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S a v i t r i  Nayagam S t u d ie s  on  s o l u b l e  n u t r i e n t  co m p o n en ts  in  wood
and t h e i r  i n f l u e n c e  on  d e c a y  s u s c e p t i b i l i t y  and  
p r e s e r v a t i v e  e f f i c a c y .

ABSTRACT

The work d e s c r ib e d  in  t h i s  t h e s i s  w as u n d e r ta k e n  t o  d e te r m in e  t h e  
n a tu r e  and i d e n t i t y  o f  s o l u b l e  c a r b o h y d r a te  and n i t r o g e n o u s  
com p o n en ts w h ic h  m ig r a t e  and a c c u m u la te  a t  e v a p o r a t iv e  s u r f a c e s  o f  
d r ie d  wood and t h e  in f l u e n c e  t h e s e  n u t r i e n t s  h a v e  on  wood d e c a y  and  
p r e s e r v a t i v e  p e r fo r m a n c e .
S p e c i f i c  s o l u b l e  c a r b o h y d r a te s  and am ino a c i d s  w ere  shown t o  
r e d i s t r i b u t e  and a c c u m u la te  a t  s u r f a c e  r e g i o n s  o f  wood d u r in g  d r y i n g .  
A n a ly s i s  o f  d r ie d  wood show ed t h a t  s o l u b l e  c a r b o h y d r a te s  c o n s t i t u t e d  
2- 5% o f  t h e  d r y  m ass o f  wood a t  s u r f a c e  r e g i o n s ,  and t h a t  s o l u b l e  
n it r o g e n o u s  co m p o n en ts  c o n s t i t u t e d  < 0 , 5% in  t h e  same a r e a s .  The 
s o l u b l e  s u g a r s  w h ich  r e d i s t r i b u t e d  and accu m m u la ted  a t  s u r f a c e  
r e g io n s  d u r in g  d r y in g  w ere  m a in ly  r e d u c in g  i n  n a tu r e  in  t h e  s o f t w o o d s .  
G lu c o se  and f r u c t o s e  w ere  t h e  p r e d o m in a n t s u g a r s  i n  t h e s e  w o o d s , In  
l im e ,  s u c r o s e  w as t h e  p red o m in a n t s u g a r .
S o lu b le  am ino a c i d s  c o n t r ib u t e d  t o  a  s i g n i f i c a n t  p r o p o r t io n  o f  t h e  
n it r o g e n  c o n t e n t  a t  s u r f a c e  r e g i o n s  o f  s o f t w o o d s .  In  p in e  and s p r u c e  
s o l u b l e  am ino a c i d s  c o n s t i t u t e d  30% and 40% o f  t h e  t o t a l  n i t r o g e n  
c o n t e n t ,  b u t  in  l i m e ,  c o n c e n t r a t io n s  o f  s o l u b l e  am ino a c i d s  
c o n s t i t u t e d  o n ly  6% o f  t h e  t o t a l  n i t r o g e n  c o n t e n t .  The m a jo r  am ino  
a c id s  o b s e r v e d  in  p i n e ,  sp r u c e  and l im e  w er e  a s p a r t i c  a c i d ,  g lu ta m in e  
and a r g i n i n e .
S o i l  b u r i a l  s t u d i e s  u n d e r ta k e n  h i g h l i g h t e d  t h e  p r o b le m s e n c o u n te r e d  
when t r y i n g  t o  m im ic n a t u r a l  wood o f  h ig h  n u t r i e n t  s t a t u s .  T e s t  
b lo c k s  im p r e g n a te d  w ith  s o l u b l e  s u g a r s  and am ino a c i d s  d i s p la y e d  l o s s  

.o f  t h e s e  added  n u t r i e n t s  on  em p la cem en t i n  s o i l ,  and t h e  e f f e c t  o f  
added s u b s t r a t e s  c o u ld  n o t  b e  e v a lu a t e d  i n d i v i d u a l l y .
The r e s u l t s  o f  s o i l  b u r ia l  s t u d i e s  u s in g  CCA t r e a t e d  wood w h ic h  w as  
a l s o  im p r e g n a te d  w i th  am ino a c i d s ,  show ed t h a t  t h e  l a t t e r  i n f l u e n c e d  
wood d e c a y  and p r e s e r v a t i v e  s t a b i l i t y  in  l i m e .  W eigh t l o s s e s  in  
p r e s e r v e d  l im e  w ere  shown t o  c o r r e l a t e  w i t h  i n c r e a s in g  a r g i n i n e  and  
g lu ta m in e  c o n c e n t r a t i o n s .  A s u b s t a n t i a l  c o p p e r  l o s s  w as r e c o r d e d  in  
hardw oods and s o f tw o o d s  t r e a t e d  a t  s u b - t o x i c  l e v e l s  w i t h  CCA and a l s o  
t r e a t e d  w i t h  g lu t a m in e .  S o lu b le  s u g a r s  in c o r p o r a t e d  i n t o  p r e s e r v e d  
wood d id  n o t  i n f l u e n c e  wood d e c a y  o r  p r e s e r v a t i v e  e f f i c a c y .
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CHAPTER 1

INTRODUCTION



1 In tro d u c t io n

The interaction of wood and the soil environment is an area of 
considerable interest due to the failure of wood as a consequence 
of fungal degradation. One of the most serious drawbacks
to the use of wood as a construction material, is that under favourable 
conditions it easily decays and thus loses its strength and elasticity. 
This decay destroys annually, wood worth large sums of money and 
wood decay thus represents a very serious economic problem. Estimates 
for import of wood and wood products in the United Kingdom alone, 
are more than £2,800 million pounds annually (Levy and Dickinson, 
1981) and today it is approaching £5,000 million pounds.

Timber is an attractive and extensively used building material. 
It has good strength characteristics, weight for weight being stronger 
than steel, and in contrast to the finite reserves of steel, wood 
stocks with careful management are renewable (King, 1981). In 
modern buildings, apart from strength and aesthetic factors, there 
is a need to consider economy in the use of materials, the suitability 
of newly developed products and the demands of occupants for thermal 
comfort and convenience. In these circumstances timber products 
may be more highly stressed and used more closely to their design 
performance limits. Besides stress factors, other factors such
as temperature, water, weathering and interaction with associated 
materials e.g. fire retardants, metal plate fasteners., also affect 
the life expectancy of a timber product. Most of these factors 
are influenced to some extent by the moisture content of the timber. 
In practice, control of moisture content is probably the single
most important factor in obtaining a long and satisfactory service
life (Morgan, 1986).

Wood is made up mainly of three polymeric materials: cellulose,
the hemicelluloses, and lignin (Kirk, 1973). Other substances such 
as nitrogenous materials, pectin, starch, low molecular weight 
sugars, and minerals are also present. In addition, extraneous
materials such as lignans, terpenes etc., are found in varying 
amounts. Pectin, starch and low molecular weight carbohydrates 
may be especially important as initial carbon sources for the estab
lishment of micro-organisms in wood. It has been suggested that
removal of these carbohydrates may be a way to prevent decay under 
some circumstances.
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Nitrogenous materials, present usually in minimal amounts in wood, are 
essential to the growth and activities of wood destroying organisms 
and therefore exert considerable influence on the rate of decay (Cowling^ 
1970).

Decomposition of wood is practically exclusively a biological process 
caused by organisms that digest wood and use it as a nutrient. The 
principal agents of decay in wood are fungi and insects (Findlay,
1985). Two main groups of insects are destroyers of wood, namely, 
termites and wood-boring beetles. In temperate countries, wood-boring 
insects can cause serious damage to certain timbers in buildings.
Attack by wood-boring insects arise mainly through the introduction 
of infested material into buildings rather than through time related 
exposure (Morgan, 1986). In the tropics and sub-tropics, termites 
are often the major cause of timber destruction (Findlay, 1985 
op.cit). They can be divided into two main groups, namely, dry wood 
termites and subterranean termites. Dry wood termites live in dry 
seasoned wood and do not require any contact with soil, and sub
terranean termites live either wholly or partly in the ground, and 
always maintain a connection with the soil. Both groups of insects 
i.e. termites and wood-boring beetles, exhibit a form of symbiosis 
with bacteria or fungi, either as gut flora, food nurturing young 
larvae or nymphs, or partially to decay wood before infestation by 
the insects.

The micro-organisms that decay wood can be divided into four major 
groupingsj bacteria, mould and stain fungi, soft rot fungi and 
basidiomycetes, (Levy, 1969y 1971; Liese, 1970). These micro
organisms occur in different ecological situations and can produce 
greater or lesser degrees of decomposition dependant on the suita
bility of the surrounding environment. Bacteria normally require wood 
to be water-laden before extensive bacterial proliferation can take 
place. The staining and mould fungi usually colonise only freshly 
felled wood and do not recolonise it after it has dried, even if 
rewetted (Findlay, 1966; King and Eggins, 1973). Soft rot fungi 
require high moisture levels, and considerably more protein than is 
found in wood to produce significant amounts of decay. The basi
diomycetes may totally decay wood under relatively dry conditions, 
and require less protein than soft rot fungi to decay wood.
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Bacteria have been shown to be the initial colonisers of both unpre
served and preserved wood in soil (Banerjee and Levy, 1971; Clubbe 
and Levy, 1982). Bacteria from several genera are known to attack 
wood as a nutrient source (Levy, 1967; Greaves, 1971J, with Bacillus 
and Pseudomonas being especially important in these events. Greaves 
(1971) grouped bacteria which are isolated from wood into four 
categories determined by their functions once invasion of the wood 
had occurred. Bacteria of Group 1 were those which affected the 
permeability of the wood to liquid penetration but had no significant 
effect on strength properties; bacteria of Group 2 had the capability 
to attack the wood structure, thereby reducing the strength of 
the wood; bacteria of Group 3 were those which in association with 
other wood decay micro-organisms could cause total breakdown, and 
bacteria of Group 4 were the "passive" colonisers which had no 
effect upon the wood, but which had a marked influence on the other 
wood decay organisms by their antagonistic activities. Greaves 
(1971, op.cit) also noted that bacteria and actinomycetes were 
probably the micro-organisms most abundant in wood during decay, 
and Baecker and King (1981) showed that actinomycetes can occur 
in large numbers in decaying lime and pine.

A group of bacteria known as tunnelling bacteria have been shown 
to be able to degrade a wide variety of decay resistant timbers 
(Nilsson and Daniel, 1983). This group of single-cell bacteria 
are characterised by their ability to tunnel within the secondary 
cell walls of wood fibres. Attack is initiated by a single bacterium 
which attaches itself to the S3 layer of a wood fibre. The bacterium 
sinks into the cell wall though lytic action and produces a minute 
cavity with pointed ends. Division of the bacterium into two bacteria 
enlarges the cavity and further division of these bacteria results 
in the formation of small cavities or tunnels which radiate out 
from the original cavity. Tunnelling bacteria have been reported 
to attack CCA-treated vineyard poles in New Zealand but not CCA- 
treated poles in Sweden (Nilsson and Daniel, 1983, op.cit). The 
inability of these bacteria to attack transmission poles led the 
authors to postulate that tunnelling bacteria require higher moisture 
levels than normally found in transmission poles, and that these 
bacteria are strongly stimulated when wood is exposed in fertilised 
soils. Significant decay by cavitation bacteria have also been
observed in a large number of CCA-treated pine posts in horticultural 
soils in New Zealand (Nilsson and Singh, 1984).
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This group of bacteria have been defined to be able to degrade 
wood through formation of discrete cavities within the wood cell 
walls. Unlike tunnelling bacteria where the enzymatic activity 
is confined to the immediate vicinity of bacterial cells, cavitation 
bacteria are able to produce diffusable wood-degrading enzymes. 
These bacteria like soft rot fungi and tunnelling bacteria confine
their attack to the S2 layer of wood cell walls.

Until the work of Savory (1954), cellulolytic and lignocellulolytic 
basidiomycete fungi were considered to be the sole causative agents 
of large scale fungal degradation of timber. Savory 
however demonstrated that Ascomycetes and Fungi Imperfecti were
responsible for the degradation of timber in water cooling towers. 
Decay by these fungi was shown to be restricted to S2 layer of the 
secondary cell walls of tracheids and fibres and regulated by cellulose 
activity. This form of decay is characteristically recognised 
by the surface softening of timber and Savory (1954, op.cit) proposed 
the term "soft-rot'1 to describe such decay. It has been shown
(Krapivina, 1960; Merrill, 1966) that a number of staining and 
mould fungi can act as soft rot fungi. Work on the successions 
of fungi which colonise dried wood (Merrill and French, 1966; Butcher, 
1968; Levy, 1969; Banerjee and Levy, 1971) has shown that many
mould-staining and soft rot fungi are associated with the decay 
process. The work of Banerjee and Levy (1971) has shown that soft 
rot is largely confined to the peripheral regions of fence posts 
and that basidiomycetes are capable of developing beyond the 5mm 
depth and towards the centre of the post where competition is low. 
These authors (Banerjee and Levy, 1971 op. cit.) noted that coloni
sation by maximal numbers of fungal species occurred in the outer 
5mm of wood, an area in wood in which migration of soluble nitrogenous 
materials was shown by King (1975).

Wood-destroying fungi obtain the carbon needed for their metabolic 
activities from the carbon-rich polymers, which make up the cell 
walls. It has been shown in pure culture studies (Henningsson,
1967), that fungi that decay wood develop more slowly on cellulose 
than on simple sugars. As long as soluble carbohydrates remain, 
there may be no stimulus for cellulose production (Bravery, 1968a). 
Generally, enzymes which hydrolyse cellulose are produced when 
growth is restricted (Hulme and Stranks, 1970). Enzymatic attack 
on hemicellulose proceeds in a manner similar to that of cellulose; 
resulting in the formation of dimers and monomers which are then 
able to enter fungal cells. ,,



Working with isolated polysaccharides, Takahashi and Nishimoto 
(1973) found that the soft rot fungi, Chaetomium globosum was capable 
of degrading xylans and mannans, the former being degraded at a 
slightly greater rate than the latter. A similar observation was 
recorded with basidiomycetes, in which the fungi tested exhibited 
growth on the xylans, (Henningsson, 1967 op. cit.). This led the
authors, Takahashi and Nishimoto, to postulate that the higher 
xylan content in hardwoods may contribute to its decay susceptibility.

Wood-destroying fungi satisfy their nitrogen requirements primarily 
from the wood itself. Nitrogen is an essential constituent for 
growth and development of wood-inhabiting fungi. In fungal hyphae 
and spores, nitrogen is a major constituent of the amino acids,
peptides and proteins and the nucleotide bases. Enzymes are protein 
molecules, and extracellular enzymes regulate all wood polymer 
breakdown. Thus, for active decay of wood to take place, micro
organisms must acquire nitrogen for enzyme synthesis.

The nitrogen content of wood occurs in many forms. The cambium
and rays, contain proteins, peptides, amino acids, nucleic acids, 
lipoprotein membranes and other nitrogenous constituents. Wood
fibres and dead parenchyma cells also contain protoplasmic residues. 
Young cell walls contain proteins; and a protein rich in the amino 
acid hydroxyproline has been found in the primary walls of sycamore 
(Lamport and Northcote, 1960) and also in Scots pine protein (Laidlaw 
and Smith, 1965) . The bulk of nitrogen in wood is in the form
of cell wall protein and is thus not immediately available to colo
nising organisms. Because of the low levels of nitrogen in wood,
its availability to wood decay fungi may become a major limiting
factor to rates at which decay can proceed.

Wood has nitrogen contents of between 0.03% - 0.10% (w/w) with
C:N ratios varying between (350-500):1, (Cowling and Merrill, 1966). 
Soluble nitrogen is considered only as a fraction of a minor wood
component. Cowling and Merrill (1966, op. cit.), had shown that
some of the nitrogen in wood was in a soluble form. The work of
Cowling et. a l . was confirmed by Baker, Laidlaw and Smith (1970), 
who showed that slight amounts of soluble amino acids were present 
in the sapwood of Scots pine. King (1975) showed that greatest
amounts of soluble nitrogen were in the outer sapwood regions with
lesser amounts in the heartwood regions.
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K i n g ,  O x l e y  a n d  L o n g  ( 1 9 7 4 ) d e m o n s t r a t e d  t h a t  t h e s e  s o l u b l e  n i t r o 

g e n o u s  m a t e r i a l s  m i g r a t e d  a n d  a c c u m u l a t e d  a t  e v a p o r a t i v e  f a c e s  

o f  w o o d  d u r i n g  d r y i n g .

T h e  c o m p o s i t i o n  o f  s o l u b l e  n i t r o g e n o u s  c o m p o n e n t s  i n  w o o d  h a s  b e e n  

i n v e s t i g a t e d  i n  s e v e r a l  s t u d i e s .  F r e e  a m i n o  a c i d s  w e r e  s h o w n  t o  

b e  p r e s e n t  i n  s a p w o o d  i n  a b u n d a n c e  a n d  i n  h e a r t w o o d  i n  t r a c e  a m o u n t s  

( F u k u d a ,  1 9 6 3 ; M e r r i l l  a n d  C o w l i n g ,  1 9 6 6 ) .  M o s t  o f  t h e  a m i n o  a c i d s  

d e t e c t e d  b y  F u k u d a  a n d  M e r r i l l  a n d  C o w l i n g  w e r e  c o m m o n  p r o t e i n  

a m i n o  a c i d s  b u t  i n c l u d e d  n o n e  o f  t h e  a r o m a t i c  a c i d s .  I n v e s t i g a t i o n s  

h a v e  a l s o  s h o w n  t h a t  m o s t  o f  t h e  n i t r o g e n  i n  t h e  x y l e m  s a p  o f  m a n y  

t r e e  s p e c i e s  o c c u r  a s  o r g a n i c  c o m p o u n d s ,  r a t h e r  t h a n  a s  n i t r a t e  

o r  a m m o n i a  ( B o l l a r d ,  1 9 5 7 a ,  b ,  c ;  B a r n e s ,  1 9 6 3 ) .  T h e  m a i n  o r g a n i c  

n i t r o g e n  c o m p o u n d s  i n  t r e e  x y l e m  s a p s  a r e  a m i n o  a c i d s  a n d  u r e i d e s .  

G l u t a m i n e  a n d  a r g i n i n e  w e r e  d e m o n s t r a t e d  t o  b e  t h e  m o s t  a b u n d a n t  

a m i n o  a c i d s  i n  t h e  i n v e s t i g a t i o n s  o f  B o l l a r d  ( 1 9 5 7 c )  a n d  B a r n e s  

( 1 9 6 3 ) .  T h e s e  a m i n o  a c i d s  w e r e  a l s o  t h e  p r e d o m i n a n t  a m i n o  a c i d s

i n  t h e  b u d s ,  s h o o t s ,  a p i c e s  a n d  l e a v e s  o f  w h i t e  s p r u c e  s a p l i n g s  

( D u r z a n ,  1 9 6 8 a ) .  M e r r i l l  a n d  C o w l i n g  ( 1 9 6 6 ) d e m o n s t r a t e d  t h a t  v a r i o u s  

e x t r a c t s  f r o m  a s p e n  w o o d  ( P o p u l u s  g r a n d i d e n t a t a )  c o n t a i n e d  a s p a r t i c  

a c i d ,  g l u t a m i c  a c i d ,  s e r i n e ,  g l y c i n e ,  a l a n i n e ,  v a l i n e ,  l e u c i n e ,  

i s o l e u c i n e  a n d  t h r e o n i n e .  T h e s e  a m i n o  a c i d s  f o u n d  b y  M e r r i l l  a n d  

C o w l i n g  w e r e  u t i l i s e d  b y  a l l  o f  t h e  b i r c h  a n d  a s p e n  -  a t t a c k i n g

f u n g i  t e s t e d  b y  H e n n i n g s s o n  ( 1 9 6 7 ) .  I n  h i s  i n v e s t i g a t i o n _ ,  H e n n i n g s s o n  

s h o w e d  t h a t  t h e  . m o n o a m i n o  m o n o c a r b o x y  a c i d s  ( g l y c i n e  , a l a n i n e ,  

l e u c i n e  a n d  v a l i n e ) ,  t h e  a c i d i c  a m i n o  a c i d s  ( a s p a r t i c  a n d  g l u t a m i c

a c i d s )  a n d  t h e  h y d r o x y a m i n o  a c i d s  ( s e r i n e ,  t h r e o n i n e )  w e r e  e a s i l y  

a s s i m i l a t e d  b y  t h e  b a s i d i o m y c e t e  f u n g i  t e s t e d .  N i t r a t e  p r o v e d  

t o  b e  a  p o o r  s o u r c e  o f  n i t r o g e n  f o r  m o s t  o f  t h e  f u n g i  a t t a c k i n g

b i r c h  a n d  a s p e n ;  b u t  a m i n o  a n d  a m i d e  n i t r o g e n  w e r e  g o o d  n i t r o g e n  

s o u r c e s  f o r  a l l  t h e  f u n g i  t e s t e d .

F i n d l a y  ( 1 9 3 4 ) d e m o n s t r a t e d  t h a t  i n c r e a s i n g  w o o d  n i t r o g e n  c o n t e n t  

b y  a d d i t i o n s  - of i n o r g a n i c  s a l t s  i n c r e a s e d  d e c a y  r a t e s  o f  S i t k a  

s p r u c e  b y  T r a m e t e s  s e r i a l i s .  L u n d s t r o m  ( 1 9 7 2 ) r e c o r d e d  m a x i m u m  

d e c a y  b y  s o f t  r o t  f u n g i  i n  h a r d w o o d s  w h e n  t e s t  v e n e e r s  w e r e  i n c u b a t e d  

i n  v e r m i c u l i t e  m o i s t e n e d  w i t h  n u t r i e n t  s o l u t i o n  c o n t a i n i n g  a m m o n i u m  

n i t r a t e .  B u t c h e r  a n d  D r y s d a l e  ( 1 9 7 4 ) n o t e d  t h a t  n i t r o g e n  s o u r c e  

a s  w e l l  a s  c o n c e n t r a t i o n  w e r e  i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  

d e c a y  o f  w o o d  b y  s o f t  r o t  f u n g i .  T h e s e  a u t h o r s  d e m o n s t r a t e d  t h a t  

d e c a y  r a t e s  w e r e  a c c e l e r a t e d  i n  p i n e  s a p w o o d  v e n e e r s  w h i c h  h a d

b e e n  i m p r e g n a t e d  w i t h  l o w e s t  n i t r o g e n  c o n c e n t r a t i o n s .
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T h e  C : N  o f  t h e  v e n e e r s  u s e d  b y  B u t c h e r  a n d  D r y s d a l e  w e r e  a p p r o x i m a t e l y  

1 2 0 : 1  a n d  t h e s e  a u t h o r s  c o n s i d e r e d  s u c h  r a t i o s  t o  b e  o f  m o r e  i m p o r t a n c e  

i n  d e t e r m i n i n g  d e c a y  t h a n  a b s o l u t e  a m o u n t s  o f  n i t r o g e n .  L a t e r ,  

B u t c h e r  ( 1 9 7 6 ) c o n f i r m e d  t h a t  t h e  h i g h e r  v a l u e s  o f  n i t r o g e n ,  i m p r e g 

n a t e d  a s  s o l u b l e  s a l t s ,  c a u s e d  d e c r e a s e  i n  t h e  d e c a y  p r o c e s s ,  a n d  

e s t i m a t e d  a  C : N  r a t i o  o f  2 5 0 : 1  t o  b e  o p t i m a l  f o r  s o f t  r o t  d e c a y .  

S o i l  s t u d i e s  u n d e r t a k e n  b y  K i n g  e t  a l  ( 1 9 8 1 a )  a l s o  i n d i c a t e d  t h a t  

n i t r o g e n  c o n t e n t s  w e r e  i m p o r t a n t  a s  d e t e r m i n a n t s  o f  d e c a y .  T h e s e  

a u t h o r s  s h o w e d  t h a t  w e i g h t  l o s s  i n  b l o c k s  b e c a m e  s i g n i f i c a n t  o n l y  

w h e n  n i t r o g e n  c o n t e n t s  h a d  i n c r e a s e d  t o  a n  e s t i m a t e d  C : N  r a t i o  

o f  2 0 0 : 1  i . e .  a p p r o x i m a t e l y  0 . 2 % w / w  o f  t h e  w o o d .

I n  s p i t e  o f  t h e  l o w  n i t r o g e n  c o n t e n t s  a n d  h i g h  C : N  r a t i o s  i n  w o o d ,  

b a s i d i o m y c e t e s  a r e  a b l e  t o  d e c a y  w o o d .  I t  i s  p o s t u l a t e d  t h a t  s u c h  

f u n g i  u t i l i s e  t h e i r  o w n  a u t o l y t i c  p r o d u c t s  t o  c o n s e r v e  n i t r o g e n  

( L e v i  e t  a l ? 1 9 6 8 ) a n d  c a n  a d a p t  t h e i r  p h y s i o l o g i e s  b y  p r e f e r e n t i a l  

a l l o c a t i o n  o f  l i m i t e d  a m o u n t s  o f  n i t r o g e n  t o  p r o d u c t i o n  o f  e n z y m e s  

f o r  s u b s t r a t e  u t i l i s a t i o n  ( L e v i  a n d  C o w l i n g ,  1 9 6 9 ) .  I n  s o m e  c o n d i t i o n s  

o f  e x p o s u r e ,  t h e  n i t r o g e n  r e q u i r e m e n t s  o f  w o o d - d e s t r o y i n g  f u n g i  

c a n  b e  s a t i s f i e d  b y  s o u r c e s  o u t s i d e  t h e  w o o d  i t s e l f .  U n d e r  c o n d i t i o n s  

o f  s o i l  c o n t a c t ,  f o r  e x a m p l e ,  t h e  f u n g i  c o u l d  a s s i m i l a t e  n i t r o g e n  

d i r e c t l y  f r o m  t h e  s o i l .  L e v y  ( 1 9 6 8 ) c o n s i d e r e d  t h a t  n u t r i e n t  s a l t s  

m o v e d  w i t h  w a t e r  i n t o  w o o d e n  f e n c e  p o s t s  i n  g r o u n d  c o n t a c t  a n d

p r e s u m a b l y  t h e r e ,  a c t  a s  n i t r o g e n  s o u r c e s .  T h r e e  m e c h a n i s m s  h a v e  

b e e n  d e s c r i b e d  w h i c h  f a c i l i t a t e  n i t r o g e n  i n c r e a s e s  i n  w o o d  i n  s o i l .  

T h e s e  a r e  w i c k  m o v e m e n t ,  ( B a i n e s  a n d  L e v y ,  1 9 7 9 ; U j u  e t ,  a l  , 1 9 8 1 ) ;  

n i t r o g e n  f i x a t i o n ,  ( S h a r p  a n d  M i l l b a n k ,  1 9 7 3 ; L e v y  e t  a l ,  1 9 7 4 ; 

B a i n e s  a n d  M i l l b a n k ,  1 9 7 6 ) ;  a n d  m i c r o b i a l  t r a n s f e r  ( K i n g  e t ,  a l  , 

1 9 8 1  a).

B a i n e s  a n d  L e v y  ( 1 9 7 9 ) d e m o n s t r a t e d  t h e  w i c k  e f f e c t  o f  w a t e r  b y

i m m e r s i n g  o n e  e n d  o f  a  s m a l l  w o o d e n  s t a k e  i n  w a t e r  a n d  l e a v i n g  

t h e  o t h e r  e n d  a b o v e  t h e  s u r f a c e  o f  t h e  w a t e r .  W a t e r  m o v e m e n t  t h r o u g h  

t h e  w o o d  t o  t h e  e x p o s e d  e n d  o f  t h e  s t a k e  w o u l d  t a k e  p l a c e  p r o v i d e d  

a  d i f f e r e n c e  i n  w a t e r  a v a i l a b i l i t y  e x i s t e d  b e t w e e n  t h e  t w o  e n d s .  

