n d o m  t rees  on  each  plot ,  t e n  samples  pe r  t ree  were  t a k e n  where  
t h i e k e r  roots  were found  to be  absen t ,  and  a p l a n  d r a w n  of t h e  base  of t he  
t r u n k  and  t h e  s amp l ing  posi t ions .  

The  organic  m a t e r i a l  was  s e p a r a t e d  m e c h a n i c a l l y  f rom the  mine ra l  ma te r i a l  
b y  a u t o m a t i c  w as h i ng  a n d  s ieving ä. T he  roo ts  a n d  p l a n t  r e m a i n s  collect  on  a 
16 m e s h  sieve (0 .91-mm holes). Since m a n y  of t h e  roots  are f iner  t h a n  0.5 m m  
d iamete r ,  t h e r e  is a n  i n e v i t a b l e  loss of roo t  mate r ia l .  Tes ts  w i t h  a 30-mesh  
sieve (0 .57-mm holes) sugges ted  t h a t  th i s  would  r e t a i n  a t h i r d  as r auch  roo t  
aga in  as t h e  coarser  s t ra iner ,  b u t  s epa ra t e  t he  fine s and  less eff ic ient ly  f rom 
the  p l a n t  remains .  A l m o s t  all t h e  roo t  f r a g m e n t s  passi l lg t h r o u g h  t h e  coarse 
inesh  were less t h a n  0.5 m m  d i a m e t e r  a n d  t h e i r  ave rage  l e n g t h  was less t h a n  
5 mm.  Tes ts  us ing  roo t  f r a g m e n t s  wh ich  h a d  b e e n  d r a w n  before  be ing  w a s h e d  
w i t h  soil in  t he  a p p a r a t u s ,  showed  t h a t  roo t  t ips  a n d  f ine s t r a i g h t  f r a g m e n t s  
were no t  he ld  b y  t he  coarse  sieve. 
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The samples  conta ined  b o t h  living and  dead  roots .  The cr i ter ion used for 
d is t inguishing ' l iving roots '  was the  presence  of a whi te  vascular  s t rand,  since 
K r a m e r  ~ has shown t h a t  e r e n  dead vascu la ted  roots  m a y  take  up water .  
This m e a n t  t h a t  each f r agmen t  was examined  indiv idual ly  and offen teased  or 
d issected (grateful acknowledgemen t  is made  of Mr. E. A. S. O g d e n ' s  as- 
sistance).  E x a m i n a t i o n  in t r a n s m i t t e d  l ight  p roved  inadequa te  for sor t ing:  
s ta in ing  also p roved  ineffective.  The rat io of t he  d ry  weight  of dead  to l iving 
roots  was  ve ry  var iable  (Fig. 3). A m o n g  the  coarser  roots  there  were f requen t -  
ly none which  were dead. A m o n g  the  fine roots  dead  ones offen compr ised  
more  t h a n  half  the  oven-d ry  root  weigh t  in t he  superf ieial  layer, bu t  in t he  
deeper  horizons ve ry  rare ly  more  t h a n  one th i rd  of the  d ry  weigh t  were dead  
roots.  I t  was thereIore  impossible  to  apply  a s imple a d j u s t m e n t  to t he  figures. 

I t  was feasible to e s t ima te  lengths  of roots  f rom oven-dry  weights ,  p rov ided  
the  roots  were sepa ra ted  in to  size classes as shown in Table  2. L en g t h s  of 
roots  th icker  t h a n  2 m m  d iamete r  were indiv idual ly  measured .  