T h i s  ' w i c k  a c t i o n '  d e p e n d e d  o n  t h e  e v a p o r a t i o n  o f  w a t e r  f r o m  t h e  

w o o d  a b o v e  t h e  w a t e r  s u r f a c e ,  a n d  t h e s e  a u t h o r s  c o n s i d e r e d  t h a t  

f o r  w o o d  i n  s o i l ,  m a t e r i a l s  s o l u b l e  i n  s o i l  s o l u t i o n  e . g .  m i n e r a l s ,  

s a l t s ,  s o l u b l e  n u t r i e n t s  e t c . ,  w o u l d  b e  d e p o s i t e d  i n  t h e  w o o d  a t  

o r  a b o v e  t h e  g r o u n d l i n e .  U j u  e t  a ] ,  ( 1 9 8 1 ) ,  u s i n g  s t e r i l e  S c o t s

p i n e  s t a k e s  h a l f  i n s e r t e d  i n t o  s t e r i l e  s o i l ;  t h e  s o i l  p r e v i o u s l y

h a v i n g  b e e n  augmented w i t h  i n o r g a n i c  n i t r o g e n  s a l t s ,  s h o w e d  t h a t
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n i t r o g e n  a c c u m u l a t i o n  o c c u r r e d  n o t  o n l y  i n  t h a t  p o r t i o n  o f  t h e  

s t a k e  b e l o w  t h e  g r o u n d l i n e  b u t  a l s o  i n  w o o d  a b o v e  t h e  s o i l  s u r f a c e .  

M a j o r  d e p o s i t i o n  o f  s o l u b l e  s a l t s  t o o k  p l a c e  a t  t h e  g r o u n d l i n e  

p o r t i o n  o f  t h e  s t a k e ,  t h e  r e g i o n  a t  w h i c h  m o s t  e x t e n s i v e  d e c a y  

i s  u s u a l l y  o b s e r v e d .  L e v y  a n d  D i c k i n s o n  ( 1 9 8 1 ) s u g g e s t e d  t h a t  

a t  t h e  g r o u n d l i n e > c o n d i t i o n s  o f  m o i s t u r e  a n d  o x y g e n  a v a i l a b i l i t y  

f a v o u r  f u n g a l  a c t i v i t y ,  a n d  i t  i s  h e r e  t h a t  o r g a n i s m s  r e c e i v e d  

a  c o n t i n u o u s  s u p p l y  o f  n u t r i e n t s  b y  w i c k  a c t i o n .

A  s e c o n d  p r o c e s s  w h i c h  c a n  c o n t r i b u t e  t o  n i t r o g e n  i n c r e a s e s  i n  

w o o d  i s  b a c t e r i a l  n i t r o g e n  f i x a t i o n .  S h a r p  a n d  M i l l b a n k  ( 1 9 7 3 )

a n d  L e v y  e t  a l  , ( 1 9 7 4 ) h a v e  d e m o n s t r a t e d  t h a t  n i t r o g e n  f i x a t i o n  

c a n  o c c u r  i n  w o o d .  B a i n e s  a n d  M i l l b a n k  ( 1 9 7 6 ) d e m o n s t r a t e d  t h a t

t h e s e  n i t r o g e n  f i x i n g  b a c t e r i a  p e n e t r a t e  S c o t s  p i n e  s a p w o o d  a l o n g  

t h e  r a y s .  T h e  p r e s e n c e  o f  t h e s e  n i t r o g e n  f i x i n g  b a c t e r i a  m a y  t h e r e f o r e  

a u g m e n t  t h e  l o w  n i t r o g e n  c o n t e n t  o f  w o o d  t h u s  m a k i n g  i t  m o r e  s u s 

c e p t i b l e  t o  d e c a y .

K i n g ,  O x l e y  a n d  L o n g  ( 1 9 7 6 ) p o s t u l a t e d  t h a t  t h e  n i t r o g e n  m o v e m e n t

t o  u n p r e s e r v e d  w o o d  o b s e r v e d  b y  t h e m  w a s  p r i m a r i l y  i n  a  b i o l o g i c a l  

f o r m .  T h e s e  a u t h o r s  f o u n d  t h a t  n i t r o g e n  i n c r e a s e s  h a d  n o t  t a k e n

p l a c e  i n  t h o s e  p a r t s  o f  w o o d  b l o c k s  b u r i e d  i n  s o i l ,  w h i c h  h a d  b e e n  

w e t t e d  b y  s o i l  m o i s t u r e  b u t  w e r e  a s  y e t  u n c o l o n i s e d ,  t h o u g h  c o l o n i s e d  

p a r t s  o f  w o o d  h a d  i n c r e a s e d  n i t r o g e n  v a l u e s .  W a i t e  a n d  K i n g  ( 1 9 7 9 ) 

s h o w e d  t h a t  n i t r a t e  a n a l y s i s  o f  b u r i e d  b l o c k s  a n d  a l s o  b l o c k s  e x p o s e d  

t o  p u r e  c u l t u r e ,  s h o w e d  n o  s i g n i f i c a n t  m o v e m e n t  o r  a c c u m u l a t i o n  

o f  n i t r o g e n  i n  w o o d  i n  t h i s  f o r m .  I n  p u r e  c u l t u r e  s t u d i e s  u n d e r t a k e n  

w i t h  b o t h  f u n g i  a n d  b a c t e r i a  ( K i n g  a n d  Wai te . .  1 9 7 9 ; K i n g ,  H e n d e r s o n  

a n d  M u r p h y ,  1 9 8 0 ) ,  n i t r o g e n  t r a n s f e r  t o  w o o d  w a s  d e m o n s t r a t e d  t o  

b e  p a r t  o f  a  b i o l o g i c a l  i n v a s i o n  p r o c e s s .  T h e  i m p o r t a n c e  o f  n i t r o g e n  

t h e r e f o r e ,  t o  d e c a y  o f  w o o d  i n  s o i l  a n d  p u r e  c u l t u r e  s y s t e m s ,  s u g g e s t s  

t h a t  i t  m a y  b e  o f  e x c e p t i o n a l  i m p o r t a n c e  t o  d e c o m p o s i t i o n  p r o c e s s e s .

S o f t  r o t  f u n g i  a r e  t h e  m a j o r  a g e n t s  f o r  t h e  f a i l u r e  o f  c o p p e r  c h r o m e  

a r s e n i c  ( C C A )  t r e a t e d  w o o d  i n  s o i l .  H e n n i n g s s o n  a n d  N i l s s o n  ( 1 9 7 6 ) 

r e p o r t e d  e n h a n c e d  n i t r o g e n  c o n t e n t s  o f  p r e s e r v e d  t r a n s m i s s i o n  p o l e s  

i n  S w e d e n ,  a n d  F r i i s - H a n s e n  ( 1 9 7 6 ) s h o w e d  i n c r e a s e d  d e c a y  i n  C C A  

t r e a t e d  t r a n s m i s s i o n  p o l e s  s i t u a t e d  i n  c u l t i v a t e d  f e r t i l i s e d  f i e l d s .  

F r i i s - H a n s e n  ( 1 9 7 6 , o p .  c i t . )  a l s o  n o t e d  t h a t  w h e r e  t r a n s m i s s i o n  

p o l e s  w e r e  n o t  i n  c o n t a c t  w i t h  s o i l ^  b e c a u s e  o f  t h e  p r e s e n c e  o f  

a  r o c k  b a c k f i l l ,  d e c a y  d i d  n o t  o c c u r .
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S o f t  r o t  f u n g i  a r e  a b l e  t o t t o l e r a t e  h i g h e r  a m o u n t s  o f  t o x i c  c o m p o u n d s  

i f  t h e y  g r o w  o n  a  s u b s t r a t e  r i c h  i n  n u t r i e n t s .  I t  h a s  b e e n  s h o w n  

i n  l a b o r a t o r y  e x p e r i m e n t s  t h a t  a n  i n c r e a s e  i n  n i t r o g e n  l e v e l s  

a l s o  i n c r e a s e s  t h e  t o l e r a n c e  o f  s o f t  r o t  f u n g i  t o  t o x i c a n t s  ( H e n n i n g -  

s s o n ,  1 9 7 6 ; H u l m e  a n d  B u t c h e r ,  1 9 7 7 c ) .  T h e  i m p o r t a n c e  o f  s o l u b l e  

n u t r i e n t s  o n  t h e  e f f e c t i v e n e s s  o f  C C A  p r e s e r v a t i v e  w a s  s t u d i e d  

b y  K i n g  e t  a l  , ( 1 9 8 1 b) u s i n g  w o o d  o f  h i g h  a n d  l o w  n u t r i e n t  s t a t u s .  

I t  w a s  p o s t u l a t e d  t h a t  t h e  s o l u b l e  n u t r i e n t s  a c c e l e r a t e  d e c a y  o f  

p r e s e r v e d  w o o d .  T h e  r a t e  o f  i n c r e a s e  o f  n i t r o g e n  c o n t e n t ,  d u r i n g  

d e c a y  w a s  s h o w n  t o  b e  s t i m u l a t e d  b y  t h e  p r e s e n c e  o f  s o l u b l e  n u t r i e n t s  

c o n c e n t r a t e d  a t  w o o d  s u r f a c e s .  N i t r o g e n  a c c u m u l a t i o n  i n  t h e s e  

s u p e r f i c i a l  z o n e s  o f  w o o d  e i t h e r  b y  r e d i s t r i b u t i o n  o f  s o l u b l e  n u t r i e n t s  

o r  b y  a u t o l y s i s  o f  ' s a c r i f i c i a l  c o l o n i s t s ' ,  h a v e  b e e n  s h o w n  t o  

b e  a s s o c i a t e d  w i t h  t h e  r e d u c t i o n  o f  t o x i c  l i m i t s  o f  p r e s e r v a t i v e s  

( K i n g ,  S m i t h  a n d  B r u c e ,  1 9 8 0 ) .  I t  i s  k n o w n  t h a t  m i c r o b i a l  m e t a b o l i t e s  

s o l u b i l i s e  p r e s e r v a t i v e s  i n  w o o d  ( L e v i ,  1 9 6 9 ; B r a v e r y ,  1 9 7 6 ) .  

S t i m u l a t i o n  o f  d e c a y  b y  s o l u b l e  n u t r i e n t s  m a y  c a u s e  a  f u r t h e r  i n c r e a s e  

i n  s o l u b i l i s a t i o n 5 a s  a  r e s u l t  o f  t h e  g r e a t e r  f u n g a l  a c t i v i t y  i n  

t h e  w o o d .

T h e  t r a n s f e r  o f  m i c r o b i a l  b i o m a s s  i n i t i a t e d  b y  t h e  c h e m o s t i m u l a t o r y  

n a t u r e  o f  w o o d ,  w a s  d e m o n s t r a t e d  i n  p u r e  c u l t u r e  s t u d i e s  b y  M o w e ,  

K i n g  a n d  S e n n ,  ( 1 9 8 3 ) .  I n  t h e s e  e x p e r i m e n t s ,  i t  w a s  o b s e r v e d  t h a t  

s o m e  w o o d  d e c o m p o s i n g  f u n g i  o r i e n t a t e  t h e i r  g r o w t h  t o w a r d s  ' w o o d  

b l o c k s  u s e d  a s  b a i t ;  a p p a r e n t l y  a t t r a c t e d  b y  w o o d  v o l a t i l e s .  T h i s  

c h e m o t r o p i c  r e s p o n s e  o f  f u n g i  t o  w o o d  w a s  n o t  a f f e c t e d  b y  t h e  p r e s e n c e  

o f  C C A  ( M o w e ,  1 9 8 3 ) .  B a c t e r i a  h a v e  a l s o  b e e n  s h o w n  t o  r e s p o n d  

c h e m o t a c t i c a l l y  t o  a q u e o u s  e x t r a c t s  o f  w o o d  a n d  t o  ' s w i m '  i n  t h e  

d i r e c t i o n  o f '  c o n c e n t r a t i o n  g r a d i e n t s  o f  t h e s e  m a t e r i a l s  ( M o w e ,  

1 9 8 3  o p .  c i t . ) .  T h e  p r e s e n c e  o f  h i g h  c o n c e n t r a t i o n s  o f  s o l u b l e  

n u t r i e n t s  i n  w o o d  h a s  b e e n  s h o w n  t o  i n f l u e n c e  n i t r o g e n  t r a n s f e r  

a n d  p r e s e r v a t i v e  l o s s e s  i n  w o o d  ( B r i s c o e ,  1 9 8 7 ) .  I t  m a y  t h e r e f o r e  

b e  h y p o t h e s i s e d  t h a t  i n c r e a s e s  i n  m i c r o b i a l  b i o m a s s  a t  s o i l  r e g i o n s  

a d j a c e n t  t o  w o o d  s u r f a c e s  i n d i r e c t l y  i n c r e a s e s  l e a c h i n g  o f  p r e s e r 

v a t i v e s  t h r o u g h  t h e  a c t i o n  o f  f u n g a l  m e t a b o l i t e s ,  a n d  a u t o l y t i c  

p r o d u c t s  o f  b a c t e r i a  e . g .  a m i n o  a c i d s  m a y  c h e l a t e  h e a v y  m e t a l  i o n s  

t h u s  r e n d e r i n g  t h e m  i n a c t i v e  a s  t o x i c  m a t e r i a l s ,  a n d  l e a v i n g  t h e  

w o o d  u n p r o t e c t e d .
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M ow e a n d  K i n g  ( 1 9 8 1 ) d e m o n s t r a t e d  t h a t  t h e  r e s p o n s e  o f  s o f t  r o t  

f u n g i  t o  t h e  p r e s e n c e  o f  p r e s e r v a t i v e  t r e a t e d  w o o d ,  d i f f e r e d  b e t w e e n  

f u n g a l  s p e c i e s ,  w o o d  p r e s e r v a t i v e s , a n d  w o o d  s p e c i e s .  C a r e y ,  B r a v e r y  

a n d  S a v o r y  ( 1 9 8 1 ) c o n s i d e r e d  t h a t  e a r l y  o r g a n i s m s  i n  t h e  e c o l o g i c a l  

s e q u e n c e  m a y  a f f e c t  t h e  s u s c e p t i b i l i t y  o f  t i m b e r  t o  d e c a y  a n d  a l s o  

p r e s e r v a t i v e  t o x i c i t y .  D e t a i l e d  a n a l y s i s  o f  m i c r o b i a l  s u c c e s s i o n  

i n  b o t h  a n  u n t r e a t e d  a n d  C C A  t r e a t e d  h a r d w o o d  ( b i r c h ) ,  a n d  a  s o f t w o o d  

( S c o t s  p i n e ) ,  h a v e  b e e n  u n d e r t a k e n  b y  C l u b b e  a n d  L e v y  ( 1 9 8 2 ) .  

T h e  s u c c e s s i o n a l  e v e n t s  f o r  u n t r e a t e d  h a r d w o o d  a n d  s o f t w o o d  w e r e  

e s s e n t i a l l y  t h e  s a m e ;  h o w e v e r ,  t h e  t i m e  c o u r s e  f o r  t h e  d e c a y  o f  

t h e  s o f t w o o d  w a s  l o n g e r .  B a s i d i o m y c e t e s  w e r e  t h e  c l i m a x  m i c r o - f l o r a  

i n  b o t h  s p e c i e s  o f  u n t r e a t e d  w o o d .  I n i t i a l  c o l o n i s e r s  w e r e  b a c t e r i a ,  

a n d  t h e s e  w e r e  f o l l o w e d  s e q u e n t i a l l y  b y  p r i m a r y  m o u l d s ,  ’ s o f t  r o t s '  

a n d  b a s i d i o m y c e t e s ,  w i t h  s e c o n d a r y  m o u l d s  i n c r e a s i n g  i n  i m p o r t a n c e  

w i t h  t h e  e s t a b l i s h m e n t  o f  g r o s s  d e c a y .  T h e  e f f e c t  o f  t r e a t i n g  

s a p w o o d  o f  b o t h  s p e c i e s  w i t h  C C A  w a s  t o  e l i m i n a t e  t h e  e s t a b l i s h m e n t  

o f  b a s i d i o m y c e t e s j  t h e  c l i m a x  m i c r o - f l o r a ,  a n d  t h e  s u b s t i t u t i o n  

o f  s o f t - r o t  f u n g i  i n  t h i s  r o l e  a n d  t o  c o n f e r  g r e a t e r  p r o t e c t i o n  

o n  t h e  s o f t w o o d  t o  s o f t  r o t  d e c a y .

T h e  m i c r o f l o r a  o f  s o i l  s u r r o u n d i n g  w o o d  s t a k e s  t r e a t e d  w i t h  C C A  

w a s  i n v e s t i g a t e d  b y  M u r p h y  ( 1 9 8 2 ) .  T h e s e  i n v e s t i g a t i o n s  ( b o t h

s o i l  b e d  a n d  f i e l d  t r i a l s )  c o n c e n t r a t e d  o n  t h e  o c c u r r e n c e  o f  c o p p e r  

t o l e r a n t  f u n g i  i n  s o i l  a d j a c e n t  t o  u n t r e a t e d  a n d  p r e s e r v a t i v e  ( C C A )  

t r e a t e d  b i r c h  s t a k e s .  A n  i n c r e a s e  i n  t h e  i n o c u l u m  o f  c o p p e r  t o l e r a n t  

f u n g i  w a s  o b s e r v e d  i n  s o i l  s u r r o u n d i n g  p r e s e r v a t i v e  t r e a t e d  s t a k e s .  

H o w e v e r ,  i n  s o i l  a d j a c e n t  t o  u n t r e a t e d  s t a k e s ,  t h e  o c c u r r e n c e  o f  

c o p p e r  t o l e r a n t  f u n g i  w a s  l e s s .  C o p p e r  t o l e r a n t  f u n g i  s u c h  a s  

t h e  s o f t  r o t  P h i a l o p h o r a  s p p .  a n d  t h e  s a p - s t a i n  f u n g i  C l a d o s p o r i u m  

s p p . ,  p r e d o m i n a t e d  a t  t h e  s o i l  r e g i o n  a d j a c e n t  t o  p r e s e r v a t i v e  

t r e a t e d  w o o d .  M u r p h y  c o n s i d e r e d  t h a t  t h e  c h a n g e s  i n  s o i l  m i c r o f l o r a  

i n  r e s p o n s e  t o  u n t r e a t e d  a n d  C C A  t r e a t e d  w o o d ,  w o u l d  s u b s e q u e n t l y  

l e a d  t o  t h e  d e v e l o p m e n t  o f  a  l o c a l i s e d  s o i l  m i c r o f l o r a ,  a d a p t e d  

t o w a r d s  a  w o o d  i n h a b i t i n g  s p e c i e s ,  a n d  a  p r e s e r v a t i v e  t o l e r a n t  

s p e c i e s .  F u n g i  i s o l a t e d  f r o m  s o i l  w e r e  a l s o  i s o l a t e d  f r o m  w o o d ,  

c o n f i r m i n g  t h e  o b s e r v a t i o n s  o f  K i n g  e t  a l  ( 1 9 8 0 ) ,  o f  t h e  b i o t i c  

c o n n e c t i o n s  m a i n t a i n e d  b e t w e e n  w o o d  a n d  a d j a c e n t - s o i l .
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M u r p h y  ( 1 9 8 2 , o p .  c i t . )  a l s o  f o u n d  t h a t  a f t e r  i n s e r t i o n  o f  t h e  

s t a k e s  i n  s o i l ,  t h e r e  w a s  a  p e r i o d  o f  a d a p t a t i o n  i n  w h i c h  i n c r e a s e d  

i n o c u l u m  o f  f u n g i  c a p a b l e  o f  a t t a c k i n g  w o o d ,  a n d  f u n g i  t o l e r a n t  

o f  p r e s e r v a t i v e s , w a s  f o u n d  i n  s o i l  a d j a c e n t  t o  u n t r e a t e d  a n d  t r e a t e d  

s t a k e s  r e s p e c t i v e l y .  M u r p h y  c o n s i d e r e d  t h a t , a f t e r  t h i s  p e r i o d ,

t h e  d e c a y  h a z a r d  t o  w h i c h  w o o d  w a s  e x p o s e d  w a s  i n c r e a s e d  i n  c o m p a r i s o n  

w i t h  o r d i n a r y  s o i l .  T h i s  p e r i o d  o f  a d a p t i o n  p r o p o s e d  b y  M u r p h y  

i s  s i m i l a r  t o  t h e  j u v e n i l e  a n d  i n d u c t i o n  p h a s e s  d e s c r i b e d  f o r  p r e s e r 

v e d  w o o d  b y  B r a v e r y  ( 1 9 6 8 b)  a n d  S m i t h  ( 1 9 8 0 ) .  S m i t h  ( 1 9 8 0 , o p .  

c i t . )  c o n s i d e r e d  t h e  i n d u c t i o n  p h a s e  t o  b e  t h e  p e r i o d  o f  t i m e  w h i c h  

e l a p s e d  b e f o r e  m e a s u r a b l e  d e c a y  o f  w o o d  t o o k  p l a c e ,  a n d  w h i c h  i n 

c r e a s e d  w i t h  p r e s e r v a t i v e  c o n c e n t r a t i o n .  T h e  i n i t i a t i o n  o f  t h i s  

i n d u c t i o n  p h a s e  o c c u r r e d  o u t s i d e  t h e  w o o d  a n d  w a s  d e t e r m i n e d  b y

t h e  u n f i x e d  p o r t i o n  o f  t h e  p r e s e r v a t i v e , w h i c h  d i f f u s e d  i n t o  t h e  

s o i l .

C C A  i s  v e r y  e f f e c t i v e  a g a i n s t  s o f t  r o t  w h e n  u s e d  a s  a  p r e s e r v a t i v e  

i n  s o f t w o o d s .  H o w e v e r ,  d e s p i t e  t h e  u s e  o f  h i g h e r  l o a d i n g s  o f  p r e s e r 

v a t i v e  t h a n  u s e d  i n  s o f t w o o d s ,  m a n y  h a r d w o o d s  t r e a t e d  w i t h  C C A  

f a i l  p r e m a t u r e l y  i n  s o i l  c o n t a c t .  F r o m  t h e  m a n y  s t u d i e s  c o n d u c t e d ,  

t h r e e  m a i n  s c h o o l s  o f  t h o u g h t  h a v e  d e v e l o p e d  i n  o r d e r  t o  e x p l a i n  

t h e  v a r i a b l e  p e r f o r m a n c e  o f  h a r d w o o d  t i m b e r s  w h e n  i n  g r o u n d  c o n t a c t .

T h e  h y p o t h e s i s  o f  s u b s t r a t e  s u s c e p t i b i l i t y  w a s  d e v e l o p e d  b y  H u l m e  

a n d  B u t c h e r  ( 1 9 7 7  a ,  b ,  c , )  w h e n  i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  

b e t w e e n  t i m b e r  s u b s t r a t e s  a n d  C C A  p r e s e r v a t i v e . I n  a  s e r i e s  o f

l a b o r a t o r y  e x p e r i m e n t s  t h e y  f o u n d  t h a n  a n  i n c r e a s e d  p r e s e r v a t i v e  

r e t e n t i o n  c o u l d  c o m p e n s a t e  f o r  t h e  i n c r e a s e d  s u s c e p t i b i l i t y  o f

a  p a r t i c u l a r  s p e c i e s  t o w a r d s  s o f t  r o t t i n g  f u n g i .  B u t c h e r  ( 1 9 7 9 ) 

p r o p o s e d  a f t e r  a  d e t a i l e d  a n a t o m i c a l  s t u d y  o f  s e l e c t e d  h a r d w o o d s

a n d  d a t a  r e l a t i n g  t o  t h e i r  t o x i c  t h r e s h o l d s ,  t h a t  d e c a y  p o t e n t i a l  

a n d  p r e s e r v a t i v e  r e q u i r e m e n t  c o u l d  b e  r e l a t e d  t o  t h e  p r o p o r t i o n

o f  f i b r e s  w i t h i n  t h e  w o o d  t i s s u e  o f  a  p a r t i c u l a r  s p e c i e s .

T h e  s e c o n d  h y p o t h e s i s  i n t e r p r e t s  t h e  c a u s e  o f  p r e m a t u r e  d e c a y  a s  

b e i n g  d u e  t o  t h e  p o o r  m i c r o d i s t r i b u t i o n  o f  t h e  c o p p e r ,  c h r o m i u m  

a n d  a r s e n i c  b e t w e e n  c e l l  t y p e s  a s  w e l l  a s  b e t w e e n  d i f f e r i n g  l a y e r s  

o f  t h e  f i b r e  c e l l  w a l l  ( D i c k i n s o n , ;  1 9 7 4 ; G r e a v e s ,  1 9 7 4 a ■ D i c k i n s o n , 

S o r k h o h  a n d  L e v y ,  1 9 7 6 ; G r e a v e s  a n d  L e v y ,  1 9 7 8 ; L e v y  a n d  G r e a v e s ,

1 9 7 8 ) .  I n  s u m m a r y  i t  i s  s u g g e s t e d  t h a t  a n  i n t r i n s i c  f a u l t  o f  C C A

p r e s e r v a t i v e s , w i t h  c e r t a i n  h a r d w o o d  s p e c i e s ,  i s  t h a t  p o c k e t s  o f  

f i b r e s  m a y  b e  l e f t  i n a d e q u a t e l y  t r e a t e d  a n d  t h a t  t h e  p e n e t r a t i o nir



o f  p r e s e r v a t i v e  i n t o  t h e  c e l l  w a l l  i s  n o t  s u f f i c i e n t  t o  g i v e  p r o t e c t i o n  

a g a i n s t  s o f t  r o t t i n g  f u n g i .  T h i s  i s  i n  c o n t r a s t  t o  t h e  t r e a t m e n t  

o f  s o f t w o o d s  i n  w h i c h  a n  e v e n  d i s t r i b u t i o n  o f  p r e s e r v a t i v e  i s  f o u n d  

c o m b i n e d  w i t h  g o o d  p e n e t r a t i o n  o f  t h e  t r a c h e i d  w a l l s  ( D i c k i n s o n ,

S o r k h o h  a n d  L e v y ,  1 9 7 6 ) .  D r y s d a l e , D i c k i n s o n  a n d  L e v y  ( 1 9 8 0 ) n o t e d  

t h a t  d i s p r o p o r t i o n a t i o n  o f  t h e  c o p p e r ,  c h r o m i u m  a n d  a r s e n i c  w i t h i n  

t h e  c e l l  w a l l  m a y  b e  o f  s i g n i f i c a n c e  i n  p r e s e r v a t i v e  p e r f o r m a n c e .

R e c e n t  s t u d i e s  o n  t h e  m e c h a n i s m s  o f  f i x a t i o n  o f  C C A  p r e s e r v a t i v e s

h a v e  f o c u s e d  a t t e n t i o n  o n  a  t h i r d  h y p o t h e s i s  i n  w h i c h  l i g n i n  a n d

h e m i c e l l u l o s e , r a t h e r  t h a n  c e l l u l o s e ,  p r o v i d e  t h e  m a i n  f i x a t i o n

s i t e s  f o r  i n o r g a n i c  m u l t i s a l t  p r e s e r v a t i v e s  ( P i z z i , i 9 8 2 a, b;c; PjZz i  and Con ra d j e , l 9 8 6 3

P l a c k e t t ,  1 9 8 3 ) .  I f  C C A  i s  b o u n d  t o  l i g n i n  i t  i s  n o t  l i k e l y  t o

b e  a v a i l a b l e  i n  a  s o l u b l e  f o r m  i n  t h e  c e l l u l o s e  l a y e r s  i n  w h i c h

soft rot occurs. The hypothesis of Butcher and Nilsson (1982) and
Nilsson (1982) on the role of lignin in offering fixation sites for
copper, might provide an explanation for the susceptibility of a
timber to decay by soft rot fungi.
T h e s e  a u t h o r s  s u g g e s t e d  t h a t  i f  C C A  c o m p l e x e s  w i t h  l i g n i n ,  h i g h  

l i g n i n  c o n t e n t  w o o d  s h o u l d  b e  a b l e  t o  c o m p l e x  s u f f i c i e n t  C C A  t o  

m a s k  a l l  T  b r a n c h  i n i t i a t i o n  s i t e s ,  w h e r e a s  a  l o w  l i g n i n  c o n t e n t  

w o o d  c o u l d  n e v e r  c o m p l e x  e n o u g h  C C A  t o  p e r m a n e n t l y  m a s k  s u c h  s i t e s .