TABLE 2 

Dry weights of living roots (mg/cm) from plot D by diameter classes. Means 
of 2 random samples from each of 4 depths with standard errors (n = 8) 

< 0.5 mm 0.5-1.0 mm 1-2 mm < 2 mm 

0.29 ~- 0.019 0.58 ± 0.027 2.47 ± 0.304 0.68 -h 0.069 

RESULTS 

Throughout the data there is a distir~ct tendency for the frequency 
distribution of root lengths or weights to be skewed: there are usu- 
ally a very few samples with large lengths or weights of root and 
relatively many samples with small amounts. A similar sampling 
distribution was reported by  H a c k  a in a very different situation, 
that  of tomato plants grown in a glasshouse (see also M c Q u e e n  s). 
One is immediately struck by  the variability of the data: both 
weights and lengths have a range among the samples of about two 
orders of magnitude. Much of the discussion of the results will revolve 
around this variability. At present comment will be restricted to 
noting that the percent standard errors of the untransformed dry 
weights are more offen larger than those of lengths (Table 3). The 
percent standard error for root lengths in ten random samples from 
any zone commonly lies between 15 and 20 per cent while that  for 
weights averages about 30 per cent. Variability of root length tended 
to increase with depth. Due to this variability no signifieant ditfer- 
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ences in root  lengths or weights can be demons t ra t ed  between zones 
or be tween depths  in this stand.  Perhaps  as m a n y  as a hundred  
samples f rom each dep th  in each zone would be necessary to demon-  
s t ra te  significant differences. A n g e 1 o and P o t t e r * were able to use 
d ry  weights for comparisons p robab ly  because of their  s tandardised  
sampling procedure :  4 replicate samples were taken  with a 2.2-cm 
d iameter  Veihmeyer  tube  at  the corners of a 15-cm square 91 cm 
from the t runks  of orchard  trees (s tandard error 5.3% of the mean,  
75 degrees of freedom). 

TABLE 3 

Percent Standard Errors. Douglas Iir live-root weights and Iengths. 
Plot D. In parentheses-number of samples 

Depth (cm) 

Zone 0-15 15-46 46-77 77-107 0-107 

Weight Length Weight Length Weight Length Weight Length Weight Length 

Treebase 15 (9) 11 (9) 
24 (6) 33 (6) 
24 (7) 24 (7) 

o- so% 95 (9) 16 (9) 
Sl- 90% 11 (10) 13 (10) 
91-110% 32 (9) 21 (9) 
> 110% 37 (9) 15 (9) 

51 (4) 28 (4) 40 (3) 39 (3) 18 (2) 25 (2) 20 (2) 19 (2) 
85 (10) 16 (10) 49 (10) 20 (10) 31 (10) 27(I0) 56 (10) 16 (10) 
23 (8) 21 (9) 26 (10) 17 (10) 22(10) 24 (10) 17 (9) 15 (8) 
84 (9) 12 (9) 21 (9) 20 (9) 31 (9) 28 (9) 17 (6) 15 (6) 

F r o m  the above it should be no ted  tha t  comparisons of mean  root  
amoun t s  be tween plots, zones or depths  must  be received with con- 
siderable caution.  Summarised  results are given in Tables 4 where 
perhaps  the most  s tr iking fea ture  is the considerable length of root  
in the soil, about  a ki lometre  per square met re  in the top 15 cm of 
soil and as much  as 7 km in the top metre.  These eonsiderable 
lengths are associated with a fairly small weight of roots  (about  200 g 
per kilometre) a l though the th icker  and heavier  roots near  the base 
of the t r unk  are excluded.  The  differences between the plots might  
have  been due to the mon th  of sampling, to crop deve lopment  (plot 
D was sampled the year  af ter  the o ther  two), or to changes in tech- 
nique during the execut ion of the s tudy.  However ,  inspeetion of the 
relat ive amounts  of root  in each zone in Table  4 suggests t ha t  none 
of these explanat ions  is ve ry  likely. 
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TABLE 4 

Douglas fir, Bagley Wood. Length (km/m 2) and weight (kg/m 2) of l iving roots of all diameters 

Plot 

Zone 
Deptb (cm) Depth (cm) Depth (cm) 

B C D 

0-15 0-15 0-15 15-46 46-77 77-107 

Length Weight  Length Weight  Length Weight  Length Weight  Length Weight  Length Weight  

Stem base 0.31 -- 0.28 -- 1.06 0.09 . . . . . .  
0-  50% 0.28 0.92 0.39 0.21 2.28 0.09 4.25 0.43 3.29 0.19 2120 0.12 
51- 90% 0.43 0.11 0.70 0.09 1.66 0.09 2,31 0.22 1.85 1.96 1,77 0.16 