T h u s  h i g h  l i g n i n  c o n t e n t  w o o d s  l i k e  t h e  s o f t w o o d s , s h o u l d  b e  p r o t e c t e d  

f r o m  s o f t  r o t  d e c a y  a t  s u b - t o x i c  l e v e l s ^ w h e r e a s  l o w  l i g n i n  c o n t e n t  

w o o d s  l i k e  t h e  h a r d w o o d s ,  c a n n o t .  I f  t h e  h y p o t h e s i s  o f  B u t c h e r  

a n d  N i l s s o n  ( 1 9 8 2 , o p .  c i t . )  i s  c o r r e c t ,  h i g h  s u s c e p t i b i l i t y  w o o d  

s p e c i e s  s u c h  a s  l i m e  c a n  o n l y  b e  p r o t e c t e d  f r o m  d e c a y  i f  t h e  c o n c e n 

t r a t i o n  o f  C C A  w i t h i n  t h e  c e l l u l o s e  f r a c t i o n ,  e s p e c i a l l y  t h e  S2 

l a y e r  i s  h i g h  e n o u g h  t o  b e  d i r e c t l y  t o x i c  t o  m i c r o - o r g a n i s m s .

T h i s  m a y  b e  a c h i e v e d  i n  p r a c t i c e  b y  t r e a t i n g  w o o d  t o  v e r y  h i g h  

r e t e n t i o n s  o f  C C A .  B u t c h e r  a n d  D r y s d a l e  ( 1 9 7 8 ) f o u n d  t h a t  t h e  

e f f e c t i v e  C C A  r e t e n t i o n  i s  s p e c i e s  r e l a t e d  a n d  g r o u p e d  h a r d w o o d s  

i n t o  b r o a d  c a t e g o r i e s  d e p e n d a n t  u p o n  t h e  a m o u n t  o f  c o p p e r  r e q u i r e d  

t o  p r e v e n t  a t t a c k .  D r y s d a l e ,  D i c k i n s o n  a n d  L e v y  ( 1 9 8 0 ) a n d  L e w i s  

a n d  B r o o k s  ( 1 9 8 3 ) c o n f i r m e d  t h e  b a s i s  o f  t h i s  t y p e  o f  c l a s s i f i c a t i o n .

P u r s l o w  a n d  W i l l i a m s  ( 1 9 7 9 ) r e p o r t e d  t h a t  a t  l e a s t  f o u r  t i m e s  m o r e  

C C A  p r e s e r v a t i v e  i s  r e q u i r e d  i n  h a r d w o o d s  t h a n  s o f t w o o d s  i n  o r d e r  

t o  o b t a i n  e q u i v a l e n t  p r o t e c t i o n .  I n  c o n c l u s i o n ,  t h e s e  a u t h o r s  

p o i n t  o u t  t h a t  t h e  s u s c e p t i b i l i t y  o f  a  t i m b e r  i s  i m p o r t a n t  w i t h  

a  s m a l l  i n c r e a s e  i n  t h e  n a t u r a l  r e s i s t a n c e  o f  t h e  s u b s t r a t e  g i v i n g  

a  c o n s i d e r a b l e  i n c r e a s e  i n  t h e  p r o t e c t i o n  a f f o r d e d  b y  a  C C A  p r e s e r 

v a t i v e .  ^ 2



Purpose of Study

I t  h a s  b e e n  e s t a b l i s h e d ,  f r o m  t h e  l i t e r a t u r e  r e v i e w ,  t h a t  n i t r o g e n  

s o u r c e s  a r e  m a j o r  l i m i t i n g  f a c t o r s  t o  w o o d  d e c o m p o s i t i o n  b y  b o t h  

f u n g i  a n d  i n s e c t s  a n d  t h a t  s o l u b l e  n i t r o g e n o u s  c o m p o u n d s ,  r e d i s t r i 

b u t e d  d u r i n g  d r y i n g  o f  w o o d ,  e n h a n c e  t h e  n u t r i e n t  s t a t u s  a t  e v a p o 

r a t i v e  s u r f a c e s  o f  w o o d ,  w h i c h  a r e  t h o s e  f i r s t  e x p o s e d  t o  m i c r o 

o r g a n i s m s .  S o l u b l e  c a r b o h y d r a t e s  a r e  a l s o  s u g g e s t e d  t o  m i g r a t e

a n d  a c c u m u l a t e  a n d  s u c h  h i g h  n u t r i e n t  s u r f a c e s  h a v e  b e e n  s h o w n  

t o  e n h a n c e  w o o d  d e c a y  i n  b o t h  h a r d w o o d s  a n d  s o f t w o o d s ;  r e d u c e  t o x i c  

l i m i t s  o f  C C A  p r e s e r v a t i v e s ; s t i m u l a t e  s a c r i f i c i a l  c o l o n i s a t i o n  

b y  m i c r o - o r g a n i s m s  a n d  d e c r e a s e  p r e s e r v a t i v e  s t a b i l i t y  i n  p r e s e r v e d

f o r m s  o f  h a r d w o o d s  a n d  s o f t w o o d s .  C o m b i n a t i o n s  o f  a  d i v e r s e  r a n g e

o f  n i t r o g e n o u s  a n d  c a r b o h y d r a t e  c o m p o n e n t s  a r e  i m p l i c a t e d  i n  t h i s  

p h e n o m e n a .  I n  v i e w  o f  t h e  i m p o r t a n c e  o f  s o l u b l e  n i t r o g e n o u s  c o m p o n e n t s  

a n d  c a r b o h y d r a t e  n u t r i e n t s ,  e s p e c i a l l y  t h o s e  i n  s i m p l e  f o r m s  o n  

m i c r o b i a l  a c t i v i t y ,  t h i s  t h e s i s  w a s  i n i t i a t e d  t o  p r o v i d e  b a s i c  

i n f o r m a t i o n  o n  t h e  r o l e  t h a t  i n d i v i d u a l  n u t r i e n t s  m i g h t  p l a y  i n  

t h e  e a r l y  c o l o n i s a t i o n  a n d  d e c a y  o f  p r e s e r v e d  a n d  u n p r e s e r v e d  w o o d .  

T h e  p a r t i c u l a r  o b j e c t i v e s  w e r e :

1 . t o  d e t e r m i n e  t h e  s o l u b l e  a m i n o  a c i d  a n d  s o l u b l e  c a r b o h y d r a t e

c o m p o s i t i o n  o f  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  i n  h a r d w o o d s  

a n d  s o f t w o o d s .

2 . t o  e v a l u a t e  t h e  d i s t r i b u t i o n  o f  t h e  s o l u b l e  c a r b o h y d r a t e  a n d

n i t r o g e n o u s  c o m p o n e n t s ,  o n  a n  a n n u a l  r i n g  b a s i s  i n  u n d r i e d  

( g r e e n )  a n d  d r i e d  w o o d .

3 . t o  d e t e r m i n e  t h e  i n d i v i d u a l  r o l e s  o f  s o l u b l e  c a r b o h y d r a t e s

a n d  a m i n o  a c i d s  o n  w o o d  d e c a y  a n d  n i t r o g e n  t r a n s f e r  f r o m  s o i l  

t o  w o o d .

4 . t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  t h e s e  m a t e r i a l s  o n  p r e s e r v a t i v e

s t a b i l i t y  o f  p r e s e r v e d  f o r m s  o f  h a r d w o o d s  a n d  s o f t w o o d s .
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C H A P T E R  2

M A T E R I A L S  A N D  M E T H O D S



2. Materials and Methods

T h e  e x p e r i m e n t s  u n d e r t a k e n  a s  p a r t  o f  t h i s  t h e s i s  a r e  d e s c r i b e d  

i n  t h i s  c h a p t e r  i n  t w o  s e c t i o n s .  T h e  f i r s t  s e c t i o n  i n c l u d e s  a l l

e x p e r i m e n t s ,  u n d e r t a k e n  t o  d e t e r m i n e  t h e  s o l u b l e  c a r b o h y d r a t e  a n d  

n i t r o g e n o u s  n u t r i e n t  c o m p o n e n t s ,  p r e s e n t  i n  t w o  s o f t w o o d s  a n d  t w o  

h a r d w o o d s .  T h e  s e c o n d  s e c t i o n  i n c l u d e s  a l l  s o i l  b u r i a l  e x p e r i m e n t s ,  

u n d e r t a k e n  t o  e v a l u a t e  t h e  b i o l o g i c a l  i n f l u e n c e  o f  s e l e c t e d  n u t r i e n t s  

o n  d e c a y  o f  b o t h  u n p r e s e r v e d  w o o d  a n d  w o o d  t r e a t e d  w i t h  a  s u b - t o x i c  

l e v e l  o f  c o p p e r  c h r o m e  a r s e n i c  ( C C A )  p r e s e r v a t i v e .

2 . 1 . S t u d i e s  t o  d e t e r m i n e  t h e  s o l u b l e  c o m p o n e n t s  i n  w o o d .

I n t r o d u c t i o n

F o u r  w o o d  t y p e s  w e r e  u s e d  i n  t h e  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  d e t e r 

m i n a t i o n s  o f  t h e  s o l u b l e  c a r b o h y d r a t e  a n d  n i t r o g e n o u s  c o m p o n e n t s  

i n  w o o d .  T h e s e  w e r e  s p r u c e  ( P i c e a  s i t c h e n s i s ,  C a r r ) ,  p i n e  ( P i n u s  

s y l v e s t r i s ,  L ) ,  l i m e  ( T i l i a  v u l g a r i s ,  H a y n e )  a n d  k e m p a s  ( K o o m p a s i a  

m a l a c e n s i s ,  M a i n g ) .  S p r u c e ,  p i n e  a n d  l i m e  w e r e  o b t a i n e d  f r o m  t h e

l o c a l  f o r e s t s  a t  T e n t s m u i r  a n d  D u n k e l d ,  a n d  k e m p a s  w a s  s u p p l i e d  

t o  t h i s  l a b o r a t o r y  b y  H i c k s o n s  T i m b e r  P r o d u c t s  L t d ,  a t  C a s t l e f o r d ,  

Y o r k s .  T h e  s o f t w o o d s  w e r e  c h o s e n  a s  t h e y  a r e  o f  c o n s i d e r a b l e  e c o n o m i c  

i m p o r t a n c e  t o  t h e  U n i t e d  K i n g d o m .  S p r u c e  c o n s t i t u t e s  n e a r l y  4 0 %

o f  t h e  f o r e s t  s t o c k s  i n  B r i t a i n  a n d  i s  e x t r e m e l y  d i f f i c u l t  t o  p r e s e r v e  

P i n e  a n d  l i m e  w e r e  s e l e c t e d  a s  a  c o n s i d e r a b l e  a m o u n t  o f  w o r k  h a s  

b e e n  u n d e r t a k e n  a t  t h i s  l a b o r a t o r y  o n  t h e s e  s p e c i e s ,  w h i c h  h a d  

s h o w n  t h a t  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  h a d  c o n s i d e r a b l e  e f f e c t s  

o n  w o o d  d e c a y  a n d  p r e s e r v a t i v e  p e r f o r m a n c e s  ( B r i s c o e ,  1 9 8 7 ) .  F u r t h e r 

m o r e ,  a l l  t h r e e  w o o d s  h a v e  b e e n  s h o w n  t o  h a v e  s u r f a c e  a c c u m u l a t i o n  

o f  n i t r o g e n  ( K i n g ,  O x l e y  a n d  L o n g  1 9 7 4 ; K i n g ,  S m i t h  a n d  B r u c e ,  

1 9 8 0 ) .  K e m p a s  w a s  s e l e c t e d  a s  i t  i s  a  t r o p i c a l  h a r d w o o d  o f  s i g n i f i 

c a n t  e c o n o m i c  i m p o r t a n c e  i n  M a l a y s i a ,  a n d  h a s  b e e n  s h o w n  t o  c o n t a i n  

h i g h  c o n c e n t r a t i o n s  o f  s o l u b l e  n i t r o g e n  ( K i n g  e t  a l , l 9 8 0  o p . c i t . ) .

F o u r  m a j o r  e x p e r i m e n t s  w e r e  u n d e r t a k e n  t o  d e t e r m i n e  t h e  s o l u b l e  

n u t r i e n t s  p r e s e n t  i n  w o o d .  T h e s e  w e r e :

1 ) a  p r e l i m i n a r y  e x p e r i m e n t  t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  

s o l u b l e  c a r b o h y d r a t e  a n d  n i t r o g e n o u s  c o m p o n e n t s  i n  t h e  o u t e r  

s a p w o o d ,  i n n e r  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s  o f  g r e e n  s p r u c e .



T h i s  e x p e r i m e n t  w a s  a l s o  u s e d  t o  d e t e r m i n e  i f  r e d i s t r i b u t i o n  

o f  s o l u b l e  n u t r i e n t s  o c c u r r e d  d u r i n g  d r y i n g ,

2 ) a  d e t a i l e d  s t u d y  o f  t h e  d i s t r i b u t i o n  o f  s o l u b l e  n u t r i e n t s

i n  g r e e n  s p r u c e  a n d  p i n e ,

3 ) a  d e t a i l e d  s t u d y  o f  t h e  d i s t r i b u t i o n  a n d  r e d i s t r i b u t i o n  o f

s o l u b l e  n u t r i e n t s  i n  d r i e d  s p r u c e  a n d  p i n e ,

a n d

4 ) a  s t u d y  t o  d e t e r m i n e  t h e  s o l u b l e  n u t r i e n t s  p r e s e n t  i n  t h e

o u t e r  s a p w o o d  r e g i o n  o f  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f

d r i e d  s p r u c e ,  p i n e ,  l i m e  a n d  k e m p a s .

2 . 1 . 1 . P r e p a r a t i o n  o f  w o o d .

B o l t s ,  a p p r o x i m a t e l y  a  m e t r e  l o n g  w e r e  r e m o v e d  f r o m  b r e a s t  h e i g h t  

r e g i o n s  o f  m a t u r e  s t a n d i n g  t r e e s  o f  s p r u c e ,  p i n e  a n d  l i m e .  T h e s e

b o l t s  w e r e  t h e n  i m m e d i a t e l y  c o n v e r t e d  b y  q u a r t e r  s a w i n g ,  a f t e r  

w h i c h , t h e  r e s u l t a n t  q u a r t e r  s a w n  p l a n k s  o f  d i m e n s i o n s  7 5 cm i n  l e n g t h ,  

3 6 cm i n  w i d t h  a n d  5 c m  t h i c k ,  w e r e  s t o r e d  i n  a  ' g r e e n *  c o n d i t i o n

i n  a  d e e p  f r e e z e  a t  - 1 8 ° C  ( F i g u r e  2 . 1 ) .  P l a n k s  w e r e  r e m o v e d  f r o m

t h e  d e e p  f r e e z e  a n d  a l l o w e d  t o  t h a w  a t  r o o m  t e m p e r a t u r e  f o r  t w e n t y -  

f o u r  h o u r s ,  p r i o r  t o  c o n v e r s i o n  t o  s m a l l e r  p l a n k s  o f  d i m e n s i o n s  

4 0 c m i n  l e n g t h ,  3 6 c m  i n  w i d t h  a n d  5 cm  t h i c k .  T h i s  c o n v e r s i o n  w a s  

t o  f a c i l i t a t e  d r y i n g  t h e  p l a n k s  i n  a  f a n  o v e n ,  i n  t h e  l a t e r  e x p e r i 

m e n t s .  A  t o t a l  o f  t h r e e  s p r u c e  p l a n k s ,  t w o  p i n e  p l a n k s ,  a n d  o n e

o f  l i m e ,  w e r e  u s e d  i n  t h e  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  s e c t i o n .

2 . 1 . 1 . 1 . P r e p a r a t i o n  o f  g r e e n  a n d  d r i e d  w o o d  s a m p l e s  ( E x p e r i m e n t

1).
A  p l a n k  o f  s p r u c e  o f  d i m e n s i o n  4 0 cm  x  3 6 cm  x 5 c m ,  w a s  c u t  l o n g i t u d i 

n a l l y  i n t o  t w o  o p p o s i n g  h a l v e s  t h r o u g h  t h e  c e n t r e  o f  t h e  p i t h  ( F i g u r e

2 . 2 ) .  O n e  h a l f  w a s  k e p t  i n  a n  u n d r i e d  ' g r e e n '  f o r m  a n d  t h e  o t h e r  

h a l f  w a s  d r i e d  i n  a  f a n  o v e n  a t  4 0 ° C  f o r  t w o  w e e k s .  T h i s  w a s  t o

a l l o w  f o r  a n y  r e d i s t r i b u t i o n  o f  s o l u b l e  n u t r i e n t s  t o  t h e  s u r f a c e

o f  p l a n k s ,  w h i c h  m i g h t  t a k e  p l a c e  d u r i n g  d r y i n g  ( K i n g ,  O x l e y  a n d  

L o n g  1 9 7 4 ) .  T h e  u n d r i e d  s p r u c e  p l a n k  w a s  c u t  r a d i a l l y  t o  p r o v i d e

t w o  s m a l l e r  s e c t i o n s ,  e a c h  w i t h  a  s i m i l a r  d i s t r i b u t i o n  o f  r i n g  g r o u p s  

( F i g u r e  2 . 2 ) .  E a c h  s e c t i o n  w a s  f u r t h e r  d i v i d e d  i n t o  t h r e e  m a j o r

s u b - s e c t i o n s ,  a p p r o x i m a t i n g  t o  o u t e r  s a p w o o d ,  i n n e r  s a p w o o d  a n d  

h e a r t w o o d .
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t r e e

MOn

Q u a r t e r  s a w n  c o n v e r t e d  

t o  s m a l l e r  p l a n k s

F i g  2 . 1  C o n v e r s i o n  o f  b o l t  t o  p l a n k s

Discard

Q u a r t e r  s a w n  p l a n k s  s h o r t e n e d  

t o  7 5 c m i n  l e n g t h

S a w c u t



M
R \H2

V

C h i p p e d  a n d  

m i l l e d  

( E x p t s  1 , 2  
a n d  3 )

( i )  D e b a r k e d  q u a r t e r  s a w n  p l a n k

( i i )  O p p o s i n g  h a l v e s  o f  q u a r t e r  s a w n  p l a n k

( i i i )  S e c t i o n s  d i v i d e d  i n t o  r i n g  g r o u p i n g s

( i v )  S t r i p s  c o n t a i n i n g  r i n g  g r o u p i n g s

F i g  2 . 2  C o n v e r s i o n  o f  p l a n k  t o  s a m p l e s  c o n t a i n i n g  r i n g  g r o u p s



2 0  m e a s u r e dT h e  f i r s t  s u b - s e c t i o n  c o n t a i n e d  r i n g  g r o u p i n g s  8  -

f r o m  t h e  c a m b i u m  ( o u t e r  s a p w o o d )  a n d  t h e  s e c o n d  a n d  t h i r d  s u b 

s e c t i o n s  , c o n t a i n e d  r i n g  g r o u p i n g s  2 1  -  3 5  a n d  3 6  -  4 5 , w h i c h  a p p r o x i 

m a t e d  t o  i n n e r  s a p w o o d  a n d  h e a r t w o o d  r e s p e c t i v e l y .  S a m p l e s  f r o m  

m a t c h e d  r i n g  g r o u p i n g s  o f  e a c h  s u b - s e c t i o n  w e r e  c o n v e r t e d  t o  s m a l l  

c h i p s  a n d  m i l l e d  i n  a n  u n d r i e d  f o r m  i n  a  W i l e y  m i c r o - h a m m e r m i l l  

t h r o u g h  a  0 . 5 mm s i e v e .  A l l  m i l l i n g s  i n c l u d i n g  r e s i d u e s  i n  t h e  m i l l  

w e r e  c o l l e c t e d .

T h e  r e m a i n i n g  h a l f  o f  t h e  g r e e n  s p r u c e  p l a n k  w a s  r e m o v e d  f r o m  t h e  

o v e n  a f t e r  d r y i n g  a t  4 0 ° C  f o r  t w o  w e e k s .  E n t i r e  r a d i a l  s u r f a c e s

o f  t h e  p l a n k  w e r e  r e m o v e d  t o  a  d e p t h  o f  3 mm f r o m  t h e  e v a p o r a t i v e  

f a c e .  R a d i a l  s u b - s u r f a c e  s a m p l e s ,  r e m o v e d  a t  a  d e p t h  o f  1 0 mm f r o m  

t h e  e v a p o r a t i v e  f a c e s ,  w e r e  a l s o  p r e p a r e d .  T h e s e  w e r e  c o n v e r t e d  

t o  s i m i l a r  r i n g  g r o u p i n g s ,  c o r r e s p o n d i n g  t o  o u t e r  s a p w o o d ,  i n n e r

s a p w o o d  a n d  h e a r t w o o d ,  a s  d e s c r i b e d  f o r  g r e e n  s p r u c e .  S a m p l e s  f r o m

e a c h  r i n g  g r o u p i n g  w e r e  c o n v e r t e d  t o  s m a l l  c h i p s ,  a n d  m i l l e d  t h r o u g h  

a  W i l e y  m i c r o - h a m m e r m i l l ,  t o  p a s s  t h r o u g h  a  0 . 5 mm s i e v e .  M i l l e d

w o o d  f r o m  e a c h  r i n g  g r o u p i n g  * a n d  f r o m  b o t h  s u r f a c e  a n d  s u b - s u r f a c e  

r e g i o n s ,  w e r e  s t o r e d  i n  s t o p p e r e d  j a r s  u n t i l  r e q u i r e d  f o r  a n a l y s i s .

2 . 1 . 1 . 2 . P r e p a r a t i o n  o f  g r e e n  a n d  d r i e d  w o o d  s a m p l e s  ( E x p e r i m e n t s

2  a n d  3 ) .

A  p l a n k  o f  s p r u c e  a n d  a  p l a n k  o f  p i n e ,  e a c h  o f  d i m e n s i o n s  4 0 c m

b y  3 6 c m  b y  5 c m  ( L e n g t h  x w i d t h  x  t h i c k n e s s ) ,  w e r e  p r e p a r e d  i n  a

m a n n e r  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  s p r u c e  i n  E x p e r i m e n t  1 ( F i g u r e  

2 . 2 ) .  O n e  h a l f  o f  e a c h  p l a n k  w a s  r e t a i n e d  i n  a n  u n d r i e d  f o r m  a n d  

t h e  r e m a i n i n g  h a l f  w a s  d r i e d  i n  a  f a n  o v e n  a t  4 0 ° C  f o r  t w o  w e e k s .  

S u r f a c e  s e c t i o n s  a p p r o x i m a t e l y  5 mm t h i c k ,  c o n t a i n i n g  t h e  e n t i r e  

s a p w o o d  a n d  h e a r t w o o d ,  w e r e  r e m o v e d  f r o m  t h e  r a d i a l  f a c e s  o f  g r e e n

s p r u c e  a n d  p i n e .  S e c t i o n s  c o n t a i n i n g  1 0  r i n g  g r o u p i n g s  f o r  s p r u c e ,  

a n d  5  r i n g  g r o u p i n g s  f o r  p i n e  ( b o t h  m e a s u r e d  f r o m  t h e  c a m b i u m ) ,  w e r e  

p r e p a r e d  f r o m  t h e s e  r a d i a l  f a c e s .  I n  s p r u c e ,  r i n g  g r o u p i n g s  1 -

1 0 , 1 1  -  2 0  a p p r o x i m a t e d  t o  t h e  o u t e r  s a p w o o d  r e g i o n ,  r i n g  g r o u p i n g s

2 1  -  3 0  t h e  i n n e r  s a p w o o d  r e g i o n ,  a n d  r i n g  g r o u p i n g s  3 1  -  4 0  a n d

4 1  -  5 0  t h e  h e a r t w o o d  r e g i o n .  I n  p i n e ,  r i n g  g r o u p i n g s  1 -  5 , 6

-  1 0 , 1 1  -  1 5 , 1 6  -  2 0  a p p r o x i m a t e d  t o  t h e  o u t e r  s a p w o o d  r e g i o n ,  

r i n g  g r o u p i n g s  2 1  -  2 5 , 2 6  -  3 0  t h e  i n n e r  s a p w o o d  r e g i o n ,  a n d  r i n g  

g r o u p i n g s  3 1  -  3 5 , 3 6  -  4 0 , 4 1  -  4 5  a n d  4 6  -  5 0  t h e  h e a r t w o o d  r e g i o n .  

E a c h  r i n g  g r o u p i n g  w a s  c o n v e r t e d  t o  n a r r o w  s t r i p s  w h i c h  w e r e  c h i p p e d  

t o  p r o v i d e  s m a l l  s p e c i m e n s .
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H a l f  o f  t h e  q u a n t i t y  o f  " c h i p p e d "  g r e e n  w o o d  f r o m  e a c h  r i n g  g r o u p i n g  

w a s  d r i e d  i n  a n  o v e n  a t  5 0 ° C  f o r  4 8  h o u r s .  T h i s  w a s  t o  d e t e r m i n e  

i f  a n y  q u a l i t a t i v e  d i f f e r e n c e  e x i s t e d  b e t w e e n  g r e e n  w o o d  a n d  g r e e n  

w o o d  d r i e d  i n  c h i p p e d  f o r m ,  w h e n  w o o d  w a s  s u b j e c t e d  t o  d r y i n g  

p r o c e d u r e s .  T h e  d r i e d  c h i p p e d  w o o d  s e c t i o n s  w e r e  m i l l e d  i n  a  W i l e y  

m i c r o - h a m m e r m i l l  t o  p a s s  t h r o u g h  a  3 6  m e s h  t e s t  s i e v e  ( B r i t i s h

S t a n d a r d  S i e v e  S e r i e s  B S 4 1 0 : 1 9 8 6 ) ,  o f  a p p r o x i m a t e l y  0 . 5 mm a p e r t u r e  

s i z e .

T h i n  r a d i a l  s e c t i o n s  o f  a p p r o x i m a t e l y  3 mm t h i c k ,  w e r e  r e m o v e d  f r o m  

t h e  e v a p o r a t i v e  s u r f a c e s  o f  t h e  s e c t i o n  o f  t h e  s p r u c e  a n d  p i n e  

p l a n k s  w h i c h  h a d  b e e n  d r i e d  a t  4 0 ° C  i n  t h e  f a n  o v e n .  F u r t h e r  s e c t i o n s  

o f  w o o d  w e r e  a l s o  r e m o v e d  f r o m  t h e  s u b - s u r f a c e  r e g i o n ,  1 0 mm b e l o w  

t h e  s u r f a c e  o f  t h e  p l a n k .  T h e s e  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s

w e r e  c o n v e r t e d  i n t o  1 0  r i n g  g r o u p i n g s  f o r  s p r u c e ,  a n d  5  r i n g  g r o u p i n g s  

f o r  p i n e ,  a s  d e s c r i b e d  e a r l i e r  f o r  t h e  g r e e n  s p r u c e  a n d  p i n e  s e c t i o n s .  

S a m p l e s  f r o m  e a c h  r i n g  g r o u p i n g  w e r e  c o n v e r t e d  t o  s m a l l  c h i p s ,  

a n d  m i l l e d  t o  p a s s  t h r o u g h  a  3 6  m e s h  t e s t  s i e v e .  M i l l e d  w o o d  f r o m

e a c h  r i n g  g r o u p i n g ,  a n d  f r o m  b o t h  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s ,

w e r e  s t o r e d  i n  a i r - t i g h t  s t o r a g e  j a r s  u n t i l  r e q u i r e d  f o r  a n a l y s i s .

2 . 1 . 1 . 3 . P r e p a r a t i o n  o f  d r i e d  w o o d  s a m p l e s  ( E x p e r i m e n t  4 ) .

I n  a d d i t i o n  t o  t h e  d i s t r i b u t i o n  s t u d i e s  ( E x p e r i m e n t s  1 , 2  a n d  3 ) ,

a n o t h e r  e x p e r i m e n t  ( E x p e r i m e n t  4 ) ,  u s i n g  d r i e d  s p r u c e ,  p i n e ,  l i m e  

a n d  k e m p a s  w a s  u n d e r t a k e n .  Q u a r t e r  s a w n  p l a n k s  o f  s p r u c e  m e a s u r i n g  

4 0 c m  b y  3 6 c m b y  5 c m ,  p i n e  m e a s u r i n g  4 0 c m  b y  3 6 cm b y  5 c m ,  a n d  l i m e  

m e a s u r i n g  4 0 cm b y  3 5 cm  b y  5 c m ,  w e r e  d r i e d  i n  u n c o n v e r t e d  f o r m s  

i n  a  f a n  d r i v e n  o v e n  a t  4 0 ° C  f o r  t w o  w e e k s .  S u r f a c e  s a m p l e s  c o n 

t a i n i n g  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  w e r e  r e m o v e d  t o  a  d e p t h  

o f  3 mm f r o m  t h e  o u t e r  s a p w o o d  r e g i o n s ,  ( r i n g s  0 - 2 5  a s  m e a s u r e d  

f r o m  t h e  c a m b i u m ) ,  o f  t h e  d r i e d  p l a n k s .  S u b - s u r f a c e  s a m p l e s  r e m o v e d  

a t  a  d e p t h  o f  1 0 mm b e l o w  t h e  s u r f a c e s  o f  m a t c h e d  p l a n k s ,  w e r e  a l s o

p r e p a r e d .  K e m p a s  w a s  s u p p l i e d  t o  t h i s  l a b o r a t o r y  i n  t h e  f o r m  

o f  d r i e d  s t i c k s  o f  d i m e n s i o n s  6 . 0  c m  x  2 . 5  c m  x  2 . 5  c m .  S u r f a c e

a n d  s u b - s u r f a c e  r e g i o n s  w e r e  n o t  d i f f e r e n t i a t e d  i n  t h i s  w o o d  d u e  

t o  t h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h i s  t e s t  m a t e r i a l .  A l l  w o o d  s a m p l e s  

w e r e  c o n v e r t e d  i n t o  s m a l l  c h i p s  t o  f a c i l i t a t e  m i l l i n g  t h r o u g h  t h e  

W i l e y  m i c r o - h a m m e r m i l l . T h e  m i l l e d  w o o d  f r a c t i o n s  w e r e  c o l l e c t e d

a n d  s i e v e d  t o  p a s s  t h r o u g h  a  7 2  m e s h  s i e v e  ( a p e r t u r e  s i z e  2 1 2  p m ) .

L a r g e r  f r a c t i o n s  w e r e  c o l l e c t e d  a n d  m i l l e d  a g a i n  u n t i l  a l l  f r a c t i o n s  

p a s s e d  t h r o u g h  t h e  7 2  m e s h  s i e v e .
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T h e  m i l l e d  w o o d  f r a c t i o n s  f r o m  e a c h  w o o d  t y p e ,  a n d  f r o m  e a c h  r e g i o n ,  

w e r e  s t o r e d  i n  s e p a r a t e  a i r - t i g h t  c o n t a i n e r s  u n t i l  r e q u i r e d  f o r  

a n a l y s i s .

2 . 1 . 2 . D e t e r m i n a t i o n  o f  m o i s t u r e  c o n t e n t s .

T h e  m o i s t u r e  c o n t e n t s  o f  d r i e d  m i l l e d  w o o d  w e r e  d e t e r m i n e d  a s  d e s 

c r i b e d  i n  T a p p i  S t a n d a r d s  T 2 6 4 - o m - 8 2 .

2  g r a m s  o f  m i l l e d  w o o d  w a s  w e i g h e d  t o  a n  a c c u r a c y  o f  i o . O O I g  i n  

a  t a r e d  w e i g h i n g  b o t t l e .  T h e  s a m p l e  w a s  d r i e d  i n  a n  o v e n  a t  1 0 3 ° C

± 2 ° C  f o r  t h r e e  h o u r s  a n d  c o o l e d  i n  a  d e s s i c a t o r .  P r i o r  t o  w e i g h i n g ,  

t h e  s t o p p e r  w a s  o p e n e d  m o m e n t a r i l y  t o  e q u a l i s e  t h e  a i r  p r e s s u r e  

a n d  t h e  b o t t l e  w e i g h e d .  T h e  w e i g h i n g  b o t t l e  w a s  r e t u r n e d  t o  t h e

o v e n  f o r  a  f u r t h e r  h o u r ;  a n d  t h e  c o o l i n g  a n d  w e i g h i n g  p r o c e s s  w a s  

r e p e a t e d  f o r  s u c c e s s i v e  h o u r l y  p e r i o d s ,  u n t i l  c o n s t a n t  w e i g h t  w a s  

a c h i e v e d .  T h i s  w a s  w h e n  s u c c e s s i v e  w e i g h i n g  d i d  n o t  c h a n g e  b y  

m o r e  t h a n  0 . 0 0 2 g .

M o i s t u r e  C o n t e n t  (%) = I n i t i a l  d r y  w e i g h t  o f  wood -  F i n a l  d r y  w e i g h t  o f  wood

F i n a l  d r y  w e i g h t  o f  wood

D u p l i c a t e  d e t e r m i n a t i o n s  o f  m o i s t u r e  c o n t e n t s  w e r e  u n d e r t a k e n  f o r  

e a c h  w o o d  t y p e .  M o i s t u r e  c o n t e n t s  o f  g r e e n  w o o d  s a m p l e s  i n  E x p e r i 

m e n t s  1 a n d  2  w e r e  n o t  u n d e r t a k e n  a s  t h e  i n t e r e s t  i n  t h e  w o r k  w a s

t h e n  q u a l i t a t i v e .

2 . 1 . 3 . E x t r a c t i o n  p r o c e d u r e s

A  n u m b e r  o f  e x t r a c t i o n  p r o c e d u r e s  w e r e  e m p l o y e d  i n  t h e  d e t e r m i n a t i o n  

o f  s o l u b l e  c a r b o h y d r a t e  a n d  n i t r o g e n o u s  c o m p o n e n t s  i n  w o o d .  I n  

t h e  e x p e r i m e n t s  i n v e s t i g a t i n g  t h e  d i s t r i b u t i o n  o f  s o l u b l e  n u t r i e n t s  

i n  g r e e n  a n d  d r i e d  s p r u c e  a n d  p i n e ,  s a m p l e s  w e r e  e x t r a c t e d  i n  c o l d

w a t e r .  I n  t h e  l a t e r  e x p e r i m e n t s  ( E x p e r i m e n t  4 ) ,  e x t r a c t i o n s  w i t h

a l c o h o l ,  h o t  w a t e r  a n d  c o l d  w a t e r  w e r e  e m p l o y e d  t o  d e t e r m i n e  t h e

s o l u b l e  n u t r i e n t  c o m p o n e n t s  i n  d r i e d  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s .  

E x t r a c t i o n s  p e r f o r m e d  i n  t h e  l a t e r  s t u d i e s  c o n f o r m e d  t o  t h e  s t a n d a r d  

p r o c e d u r e s  d e s c r i b e d  i n  T a p p i  s t a n d a r d s .

2 . 1 . 3 . 1 . A q u e o u s  e x t r a c t i o n

A l l  w o o d  s a m p l e s ,  b o t h  g r e e n  a n d  d r i e d  f r o m  t h e  d i s t r i b u t i o n  s t u d i e s  

( E x p e r i m e n t s  1 , 2  a n d  3 ) ,  w e r e  s u b j e c t e d  t o  a n  a q u e o u s  e x t r a c t i o n

i n  d e i o n i s e d  w a t e r .
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A n  a q u e o u s  e x t r a c t i o n  w a s  c h o s e n  a s  t h i s  w o u l d  i n d i c a t e  t h e  n u t r i e n t s  

t h a t  w e r e  r e a d i l y  a v a i l a b l e  t o  p r i m a r y  c o l o n i s i n g  o r g a n i s m s .  P r e l i m i 

n a r y  e x p e r i m e n t s  h a d  b e e n  u n d e r t a k e n  t o  d e t e r m i n e  t h e  s o l u b l e  

c a r b o h y d r a t e  c o n t e n t  i n  w o o d ,  e x t r a c t e d  i n  c o l d  w a t e r  f o r  d i f f e r e n t  

t i m e  p e r i o d s .  E x t r a c t s  w e r e  r e m o v e d  a t  f i v e  m i n u t e  i n t e r v a l s  u p  

t o  t h i r t y  m i n u t e s ,  a n d  t h e n  a t  h o u r l y  i n t e r v a l s  u p  t o  6  h o u r s .  

E x t r a c t s  w e r e  a s s a y e d  f o r  t h e  t o t a l  c a r b o h y d r a t e  c o n t e n t .  I t  w a s  

f o u n d  t h a t  a  l a r g e  p r o p o r t i o n  o f  t h e  s o l u b l e  c a r b o h y d r a t e s  w a s  

e x t r a c t e d  w i t h i n  t h i r t y  m i n u t e s .  A n  i n c r e a s e  i n  e x t r a c t i o n  t i m e  

d i d  n o t  y i e l d  s i g n i f i c a n t l y  h i g h e r  q u a n t i t i e s  o f  s o l u b l e  c a r b o h y 

d r a t e s  ( M c F a r l a n e ,  p e r s .  c o m m . ) . A c c o r d i n g l y ,  a l l  w o o d  s a m p l e s  b o t h  

c h i p p e d  a n d  m i l l e d ,  ' g r e e n '  a n d  d r i e d ,  w e r e  e x t r a c t e d  i n  c o l d  w a t e r  

i n  w o o d  t o  wat er  r a t i o s  o f  1 : 1 5 .

W o o d  s a m p l e s  w e r e  e x t r a c t e d  i n  E r l e n m e y e r  f l a s k s  ( 5 0 0 m l ) ,  p l a c e d  

i n  a  w a t e r  b a t h  s e t  a t  3 0 ° C .  U s u a l l y  6 g o f  w o o d  w a s  e x t r a c t e d

i n  1 0 0 m l s  o f  d e i o n i s e d  w a t e r .  T h e  f l a s k  a n d  c o n t e n t s  w e r e  a l l o w e d  

t o  e q u i l i b r a t e  f o r  f i v e  m i n u t e s  a n d  t h e  c o n t e n t s  w e r e  s t i r r e d  b y  

a n  o v e r h e a d  s t i r r e r .  A f t e r  t h i r t y  m i n u t e s ,  t h e  c o n t e n t s  w e r e  f i l t e r e d  

t h r o u g h  f i l t e r  p a p e r  ( W h a t m a n ' s  N o  1 ) ,  a n d  t h e n  r e f i l t e r e d  t w i c e  

t h r o u g h  a  m e m b r a n e  f i l t e r  ( p o r e  s i z e ,  0 . 4 5 p m )  t o  r e m o v e  a n y  r e s i d u a l  

w o o d  d e b r i s .  T h e  v o l u m e  o f  t h e  f i l t r a t e  w a s  m e a s u r e d  a n d  t h e  f i l t r a t e  

w a s  f r e e z e  d r i e d .  T h e  f r e e z e  d r i e d  c o n t e n t s  w e r e  l a t e r  r e d i s s o l v e d  

i n  d e i o n i s e d  w a t e r ,  t o  g i v e  a  1 0 - f o l d  c o n c e n t r a t i o n  o f  t h e  o r i g i n a l  

e x t r a c t .  T h e  c o n c e n t r a t e d  s a m p l e s  w e r e  s t o r e d  f r o z e n  u n t i l  r e q u i r e d  

f o r  a n a l y s i s .

2 . 1 . 3 . 2 . A l c o h o l  e x t r a c t i o n  ( E x p e r i m e n t  4 ) .

T h e  m e t h o d  u s e d  f o r  t h e  e x t r a c t i o n  o f  m i l l e d  w o o d  i n  a l c o h o l  i s  

s i m i l a r  t o  t h a t  u s e d  b y  B a k e r ,  L a i d l a w  a n d  S m i t h  ( 1 9 7 0 ) .  T h e  m e t h o d  

o f  e x t r a c t i o n  i s  a s  t h a t  d e s c r i b e d  i n  T a p p i T 2 6 4 - o m - 8 2 .

M i l l e d  w o o d  ( 2 g i o . 5 g )  w a s  w e i g h e d  a n d  e x t r a c t e d  i n  a n  e x t r a c t i o n  

c r u c i b l e  ( p o r e  s i z e  1 0 0  -  1 2 0  p m ) .  A  s m a l l  c o n e  o f  f i n e  m e s h  s c r e e n  

w i r e  w a s  p l a c e d  i n  t h e  t o p  o f  t h e  c r u c i b l e  t o  p r e v e n t  t h e  l o s s  

o f  w o o d  d u r i n g  e x t r a c t i o n .  T h e  c r u c i b l e  a n d  i t s  c o n t e n t s  w e r e  

w e i g h e d  a n d  e x t r a c t e d  i n  a  s o x h l e t  a p p a r a t u s  w i t h  7 0 % a q u e o u s  e t h a n o l  

( 2 0 0 m l )  f o r  s i x  h o u r s .  A f t e r  t h i s  p e r i o d ,  t h e  c o n t e n t s  o f  t h e

c r u c i b l e  w a s  r i n s e d  w i t h  s m a l l  a m o u n t s  o f  7 0 % a q u e o u s  e t h a n o l .  

T h e  r i n s i n g s  w e r e  c o l l e c t e d  a n d  a d d e d  t o  t h e  e x t r a c t  i n  t h e  f l a s k .



T h e  c o m b i n e d  e x t r a c t  a n d  r i n s i n g s  w e r e  f i l t e r e d  t h r o u g h  a  m e m b r a n e

f i l t e r  ( 0 . 4 5 p m )  t o  r e m o v e  a n y  r e s i d u a l  s a w d u s t .  T h e  f i l t r a t e  w a s

t h e n  t r a n s f e r r e d  t o  a  p r e - w e i g h e d  r o u n d  b o t t o m  f l a s k  a n d  r o t a r y

e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  a t  4 0 ° C  ( L o n g ,  1 9 7 8 ) .

T h e  f l a s k  w a s  d r i e d  i n  a  d e s s i c a t o r  f o r  1 8  h o u r s  a n d  w e i g h e d  a g a i n

p r i o r  t o  t h e  r e s i d u e  b e i n g  t a k e n  u p  i n  d e i o n i s e d  w a t e r  ( 2 0 m l ) .

T h e  e x t r a c t s  w e r e  k e p t  f r o z e n  u n t i l  r e q u i r e d  f o r  a n a l y s i s .  D u p l i c a t e

e x t r a c t i o n s  w e r e  c a r r i e d  o u t  f o r  e a c h  w o o d  s p e c i e s .  T h e  m i l l e d+
w o o d ,  r e t a i n e d  i n  t h e  c r u c i b l e  w a s  d r i e d  i n  a n  o v e n  a t  1 0 3 ° C - 2 ° C  

u n t i l  c o n s t a n t  w e i g h t .  F r o m  t h e  w e i g h t s  o b t a i n e d ,  t h e  w e i g h t  l o s s  

o f  t h e  s a m p l e ,  t h e  w e i g h t  o f  a l c o h o l  s o l u b l e s ,  a n d  t h e  w e i g h t  o f  

c o l d  w a t e r  s o l u b l e s  r e c o v e r e d  f r o m  t h e  d r i e d  a l c o h o l  e x t r a c t s  c o u l d  

b e  d e t e r m i n e d .

2 . 1 . 3 . 3 . H o t  w a t e r  e x t r a c t i o n  ( E x p e r i m e n t  4 ) .

M i l l e d  w o o d  s a m p l e s  w h i c h  h a d  b e e n  p r e v i o u s l y  e x t r a c t e d  i n  7 0 % 

a q u e o u s  e t h a n o l ,  w e r e  s u b j e c t e d  t o  a  f u r t h e r  e x t r a c t i o n  i n  h o t  w a t e r .  

T h e  e x t r a c t i o n  p r o c e d u r e  e m p l o y e d  w a s  a s  d e s c r i b e d  i n  T a p p i  T 2 0 7 - o m - 8 1  

f o r  t h e  w a t e r  s o l u b i l i t y  o f  w o o d  a n d  p u l p .

S a m p l e s  w e r e  t r a n s f e r r e d  f r o m  t h e  c r u c i b l e s  t o  p r e - w e i g h e d  f l a s k s .  

T h e  f l a s k s  a n d  c o n t e n t s  w e r e  w e i g h e d .  T h e  c o n t e n t s  w e r e  t h e n  e x t r a c t e d  

i n  h o t  w a t e r  ( 1 0 0 m l )  u n d e r  r e f l u x  f o r  3  h o u r s .  A f t e r  t h i s  p e r i o d ,  

t h e  i n s o l u b l e  m a t e r i a l  w a s  r e c o v e r e d  a n d  r i n s e d  w i t h  h o t  w a t e r  

( 2 0 0 m l ) .  T h e  r i n s i n g s  a n d  e x t r a c t  w e r e  c o m b i n e d  a n d  r e d u c e d  i n  

v o l u m e  t o  1 0 0 m l ,  b y  e v a p o r a t i o n  o v e r  a  h o t  p l a t e .  T h e  r e d u c e d  f i l t r a t e  

w a s  c o o l e d  p r i o r  t o  f r e e z e  d r y i n g  i n  a  p r e - w e i g h e d  f l a s k .  T h e  

f l a s k  a n d  d r i e d  c o n t e n t s  w e r e  l a t e r  p l a c e d  i n  a  d e s s i c a t o r  t o  d r y  

b e f o r e  b e i n g  w e i g h e d  a g a i n .  T h e  f r e e z e  d r i e d  m a t e r i a l  w a s  r e d i s s o l v e d  

i n  d e i o n i s e d  w a t e r  ( 1 0 m l ) ,  f i l t e r e d  t h r o u g h  a  m e m b r a n e  f i l t e r  ( 0 . 4 5 p m ) ,  

a n d  s t o r e d  f r o z e n .  T h e  e x t r a c t e d  w o o d  s a m p l e s  w a s  d r i e d  ( 1 0 3 ° c i 2 ° C )  

u n t i l  c o n s t a n t  w e i g h t  w a s  a c h i e v e d .  F r o m  t h e  w e i g h t s  o b t a i n e d ,  t h e  

w e i g h t  l o s s  o f  t h e  s a m p l e  a n d  t h e  a m o u n t  o f  m a t e r i a l  r e c o v e r e d  

a f t e r  f r e e z e  d r y i n g  c o u l d  b e  d e t e r m i n e d .  D u p l i c a t e  e x t r a c t i o n s  

w e r e  u n d e r t a k e n  f o r  e a c h  w o o d  t y p e .

2 . 1 . 3 . 4 . C o l d  w a t e r  e x t r a c t i o n  ( E x p e r i m e n t  4 ) .

M i l l e d  w o o d  s a m p l e s  w e r e  e x t r a c t e d  i n  c o l d  w a t e r  u s i n g  a  m o d i f i e d  

m e t h o d  o f  T a p p i  T 2 0 7 - o m - 8 1  f o r  t h e  s o l u b i l i t y  o f  w o o d  i n  w a t e r .  

P r e l i m i n a r y  e x p e r i m e n t s  u n d e r t a k e n  f o l l o w i n g  T a p p i  p r o c e d u r e s  h i g h 

l i g h t e d  a  n u m b e r  o f  p r o b l e m s .
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E x t r a c t s  s h o w e d  s i g n s  o f  m i c r o b i a l  c o n t a m i n a t i o n  t o w a r d s  t h e  e n d  

o f  t h e  e x t r a c t i o n  p e r i o d  ( 4 8  h o u r s ) .  T h i s  w o u l d  h a v e  r e s u l t e d  

i n  i n a c c u r a c i e s  i n  t h e  a n a l y s i s  o f  t h e  s o l u b l e  n u t r i e n t  c o n c e n t r a t i o n s .  

A l s o ,  t h e  t i m e  t a k e n  t o  c o n c e n t r a t e  s a m p l e s  b y  f r e e z e  d r y i n g  w a s  

l e n g t h y ,  a s  t h e  f r e e z e  d r y e r  c o u l d  n o t  o p e r a t e  a t  m a x i m u m  c a p a c i t y  

f o r  c o n t i n u o u s  p e r i o d s .  T h e  e x t r a c t i o n  p r o c e d u r e  w a s  t h e r e f o r e  

m o d i f i e d  t o  a v o i d  t h e s e  p r o b l e m s .  S a m p l e s  w e r e  e x t r a c t e d  i n  s m a l l e r  

v o l u m e s  o f  w a t e r  ( 5 0 m l ) ,  b u t  i n  t h e  s a m e  w o o d  t o  w a t e r  r a t i o  a s  

t h a t  u s e d  i n  T a p p i .  T h e  e x t r a c t i o n  t i m e  w a s  r e d u c e d  t o  h a l f  a n  

h o u r ,  a s  e a r l i e r  s t u d i e s  h a d  s h o w n  t h a t  t h e  b u l k  o f  t h e  s o l u b l e  

c a r b o h y d r a t e  h a d  b e e n  e x t r a c t e d  w i t h i n  t h i s  p e r i o d .  T h e  p r o c e d u r e  

u s e d  f o r  t h e  e x t r a c t i o n  i n  c o l d  w a t e r  i s  o u t l i n e d  b e l o w .

M i l l e d  w o o d  ( 0 . 3 3 g - 0 . 1 g )  w a s  p l a c e d  i n  a  b e a k e r  a n d  e x t r a c t e d  w i t h  

d e i o n i s e d  w a t e r  ( 5 0 m l )  a t  a m b i e n t  t e m p e r a t u r e s  f o r  h a l f  a n  h o u r .  

T h e  c o n t e n t s  i n  t h e  b e a k e r  w e r e  s t i r r e d  c o n s t a n t l y  b y  a  m a g n e t i c  

s t i r r e r .  E x t r a c t s  w e r e  f i l t e r e d  t h r o u g h  a  m e m b r a n e  f i l t e r  ( 0 . 4 5  

p m ) .  T h e  v o l u m e  o f  t h e  f i l t r a t e  w a s  m e a s u r e d  b e f o r e  b e i n g  f r e e z e  

d r i e d  i n  a  p r e w e i g h e d  f l a s k .  A f t e r  f u r t h e r  d r y i n g  i n  a  v a c u u m  

d e s s i c a t o r  ( 1 8  h o u r s ) ,  t h e  f l a s k  a n d  f r e e z e  d r i e d  c o n t e n t s  w e r e  

r e w e i g h e d .  T h e  f r e e z e  d r i e d  c o n t e n t s  w e r e  r e d i s s o l v e d  i n  d e i o n i s e d  

w a t e r  ( 5 m l ) ,  t o  g i v e  a  1 0 - f o l d  c o n c e n t r a t i o n  o f  t h e  o r i g i n a l  e x t r a c t .  

T h e  c o n c e n t r a t e d  e x t r a c t s  w e r e  s t o r e d  f r o z e n  u n t i l  r e q u i r e d  f o r  

a n a l y s i s .  T h e  e x t r a c t e d  w o o d  s a m p l e  w a s  d r i e d  i n  a n  o v e n  ( 1 0 3 ° c i 2 ° C )  

u n t i l  c o n s t a n t  w e i g h t  w a s  a c h i e v e d .  T h e  w e i g h t  l o s s  o f  t h e  s a m p l e ,

a n d  t h e  w e i g h t  o f  c o l d  w a t e r  s o l u b l e s  r e c o v e r e d  a f t e r  f r e e z e  d r y i n g ,  

w e r e  c a l c u l a t e d  f r o m  t h e  w e i g h t s  o b t a i n e d .  D u p l i c a t e  e x t r a c t i o n s

w e r e  u n d e r t a k e n  f o r  e a c h  w o o d  s p e c i e s .

2 . 1 . 4 . H y d r o l y s i s  o f  e x t r a c t s

A c i d  h y d r o l y s i s  w a s  u n d e r t a k e n  t o  d e t e r m i n e  t h e  s o l u b l e  p r o t e i n

c o n t e n t  o f  t h e  o u t e r  s a p w o o d  r e g i o n  ( r i n g s  1 -  2 0 ) o f  g r e e n  s p r u c e

a n d  p i n e .  T h e  p o l y p e p t i d e  c h a i n  i s  g e n e r a l l y  h y d r o l y s e d  t o  t h e  

c o n s t i t u e n t  a m i n o  a c i d s  b y  6 M HCI .  a t  1 1 0 ° C  f o r  1 6  -  7 2  h o u r s .  

W i t h  t h i s  p r o c e d u r e ,  m o s t  o f  t h e  a m i n o  a c i d s  a r e  r e c o v e r e d  q u a n t i t a 

t i v e l y  a n d  c a n  b e  d e t e c t e d  u s i n g  t h e  a m i n o  a c i d  a u t o - a n a l y s e r .

T h e  s a m p l e  ( 2 0 0 p l ) ,  i n  6 M HCI .  ( A R  g r a d e ) ,  w a s  p l a c e d  i n  a  h y d r o l y s i s  

t u b e  a n d  f l u s h e d  w i t h  o x y g e n - f r e e  n i t r o g e n  f o r  t e n  m i n u t e s .  T h e  

s a m p l e  w a s  d e - a e r a t e d  u s i n g  a  w a t e r  p u m p  a n d  t h e n  s e a l e d .  A f t e r

i n c u b a t i n g  a t  1 1 0 ° C  f o r  1 8  h o u r s ,  t h e  h y d r o l y s a t e  w a s  p l a c e d  i n  

a  r o u n d  b o t t o m e d  f l a s k  a n d  t h e  h y d r o c h l o r i c  a c i d  r e m o v e d  b y  r o t a r y  

e v a p o r a t i o n .  p o



T h e  h y d r o l y s a t e  w a s  d i s s o l v e d  i n  a  s m a l l  v o l u m e  o f  d e i o n i s e d  w a t e r  

a n d  t h e  r e s u l t i n g  s o l u t i o n  w a s  e v a p o r a t e d  t o  d r y n e s s .  T h e  s o l u b i 

l i s a t i o n  a n d  d r y i n g  w a s  r e p e a t e d  u n t i l  a l l  t r a c e s  o f  a c i d  w e r e

r e m o v e d .  T h e  r e s i d u a l  e x t r a c t  w a s  r e d i s s o l v e d  i n  d e i o n i s e d  w a t e r  

( 2 m l )  a n d  s t o r e d  f r o z e n .

2 . 1 . 5 . A n a l y s e s  o f  e x t r a c t s .