91-110% 0.26 0.03 0.59 0.38 1.99 0.18 2.41 0.22 2.40 0.16 1.36 0.07 
> 110% 0.48 0.04 0.38 0.07 1.65 0.15 1.64 0.69 1.10 0.06 0.94 0.07 

Whole plot 0.37 0.21 0.55 0.17 1.81 0.13 2.41 0.37 1.97 0.76 1,50 0.11 

Total 0-107 cm depth:  7.69 km/m 2, 1.37 kg/m s 

Depth sampling was not independent of horizontal sampling and 
it is noticeable in Table 4 that  there is more consistency between 
depths in a zone than between zones. However, we may notice a 
tendency for greater root length to occur in the 15-46 cm horizon 
than in the lower horizons, but the top 15 cm of soil had almost 
twice the density of roots (weight or length of root per unit soll 
volume). In every zone the 77-107 cm horizon had the lowest con- 
centration of roots but still, in this deep soll, about half the surface 
concentmtion. 

Despite their proximity to one another, samples taken around a 
tree trunk contained as variable amounts of roots as the random 
sampling (see Table 3), hut real differences occur between trees so 
that  the root length in samples adjacent to the trunk of tree z4 was 
significantly less than that  around tree zz  (Fig. 1 and Table 5). The 
mean lengths oB root in this region were relatively small in all three 
plots (Table 4). However, considering the individual samples, those 
with abundant rooting in some trees at least (I8, 25), were juxta- 
posed. Certain trees (8 and ]c2) appeared to have fairly uniformly 
small root amounts around the trunk base, while others (e.g. tree I~) 
uniformly 1arge amounts. There was no apparent rooting preference 
correlated with compass direction. 

Mean values of root lengths within each zone tend to obscure a 
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feature exemplified in Figure 2 for the samples with the greater 
lengths of root to be found at a distance of a metre from the tree 
trunk, or about halfway between the trunk and the edge of the 
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crown (plots B and C) although samples containing small amounts 
of root could oecur at any distance from the trunk. In plot D, the 
zone yielding some samples having large quantities of roots was 
located nearer the stem, and horizons below 15 cm presented a simi- 
lar picture. 

It is also instructive to look at the root lengths in samples relative 
to the crown projection diagram (Fig. 1). In plot B the smaller 
lengths of root are mostly confined to the eastern half. Although 
the general values for plot D are rauch greater, the western edge of 
the plot adjoining plot B has relatively shorter root lengths. The 
larger lengths of root in plot D are mainly confined to the south- 
eastern half of the plot. Any pattern in this plot does not appear 
to carry into plot C with its almost random disposition of root 
lengths in samples. 

In plot D, where sampling was conducted to greater depths, there 
was an evident correspondence between the patterns in successive 
horizons. 

While admittedly this description of pattern is very subjective, it 
noticeable that  it gives little or no support to any hypothesis which 
seeks to relate root distribution to the positions of the trees and 
their crowns - any contours which are drawn on the basis of sampling 
position and the amount of roots, appear unrelated to the crown 
projection map. 

Some comments should be made on the relations between the 
diameter classes of roots, particularly since some workers (e.g. Or- 
lov  10) have treated such a classification as reflecting function. In 
plot C there was on average about three times the length of roots of 
more than 0.5 mm diameter than there was of roots thinner than 
0.5 mm. In the other two plots there were similar lengths of root 
larger and smaller than 0.5 mm (see Fig. 2). The proportion of roots 
less than 0.5 mm increased with depth somewhat (plot D). The 
lengths of roots thicker than 1 mm rarely exceeded I0 per cent of 
the total in the sample, and offen there were no roots of the larger 
classes. Only in plot C was there a tendency for the proportion of 
roots less than 0.5 mm in diameter to increase towards the trunk. 
Perhaps the reverse was true at depth in plot D. 

Only in plot D were the dry weights of dead roots in the samples 
assessed. I t  was observed that  the dead roots were almost entirely 
of the smaller diameter classes i.e. less than 1 mm. The weights would 
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therefore more nearly correspond to lengths than in unclassified live 
root material. I t  is probable that  dead root material would weigh 
less when dried than a similar length of live root of the same di- 
ameter. On average there was about half the dry weight of dead 
roots in a sample as live, but the proportion was very variable and, 
in perhaps 20 per cent of the samples, dead root weight equalled or 
exceeded live (see Fig. 3). It  has been assumed that  dead roots be- 
longing to trees felled in the previous thinnings had rotted by the 
time the samples were taken, though this cannot be proved. T-be 
ratio seemed to bear little or no relation with position between the 
trees or depth (except that  perhaps the 15-46 cm horizon tended to 
have a higher ratio of dead roots than the 77-107 cm horizon). The 
weight of dead root material per unit soil volume in the 0-15 cm 
sample was on average approximately one and a half times that  in 
the deeper samples. Mean dead root weights in the deepest samples 
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Fig. 3. Douglas fir, plot D, dry weights (kg/m s) of dead roots relative to 
living fine (< 1 mm diam.) roots. 
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were about 85 per cent of those taken from 46 to 77 cm which in 
turn were about 75 per cent of those from 15 to 46 cm, but within 
any individual vertical profile this pattern was frequently not 
followed. The mean weight of dead roots per sample fell off wirb 
distance from the tree trunks so that  the mean weight of dead root 
at 50 cm (0.14 g per sample) from the t runk was about twice that  at 
2 m (0.07 g per sample). Samples with small amounts of dead root 
occurred at all distances from the trunk, but samples with larger 
weights of dead roots were on!y found nearer the sterns. Thus the 
distribution of dead roots apparently followed that  of live roots 
despite the variable ratio of live to dead weights in the samples. 

DISCUSSION 

The data reported in this paper leave some things to be desired 
and point to improvements which could be made in the methods. 
The depth discrimination is inadequate for many purposes; the 15- 
or 30-cm intervals ought to be reduced to 2 cm, but it is difficult to 
see how this might be aecomplished without considerably increasing 
the number of samples. The loss of fine root material during the 
washing process is rather high and, since it includes many of the 
root tips, some valuable information is also lost. The discrimination 
between dead and living material is somewhat arbitrary and tedious. 
Radioactive tracers injected into the trees some while before samp- 
ling suggests itself as the most appropriate approach (see U e n o  
et al.l~). Photographs and autoradiographs of the roots after washing 
could then be subjected to N e w m a n ' s  9 technique of length de- 
termination. 

However, accepting the data with their limitations, we will con- 
sider their characteristic variability. If we suppose that  there is a 
relatively constant component of this variability, we would expect 
correlation of the pattern with other iactors such as the distribution 
of soil moisture accession and soff nutrients. We have noted that  
there is an inverse correlation between root length and distance from 
the nearest tree trunks, though not sufficient to account for any 
more than a fraction of the variability. Five rain-gauges (127 mm 
diameter) were placed completely at random in each of the four 
plots to assess throughfall. The smallest catch was less than half the 
largest (see Fig. 1). With the high and rather ragged crowns in this 
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plantation, the rather variable throughfall may be large at any 
distance from the stem, but  small throughfall points are confined to 
the region of the inner crown so that  it is not easy to see any relation 
to the pattern of rooting in Figure 2. There was no correlation be- 
tween throughfall and root lengths in the top 15 cm of soll in samples 
nearest the gauge sites. I t  could be that there is an intricate pattern 
of throughfall which is not very closely related to the tree spacing. 
However, a more intensive grid of rain-gauges under a single tree 
crown (Fig. 1, tree z6) confirmed that there was on average the 
expected increase in throughfall from near the trunk outwards. It  is 
possible that  the superficial rooting adjacent to the trunks is more 
closely related to the accession of rainfall as has been suggested 
previously 11. Using fluorescent dye 12 on Douglas fit of a similar 
size, it was noted that the stem flow is deposited at discrete pat ts  
of the perimeter of the base of the tree trunk (this can be confirmed 
visually in storms) and runs to the underside of major roots. The 
distribution of roots in samples round the trunks suggests that  they 
are con¢entrated according to the inclination of the tree trunk, the 
presence of hollow channels between ridges corresponding to the 
major roots, and the slope of the ground which carries the surface 
run-off component of stem flow. At least in trees z4, ~8 and possibly 
1 2  the position of trickles of water observed in storms corresponded 
to samples with the greatest root lengths. A very weak negative 
correlation between stem flow and tree size in this stand is recog- 
nisable in Table 5. The trees on which larger stem flow was measured 
(trees ~, ~5 and ~rS) corresponded with the tree of the pair sampled 
on each occasion having the higher concentration of roots. Con- 
versely, trees z4 and 8 had less stem flow and tree z2 was relatively 
dry and the smaller concentration of roots was found in samples 
round their boles. 