A  n u m b e r  o f  a s s a y s  w e r e  p e r f o r m e d  i n  t h e  a n a l y s i s  o f  t h e  s o l u b l e  

n u t r i e n t  c o m p o s i t i o n  o f  t h e  w o o d  e x t r a c t s .  G e n e r a l  a s s a y s  s u c h

a s  t h e  p h e n o l - s u l p h u r i c  a c i d  a s s a y ,  d i n i t r o - s a l i c y l i c  a c i d  a s s a y ,  

p r o t e i n  a s s a y  a n d  t h e  n i n h y d r i n  a s s a y  w e r e  e m p l o y e d  i n  t h e  q u a n t i f i 

c a t i o n  o f  t o t a l  c a r b o h y d r a t e  c o n t e n t ,  t o t a l  r e d u c i n g  s u g a r  c o n t e n t ,  

p r o t e i n  c o n t e n t  a n d  s o l u b l e  a m i n o  a c i d  c o n t e n t  r e s p e c t i v e l y .  S p e c i f i c  

e n z y m a t i c  a s s a y s  w e r e  u n d e r t a k e n  t o  d e t e r m i n e  t h e  g l u c o s e  a n d  f r u c t o s e

c o n t e n t s  o f  s a m p l e s .  C o m p o s i t i o n  o f  a m i n o  a c i d s  i n  s a m p l e s  w e r e

d e t e r m i n e d  u s i n g  a n  a m i n o  a c i d  a u t o - a n a l y s e r ,  a n d  i n  t h e  l a t e r  s t a g e s  

o f  t h e  e x p e r i m e n t a l  a n a l y s i s ,  w o o d  s u g a r s  w e r e  d e t e r m i n e d  b y  h i g h  

p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  ( H P L C ) .

2 . 1 . 5 . 1 . T o t a l  c a r b o h y d r a t e  c o n t e n t  a s s a y .

T h i s  a s s a y  i s  b a s e d  o n  a  c o l o r i m e t r i c  m e t h o d  f o r  t h e  d e t e r m i n a t i o n  

o f  s u g a r s  ( D u b o i s  e t .  a l . ,  1 9 5 6 ) .  S i m p l e  s u g a r s ,  o l i g o s a c c h a r i d e s ,  

p o l y s a c c h a r i d e s  a n d  t h e i r  d e r i v a t i v e s  i n c l u d i n g  t h e  m e t h y l  e t h e r s  

w i t h  f r e e  o r  p o t e n t i a l l y  f r e e  r e d u c i n g  g r o u p s ,  g i v e  a n  o r a n g e - y e l l o w  

c o l o u r  w h e n  t r e a t e d  w i t h  p h e n o l  a n d  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  

T h e  r e a c t i o n  i s  s e n s i t i v e ,  a n d  t h e  a m o u n t  o f  c o l o u r  p r o d u c e d  a t  

a  c o n s t a n t  p h e n o l  c o n c e n t r a t i o n ,  i s  p r o p o r t i o n a l  t o  t h e  a m o u n t  o f  

s u g a r  p r e s e n t .

S e v e r a l  d i l u t i o n s  o f  a  g l u c o s e  s t a n d a r d  ( 0 . 2 mM) c o n t a i n i n g  f r o m  

1 8  -  7 2  p i g / m l  g l u c o s e  w e r e  p r e p a r e d .  2 m l s  o f  t h e  s t a n d a r d s  a n d

a p p r o p r i a t e l y  d i l u t e d  s a m p l e s  w e r e  p l a c e d  i n  t e s t - t u b e s .  A q u e o u s  

p h e n o l  ( 8 0 % w / v ,  5 0 jj1 ) w a s  a d d e d  t o  e a c h  o f  t h e  t u b e s .  A n a l a r  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  w a s  d i s p e n s e d  i n t o  e a c h  t u b e  u s i n g  

a  c a l i b r a t e d  a u t o m a t i c  d i s p e n s e r .  T h e  c o n t e n t s  o f  t h e  t u b e  w e r e  

m i x e d  a n d  l e f t  t o  s t a n d  f o r  a  p e r i o d  o f  1 5  m i n u t e s ,  a t  a m b i e n t  t e m p e 

r a t u r e s .  T h e  a b s o r b a n c e  o f  t h e  t u b e s  w e r e  m e a s u r e d  a t  4 8 5 nm a g a i n s t  

a  r e a g e n t  b l a n k .  A  c a l i b r a t i o n  g r a p h  w a s  o b t a i n e d  b y  p l o t t i n g  

t h e  a b s o r b a n c e s  a g a i n s t  t h e  s t a n d a r d  s u g a r  c o n c e n t r a t i o n s .  T h e  

c o n c e n t r a t i o n  o f  c a r b o h y d r a t e s  i n  t h e  s a m p l e  w a s  c a l c u l a t e d  ( a s  

g l u c o s e )  f r o m  t h e s e  g r a p h s .



2.1.5.2. Reducing sugar assay

T h i s  i s  a  c o l o r i m e t r i c  a s s a y  u s e d  f o r  t h e  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  

d e t e r m i n a t i o n  o f  r e d u c i n g  s u g a r s  ( S u m n e r ,  1 9 2 5 ) .  T h e  a s s a y  i n v o l v e s  

t h e  r e d u c t i o n  o f  3 , 5  -  d i n i t r o s a l i c y l i c  a c i d  b y  r e d u c i n g  s u g a r s ,

t o  f o r m  a  c o l o u r e d  a m i n o  c o m p o u n d .  T h e  i n t e n s i t y  o f  t h e  c o l o u r  

f o r m e d  i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  t h e  r e d u c i n g  s u g a r s  

p r e s e n t .

S o l u t i o n s  o f  a  g l u c o s e  s t a n d a r d  c o n t a i n i n g  b e t w e e n  0 . 1  m g / m l  a n d  

0 . 5  m g / m l  w e r e  t r a n s f e r r e d  t o  s e p a r a t e  t e s t - t u b e s .  3 , 5 - d i n i t r o s a l i -  

c y l i c  a c i d  ( 1 m l )  w a s  a d d e d  t o  e a c h  t u b e ,  a n d  t h e  c o n t e n t s  m i x e d  

b e f o r e  b e i n g  i n c u b a t e d  i n  a  w a t e r  b a t h  ( 1 0 0 ° C )  f o r  5  m i n u t e s .  C o n d e n s e r s  

w e r e  p l a c e d  o v e r  t h e  t o p  o f  t h e  t u b e s  t o  p r e v e n t  e v a p o r a t i o n  o f  

t h e  c o n t e n t s .  A f t e r  i n c u b a t i o n ,  t h e  c o n t e n t s  w e r e  c o o l e d  a n d  d e i o n i s e d  

w a t e r  ( 4 m l ) ,  w a s  a d d e d  t o  e a c h  t u b e .  T h e  c o n t e n t s  w e r e  m i x e d  a g a i n  

b e f o r e  t h e  a b s o r b a n c e s  o f  t h e  s o l u t i o n s  w e r e  m e a s u r e d  a t  5 4 0 nm 

a g a i n s t  a  r e a g e n t  b l a n k .  S a m p l e s  o f  w o o d  e x t r a c t  w e r e  a s s a y e d  

f o r  t o t a l  r e d u c i n g  s u g a r  c o n t e n t  i n  a  s i m i l a r  m a n n e r  t o  t h a t  d e s c r i b e d  

f o r  t h e  g l u c o s e  s t a n d a r d .  A  c a l i b r a t i o n  g r a p h  o f  a b s o r b a n c e s  a g a i n s t  

g l u c o s e  s t a n d a r d  c o n c e n t r a t i o n s  w a s  p l o t t e d ,  a n d  c o n c e n t r a t i o n s  

o f  r e d u c i n g  s u g a r s  i n  s a m p l e  e x t r a c t s  w e r e  d e t e r m i n e d  b y  i n t e r p o l a t i o n .

2 . 1 . 5 . 3 . E n z y m a t i c  d e t e r m i n a t i o n  o f  g l u c o s e  a n d  f r u c t o s e .

T h i s  e n z y m e  s p e c i f i c  a s s a y  i s  b a s e d  u p o n  t h e  c o n v e r s i o n  o f  g l u c o s e  

t o  g l u c o s e - 6 - p h o s p h a t e  b y  A T P  i n  t h e  p r e s e n c e  o f  h e x o k i n a s e  ( E C  

N o .  2 . 7 . 1 . 1 . )  ( K l o t z s c h  a n d  B e r g m e y e r ,  1 9 6 5 ) .  T h e  p r o d u c t  o f  t h i s  

r e a c t i o n  b e c o m e s  t h e  s u b s t r a t e  f o r  t h e  c o u p l i n g  r e a c t i o n  t h a t  i s  

c a t a l y s e d  b y  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  ( E C  N o .  1 . 1 . 1 . 4 9 ) .

G l u c o s e  +  A T P  H e x o k i n a s e

G l u c o s e - 6 - p h o s p h a t e  +  N AD P

G l u c o s e - 6 - p h o s p h a t e  

+  A D P

G l u c o s e - 6 - p h o s p h a t e

d e h y d r o g e n a s e

1

6 - p h o s p h o g l u c o n i c  a c i d  

+  N A D PH  +  H + 2
T h e  g l u c o s e - 6 - p h o s p h a t e  i s  o x i d i s e d  w i t h  g l u c o s e - 6 - p h o s p h a t e  d e h y 

d r o g e n a s e  a n d  N A D P +  , t o  g i v e  6 - p h o s p h o g l u c o n i c  a c i d ,  N A D P H  a n d

H+  ( e q u a t i o n  2 ) .  A s  NAD P H h a s  a  h i g h  e x t i n c t i o n  c o e f f i c i e n t  ( 6 . 2 2  
—1 —1 +

x 1 0 3 1  m o l  cm  ) a t  3 4 0 n m ,  a n d  N A D P  h a s  n o  a b s o r b a n c e  a t  t h i s  w a v e 

l e n g t h ,  t h e  p r o g r e s s  o f  t h e  c o u p l e d  r e a c t i o n  i s  f o l l o w e d  b y  m e a s u r i n g  

t h e  i n c r e a s e  i n  a b s o r b a n c e  a t  3 4 0 n m .  T h e  g l u c o s e  c o n c e n t r a t i o n  

i s  d e t e r m i n e d  d i r e c t l y  f r o m  a b s o r b a n c e  r e a d i n g s  w i t h o u t  t h e  n e e d  

o f  s t a n d a r d s  o r  c a l i b r a t i o n  c u r v e s .
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T h e  i n c r e a s e  i n  a b s o r b a n c e  ( a t  3 4 0 n m )  d u e  t o  t h e  f o r m a t i o n  o f  N A D P H  

i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  g l u c o s e .  T h e  

e q u i l i b r i u m  c o n s t a n t  f o r  t h e  r e a c t i o n  i n  e q u a t i o n  ( 2 ) i s  v e r y  h i g h  

a n d  l i e s  t o  t h e  r i g h t  o f  e q u a t i o n .  W h e n  e q u i l i b r i u m  i s  r e a c h e d  

i n  t h i s  r e a c t i o n ,  t h e  c o n c e n t r a t i o n  o f  f r u c t o s e  i n  t h e  s a m p l e  c a n  

b e  d e t e r m i n e d .  T h e  f r u c t o s e - 6 - p h o s p h a t e  o r i g i n a l l y  i n  t h e  s a m p l e ,  

a n d  a l s o  t h e  f r u s t o s e - 6 - p h o s p h a t e  f o r m e d  a c c o r d i n g  t o  e q u a t i o n

( 1 ) f r o m  f r u C t o s e , i s  c o n v e r t e d  o n  a d d i t i o n  o f  p h o s p h o g l u c o s e  i s o m e r a s e  

( E C  No  5 . 3 . 1 . 9 . )  t o  g l u c o s e - 6 - p h o s p h a t e .

p h o s p h o g l u c o s e

F r u c t o s e - 6 - p h o s p h a t e  i s o m e r a s e  v g l u c o s e - 6 - p h o s p h a t e  3v~.... '• • •"
T h e  g l u c o s e - 6 - p h o s p h a t e  i s  e s t i m a t e d  a c c o r d i n g  t o  e q u a t i o n  ( 2 ) .  

T h e  e q u i l i b r i a  o f  r e a c t i o n s  ( 1 ) a n d  ( 2 ) l i e  f a r  t o  t h e  r i g h t .  

T h e  e q u i l i b r i a  o f  r e a c t i o n  ( 3 ) i s  n o t  i m p o r t a n t  s i n c e  t h e  g l u c o s e - 6 -  

p h o s p h a t e  f o r m e d  r e a c t s  i m m e d i a t e l y  a c c o r d i n g  t o  e q u a t i o n  ( 2 ) .  

A s  a  r e s u l t ,  a l l  t h r e e  r e a c t i o n s  p r o c e e d  s t o i c h i o m e t r i c a l l y .

A  S i g m a  G l u c o s e  1 0  A s s a y  v i a l  w a s  u s e d  i n  t h e  d e t e r m i n a t i o n  o f  

g l u c o s e  a n d  f r u c t o s e  p r e s e n t  i n  t h e  e x t r a c t s .  T h e  v i a l  w a s  r e c o n 

s t i t u t e d  w i t h  d e i o n i s e d  w a t e r  ( 3 1 m l )  t o  o b t a i n  t h e  f o l l o w i n g  r e a g e n t s :

A T P

p  -  N A D P +

H e . x o k i n a s e  ( y e a s t )

G l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  ( y e a s t )  

M'g2 +

B u f f e r  S a l t s

/t m m o l / l  

0 . 5 m m o l / l  

8 0 0 U / 1  

5 0 0 U / 1  

2 m m o l / l  

p H 7 . 5

( U  =  a  u n i t  w h i c h  i s  t h e  a m o u n t  o f  e n z y m e  w h i c h  c o n v e r t s  1 p m o l e  

o f  s u b t r a t e  i n  1 m i n u t e  a t  2 5 ° C ) .

A  r e a g e n t  b l a n k  ( 1 m l )  w a s  p i p e t t e d  i n t o  a  q u a r t z '  c u v e t t e .  I n  

a  s e c o n d  m a t c h e d  c u v e t t e ,  t h e  r e a g e n t  ( 0 . 9 m l )  a n d  t h e  s a m p l e  t o  

b e  a n a l y s e d  ( 1 0 0 p i )  w e r e  a d d e d .  T h e  c o n t e n t s  i n  t h e  c u v e t t e  w e r e  

m i x e d  a n d  t h e  a b s o r b a n c e  o f  t h e  s a m p l e  w a s  m o n i t o r e d  u n t i l  n o  f u r t h e r  

i n c r e a s e  o c c u r r e d ,  a n d  t h e  r e s u l t i n g  v a l u e  w a s  n o t e d .  T h e  c u v e t t e  

w a s  r e m o v e d  f r o m  t h e  s p e c t r o p h o t o m e t e r  ( P e r k i n  E l m e r ,  ( I J V - v i s )

a n d  p h o s p h o g l u c o s e  i s o m e r a s e  ( 0 . 5 p l )  w a s  a d d e d  t o  t h e  r e a c t i o n  

m i x t u r e .  T h e  c u v e t t e  w a s  r e t u r n e d  t o  t h e  s p e c t r o p h o t o m e t e r  a n d

t h e  r e a c t i o n  w a s  m o n i t o r e d  u n t i l  e q u i l i b r i u m  w a s  r e a c h e d  a g a i n .  

T h e  d i f f e r e n c e  i n  t h e  t w o  a b s o r b a n c e  r e a d i n g s  a l l o w s  t h e  c o n c e n t r a t i o n  

o f  f r u c t o s e  t o  b e  d e t e r m i n e d .  T h e  a m o u n t  o f  s u g a r  p r e s e n t  i n  t h e

c u v e t t e  w a s  c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  e q u a t i o n :
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A = Eel where A = absorbance
E = e x t i n c t i o n  c o e f f i c i e n t  

( 6 . 2 2  x  1 0 3 l m o l  c m - 1 )

c  =  c o n c e n t r a t i o n

1  =  l i g h t  p a t h  ( 1 c m )

A l l  a s s a y s  w e r e  c a r r i e d  o u t  i n  t r i p l i c a t e .

2 . 1 . 5 . 4 . P r o t e i n  a s s a y

T h e  B i o R a d  p r o t e i n  m i c r o a s s a y  i s  u s e d  i n  i n s t a n c e s  w h e r e  c o n c e n 

t r a t i o n  o f  t h e  p r o t e i n  i s  < 2 5  p g / m l .  T h e  d y e  b i n d i n g  m i c r o a s s a y  

i s  b a s e d  o n  t h e  d i f f e r e n t i a l  c o l o u r  c h a n g e  o f  a  d y e  i n  r e s p o n s e  

t o  v a r i o u s  c o n c e n t r a t i o n s  o f  p r o t e i n s  ( B r a d f o r d ,  1 9 7 6 ) .  T h e  d y e ,  

C o o m a s i e  B r i l l i a n t  B l u e  G 2 5 0 , e x i s t s  i n  t w o  d i f f e r e n t  f o r m s ,  r e d  

a n d  b l u e .  T h e  r e d  f o r m  i s  c o n v e r t e d  t o  t h e  b l u e  f o r m  u p o n  b i n d i n g  

w i t h  p r o t e i n .  T h e  b i n d i n g  o f  t h e  d y e  t o  t h e  p r o t e i n  c a u s e s  a  s h i f t  

i n  t h e  a b s o r p t i o n  m a x i m u m  o f  t h e  d y e  f r o m  4 6 5 nm t o  5 9 5 n m .  T h e  

a b s o r p t i o n  a t  5 9 5 nm i s  m o n i t o r e d .

S e v e r a l  d i l u t i o n s  o f  a  p r o t e i n  s t a n d a r d  b o v i n e  s e r i u m  a l b u m i n  ( 2 5  

p g / m l )  c o n t a i n i n g  f r o m  1 t o  2 5  p g / m l  w e r e  p r e p a r e d .  T h e  s t a n d a r d s  

a n d  a p p r o p r i a t e  d i l u t i o n  o f  t h e  s a m p l e s  w e r e  p l a c e d  i n  t e s t  t u b e s .  

D e i o n i s e d  w a t e r  ( 0 . 8 m l )  w a s  u s e d  a s  a  r e a g e n t  b l a n k .  T h e  B i o R a d  

D y e  R e a g e n t  C o n c e n t r a t e  ( 0 . 2 m l )  w a s  a d d e d  t o  e a c h  t e s t  t u b e .  T h e  

c o n t e n t s  i n  t h e  t u b e s  w e r e  m i x e d  a n d  l e f t  f o r  a  p e r i o d  o f  5  m i n u t e s ,  

a f t e r  w h i c h  a b s o r b a n c e s  a t  5 9 5 ^  w e r e  m e a s u r e d  a g a i n s t  t h e  r e a g e n t  

b l a n k .  S t a n d a r d  c a l i b r a t i o n  g r a p h s  w e r e  p l o t t e d  f r o m  t h e  a b s o r b a n c e  

a n d  c o n c e n t r a t i o n  o f  p r o t e i n ,  i n  t h e  a s s a y  o f  f i x e d  v o l u m e .  C o n c e n 

t r a t i o n s  o f  p r o t e i n  i n  t h e  s a m p l e s  w e r e  d e t e r m i n e d  f r o m  t h e  g r a p h .

2 . 1 . 5 . 5 . A m i n o  A c i d  A s s a y .

T h i s  c o l o r i m e t r i c  a s s a y  i s  b a s e d  o n  a  m o d i f i e d  p r o c e d u r e  f o r  t h e  

a n a l y s i s  o f  c o m p o u n d s  w i t h  a n  a m i n o  g r o u p  o f  t h e  o C - c a r b o n  ( R o s e n ,  

1 9 5 7 ) .  T h e s e  c o m p o u n d s  i n c l u d e  a m i n o  a c i d s ,  i m i n o  a c i d s ,  a m i n o  

a l c o h o l s  a n d  p r i m a r y  a m i d e s .  I n  t h e  r e a c t i o n  o f  a m i n o  a c i d s  w i t h  

n i n h y d r i n ,  a m m o n i a  a n d  h y d r i n d a n t i n  ( a  r e d u c e d  f o r m  o f  t h e  n i n h y d r i n )  

a r e  p r o d u c e d .  T h e  a m m o n i a  r e a c t s  w i t h  a n  a d d i t i o n a l  m o l e c u l e  o f

n i n h y d r i n  a n d  t h e  h y d r i n d a n t i n ,  t o  y i e l d  a  p u r p l e  s u b s t a n c e  ( R u h e m a n ' s  

p u r p l e )  w h i c h  a b s o r b s  m a x i m a l l y  a t  5 7 0 n m .  T h i s  a b s o r p t i o n  i s  a  

l i n e a r  f u n c t i o n  o f  t h e  c o n c e n t r a t i o n  o f  c < - a m i n o  g r o u p s  p r e s e n t  

i n  a  s a m p l e .
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S e v e r a l  d i l u t i o n s  o f  a  t h r e o n i n e  s t a n d a r d  c o n t a i n i n g  2 0  -  8 0  p m o l e s  

o f  t h e  a m i n o  a c i d  w e r e  p r e p a r e d  i n  t e s t - t u b e s .  N i n h y d r i n  s o l u t i o n  

( 1 m l )  p r e p a r e d  u s i n g  e t h a n e d i o l  a s  a  s o l v e n t  ( M o o r e ,  1 9 6 8 )

w a s  a d d e d  t o  e a c h  t u b e .  T h e  c o n t e n t s  w e r e  m i x e d  b e f o r e  b e i n g  i n c u b a t e d  

i n  a  w a t e r  b a t h  ( 1 0 0 ° C )  f o r  1 5  m i n u t e s .  A f t e r  t h e  i n c u b a t i o n  p e r i o d ,

t h e  t u b e s  w e r e  c o o l e d  b e f o r e  a q u e o u s  e t h a n o l  ( 5 0 % v / v ,  2 m l )  w a s

a d d e d  t o  t h e  c o n t e n t s  i n  t h e  t u b e s .  T h e  s o l u t i o n s  w e r e  m i x e d  a n d  

t h e i r  a b s o r b a n c  e s  r e a d  a t  5 7 0  nm a g a i n s t  a  r e a g e n t  b l a n k .  A  c a l i 

b r a t i o n  g r a p h  o f  a b s o r b a n c e s  a g a i n s t  a m i n o  a c i d  c o n c e n t r a t i o n  w a s  

p l o t t e d .  S a m p l e s  o f  w o o d  e x t r a c t s  w e r e  a s s a y e d  i n  a  s i m i l a r  m a n n e r  

t o  t h a t  d e s c r i b e d  f o r  t h e  a m i n o  a c i d  s t a n d a r d .  C o n c e n t r a t i o n s  

o f  a m i n o  a c i d s  i n  t h e  w o o d  e x t r a c t s  w e r e  e v a l u a t e d  f r o m  t h e  c a l i 

b r a t i o n  g r a p h s .

2 . 1 . 5 . 6 . D e t e r m i n a t i o n  o f  a m i n o  a c i d s  u s i n g  a n  a m i n o  a c i d  a u t o 

a n a l y s e r .

I n  a d d i t i o n  t o  t h e  n i n h y d r i n  a s s a y  u s e d  i n  t h e  q u a n t i f i c a t i o n  o f

a m i n o  a c i d s  ( 2 . 1 . 5 . 5 ) ,  t h e  a m i n o  a c i d s  i n  t h e  e x t r a c t s  w e r e  a l s o  

d e t e r m i n e d  u s i n g  a n  a m i n o  a c i d  a u t o - a n a l y s e r .  I n  t h i s  m e t h o d ,  

a  m i x t u r e  o f  a m i n o  a c i d s  i s  l o a d e d  o n t o  a  c o l u m n  o f  a n  a n a l y t i c a l  

i o n - e x c h a n g e  r e s i n .  B u f f e r s  o f  i n c r e a s i n g  p H a n d  v a r y i n g  i o n i c  

s t r e n g t h  a r e  p u m p e d  s e q u e n t i a l l y  t h r o u g h  t h e  c o l u m n  t o  e f f e c t  t h e  

s e p a r a t i o n  o f  t h e  a m i n o  a c i d s .

T h e  a m i n o  a c i d  a n a l y s e s  wer e p e r f o r m e d  o n  a n  L K B  4 1 0 1  a m i n o  a c i d

a n a l y s e r .  A n  a u t o m a t i c  s a m p l e r  i n j e c t o r  ( L K B  4 1 0 4 ) w a s  c o n n e c t e d

t o  t h e  m a i n  i n s t r u m e n t .  A  b l o c k  d i a g r a m  s h o w i n g  t h e  c o m p o n e n t s  

o f  t h e  a m i n o  a c i d  a u t o - a n a l y s e r  i s  p r e s e n t e d  i n  F i g u r e  2 . 3 . T h e  

a m i n o  a c i d s  w e r e  s e p a r a t e d  o n  a n  U l t r o p a c  1 0  r e s i n ,  e m p l o y i n g  a  

s o d i u m  t h r e e  b u f f e r  s y s t e m :

( i  ) 0 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H  3 . 2 5  ( c o n t a i n i n g  2 % v / v

i s o p r o  p a n o l )

( i i  ) 0 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H  4 . 2 5

( i i i )  1 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H  6 . 4 5 .

2 % v / v  i s o p r o p a n o l  w a s  a d d e d  t o  t h e  f i r s t  b u f f e r  t o  i m p r o v e  t h e  

s e p a r a t i o n  o f  t h r e o n i n e  a n d  s e r i n e .  T h i o d i g l y c o l  w a s  a d d e d  t o  

b u f f e r s  ( i )  a n d  ( i i )  t o  p r e v e n t  t h e  o x i d a t i o n  o f  m e t h i o n i n e ,  a n d  

p h e n o l  ( 0 . 1 % w / v ) ,  w a s  a d d e d  a s  a  p r e s e r v a t i v e  t o  a l l  t h r e e  b u f f e r s  

t o  i n h i b i t  t h e  g r o w t h  o f  m i c r o  o r g a n i s m s .
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D u r i n g  t h e  a n a l y s i s  o f  a m i n o  a c i d s ,  t h e  c o l u m n  e l u a n t  i s  m i x e d  

w i t h  n i n h y d r i n  s o l u t i o n  a n d  t h e  m i x t u r e  i s  p u m p e d  t h r o u g h  a  c o i l  

o f  P T F E  t u b i n g  i m m e r s e d  i n  a  b a t h  o f  b o i l i n g  w a t e r .  T h e  n i n h y d r i n  

r e a c t s  w i t h  t h e  a m i n o  a c i d s  p r e s e n t  i n  t h e  e l u a n t ,  f o r m i n g  c o l o u r e d  

c o m p o u n d s .  O n  l e a v i n g  t h e  r e a c t i o n  b a t h ,  t h e  m i x t u r e  i s  p a s s e d  

t h r o u g h  a  t w o  c h a n n e l  c o l o r i m e t e r  w h e r e  t h e  a b s o r p t i o n  o f  t h e  c o l o u r e d  

c o m p o u n d  i s  m e a s u r e d  a t  t w o  w a v e l e n g t h s ,  5 7 0 nm a n d  4 4 0 n m .  T h e  

c h a n g e s  i n  l i g h t  a b s o r p t i o n  a r e  r e g i s t e r e d  o n  a  t w o  c h a n n e l  c o n t i n u o u s  

w r i t i n g  r e c o r d e r  w h e r e  t h e  a m i n o  a c i d s  a r e  r e p r e s e n t e d  b y  p e a k s  

i n  a  c h r o m a t o g r a m .  T h e  p o s i t i o n  o f  t h e  p e a k s  o n  t h e  c h a r t  r e p r e s e n t  

t h e  c o l u m n  r e t e n t i o n  t i m e s  f o r  t h e  i n d i v i d u a l  a m i n o  a c i d s .  M e a s u r e 

m e n t  o f  t h e  a r e a  u n d e r  e a c h  p e a k  g i v e s  q u a n t i t a t i v e  i n f o r m a t i o n  

o n  t h e  a m o u n t  o f  e a c h  a m i n o  a c i d  p r e s e n t  i n  t h e  s a m p l e .  A t  t h e  

e n d  o f  e a c h  a n a l y s i s ,  t h e  i o n - e x c h a n g e  r e s i n  i s  r e g e n e r a t e d  b y  

p u m p i n g  a  s t r o n g  b a s e  t h r o u g h  t h e  c o l u m n  a n d  t h e n  e q u i l i b r a t e d  

b y  p u m p i n g  t h e  f i r s t  e l u t i o n  b u f f e r  f o r  a  t i m e  a f t e r  w h i c h  t h e  

a n a l y s e r  i s  r e a d y  f o r  a n o t h e r  r u n .

A  t y p i c a l  a u t o m a t e d  p r o c e d u r e  f o r  t h e  a m i n o  a c i d  a n a l y s i s  i s  o u t l i n e d  

i n  T a b l e  2 . 1 .

T a b l e  2 . 1  R u n  c o n d i t i o n s  u s e d  i n  t h e  a m i n o  a c i d  a u t o  a n a l y s e r .

R e s i n :  U l t r o p a c  1 0

A n a l y s i s :  0 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H 3 . 2 5  4  m i n s

0 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H 4 . 2 5  3 8  m i n s

1 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H 6 . 4 5  7 8  m i n s

R e g e n e r a t i o n :  0 . 4 M s o d i u m  h y d r o x i d e  5  m i n s

E q u i l i b r a t i o n :  0 . 2 M s o d i u m  c i t r a t e  b u f f e r ,  p H 3 . 2 5  6 6  m i n s

C o l u m n  t e m p e r a t u r e :  5 0 ° C  f o r  4 0  m i n u t e s ,  t h e n  a t  7 0 ° C  f o r

r e m a i n d e r  o f  t h e  r u n

F l o w  R a t e s :  b u f f e r  s y s t e m  5 0 m l s / h r

n i n h y d r i n  s y s t e m  2 5 m l s / h r

T h e  q u a n t i t a t i o n .  o f  a m i n o  a c i d s  i n  a  s a m p l e  w a s  d e t e r m i n e d  a g a i n s t  

a  s t a n d a r d  c o n t a i n i n g  k n o w n  a m o u n t s  o f  g i v e n  a m i n o  a c i d s .  T h e  

s t a n d a r d  p r o t e i n  h y d r o l y s a t e  m i x t u r e  ( L K B )  c o n t a i n e d  1 2 . 5 n m o l / m l  

i n  0 . 2 M s o d i u m  c i t r a t e  b u f f e r  ( p H 2 . 2 ) o f  t h e  f o l l o w i n g  a m i n o  a c i d s :  

a s p a r t i c  a c i d ,  t h r e o n i n e ,  s e r i n e ,  g l u t a m i c  a c i d ,  p r o l i n e ,  g l y c i n e ,

a l a n i n e ,  c y s t i n e ,  v a l i n e ,  m e t h i o n i n e ,  i s o l e u c i n e ,  l e u c i n e ,  t y r o s i n e ,  

p h e n y l a l a n i n e ,  h i s t i d i n e ,  l y s i n e ,  a m m o n i a  a n d  a r g i n i n e .  ( C y s t i n e

w a s  p r e s e n t  a t  a  c o n c e n t r a t i o n  o f  6 . 2 5 n m o l / m l ) .  B e c a u s e  o f  t h e i r  

i n s t a b i l i t y ,  b o t h  g l u t a m i n e  a n d  a s p a r a g i n e  a r e  n o t  a d d e d  t o  a n y  

c o m m e r c i a l l y  a v a i l a b l e  s t a n d a r d .



S t a n d a r d s  o f  a s p a r t i c  a c i d  a n d  a s p a r a g i n e ,  g l u t a m i c  a c i d  a n d  g l u t a m i n e ,  

a n d  a s p a r t i c  a c i d ,  g l u t a m i c  a c i d  a n d  g l u t a m i n e  ( e a c h  a t  a  c o n c e n t r a t i o n  

o f  1 2 . 5 n m o l / m l ) w e r e  r u n  s e p a r a t e l y  t o  p r o v i d e  s t a n d a r d  c a l i b r a t i o n  

c h r o m a t o g r a m s  o f  t h e s e  a m i n o  a c i d s .

F o r  t h e  m a n u a l  e v a l u a t i o n  o f  t h e  r e s u l t s ,  t h e  f o l l o w i n g  p r o c e d u r e  

w a s  f o l l o w e d .  T h e  b a s e l i n e  a n d  t o t a l  h e i g h t  v a l u e  o f  e a c h  a m i n o  

a c i d  p e a k  w a s  d e t e r m i n e d .  S u b t r a c t i n g  t h e  b a s e l i n e  v a l u e  f r o m  

t h e  p e a k  h e i g h t ,  g a v e  t h e  n e t  h e i g h t .  I f  t h e  b a s e l i n e  w a s  n o t  

p a r a l l e l  t o  t h e  c h a r t  g r i d ,  t h e  p e a k  a r e a  c o u l d  s t i l l  b e  c a l c u l a t e d  

a s  d e s c r i b e d  a b o v e  e x c e p t  t h a t  t h e  h e i g h t  s h o u l d  b e  d r a w n  p e r p e n d i c u l a r  

t o  t h e  s l o p i n g  b a s l i n e  a s  s h o w n  s c h e m a t i c a l l y  i n  F i g u r e  2 . 4 .

F i g  2 . 4  P r o c e d u r e  f o r  m a n u a l  e v a l u a t i o n  o f  a m i n o  a c i d  c o n c e n t r a t i o n

T h e  p e a k  a r e a  i s  c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  p e a k  h e i g h t  ( H )  ,

w i t h  t h e  p e a k  w i d t h  ( W ) ,  a t  h a l f  p e a k  h e i g h t  ( H / 2 ) .  B y  c a l c u l a t i n g

t h e  a r e a  ( A )  f o r  a  k n o w n  c o n c e n t r a t i o n  ( C )  o f  a n  a m i n o  a c i d  f r o m

a  s t a n d a r d  r u n ,  a  c o n s t a n t  ( C a a )  c o r r e s p o n d i n g  t o  t h e  a m i n o  a c i d

c a n  b e  d e t e r m i n e d

A  - 1
C a a  =  n m o l e s  m l

C

C h r o m a t o g r a m s  f r o m  s a m p l e s  c o n t a i n i n g  u n k n o w n  q u a n t i t i e s  o f  a m i n o  

a c i d  a r e  e v a l u a t e d  b y  c o m p a r i n g  r e t e n t i o n  t i m e s .  T h e  a r e a s  u n d e r  

t h e s e  p e a k s  a r e  c a l c u l a t e d  a n d  t h e  c o n c e n t r a t i o n  o f  t h e  a m i n o  a c i d  

i s  d e t e r m i n e d  b y  d i v i d i n g  t h e  p e a k  a r e a  w i t h  t h e  c o n s t a n t  o b t a i n e d  

f o r  t h e  a m i n o  a c i d .  T h e  s t a n d a r d  p r o t e i n  h y d r o l y s a t e  w a s  a n a l y s e d  

e v e r y  s i x  s a m p l e  r u n s .
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2 . 1 . 5 . 7 . S e p a r a t i o n  o f  w o o d  s u g a r s  u s i n g  h i g h  p e r f o r m a n c e  l i q u i d

c h r o m a t o g r a p h y  ( H P L C )

T h e  s e p a r a t i o n  o f  w o o d  s u g a r s  i n  t h e  e x t r a c t s  o f  d r i e d  s p r u c e ,  

p i n e ,  l i m e  a n d  k e m p a s  ( E x p e r i m e n t  4 ) w e r e  u n d e r t a k e n  u s i n g  H P L C .  

T h e  e q u i p m e n t  w a s  a v a i l a b l e  i n  t h e  D e p a r t m e n t  d u r i n g  t h i s  s t a g e  

o f  t h e  e x p e r i m e n t a l  a n a l y s i s .  T h i s  m e t h o d  o f  a n a l y s i s  w a s  s e l e c t e d  

i n  p r e f e r e n c e  t o  o t h e r s  ( a s s a y s  a n d  c h r o m a t o g r a p h i c  p r o c e d u r e s ) ,  

a s  i t  h a d  t h e  a d v a n t a g e  o f  h i g h  r e s o l u t i o n ,  s p e e d ,  s e n s i t i v i t y  

a n d  a u t o m a t i c  o p e r a t i o n .

C o m p o n e n t s  o f  a  H P LC  s y s t e m  a n d  i t s  m o d e  o f  o p e r a t i o n

T h e  s e p a r a t i o n  o f  w o o d  s u g a r s  w a s  p e r f o r m e d  i n  a  B i o R a d  H P L C  s y s t e m .  

T h e  s y s t e m  c o m p r i s e s  o f  f i v e  s e p a r a t e  c o m p o n e n t s ,  v i z ,  a  p u m p  ( m o b i l e  

p h a s e  d e l i v e r y  s y s t e m ) ,  a n  i n j e c t o r ,  a  c o l u m n ,  a  d e t e c t o r  a n d  a  

r e c o r d i n g  a n d  d a t a  h a n d l i n g  s y s t e m .  A  s c h e m a t i c  d i a g r a m  o f  t h e  

s y s t e m  i n  s h o w n  i n  F i g u r e  2 . 5 .

I n je c t io n

d e v ic e

P re c o lu rm

A n a ly t ic a l

C olum n

S o lv e n t c o n n e c tio n

E le c t r ic a l  c o n 

n e c tio n

F i g u r e  2 . 5 . S c h e m a t i c  d i a g r a m  o f  a  t y p i c a l  H P L C  s y s t e m .

I n  t h e  s y s t e m  u s e d ,  t h e  p u m p  p r o d u c e s  a  r e p r o d u c i b l e  f l o w  o f  s o l v e n t  

t h r o u g h  t h e  c o l u m n  a t  h i g h  p r e s s u r e .  T h e  i n j e c t i o n  u t i l i s e s  a  

v a l v e  w h i c h  c o n t a i n s  a  l o o p  o f  f i x e d  v o l u m e  i n t o  w h i c h  t h e  s a m p l e  

i s  i n j e c t e d .  A f t e r  t h e  s a m p l e  i s  l o a d e d ,  t h e  v a l v e  i s  m e c h a n i c a l l y  

a c t u a t e d  t o  b r i n g  t h e  l o o p  ( a n d  s a m p l e )  i n  l i n e  w i t h  t h e  H P L C  s y s t e m .  

A l l  o f  t h e  s a m p l e  i s  t h e n  d i s c h a r g e d  o n t o  t h e  t o p  o f  t h e  c o l u m n .



T h e  c o l u m n  u s e d  i s  u s u a l l y  c o n s t r u c t e d  o f  a  g o o d  g r a d e  s t a i n l e s s  

s t e e l  b e c a u s e  o f  t h e  r e l a t i v e l y  h i g h  p r e s s u r e s  e m p l o y e d  i n  H P L C  

a n a l y s i s .  A  s m a l l  p r e - c o l u m n  i s  i n t r o d u c e d  b e t w e e n  t h e  i n j e c t o r  

a n d  t h e  a n a l y t i c a l  c o l u m n .  T h e  p r e c o l u m n  i s  p a c k e d  w i t h  m i c r o p a r t i 

c u l a t e  m a t e r i a l s  s i m i l a r  t o  t h o s e  i n  t h e  a n a l y t i c a l  c o l u m n .  I t  

p r o t e c t s  t h e  a n a l y t i c a l  c o l u m n  f r o m  d e g r a d a t i o n  d u e  t o  p a r t i c u l a t e  

m a t t e r  a n d  a g g r e s s i v e  r e a g a n t s  i n  t h e  s a m p l e  o r  s o l v e n t .

T h e  c o l u m n  u s e d  i n  t h e  s e p a r a t i o n  o f  w o o d  s u g a r s  i s  a n  A m i n e x  H P X - 8 7 P 

c o l u m n  p a c k e d  w i t h  8 % c r o s s  l i n k e d  c a t i o n  e x c h a n g e  r e s i n  i n  t h e  

l e a d  f o r m .  T h i s  c o l u m n  w a s  s e l e c t e d  a s  i t  p r o v i d e s  g o o d  r e s o l u t i o n  

w h e n  d i s p o r t i o n a t e  c a r b o h y d r a t e  q u a n t i t i e s  a r e  p r e s e n t .  T h e  c o l u m n  

i s  a n  I o n  M o d e r a t e d  P a r t i t i o n  ( I M P )  c o l u m n  a n d  a l l o w s  t h e  u s e  o f  

a n  i s o c r a t i c  H P L C  s y s t e m  w i t h  n o  d e r i v a t i z a t i o n  o f  t h e  c o m p o u n d s .  

I M P  t e c h n i q u e s  u s e  m e c h a n i s m s o f  i o n  e x c l u s i o n ,  i o n  e x c h a n g e ,  l i g a n d  

e x c h a n g e ,  s i z e  e x c l u s i o n ,  r e v e r s e  p h a s e  a n d  n o r m a l  p a r t i t i o n i n g .

T h e  m a j o r  m o d e  o f  s e p a r a t i o n  a c h i e v e d  o n  t h e  A m i n e x  H P X - 8 7 P c o l u m n  

i s  b y  t h e  m e c h a n i s m  o f  l i g a n d  e x c h a n g e .  T h e  c o l u m n  i s  h e a t e d  b y  

a  c o l u m n  h e a t e r  i n s u l a t e d  b y  a  c o l u m n  j a c k e t .  F o r  c a r b o h y d r a t e  

a n a l y s i s ,  t h e  r e s i n  c o l u m n s  a r e  h e a t e d  t o  8 5 ° C  t o  o p t i m i s e  o p e r a t i n g  

c o n d i t i o n s .

T h e  d e t e c t o r  u s e d  i s  a  r e f r a c t o m e t e r  w h i c h  m o n i t o r s  t h e  d i f f e r e n c e  

i n  r e f r a c t i v e  i n d e x  b e t w e e n  t h e  p u r e  m o b i l e  p h a s e  a n d  t h e  m o b i l e  

p h a s e  p l u s  s a m p l e  a s  i t  e l u t e s  f r o m  t h e  c o l u m n .  T h e  d i f f e r e n c e  

i n  r e f r a c t i v e  i n d e x  b e t w e e n  t h e  s a m p l e  a n d  t h e  m o b i l e  p h a s e  p r o d u c e s  

a  v o l t a g e  w h i c h  i s  c o l l e c t e d  a n d  p r o c e s s e d  u s i n g  a  C h r o m a t o c h a r t

i n t e r f a c e  ( P . K .  W a r m e ,  I n t e r a c t i v e  M i c r o w a v e ,  I n c . )  w i t h  a n  A p p l e

I I  m i c r o c o m p u t e r . T h e  v o l t a g e  p r o d u c e d  i s  c o n t i n u o u s  a n d  t h e  c h r o m a t o 

c h a r t  i s  p r o g r a m m e d  t o  c o l l e c t  t h e s e  s i g n a l s  a t  r e g u l a r  t i m e  i n t e r v a l s .  

T h e s e  e l e c t r i c a l  s i g n a l s  a r e  c o n n e c t e d  t o  a n  a n a l o g u e - d i g i t a l  ( A / D )  

c o n v e r t e r  v a l u e  t o  a  n u m b e r  o n  a  p r e - s e t  s c a l e  a n d  t h e  d a t a  i s  

t h e n  s t o r e d  i n  t h e  m e m o r y  o f  t h e  c o m p u t e r .  T a b l e  2 . 2  o u t l i n e s  

t h e  c o n d i t i o n s  u s e d  i n  t h e  H P L C  a n a l y s i s .

A n  O v e r v i e w  o f  t h e  C h r o m a t o c h a r t

T h e  c h r o m a t o c h a r t  p r o g r a m  i s  d i v i d e d  i n t o  e i g h t  f u n c t i o n a l  m o d u l e s  

l i s t e d  i n  t h e  M a i n  M e n u  o p t i o n s .  T h e s e  e i g h t  m o d u l e s  i n t e r c o m m u n i c a t e  

v i a  d a t a  a r r a y s  a n d  d i s k  f i l e s .  T h e  m o d u l e  u s e d  m o s t  f r e q u e n t l y

i n  t h e  a n a l y s i s  o f  w o o d  c a r b o h y d r a t e s  w a s  t h e  m e t h o d  f i l e .  T h e  

m e t h o d  f i l e  c o n t a i n s  i n s t r u c t i o n s  t h a t  c o n t r o l  a l l  a s p e c t s  o f  t h e  

c h r o m a t o c h a r t ' s  a n a l y s i s .  T h r o u g h  t h i s  f i l e  t h e  c o n d i t i o n s  o f  

t h e  r u n ,  a l o n g  w i t h  c h o i c e s  o f  w h e t h e r  o r  n o t  t o  s a v e  t h e  r a w  d a t a ,  

b a s e l i n e  a n d  p e a k  f i l e s  o n  d i s k  c a n  b e  c o n t r o l l e d .
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I n t e g r a t i o n  p a r a m e t e r s  s u c h  a s  p e r c e n t a g e  c h a n g e  i n  w i d t h  a l l o w e d

f r o m  o n e  p e a k  t o  t h e  n e x t ,  a n d  t h e  m i n i m u m  a r e a  o f  a  v a l i d  p e a k

c a n  b e  d e f i n e d .  D a t a  c o l l e c t i o n  w i t h  e x t e r n a l  e v e n t s  s u c h  a s  s i g n a l s  

t o  a n d  f r o m  a u t o s a m p l e r s  p u m p s  e t c .  c a n  a l s o  b e  s y n c h r o n i z e d  v i a  

t h e  o p t i o n s  a v a i l a b l e  i n  t h e  m e t h o d  f i l e .

T h e  c h r o m a t o c h a r t  d o e s  n o t  i n t e g r a t e  p e a k s  d u r i n g  t h e  d a t a  c o l l e c t i o n  

p h a s e  b u t  d e f e r s  t h e  b a s e l i n e  c a l c u l a t i o n  u n t i l  t h e  c o m p l e t e  d a t a

a r e  a v a i l a b l e .  T h i s  a l s o  m a k e s  i t  p o s s i b l e  t o  r e i n t e g r a t e  t h e

p e a k s  a f t e r  c h a n g i n g  c e r t a i n  o p t i o n s .  T h e  c h r o m a t o c h a r t  p r o g r a m  

r e c o g n i s e s  a  b a s e l i n e  w h e n  a  v a l l e y  i s  w i d e r  t h a n  t h e  s p e c i f i e d

m i n i m u m  b a s e l i n e  w i d t h  a n d  w h e n  n o  c h a n g e s  i n  s l o p e  i s  l a r g e r  t h a n  

t h e  s l o p e  t h r e s h o l d  w i t h i n  t h a t  s e c t i o n  o f  t h e  c h r o m a t o g r a m  .  r  

B e f o r e  e a c h  p e a k  i s  i n t e g r a t e d ,  a  s t r a i g h t  l i n e  i s  d r a w n  b e t w e e n  

a d j a c e n t  b a s e l i n e  p o i n t s  a n d  t h e  a r e a  b e l o w  t h e  b a s e l i n e  i s  s u b t r a c t e d  

f r o m  t h e  p e a k  a r e a .  T h e  h e i g h t  o f  t h e  p e a k  i s  d e t e r m i n e d  b y  f i t t i n g  

a  l e a s t  s q u a r e s  q u a d r a t i c  c u r v e  t o  f i v e  p o i n t s  s u r r o u n d i n g  t h e

p e a k .  T h e  e x a c t  r e t e n t i o n  t i m e  o f  t h e  p e a k  i s  c o m p u t e d  a s  t h e

p o s i t i o n  o f  m a x i m u m  a l o n g  t h i s  f i t t e d  c u r v e  a n d  i t s  h e i g h t  i s  c o m p u t e d  

a s  t h e  h e i g h t  a t  t h e  m a x i m u m .  T h i s  a p p r o a c h  i s  m o r e  a c c u r a t e  t h a n  

u s i n g  t h e  h i g h e s t  d a t a  p o i n t  v a l u e  t o  d e t e r m i n e  t h e  h e i g h t  a n d

p e a k  p o s i t i o n .  T h e  c h r o m a t o c h a r t  i s  a l s o  p r o g r a m m e d  t o  c o r r e c t

f o r  b a c k g r o u n d  n o i s e .  A t  t h e  e n d  o f  t h e  i n t e g r a t i o n  p h a s e ,  a f t e r

a l l  t h e  p e a k s  h a v e  b e e n  i n t e g r a t e d ,  t h e  r e t e n t i o n  t i m e ,  h e i g h t ,

w i d t h  a n d  a r e a  a r e  d i s p l a y e d  o n  t h e  s c r e e n  a n d  r e l a t e d  t o  a  p r i n t e r .

S a m p l e  p r e p a r a t i o n  a n d  e v a l u a t i o n

S u g a r  s t a n d a r d s  ( 1 m g / m l )  w e r e  p r e p a r e d  f r o m  t h e  f o l l o w i n g :  s t a c h y o s e ,

s u c r o s e ,  r a f f i n o s e ,  g l u c o s e ,  x y l o s e ,  g a l a c t o s e ,  r h a m n o s e ,  m a n n o s e ,  

a r a b i n o s e  a n d  f r u c t o s e .  S t a n d a r d s  c o n t a i n i n g  m i x t u r e s  o f  s u c r o s e ,  

g l u c o s e ,  x y l o s e ,  g a l a c t o s e  a n d  m a n n o s e  ( 1 m g / m l )  a n d  r a f f i n o s e ,  

r h a m n o s e ,  a r a b i n o s e  a n d  f r u c t o s e  ( 1 m g / m l )  w e r e  a l s o  p r e p a r e d .  

F o u r  r e p l i c a t e  r u n s  o f  e a c h  s u g a r  s t a n d a r d  w e r e  u n d e r t a k e n .  T h e i r  

m e a n  r e t e n t i o n  t i m e s  a n d  p e a k  a r e a s  w e r e  u s e d  t o  i d e n t i f y  w o o d

s u g a r s  i n  t h e  s a m p l e  a n a l y s i s .  A  d i a g r a m  s h o w i n g  t h e  r e t e n t i o n  

t i m e s  o f  t h e  s u g a r  s t a n d a r d s  i s  p r e s e n t e d  i n  t h e  r e s u l t s  s e c t i o n  

( F i g u r e  3 . 3 1 ) o f  t h i s  t h e s i s .

F o u r  r e p l i c a t e  r u n s  w e r e  a l s o  u n d e r t a k e n  o n  t h e  s a m p l e  e x t r a c t s .

T h e  c o n c e n t r a t i o n  o f  t h e  s u g a r  i n  t h e  s a m p l e  i s  e v a l u a t e d  f r o m  

t h e  r e s p o n s e  f a c t o r  d e t e r m i n e d  f o r  e a c h  s u g a r  i n  t h e  s t a n d a r d  s o l u t i o n  

T h e  r e s p o n s e  f a c t o r  i s  a  c o n s t a n t  o b t a i n e d  b y  d i v i d i n g  t h e  p e a k

a r e a  o f  t h e  s u g a r  s t a n d a r d  w i t h  t h e  c o n c e n t r a t i o n  o f  t h e  s u g a r .nb.j



T h e  c o n c e n t r a t i o n  o f  s u g a r  i n  t h e  s a m p l e  c a n  b e  d e t e r m i n e d  b y  d i v i d i n g  

t h e  p e a k  a r e a  o f  t h e  s a m p l e  s u g a r  w i t h  t h e  r e s p o n s e  f a c t o r  o f  

t h e  c o r r e s p o n d i n g  s u g a r  i n  t h e  s t a n d a r d  m i x t u r e .  T h e  t o t a l  c o n c e n t 

r a t i o n  o f  t h e  s u g a r  i n  t h e  w o o d  e x t r a c t  i s  e x p r e s s e d  a s  a  p e r c e n t a g e  

o f  t h e  i n i t i a l  d r y  w e i g h t  o f  w o o d .

T a b l e  2 . 2  R u n  c o n d i t i o n s  u s e d  i n  H P L C  a n a l y s i s .

C o l u m n :  A m i n e x  H P X - 8 7 P ,  3 0 0 mm x 7 . 8 mm ( 9 pm m e a n  p a r t i c l e  s i z e )

E l u a n t :  D e g a s s e d  d e i o n i s e d  w a t e r-1
F l o w  R a t e :  0 . 6 m l  m x n

T e m p e r a t u r e :  8 5 ° C

P r e s s u r e :  1 0 0 0  p . s . i .

S a m p l e  s i z e :  2 0  p i

D e t e c t o r :  R e f r a c t o m e t e r  2 X

T h e  B i o - R a d  H P L C  s y s t e m  w a s  u s e d  u n d e r  i s o c r a t i c  c o n d i t i o n s .  D a t a  

w a s  c o l l e c t e d  a n d  p r o c e s s e d  u s i n g  a  C h r o m a t o c h a r t  i n t e r f a c e  w i t h  

a n  A p p l e  I I  m i c r o c o m p u t e r .
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2.2. S o i l  B u r i a l  S t u d i e s

I n t r o d u c t i o n

T h e  b i o l o g i c a l  i n f l u e n c e  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  s o l u b l e  a m i n o  

a c i d s  o n  w o o d  d e c a y  a n d  p r e s e r v a t i v e  t o x i c i t y  a n d  s t a b i l i t y  a r e  

d e s c r i b e d  i n  t h i s  s e c t i o n .  S o i l  b u r i a l  t e s t s  w e r e  c h o s e n  a s  a  

m e t h o d  o f  i n v e s t i g a t i o n .  S o f t w o o d s  a r e  a t t a c k e d  m o r e  r a p i d l y  i n

s o i l  b u r i a l  t e s t s  t h a n  i n  p u r e  c u l t u r e  m e t h o d s  a n d , a s  t e s t  s p e c i m e n s  

a r e  u s u a l l y  b u r i e d  i n  s m a l l  c o n t a i n e r s ,  e n v i r o n m e n t a l  c o n d i t i o n s  

s u c h  a s  t e m p e r a t u r e  a n d  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  c a n  b e  c o n t r o l l e d .  

T e s t  s p e c i m e n s  a r e  a l s o  e x p o s e d  t o  a  w i d e  s p e c t r u m  o f  i n d i g n o u s  

s o i l  m i c r o f l o r a  p r e s e n t  i n  t h e  n o n - s t e r i l e  s o i l  u s e d  ( S a v o r y  a n d

B r a v e r y ,  1 9 7 1 ) .  T e s t  s p e c i m e n s  u s e d  i n  t h i s  l a b o r a t o r y  a r e  w o o d  

b l o c k s  o f  d i m e n s i o n s  1 0 mm x 1 0 mm x  5 mm, w i t h  t h e  1 0 mm x  1 0 mm f a c e  

i n  r a d i a l  s e c t i o n ,  a n d  t h e  1 0 mm x 5 mm f a c e s  i n  t r a n s v e r s e  a n d  t a n g e n t i a l  

s e c t i o n s .  T h e  c h o s e n  s i z e  o f  t h e  w o o d  b l o c k s  i s  t o  f a c i l i t a t e

d e c a y  t o  b e  m e a s u r e d  m o r e  r a p i d l y  t h a n  w o u l d  b e  o t h e r w i s e  p o s s i b l e

i n  l a r g e r  s p e c i m e n s .