The humus depths at the points of sampling, or the ease of pene- 
tration of the sampler showed virtually no correlation with the 
amounts of root present. 

In two of the plots there was an apparent spatial clustering of 
samples with similar quantities of roots. This might be taken as an 
indication of a pattern in the physical or chemical attributes of the 
soll, possibly related to the previous oak crop. Its apparent hori- 
zontal dimensions compared to its vertical make it unlikely to be a 
reflection of the geological parent material (Plateau Gravel). How- 
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T A B L E  5 

Stein  f low (litres) on trees du r ing  smal ler  da i ly  p rec ip i t a t ions  ( <  12 m m )  froin 28 Feb.  to 11 Oct.  1966. T r u n k  

g i r ths  (in a t  1.3 in a b o v e  ground) .  Mean roo t  l eng ths  (kin/in~), 0 -15  cm soiI horizon,  s ampled  aga ins t  t r u n k  

Plot 

A B C D 

Tree  I lumber  3 4 7 9 z 8 6 z2 x5 x6 x4 x7 x8 x z  

(see Fig. 1) (larch) 

S t e m  flow 30.6 95.3 0.9 157.4 66.0 42.1 26.7 13.6 62.9 30.0 37.3 60.1 53.0 --  

Gi r th  Oll 
5.5.64 0.92 0.84 0.66 0.83 0.53 0.75 0.75 0.81 0.70 0.70 0.62 0.88 0.55 0.66 

Mean roo t  
l eng th  . . . .  0.67 0.09 -- 0.16 0.40 --  0.68 --  1.19 1.29 

Nu inbe r  of 
sainples  . . . .  3 5 -- 9 10 --  10 --  9 9 

M a x i m u m  

length  per  
sainple . . . .  0.93 0.35 --  0.50 1.10 --  1.05 --  2.53 1.94 

ever, the third plot appears to have a more intricate pattern of 
rooting which cannot be explained in these terms. 

From considerations like these, it seems likely that  most of the 
variability in rooting is inexplicable in terms of the micro-pattern 
due to the distribution of the trees or other variations in the en- 
vironment. 

High concentrations of live roots may be relatively transient. 
Having largely exhausted the available water in a locality, the 
density of living roots is likely to revert in a few weeks to a low 
concentration, leaving a high proportion of dead roots and a few 
persistent live roots of larger diameter. The former would decay at 
a rate dependent on temperature, soil moisture potential and, proba- 
bly, depth. After recharge of this soil with water, the persistent 
roots may pur out new fine roots and complete the cycle. Thus the 
variability of rooting may be explained as an intrinsic and dynamic 
characteristic of at least some root systems. The statistic of vari- 
ability about the mean in Table 3 would thus be an index of this 
discontinuous root activity in Douglas fir. I t  may be relevant that  
W i l c o x  ss found that  abortion of short roots of Pinus resinosa was 
associated with their relatively small apical meristems, but in this 
anatomical study no indication could be given of the time scale of 
these events. Apart from the seasonal development of short roots 
which he ascribed to endogenous causes, L a d e f o g e d 7 noted that  
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considerable development of short roots could occur in any month 
of summer and autumn when the parent long root tip was damaged, 
met an obstruction, showed mycorrhizal development or was sub- 
ject to desiccation. 