I n  t h e  e x p e r i m e n t s  u n d e r t a k e n  i n  t h i s  s e c t i o n ,  w o o d  s p e c i m e n s  o f  

l o w  n u t r i e n t  s t a t u s  w e r e  i m p r e g n a t e d  w i t h  s o l u b l e  s u g a r s ,  a m i n o  

a c i d s  a n d  a  m i x t u r e  o f  a m i n o  a c i d s  a n d  s u g a r s  t o  r e p l i c a t e  w o o d

o f  h i g h  n u t r i e n t  s t a t u s  i . e .  s u r f a c e  r e g i o n s  o f  d r i e d  w o o d .  I n  

s t u d i e s  u s i n g  p r e s e r v e d  w o o d ,  t e s t  s p e c i m e n s  w e r e  i m p r e g n a t e d  w i t h

0 .  5 % w / v  c o p p e r  c h r o m e  a r s e n i c  p r e s e r v a t i v e  p r i o r  t o  a  s e c o n d  i m p r e g 

n a t i o n  w i t h  s o l u b l e  s u g a r s  o r  a m i n o  a c i d s .  F o u r  w o o d  s p e c i e s

w e r e  u s e d  i n  t h e  s o i l  b u r i a l  t e s t s .  T h e s e  w e r e  s p r u c e  ( P i c e a  s i t c -  

h e n s i s ,  C a r r ) , p i n e  ( P i n u s  s y l v e s t r i s ,  L ) ,  l i m e  ( T i l i a  v u l g a r i s ,

H a y n e ) ,  a n d  b e e c h  ( F a g u s  s y l v a t i c a ,  L ) .  S p r u c e ,  p i n e  a n d  l i m e

w e r e  c h o s e n ,  a s  a n a l y s i s  o n  t h e  c o m p o s i t i o n  o f  s o l u b l e  n u t r i e n t  

c o m p o n e n t s  o f  t h e s e  w o o d s  h a d  b e e n  u n d e r t a k e n  i n  E x p e r i m e n t  4  ( 2 . 1 . 3 ) ,  

T h e s e  w o o d s  h a v e  a l s o  b e e n  u s e d  i n  s o i l  b u r i a l  s t u d i e s  u n d e r t a k e n

a t  t h i s  l a b o r a t o r y .  B e e c h  w a s  s e l e c t e d  a s  i t  i s  a  w o o d  o f  l o w

n u t r i e n t  s t a t u s  a n d  i s  e a s i l y  d e c a y e d .  K e m p a s  w a s  o m i t t e d  f r o m

t h e  s o i l  b u r i a l  s t u d i e s  a s  e x p e r i m e n t s  u n d e r t a k e n  o n  t h i s  w o o d

s h o w e d  l o w  c o n c e n t r a t i o n s  o f  s o l u b l e  n u t r i e n t s .

T h e  s o i l  b u r i a l  e x p e r i m e n t s  u n d e r t a k e n  w e r e  d i v i d e d  i n t o  t w o  s e c t i o n s ,

1 .  e .  t h o s e  u s i n g  u n p r e s e r v e d  w o o d  a n d  t h o s e  u s i n g  p r e s e r v e d  w o o d .  

I n  t h e  s o i l  b u r i a l  s t u d i e s  u s i n g  u n p r e s e r v e d  w o o d ,  t h e  f o l l o w i n g  

e x p e r i m e n t s  w e r e  i n c l u d e d :
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1) a s o i l  b u r ia l study with so lu b le  sugars incorporated  in to  
softw oods and hardwoods as the s o le  a d d it io n a l source o f  
so lu b le  carbohydrate,

2) a s o i l  b u r ia l study with so lu b le  amino a c id s incorporated
in to  softw oods and hardwoods as the s o le  a d d it io n a l source  
o f n itro g en ,

3) a s o i l  b u r ia l study with an amino acid  incorporated  in to
a hardwood s p e c ie s  and buried a t 100% m oisture co n ten t,

4) a s o i l  b u r ia l study with a m ixture o f so lu b le  sugar and
amino acid  incorporated  in to  a hardwood s p e c ie s ,

and
5) a sh ort term s o i l  b u r ia l experim ent to  in v e s t ig a te  the

leach in g  o f  added amino a c id s from buried wood b lo ck s.

In s tu d ie s  using preserved wood, the fo llo w in g  experim ents were 
undertaken:

6) a s o i l  b u r ia l study using preserved hardwood blocks impregnated  
with a rg in in e ,

7) a s o i l  b u r ia l study using preserved softw oods and hardwoods 
impregnated with glutam ine,

and
8) a s o i l  b u r ia l using a preserved softwood and hardwood s p e c ie s  

impregnated with su gars.

A ll th ese  s tu d ie s  (w ith the exception  o f experim ents 4 and 5) were 
conducted over a s o i l  b u r ia l period o f tw elve weeks. The param eters 
monitored during the s o i l  b u ria l t e s t s  were m oisture con ten t o f
t e s t  specim ens, as an in d ica tio n  o f m oisture co n d itio n s  in the  
s o i l ,  weight lo s s  as a measurement o f  decay in t e s t  specim ens and 
nitrogen  con ten t as an in d ic a tio n  o f m icrob ia l presence in the
wood (King e t a l  ,1981a).

2 .2 .1 .  Preparation o f wood.

Quarter sawn planks o f spruce, p ine and lim e o f dim ensions s im ila r  
to  those described  in 2 .1 .1 .3 .  were dried  in a fan oven (40°C) 
fo r  two weeks. Sapwood se c t io n s  con ta in in g  r in gs 3-25 measured
from the cambium were removed from the dried  planks (F igure 2 .6 ) .
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Dried quarter sawn plank 
containing redistributed soluble 
nutrients.

from plank. Evaporative 
surfaces (5rrm thick) removed 
from sapwood sections.

Sub-surface sections of 
sapwood plank.

co Radial Sawcuts

Sub-surface sections 
(5mm thick)

Fig 2.6 Conversion of dried plank to test blocks



The ra d ia l evap orative fa c e s  con ta in in g  r e d is tr ib u te d  so lu b le  n u tr ie n ts  
were removed to  a depth o f 5mm from the sapwood s e c t io n s .  S ub -su rface  
samples removed 10mm beneath the evap orative  fa c e s  were a lso  prepared. 
Wood blocks o f dim ensions 10mm x 10mm x 5mm, with the 10mm x 10mm 
face  in ra d ia l se c tio n  and the 10mm x 5mm fa c es  in tra n sv erse  and 
ta n g e n t ia l s e c t io n s ,  were prepared from th ese  su b -su rface  sam ples. 
Beech b locks prepared to  s im ila r  dim ensions as th ose  o f  sp ru ce, 
pine and lim e were su pp lied  in a dried  form by the B uild ing Research  
E stablishm ent in P rinces Risborough and by Penarth Research S ta t io n  
in W inchester, Hampshire. A ll t e s t  b locks were numbered, oven
dried (103°C) to  con stan t w eight and weighed. In Experiment 4 
o f the s o i l  b u r ia l s tu d ie s  using unpreserved wood, t e s t  b locks  
prepared from the ra d ia l su rface  reg ion s o f sapwood s e c t io n s  were 
a lso  included in the experim ent. A t o t a l  o f 2540 b locks were analysed  
in the s o i l  b u ria l s tu d ie s  undertaken as part o f the experim ental 
a n a ly s is  fo r  t h is  t h e s i s .

2 .2 .2 .  Impregnation o f wood blocks

2 .2 .2 .1 .  Impregnation with so lu b le  sugar and amino acid  s o lu t io n s

In the s o i l  b u ria l experim ents using unpreserved wood, im pregnation  
o f wood blocks were undertaken in a beaker (1 1 ) , in which wood 
blocks were retain ed  on the base by coverin g  w ith w eighted g la s s  
s l i d e s .  The beaker was placed in a vacuum d e s s ic a to r  and a vacuum 
was drawn fo r  15 m inutes, a f te r  which the app rop riate tr e a t in g  
so lu tio n  was in troduced . The vacuum was re lea sed  and the wood 
blocks were l e f t  submerged fo r  30 m inutes. A fter  t h is  p er iod , 
the b locks were removed from the s o lu t io n , b lo tted  dry to  remove 
excess  so lu tio n  and weighed. A ll b locks were impregnated with  
the appropriate tr e a t in g  so lu tio n  in ascending order o f concen
tr a t io n . Softwood b locks were impregnated se p a r a te ly  to  hardwood 
b lo ck s. Control b locks c o n sis te d  o f wood b locks not trea ted  with  
the so lu b le  sugar or amino acid  s o lu t io n s .

2 .2 .2 .2 .  Impregnation with 0.5% w/v CCA so lu tio n

In the p reserv a tiv e  s tu d ie s , wood b locks were impregnated with  
0.5% w/v CCA so lu tio n  ( BS4072:1974) . Wood b locks were placed in 
l i t r e  beakers and weighted down with g la s s  s l i d e s .  Each beaker 
was placed in turn , in a vacuum d e ss ic a to r  and a vacuum was p u lled  
fo r  15 m inutes.
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A fter t h is  p er iod , the CCA so lu tio n  was introduced  and the re s id u a l
vacuum was re lea sed  ( BS6009:1982). The wood b locks were submerged
for 30 minutes in the tr e a t in g  so lu tio n  b efore being removed and 
b lo tted  dry. The wet w eights o f the b locks were recorded. Softwood 
t e s t  b locks were impregnated sep a ra te ly  to  hardwood b lo ck s.

;• Curing and f ix a t io n  o f preserved wood b locks

The preserved wood b locks were cured and f ix e d  in large g la s s  d e s s i -  
cators in which the d e ss ic a n t had been removed.

Wood blocks were placed with th e ir  10mm x 10mm fa c e s  in h o r izo n ta l  
plane in g la s s  p e tr ie  d ish e s . These d ish e s  were then placed on
top o f the wire mesh in the d e s s ic a to r . D eionised  water (10ml)
and a sm all amount o f xylene in a g la s s  v e s s e l  were placed a t the
base o f the d e s s ic a to r . The d e s s ic a to r s  were kept sea led  fo r  two 
weeks, p a r t ia l ly  open fo r  a th ird  week and f u l l y  opened fo r  the  
f in a l  week. Wood b locks were turned onto a lte r n a te  10mm x 10mm 
fa c e s  tw ice w eekly. A fter  the fourth  week, p e tr ie  d ish es  were
removed from the d e ss ic a to r  and wood b lock s were allow ed to  dry 
a t lab oratory  tem peraturesfor a fu rth er  week.

2 .2 .2 .3 .  Impregnation o f preserved wood b locks with so lu b le  amino 
acid  and sugar so lu t io n s

Preserved wood blocks were su bjected  to  a second im pregnation with  
e ith e r  amino acid  or sugar s o lu t io n s .  The im pregnation procedure 
employed was s im ila r  to  th at d escrib ed  in 2 .2 .2 .1 .  However, in  
t h is  in s ta n c e , wood blocks were submerged in the appropriate tr e a t in g  
so lu tio n  fo r  5 m inutes, to  prevent lo s s  o f  p reserv a tiv e  to  the  
s o lu t io n . A fter  t h is  p eriod , b locks were removed from the s o lu t io n ,  
b lo tted  dry and weighed. In the p reserv a tiv e  s tu d ie s ,  c o n tr o l  
blocks co n sis te d  o f unpreserved wood b locks not trea ted  with CCA 
and, preserved wood blocks which were not su b jected  to  im pregnations 
with e ith e r  amino acid  or sugar s o lu t io n s .

2 .2 .3 .  M o d ifica tion s to  s o i l  b u r ia l experim ents

S o i l  b u r ia l experim ents were m odified in each in sta n ce  in order  
to  in v e s t ig a te  the ro le  o f in d iv id u a l so lu b le  n u tr ien t components 
(carbohydrates and amino a c id s) on decay o f wood and p re se r v a tiv e  
e f f ic a c y .  The m o d ifica tio n s made to  each experim ent are d escrib ed  
in  the next s e c t io n .
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2 .2 .3 .1  . S o i l  B urial experim ents using unpreserved wood

a) Experiment 1
In t h is  study the ro le  o f sim ple sugars on the decay s u s c e p t i
b i l i t y  o f hardwoods and softw oods was in v e s t ig a te d . Wood 
blocks were impregnated with sugar so lu t io n s  con ta in in g  g lu co se  
and fr u c to se  in r a t io s  o f 1 :1 . Glucose and fr u c to se  were 
chosen as th ese  sugars were shown to  be the predominant sugars  
in su rface  region s o f dried wood. T est specimens were impreg
nated with appropriate co n cen tra tio n s o f sugars to  a t ta in  
in the b lo ck s, approximate w eight increm ents o f 1%w/w, 3%w/w, 
5%w/w and 7%w/w in spruce, pine and lim e b lo ck s, and 1%w/w, 3%w/w 
4%w/w and 6%w/w in beech b lo ck s. These re ten tio n  valu es obtained  
are probable va lu es determined by the l iq u id  uptake o f  sugar  
s o lu t io n s .  The tr e a t in g  con cen tra tion  o f the sugar s o lu t io n s  
and the mean percentage w eight increment in each group o f  
blocks are presented  in Appendix 2 . A fter  im pregnation with  
sugar s o lu t io n s ,  b locks were d ried  a t lab oratory  tem p era tu res, 
fo r  48 hours p rior to  s o i l  b u r ia l . Five r e p lic a te  b lock s
o f each treatm ent (in c lu d in g  c o n tr o ls )  were analysed  a t sam pling  
p eriod s o f  0, 3, 6 , 9 and 12 weeks. A t o t a l  o f 500 b lock s
were used in t h is  stud y.

b) Experiment 2
The purpose o f t h is  study was to  determ ine i f  amino a c id s  
incorporated  in to  wood b locks as sources o f n itrogen  in flu en ced  
decay in hardwoods and softw ood s. S o lu tio n s  con ta in in g  equimolar 
q u a n t it ie s  o f a sp a r tic  a c id , glutam ine and a rg in in e  were used 
to  impregnate the wood b lo ck s. These amino a c id s  were s e le c te d  
as they were the major amino a c id s  p resen t in the woods examined 
(2 .1 )  and a lso  represent an a c id ic ,  n eu tra l and b asic  amino 
acid  r e s p e c t iv e ly .  A sample c a lc u la t io n  o f the procedure 
used to  obta in  the amino acid  co n cen tra tio n s and a ta b le  showing 
the tr e a t in g  con cen tra tion s o f amino a c id s are p resented  in  
Appendices 3 and 4 r e s p e c t iv e ly .
In t h is  study, b locks were impregnated with varying co n cen tra tio n s  
o f the amino acid  so lu tio n  to  provide 'amino acid  b lo ck s' 
o f the fo llo w in g  added n itrogen  c o n te n ts , 0.2% 0.3%. 0.5%
and 0.9%. Nitrogen con tent o f t e s t  b locks were ra ised  to  
0.2% and above as s o i l  b u r ia l s tu d ie s  a t t h is  lab oratory  showed 
th a t s ig n i f ic a n t  mass lo s s e s  (>3%) were observed in t e s t  specim ens 
when n itrogen  con ten ts were a t 0.2% (Mowe, 1983).
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High n itrogen  con ten ts  o f 0.5% and 0.9% were includ ed  to  d e te r 
mine i f  th ese  co n cen tra tio n s would stim u la te  more rapid c o lo n i
sa tio n  o f wood by m icro-organism s, s in ce  n itrogen  i s  no lon ger  
a l im it in g  fa c to r . A fter  im pregnation, wood b locks were b lo tte d  
dry, weighed and then dried in a fan over at 40°C fo r  48 hours. 
Six  r e p lic a te  b locks o f each treatm ent were analysed  a t the  
fo llo w in g  sampling p er io d s, 0 , 3 , 6 , 9 and 12 weeks. A t o t a l
o f 600 b locks were analysed  in t h is  stud y.

c) Experiment 3
In the p revious study with amino a c id s  b locks a f te r  treatm ent 
were allowed to  dry a t 40°C p rio r  to  s o i l  b u r ia l . Amino a c id s  
are known to  react with sugars a t high tem peratures to  form 
dark coloured products ( E l l i s ,  1959). This may render the  
amino n itrogen  u n ava ilab le  as a source o f n itro g en . Though 
no dark co lo u ra tion  was observed in the dried  wood b lock s
in the f i r s t  amino acid  stu d y, a second study using b lock s
buried a t 100% m oisture con ten t was undertaken to  in v e s t ig a te  
the e f f e c t  drying may have on the amino a c id s  in the b lo ck .
Lime was chosen as a t e s t  sp e c ie s  fo r  t h is  study as i t  i s
h ig h ly  decay s u s c e p t ib le . Wood b locks were impregnated with  
a so lu tio n  o f amino a c id s  (3.60%w/v) con ta in in g  equimolar concen
tr a t io n s  o f a sp a r tic  a c id , glutam ine and a r g in in e . At t h is  
amino acid  co n cen tra tion , n itrogen  con ten ts  o f the b locks  
were increased  to  0.9%. Blocks were trea ted  with the h ig h est  
con cen tration  o f amino acid  to  a llo w  decay to  occur more rap id ly  
in the b lo c k s } Since n itrogen  i s  no lon ger a l im it in g  f a c t o r .  
Co n tr o l b locks in t h is  experim ent were impregnated with d e io n ised  
w ater. A fter  im pregnation, a l l  b locks were b lo tte d  dry, weighed 
and th e ir  wet w eights recorded. Blocks were weighed again  
p e r io d ic a l ly  u n t i l  block w eight showed 100% m oisture con ten t 
when evaluated  on the i n i t i a l  dry w eights o f the b lo ck . S ix  
r e p lic a te s  o f each treatm ent were sampled a t each sampling 
period over the 12 week s o i l  b u r ia l p er iod . A t o t a l  o f  60 
blocks were used in t h is  stud y.

d) Experiment 4
As s tu d ie s  undertaken to  t h is  p oin t had on ly  in v e s t ig a te d  
the e f f e c t  o f e ith e r  sugars or amino a c id s on wood decompo
s i t i o n ,  t h is  study examined the e f f e c t  o f a m ixture o f th ese  
two so lu b le  components on the decay o f wood.



Lime was chosen as a t e s t  sp e c ie s  as decay i s  seen rap id ly  
in t h is  wood s p e c ie s .  Wood b locks were impregnated w ith a 
so lu tio n  con ta in in g  a mixture o f su crose (6%w/v) and a rg in in e  
(2%w/v), both th ese  components being major so lu b le  n u tr ien t  
components in lim e . The tr e a t in g  co n cen tra tion  used r e su lted  
in  wood b locks a tta in in g  an 8% w eight increm ent due to  sugar, 
and a n itrogen  con ten t o f 0.8%, both th ese  re ten tio n  v a lu es  
being probable va lu es determined by liq u id  uptake. This tr e a t in g  
con cen tration  was chosen so th a t the so lu b le  n u tr ien ts  were 
not l im it in g  fa c to r s  to  decay o f wood by m icro-organ ism s. 
Control b locks were b locks impregnated with d e io n ised  w ater. 
A ll b locks a f te r  impregnation were buried a t 100% m oisture  
co n ten t. Five r e p lic a te s  o f each treatm ent were analysed  
a t sampling p er io d s, 0, 1, 3 and 6 weeks. The sampling p eriod s  
were reduced as p revious s tu d ie s  showed the lo s s  o f the added 
n u tr ien ts  to  the s o i l  w ith in  th ree  weeks o f emplacement o f  
wood blocks in the s o i l .  A t o t a l  o f 60 b locks were used in  
t h is  stud y.

e) Experiment 5
The r e s u lt s  o f the s o i l  b u r ia l experim ents undertaken showed 
th a t so lu b le  n u tr ien ts  a r t i f i c i a l l y  incorporated  in to  wood 
blocks were l o s t  to  the s o i l  system  during s o i l  b u r ia l . This 
was apparent in s tu d ie s  in which b locks were impregnated w ith  
amino acid  s o lu t io n s .  As the n itrogen  co n ten ts  o f th ese  b locks  
decreased s ig n i f i c a n t ly  during the f i r s t  th ree  weeks o f s o i l  
b u r ia l, the purpose o f th is  experim ent th e r e fo r e , was to  i n v e s t i 
gate the time taken for  the amino a c id s  to  leach  from wood
blocks a f te r  emplacement in the s o i l .  Pine was chosen as 
a t e s t  sp e c ie s  as t h is  wood s p e c ie s  has a high p erm ea b ility  
and high d u r a b ility  s ta tu s . Thus the lo s s  o f amino a c id s
measured from the n itrogen  con ten ts  can be monitored as the  
r e s u lt s  obtained would be rea l and not a r te fa c t s  o f w eight 
l o s s .  Pine b locks con ta in in g  r e d is tr ib u te d  so lu b le  n u tr ie n ts  
were a lso  included  in th is  stu d y . This provided com parisons 
between b locks with high n u tr ien t s ta tu s  and th ose with added 
n u tr ien ts  to  ach ieve a s im ila r  s ta tu s .

Wood b locks were impregnated w ith a so lu tio n  o f a rg in in e  (1.9%w/v) 
to  r a ise  the n itrogen  con ten ts  o f the wood b locks to  0.8%.
A rginine was chosen as t h is  amino acid  i s  a major amino acid  
component in pine and has a high n itrogen  co n ten t.
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Blocks co n ta in in g  re d is tr ib u te d  so lu b le  n u tr ien ts  were impreg
nated with d e io n ised  water fo r  5 m inutes to  prevent l o s s  o f
n u tr ie n ts . H alf the q u an tity  o f th ese  b locks and th ose im preg-

temperaturenated w ith arg in in e  were a ir  d ried  a t am bient^to 100% m oisture  
co n ten t. The remaining h a lf  were a ir  dried  a t ambient tempera
tu re to  approxim ately 10% m oisture co n ten t. C ontrol b lock s  
i . e .  th ose  w ithout r e d is tr ib u te d  so lu b le  n u tr ien ts  or a r g in in e ,  
were buried a t 100% m oisture c o n te n t. A t o t a l  o f 150 wood 
blocks were used in t h is  experim ent, with s ix  r e p lic a te  b locks  
o f each treatm ent analysed a t sam pling periods o f 0 , 4 , 8
and 12 d ays.

2 .2 .3 .2 .  S o i l  b u r ia l experim ents using preserved wood

a) Experiment 6
This p relim inary  study was undertaken to  in v e s t ig a te  the in flu e n c e  
o f amino a c id s  on the decay s u s c e p t ib i l i t y  o f preserved wood 
b lo ck s. Lime was se le c te d  as a t e s t  sp e c ie s  as i t  i s  more 
decay su sc e p tib le  than e ith e r  beech, spruce or p in e, and a rg in in e  
was s e le c te d  as the amino acid  to  be te s te d  as i t  has a high  
n itrogen  con ten t and i s  a lso  a major so lu b le  amino acid  compo
nent in lim e . Preserved wood b locks were impregnated w ith  
varying con cen tra tio n s o f a rg in in e  to  a ch iev e , in  the wood 
b lo ck s, n itrogen  con ten ts o f 0.3%, 0.5% and 0.7%. A ta b u lar
summary o f  the amino acid  co n cen tra tio n s used i s  p resented  
in Appendix 5. Blocks a f te r  im pregnation were buried a t 100% 
m oisture co n ten t. The sampling p eriod s fo r  t h is  experim ent
were 0, 3 , 6 and 12 weeks. Five r e p l ic a te s  o f each treatm ent
were analysed  a t th ese  sampling p er io d s. C ontrol b lock s in  
t h is  study co n sis ted  o f unpreserved wood b locks ( i . e .  b lock s  
not trea ted  with CCA), and preserved b locks which were not 
impregnated with a rg in in e .

b) Experiment 7
The r e s u lt s  o f the prelim inary study prompted a d e ta ile d  in v e s -
t ig a t io n in to the e f f e c t  o f amino a cid s on preserved wood
In t h is study, the in flu en ce o f glutam ine on preserved wood
blocks o f  lim e , beech, pine and spruce were in v e s t ig a t e d .
Glutamine was se le c te d  to  a llow  comparisons to  be made with  
a rg in in e , the other major so lu b le  amino acid  component in  
wood e x tr a c ts .  Preserved wood b lock s were impregnated w ith  
con cen tra tio n s o f glutam ine to  r a ise  n itrogen  co n ten ts  in  
blocks to  0.2%, 0.3%, 0.5% and 0.7%.



The con cen tration  o f glutam ine used to  ach ieve th ese  l e v e l s  
o f n itrogen  are presented  in Appendix 5 . C ontrol wood b locks  
in t h is  study were unpreserved wood b locks and preserved  wood 
blocks w ithout glutam ine im pregnations. A t o t a l  o f 720 wood 
blocks were used in t h is  experim ent, with s ix  r e p l ic a te s  o f  
each treatm ent analysed  at sampling p eriod s o f 0, 3 , 6 , 9
and 12 weeks. A n a ly sis  o f copper and chromium co n ten ts  o f  
unburied and buried preserved wood b locks were a lso  undertaken. 
Wood b locks in t h is  study were buried in an a ir -d r ie d  co n d itio n  
to  a llow  comparisons to  be made with other CCA s o i l  b u r ia l  
s tu d ie s  undertaken a t t h is  la b o ra to ry .

c) Experiment 8
Concurrent with the glutam ine study (Experiment 7), a s o i l  
b u r ia l study to  in v e s t ig a te  the in flu en ce  o f so lu b le  sugars 
on preserved b locks o f lim e and pine was a lso  undertaken. 
Lime and pine were chosen as a r ep resen ta tiv e  hardwood and
softwood sp e c ie s  r e s p e c t iv e ly . Lime t e s t  b locks were impregnated 
with su crose (a major so lu b le  carbohydrate component in the
e x tr a c ts  o f lim e) and pine with g lu cose  (a major so lu b le  carbo
hydrate component in the e x tr a c ts  o f p ine) to  obtain  in both 
wood ty p e s , sugar con cen tration  o f  0.5%w/w, 1%w/w, 2%w/w and
4%w/w. The tr e a t in g  con cen tration  o f sugars used i s  presented  
in  Appendix 5. Wood blocks a f te r  im pregnation were buried
in an a ir  dried  co n d itio n . A t o t a l  o f 320 b locks were analysed  
at sampling periods o f 0 , 3, 6 , 9 and 12 weeks.

2 .2 .4 .  S o i l  b u r ia l

2 .2 .4 .1 .  Preparation o f s o i l

The s o i l  used was obtained from an u n fe r t i l i s e d  s i t e  a t the S c o t t is h  
Crop Research I n s t i tu te  in Invergow rie. The s o i l  was taken back 
to  the lab oratory  in larg e  co n ta in ers  and s iev ed  through a 2mm 
mesh s ie v e  to remove ston es and l i t t e r .  The water hold ing ca p a c ity  
o f the s ieved  s o i l  was then determ ined (Savory and Carey, 1973) 
on four samples o f approxim ately 200 grams each, from each con ta in er  
o f s o i l .

2 .2 .4 .2 .  B urial o f t e s t  b locks
Preweighed p la s t ic  food boxes measuring 28cm in len g th , by 20cm 
in width and 10cm deep were used as s o i l  co n ta in e rs .
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Each con ta in er was f i l l e d  to  a depth o f 3.5cm with s iev ed  s o i l  
and taken up to  the appropriate water holding c a p a c ity . S o i l  in  
con ta in ers d esign ated  fo r  hardwoods were taken up to  80% water 
holding c a p a c ity , w hile s o i l  in co n ta in ers  d esignated  fo r  b u r ia l  
of softwood b locks were taken to  100% water holding c a p a c ity .  
Paper tem p lates were prepared and th ese  covered the su rface  o f  
the con ta in ers and were used to  record the p o s it io n  o f the buried  
b lock s, so th a t they could be recovered a t the end o f the b u r ia l  
p eriod . Each box contained  b locks o f  d if f e r e n t  treatm en ts p laced  
randomly w ith in  the box. Hardwood and softwood b locks were buried  
in separate c o n ta in e r s . The b locks were pressed  firm ly  in to  the  
s o i l  with the 10mm x 10mm ra d ia l fa ce  o f the b locks in h o r izo n ta l  
p lane. The p o s it io n  o f each block in i t s  con ta in er  was recorded  
and a l l  co n ta in ers  were then f i l l e d  with another 3.5cm o f s iev ed  
s o i l .  The s o i l  in each con ta in er  was le v e l le d  and the c o n ta in ers  
were reweighed and wetted even ly  over the su rface  with d e io n ised  
water, to  bring the s o i l  to  80% o f i t s  water holding ca p a c ity  fo r  
boxes o f lim e and beech, and to  100% water holding ca p a c ity  fo r  
boxes o f spruce and p in e . Lids were placed lo o s e ly  over each co n ta in er  
to  reduce the rate o f m oisture evaporation  and a lso  to  perm it gaseous  
exchange. A ll co n ta in ers  were incubated in the dark a t 25°C and 
weighed tvrice weekly and where n ecessa ry , d e io n ised  water was added 
even ly  over the su rface  to  maintain the s o i l s  a t the required water  
holding c a p a c ity .