Such cyclic activity might be iinked with a spatial pattern. 
R o g e r s  and B o o t h  la speak of the size of pattern they observed in 
'absorbing' roots of apple on underground glass windows as com- 
posed of 'small' areas, presumeably of the order of 1,000 cm~ in 
vertical cross section. They described a cycle of exploration and 
death in August that took about 50 days. W e l l e r  i7 also observed 
considerable variability of the concentration of 'absorbing' apple 
roots within periods of a Iew weeks, aseribing this to internal physi- 
ological causes on the slender basis of a correlation with the fruiting 
of individual apple trees. Under a weekly watering regime of tomato 
plants in a greenhouse, H a c k  4 reported a cycle of root growth, 
death and regrowth taking about 100 days on a 30 × 30 cm vertica! 
glass observation panel. Adjacent tensiometers indicated that  water 
uptake was subject to a similar cycle. He suggested a wave of root 
regrowth spreading out from the base of the stem taking a measura- 
ble time to affect tensiometers placed at 30 cm from the base. 
K o 1 e s ni k o v 5 has reported death and shedding of roots sequential- 
ly outwards to the crown periphery in top and soff fruits, the cycle 
taking several years. 

If a pattern of similar dimensions occurs in Douglas fir, then the 
intensity of sampling points used in the present work is larger than 
the pattern and would be expected to produce extremely variable 
results. Even the sampling in depth might be expected to show large 
differences, except perhaps sometimes in adjacent horizons. W a t -  
son  16 has presented figures for numbers of roots on a 116-cm 2 grid 
of rectangles on a vertical pit face in Douglas fir on deeply drained 
Calcareous Grit in Bagley Wood. However, the faces examined did 
not exceed 80 cm long and 76 cm deep which is not sufficient to 
demonstrate whether or not there was a repetitive pattern of vari- 
ability. 

The presence of variable proportions of dead roots in the samples 
may be taken as evidence in favour of the above hypothesis. A high 
proportion would indicate relatively recent death where previously 
there had been a high eoncentration of living fine roots. A low 
proportion resulting from decay of fine roots which had died might 
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be enhanced by  renewed root growth in the locality. Figure 3 may 
be interpreted in line with this explanation. 

It  would be difficult to use the sampling technique for Douglas fir 
roots to examine the validity of this hypothesis as a function of time 
because of the effect of sampling on the rooting within the immediate 
vicinity. Despite its deficiencies, it may  be necessary to utilise the 
root observation chamber to see if the cyclical exploration of soll by  
roots is as widespread as it appears. 

In presenting the results of this s tudy differences were noted be- 
tween plot C and the other two that were sampled. Summarising 
these, pattern was virtually non-existant not continuous with the 
adjoining plot, and the proportion of live roots which were fine was 
reduced. If we are correct in attributing transience to the roots less 
than 0.5 mm diameter, then the observations on the plot are con- 
sistent with fairly widespread death of these roots before the samp- 
ling date. The gross rainfall (Fig. 4) suggests that  these findings may 
well result from the drying of the soll during six rather dry weeks 
preceding the sampling of plot C in contrast to the moist conditions 
supervening earlier in the season when plot t3 was sampled and the 
wet summer the following year prior to sampling D. K o l es n i k o v 5 
suggests that propitious environmental conditions can prolong the 
life of short roots. Plot C may therefore illustrate general death of 
fine roots, while under moister soll conditions in the other two plots 
only locally was there sufficient depletion to 'cause' the death of fine 
roots. 

The evidence thus points to fine roots being produced in response 
to an external stimulus received by  the growing tip of the parent 
long root ( L a d e f o g e d  7). These fine roots are predisposed to tran- 
sience (Wilc o x Is) and succumb due to local soll moisture depletion 
rather than to internal causes as postulated by  W e l l e r  17. Con- 
siderable interest attaches to discovering whether the fine roots 
dying in a cell arise from a single parent root, or indeed a single tree. 

Received January 13, 1969 
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