2 .2 .4 .3 .  Sampling

Test b locks were removed from the s o i l  co n ta in ers  a t sampling p eriod s  
o f 3, 6, 9 and 12 weeks. Unburied b locks o f each wood s p e c ie s
con ta in in g  5 - 6  r e p lic a te s  o f each treatm ent were d esig n a ted  as 
unburied c o n tr o ls .  At each sampling p er iod , tem p lates were used 
to  r e lo ca te  the buried b lo ck s. Adhering s o i l  was removed from 
the b locks and the b locks were weighed p rior  to d ry ing . The b lock s  
were dried to  con stan t weight in an oven a t 103°C, cooled  in a 
d e ss ic a to r  and weighed aga in .

2 .2 .5 .  A nalyses o f t e s t  blocks

2 .2 .5 .1 .  M oisture con ten ts

Moisture con ten ts  o f buried blocks were determined on the p o s t -b u r ia l  
dry weight o f the b locks and ca lcu la ted  by the formula:



Moisture Content (%) = Wet weight of block -  Final dry weight of block x 100
Initial . dry weight of block

2 .2 .5 .2 .  Weight lo s s

Weight lo s s e s  o f b locks in Experiment 1 o f the s o i l  b u r ia l s tu d ie s
were determined on the preb uria l w eight o f the block and a ls o  the
preb uria l weight o f the block and the w eight o f  added sugar. Weight
lo s s e s  o f t e s t  b locks in subsequent s tu d ie s  (Experiments 2 - 8 )  
were determined on the preb uria l w eight o f the b locks a lo n e . The
formulae used in the c a lc u la t io n  o f th ese  w eight lo s s e s  are:

a. Weight loss (%) = In itia l weight of block -  Final weight of block x 100
In itia l weight of block

b. Weight loss (%) = Weight of block and sugar -  Final dry weight of block x 100
Weight of block and sugar

2 .2 .5 .3 .  N itrogen con tent a n a ly s is

The n itrogen  con ten t o f the b locks were determined using the m icro- 
k je ld ah l technique (Humphries, 1956). A m o d ifica tio n  o f t h is  techn iq ue  
has been developed a t th is  lab oratory  in which a s in g le  wood d ig e s t  
can be used to  determ ine both the n itogen  con ten t and a ls o  the
copper, chrome and a rsen ic  con ten ts  in p reserv a tiv e  trea ted  b locks  
(King et al, 1981b). • ' This method in v o lv e s  the
use o f hydrogen peroxide (100 volumes) as an oxidant in the concen
tra ted  su lp h u ric  acid  d ig e s t .  The procedure used in the n itrogen
a n a ly s is  i s  d escribed  below.

a) Acid d ig e s t io n  o f t e s t  b locks

Wood b locks to  be analysed were chipped using a S ta n ley  Knife
and the wood ch ips were placed in m icro -k je ld ah l f la s k s  (30m l). 
Analar n itrogen  fr e e  concentrated  su lp h u ric  acid  (2ml, 1 8 .4M)
was added to  each f la s k , fo llo w ed  by tw elve drops (from a 
pasteur p ip e tte )  o f hydrogen p erox id e . The f la s k s  were heated
g en tly  over gas in a fume cupboard. D igestion  was stopped
when fumes o f su lp hu ric  acid  were observed . F lasks were coo led  
and a fu rth er  tw elve drops o f hydrogen peroxide was added 
and the heating resumed. This was repeated u n t i l  the d ig e s t
in the f la s k  was c le a r . The tim e fo r  com plete d ig e s t io n  varied  
from 60 -  90 m inutes. A d ig e s t  blank con ta in in g  con cen trated  
su lp hu ric  acid  (2ml) was included  in the a n a ly s is .



b) Distillation

A fter  the com pletion o f the acid  d ig e s tio n  o f wood b lo ck s, 
the f la s k s  were allow ed to  co o l and the con ten ts  were tra n sferred  
to  the d i s t i l l a t i o n  chamber o f a Markham apparatus. The d ig e s t  
blank was f i r s t  steam d i s t i l l e d  through the apparatus. The 
m icro -k je ld ah l f la s k s  were rin sed  th ree tim es with d e io n ised  
water (3ml) and each time the r in s in g s  were tra n sferred  to  
the chamber. Ammonia was steam d i s t i l l e d  from the chamber 
a f te r  a d d itio n  o f 40%w/v NaOH. The d i s t i l l a t e  from t h is  chamber 
was c o l le c te d  in Erlenmeyer f la s k s  (100ml ca p a c ity ) con ta in in g  
2%w/v boric  acid  (5ml) and f iv e  drops o f the k je ld a h l in d ic a to r  
(m ethylred/ethanolic bromocresol green in d ic a t o r ) . The d i s t i l 
la t io n  was continued in a l l  c a ses  u n t i l  the volume in the  
Erlenmeyer f la s k s  reached the 25ml mark. Ammonia -  N itrogen  
in  the d i s t i l l a t e  was determined by t i t r a t io n  with standard  
0.01MHCL (1ml o f 0 . 01MHCL=0. 14mgN) . The f in a l  t i t r e s  o f the  
samples were corrected  by su b tra c tin g  the t i t r e  from the d ig e s t  
blank. This c o r r e c ts  fo r  any n itrogen  th a t might be p resen t  
in  minimal q u a n t it ie s  in the reagen ts used.

2 .2 .5 .4 .  A n a ly sis  o f the copper and chromium co n ten ts  in wood
d ig e s ts

A n alysis  o f copper and chromium co n ten ts  were undertaken on wood 
blocks from Experiment 7 o f the s o i l  b u r ia l s t u d ie s .  This experim ent 
was a d e ta ile d  study in to  the in flu en c e  o f amino a c id s  on decay  
and p reserv a tiv e  t o x ic i t y  and s t a b i l i t y  in hardwoods and so ftw ood s. 
A n alysis  o f a rsen ic  co n ten ts  were not undertaken due to  te c h n ic a l  
problem s. R esu lts  o f a rsen ic  a n a ly s is  performed by co-workers 
a t t h is  lab oratory  showed low s e n s i t iv i t y  and larg e  v a r ia b i l i t y .
As the time remaining fo r  the experim ental a n a ly s is  was in s u f f i c i e n t  
to  a llow  fo r  th ese  problems to  be so lv e d , i t  was decided to  omit
a rsen ic  a n a ly s is  from t h is  study.

In each in sta n c e , the wood d ig e s t  a f te r  n itrogen  d eterm in ation s
was c o l le c te d  v ia  an o u t le t  tube in to  a 100ml -  Erlenmeyer f la s k ,  
con ta in in g  12 drops o f the k je ld ah l in d ic a to r . The inner chamber 
o f the Markham apparatus was rin sed  w ith sm all amounts o f  d e io n ised  
w ater. A ll r in s in g s  were added to  the Erlenmeyer f la s k .  Approxi
m ately 75mls o f the so lu tio n  was c o l le c te d  in each f la s k .  The 
so lu tio n  when co o led , was a c id if ie d  with su lp h u ric  acid  (2.5M,
10 -  15mls) u n t i l  a colour change from y ellow  to  pink was observed .



The a c id if ie d  d ig e s t s  were then f i l t e r e d  (Whatman's No. 1) in to  
100ml volum etric f la s k s .  The so lu t io n  in each f la s k  was taken
up to  the mark with d e io n ised  w ater. A ll g lassw are used in the
a n a ly s is  were o f standard 'A' grade g la ssw are .

The copper and chromium con ten ts  were determ ined by atomic absorption  
spectrom etry using the method o f standard a d d it io n s . The d ig e s t  
(10ml) from the 100ml volum etric f la s k  was p ip etted  in to  each o f
three 25ml volum etric f la s k s  la b e lle d  A, B and C. In f la s k s  B 
and C o f the 25ml volum etric f la s k s ,  a standard con ta in in g  25ppm 
copper and chromium and 250ppm a rsen ic  was added. 1ml and 2mls
o f t h is  standard was added to  f la s k s  B and C r e s p e c t iv e ly .  The 
standard so lu tio n  was not added to  th e co n ten ts  in f la s k  A. A fter  
ad d ition  o f the standard s o lu t io n , a l l  f la s k s  were taken up to  
the 25ml mark.

The d e tec tio n  o f the m etal elem ents in the so lu tio n  was undertaken  
using an atom ic absorption  spectrophotom eter (Perkin Elm er). Copper 
was determined using a hollow copper cathode lamp (A = 3 2 4 .8nm) 
and chromium was d etec ted  using a hollow  chromium cathode lamp 
(A = 3 5 7 .9nm). For the d etec tio n  o f each elem ent, the machine was 
maximised p rior  to  a n a ly s is  with a machine standard ( BS 5 66 6 :Part 
3 :1 9 7 9 ). For copper, the standard was a t a con cen tration  o f 1ppm 
and fo r  chromium the con cen tration  was a t 2ppm. During the a n a ly s is ,  
the spectrophotom eter was a sp ira ted  with d e io n ised  water between 
each s e t  o f th ree  25ml volum etric f l a s k s .  A mean o f s ix  read in gs  
fo r  each f la s k  was taken . The s e n s i t iv i t y  o f the spectrophotom eter  
was checked a t regu lar in te r v a ls  and maximised using the app rop riate  
machine standard to  regain s e n s i t iv i t y .  The con cen tra tion  o f  the  
elem ents in the so lu tio n  can be eva luated  using the formula below

Cu = S
(S -S ) + (S -S )

3
where S = absorbance reading

S_, = absorbance reading 
1 a

and = absorbance reading
T otal con cen tration  o f Cu in  
so lu tio n
% Cu (w/w) = X x 250

10000 x wt

= X pg/ml

from f la s k  A 
from f la s k  B 
from f la s k  C
100mls d ig e s t  = X x 25 x 100To

block



The % Cr (w/w) was evaluated in a similar manner.
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C H A P T E R  3 
R E S U L T S



3.0 Results

The r e s u lt s  o f  a l l  the experim ents undertaken as part o f t h is  th e s is  
are d escrib ed  in t h is  chapter in two s e c t io n s .  The f i r s t  s e c t io n  
(3 .1 ) d e t a i l s  the r e s u lt s  obtained from the experim ents undertaken  
to determ ine the so lu b le  carbohydrate and n itrogen ou s components 
in softw oods and hardwoods. The second se c tio n  (3 .2 )  d esc r ib e s  
the r e s u lt s  obtained from the s o i l  b u r ia l s tu d ie s  undertaken to  
eva lu a te  the b io lo g ic a l  in flu en c e  th ese  m a ter ia ls  have on wood 
d ecom position .

3 .1 . S tu d ies  to  determ ine the so lu b le  n u tr ien t components in 
wood

3 .1 .1 .  The d is tr ib u t io n  and r e d is tr ib u tio n  o f so lu b le  n u tr ie n ts  in  
the sapwood and heartwood reg ion s o f spruce (Experiment 1)

This prelim inary experim ent was undertaken to  determ ine the d i s t r i 
bution o f so lu b le  carbohydrate and n itrogen ou s m a te r ia ls  in  the  
outer sapwood, inner sapwood and heartwood region s o f  green sp ru ce. 
The experim ent was a lso  undertaken to  determ ine i f  r e d is tr ib u t io n  
of th ese  so lu b le  n u tr ien ts  occurred during d rying .

R esu lts  o f the a n a ly s is  o f so lu b le  n u tr ien ts  in green and dried  
spruce, so lu b le  p ro te in s  and so lu b le  amino a c id s  are presented  
in F igures 3 .1 , 3 .2  and 3 .3 .  A tab u lar summary o f th ese  r e s u lt s  
i s  presented  in Appendix 6. R esu lts  from the d eterm in ation s o f  
so lu b le  carbohydrates and so lu b le  p ro te in s  are expressed  as a percen
tage o f the i n i t i a l  dry weight o f  wood, and r e s u lt s  from the d e ter 
m ination o f so lu b le  amino a cid s are expressed  as [jmoles amino acid  
per gram o f wood. Greenwood sam ples were corrected  fo r  m oisture
from the m oisture con tent f ig u re  presented  in Appendix 1 .

In g en era l, so lu b le  carbohydrates c o n stitu te d  a g rea ter  proportion  
o f the wood mass than e ith e r  so lu b le  p rotein  or so lu b le  amino a c id s  
in both green and dried  wood. C oncentrations o f th ese  so lu b le  
n u tr ien ts  d isp layed  a ra d ia l d is tr ib u t io n  p attern  in which h ig h est  
con cen tra tion s were observed in the outer sapwood reg ion s and low est  
in  the heartwood reg io n s . Dried wood d isp layed  r e d is tr ib u t io n  
and accum ulation o f so lu b le  n u tr ien ts  a t the su rface  regions^ and 
con cen tra tion s o f so lu b le  m a ter ia ls  a t th ese  reg ion s were h igher  
than th ose found a t su b -su rface  reg io n s .
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In both green and dried  wood, reducing sugars con trib u ted  to  a 
s ig n if ic a n t  proportion o f the t o t a l  carbohydrate co n ten t. G lucose  
and fr u c to se  were the predominant sugars in each in s ta n c e .

R esu lts o f the a n a ly s is  o f green spruce fo r  so lu b le  carb oh yd rates, 
so lu b le  p ro te in s  and so lu b le  amino a cid s are presented  in Figure
3 .1 . The t o t a l  carbohydrate con ten t in green spruce ranged from 
0.60% in the outer sapwood to  0.20% in the heartwood reg ion . Reducing 
sugars con trib u ted  70% o f the t o t a l  carbohydrate con ten t in
the outer sapwood region s but to  a le s s e r  amount in the inner sapwood 
and heartwood reg io n s . C oncentrations o f g lu cose  and fr u c to se  
were broadly s im ila r  to  each other a t each region o f the wood t e s t e d .  
The combined co n cen tra tion s o f g lu cose  and fr u c to se  ranged from 
0.2% in the outer sapwood region to  0.02% in the heartwood reg ion . 
Glucose and fr u c to se  co n cen tra tio n s con trib u ted  approxim ately
50% o f the t o t a l  reducing sugar con ten t in green sp ru ce. In c o n tr a s t ,  
so lu b le  p rotein  co n cen tra tio n s c o n stitu te d  0.06% o f the mass o f  
wood in the outer sapwood reg io n s. These m a ter ia ls  d isp lay ed  concen
tr a t io n s  ranging from 0.06% in the outer sapwood to  0.01% in the  
heartwood reg ion . S o lu b le  amino a c id s  d isp lay ed  s im ila r  r a d ia l  
d is tr ib u tio n  patterns as observed for so lu b le  carb oh yd rates. Concen
tr a t io n s  o f so lu b le  amino a c id s ranged from 1 .6  pmol/g in the outer  
sapwood region to  1 .3 0  pmol/g in the inner sapwood region  to  0 .3 0  
pmol /g  in the heartwood region .

R esu lts o f the a n a ly s is  undertaken on the outer sapwood, inner  
sapwood and heartwood region s o f dried  su rface  and su b -su rfa ce  
samples o f spruce are presented in F igures 3 .2  and 3 .3  and in a 
tabu lar form in Appendices 6 and 7 . The a n a ly ses undertaken were 
the same as th ose d escribed  fo r  green sp ru ce, v iz v t o t a l  carbohydrate  
con ten t, reducing sugar co n ten t, g lu cose  and fr u c to se  c o n c en tr a tio n s ,  
so lu b le  p rotein  con tent and so lu b le  amino acid  con ten t . Concen
tr a t io n s  o f th ese  m a ter ia ls  fo llow ed  a s im ila r  p attern  to  th ose  
observed in the green m ateria l i . e .  d ecreasin g  co n cen tra tio n s w ith  
in crea sin g  d ista n ce  from the cambium. T otal carbohydrate con ten t  
d isp layed  h ig h est con cen tra tion s fo llow ed  by reducing sugar, g lu co se  
and fr u c to se , so lu b le  p rotein  and so lu b le  amino a c id s .

The t o t a l  so lu b le  carbohydrate con ten t in su rface  samples o f d ried  
spruce was tw ice the con cen tration  found in su b -su rfa ce  sam ples.
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D ifferen ces  in co n cen tra tion s o f so lu b le  m a ter ia ls  in  the sapwood 
and heartwood reg ion s were more marked in su rface  samples than 
in su b -su rface  sam ples. In su rface  sam ples, va lu es fo r  the t o t a l  
carbohydrate con ten t ranged from 1% in the outer sapwood reg ion s  
to 0.42% in the heartwood reg io n s. In su b -su rfa ce  sam ples, v a lu es  
for  the t o t a l  carbohydrate con tent ranged from 0.50% in the ou ter  
sapwood to  0.30% in the heartwood re g io n s . Reducing sugars c o n tr ib 
uted 70% o f the t o t a l  carbohydrate con ten t in su rfa ce  sam ples
but only 32% in su b -su rfa ce  sam ples. As w ith greenwood, g lu co se  
and fr u c to se  were the predominant su ga rs.
The con cen tration  o f  so lu b le  p rote in  in su rface  samples o f spruce  
ranged from 0.17% in the outer sapwood to  0.03% in the heartwood 
region . S o lu b le  p rotein  con cen tra tion s a t su rface  reg ion s o f d ried  
spruce were th ree tim es those o f greenwood and th ree tim es th ose  
of su b -su rface  re g io n s . S olub le amino a c id s  d isp lay ed  co n cen tra tio n s  
of 3 .0  pmol/g wood in the outer sapwood to  0 .1 0  pmol/g wood in  
the heartwood. The o v e r a ll  con cen tra tion  o f so lu b le  amino a c id s
in the su rface  reg ion s was th ree  tim es the co n cen tra tio n s a t sub
su rface reg ion s and tw ice  the co n cen tra tio n s found in green sp ru ce. 
I n te r e s t in g ly ,  con cen tra tion s o f so lu b le  n u tr ien ts  in su b -su rfa ce  
samples o f dried  spruce were broadly s im ila r  to  th ose  seen in green  
sp ru ce.
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Fig 3.1 S olub le n u tr ien t components in aqueous e x tr a c ts  o f green spruce.
R esu lts o f so lu b le  carbohydrate and so lu b le  p rotein  con ten ts are expressed as a percentage  
o f the i n i t i a l  w eight o f wood.
R esu lts  o f the so lu b le  amino acid  con ten ts are expressed as pmoles amino acid  per gram o f  
wood.
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Fig 3 .2  S olub le carbohydrates in su rface ( - )  and su b -su rface (---- ) samples o f dried spruce. R esu lts are
expressed as a percentage o f the i n i t i a l  dry weight o f unextracted  wood.
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Fig 3 .3  S olu b le n itrogenous components in su rface ( - )  and su b -su rface  (---- ) samples o f dried  spruce.
S olu b le p rotein  con ten ts are expressed as a percentage o f the i n i t i a l  mass o f wood.
S olu b le  amino acid  con ten ts are expressed as pmole amino acid  per gram wood.



3 .1 .2 .  D is tr ib u tio n  o f so lu b le  carbohydrates and so lu b le  amino
a c id s  in green spruce and pine (Experiment 2 ) .

The p relim inary  experim ent undertaken (3 .1 .1 )  showed th a t so lu b le  
n u tr ien ts  m igrate and accumulate a t su rface  reg ion s during d ry in g . 
N utrient g ra d ien ts  were a lso  shown to  occur a cro ss the sapwood 
and heartwood region s in greenwood. The in te r e s t in g  nature o f
the r e s u lt s  prompted in v e s t ig a t io n  o f th ese  a sp ec ts  in g rea ter  
d e t a i l  in both spruce and p in e. For t h is  purpose, green spruce
samples were d iv id ed  in to  10 ring groupings and green pine sam ples 
in to  5 ring groupings. The greenwood samples were chipped fo r  
th is  experim ent to  determ ine com p arab ility  o f  r e s u lt s  o f  a n a ly s is  
from m illed  and chipped m a te r ia ls . Pine was included  in the experim ent, 
to see  i f  the r e d is tr ib u tio n  e f f e c t s  observed with sp ru ce, were 
reproducib le with another softwood s p e c ie s .  A ll  samples were analysed  
for  t o t a l  carbohydrate con ten t, t o t a l  reducing sugar con ten t and 
glu cose and fr u c to se  c o n te n ts . The co n cen tra tio n s o f th ese  so lu b le  
carbohydrate m a ter ia ls  were expressed as a percentage o f the i n i t i a l  
dry weight o f wood. Samples were a lso  analysed  fo r  so lu b le  amino
acid s by the ninhydrin assay  method and by the amino acid  a u to -a n a ly ser .  
R esu lts obtained by the former method were expressed  as pmoles amino 
acid per gram wood and th ose by the la t t e r  method as pgram amino
acid per gram wood. In d iv id u a l amino a c id s  were determined using
the amino acid  a u to -a n a ly ser  and co n cen tra tio n s o f th ese  m a ter ia ls  
were c a lc u la te d  using the m olecular w eights o f the amino a c id s .
In the ninhydrin a ssa y , the com position o f in d iv id u a l amino a c id s  
were not d if f e r e n t ia te d  and th ere fo re  co n cen tra tio n s were exp ressed  
in jjmol/g wood. S olu b le  p ro te in s were not determined in t h is  s e r ie s  
o f experim ents. I t  was decided th a t emphasis should be given  to  
the d eterm ination s o f the major so lu b le  fr e e  amino a c id s  in wood, 
which could la t e r  be incorporated  as s o le  sources o f n itrogen  in  
t e s t  b locks in the s o i l  b u ria l s tu d ie s  ( 3 .2 ) .  A ll green and dried  
wood specim ens were corrected  for  m oisture from the m oisture co n ten ts  
o f wood tab led  in Appendix 1.

3 .1 .2 .1 .  D istr ib u tio n  o f so lu b le  carbohydrates and so lu b le  amino
a c id s  in green spruce.

a) S olu b le carbohydrates
The d is tr ib u t io n  o f so lu b le  carbohydrates in green spruce and in  
green spruce dried  in chipped form are presented  in F igures 3 .4  
and 3 .5  r e s p e c t iv e ly . These r e s u lt s  are a lso  presented  in a ta b u lar  
form in Appendix 8.
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G raphical rep resen ta tio n  o f the r e s u lt s  were drawn to  the same 
sc a le  so th a t d if fe r e n c e s  in co n cen tra tio n s o f so lu b le  m a ter ia ls  
between green and dried  wood, and la t e r  between wood ty p es are
apparent.

The r e s u lt s  o f  t h is  study are in keeping w ith the tren d s observed  
in the prelim inary  study ( 3 .1 .1 ) .  As w ith the p relim inary  stu d y , 
a stead y  d ec lin e  in co n cen tra tio n s from the outer sapwood region  
to the heartwood region was observed fo r  a l l  the parameters measured. 
D iv is io n  o f the wood specim ens in to  sm aller  ring groupings f a c i l i t a t e d  
a c le a r e r  p ic tu re  o f  the d is tr ib u t io n  o f the so lu b le  sugars in  
the outer sapwood, inner sapwood and heartwood r e g io n s . Marked
d iffe r e n c e s  between the co n cen tra tio n s o f the t o t a l  carbohydrate  
con tent and the t o t a l  reducing sugar con ten t were observed in the
outer sapwood reg io n s . However, in  the inner sapwood and heartwood 
reg io n s, the t o t a l  carbohydrate co n ten t, the t o t a l  reducing sugar 
con tent and the combined g lu cose  and fr u c to se  co n ten ts  were broadly  
s im ila r  to  each o th er . Comparison o f the co n cen tra tio n s o f  so lu b le  
carbohydrate in the prelim inary study (3 .1 .1 )  to  th ose  obtained  
in t h is  stu d y, showed th a t the t o t a l  so lu b le  carbohydrate con ten t
in the f i r s t  sugar study was th ree tim es that in the second.
However, reducing sugar co n cen tra tio n s and the combined g lu co se
and fr u c to se  co n cen tra tio n s were broadly s im ila r  in both s t u d ie s .

The so lu b le  carbohydrates p resen t in green spruce dried  in chipped  
form (Figure 3 .5 ) d isp layed  ra d ia l d is tr ib u t io n  p a ttern s s im ila r  
to  green sp ru ce. R adial d is tr ib u t io n  p a ttern s o f the t o t a l  carbohy
drate con cen tration  d isp lay ed  g e n tle r  g ra d ien ts than th ose  o f the  
reducing sugar and g lu cose  and fr u c to se  co n c en tr a tio n s . The t o t a l  
carbohydrate con cen tration  ranged from 0.6% in the ou ter sapwood 
region to  0.4% in the heartwood reg io n . The r e s u lt s  showed th a t con
c e n tr a tio n s  o f so lu b le  carbohydrates were higher in the d ried  sam ples 
than in the green sam ples. Reducing sugars accounted fo r  90% o f  
the t o t a l  carbohydrate con tent in the outer sapwood reg io n s o f  
dried  spruce ch ip s and le s s e r  amounts in the inner sapwood and 
heartwood reg io n s. As with green sp ru ce, the combined g lu co se
and fr u c to se  co n cen tra tion s p a r a lle le d  c lo s e ly  to  th ose  o f the  
t o t a l  reducing sugars in both the sapwood and heartwood reg io n s .
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Fig 3 .4  D istr ib u tio n  o f so lu b le  carbohydrates in green spruce.
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Fig 3 .5  D istr ib u tio n  o f so lu b le  carbohydrates in green spruce dried  in chipped form.



b) S olu b le amino a c id s
The d is tr ib u t io n  o f amino acids in green spruce and green spruce 
dried in chipped form i s  presented in Figure 3 .6  and in a ta b u lar  
form in Table 3 .1 .  R adial d is tr ib u t io n  o f amino a c id s  were s im ila r  
to th ose observed fo r so lu b le  carb oh yd rates. H ighest co n cen tra tio n s  
were recorded in the outer ring groups with lower co n cen tra tio n s  
in the heartwood. In green spruce, broadly s im ila r  co n cen tra tio n s  
of so lu b le  amino a c id s  were obtained by the two methods o f amino 
acid  a n a ly s is ,  the ninhydrin assay method and the amino acid  au to
a n a ly ser , (Table 3 .1 ) .  A comparison o f  the two methods o f  a n a ly s is  
could not be made fo r  dried  spruce samples^ as te c h n ic a l d i f f i c u l t i e s  
with the amino acid  a u to -a n a lyser  prevented the com pletion o f a n a ly s is  
of dried  sam ples. Green spruce samples in t h is  study d isp layed  
amino acid  co n cen tra tio n s tw ice th ose o f green spruce in the p relim 
inary stud y. The t o t a l  so lu b le  amino acid  con cen tra tion  in d ried
spruce were one and h a lf  tim es that in green sp ru ce. Amino a c id s
in rin gs 41 -  50 were not d etected  as th ese  were p resen t in concen
tr a t io n s  below the s e n s i t iv i t y  o f the a ssa y .

The com position o f amino a cid s as determ ined by the amino acid  
a u to -an a lyser  i s  presented  in Table 3 .2  fo r  green sp ru ce. Owing 
to  te c h n ic a l d i f f i c u l t i e s  with the a u to -a n a ly ser , a n a ly s is  o f green
spruce dried  in chipped form o f both spruce and pine could not
be com pleted. Poor r e so lu tio n  and poor s e n s i t iv i t y  o f  some o f  
the chromatograms re su lted  in d i f f i c u l t y  in the q u a li ta t iv e  and 
q u a n tita tiv e  ev a lu a tio n s  o f the amino a c id s . However, in spruce  
q u a lita t iv e  ev a lu a tio n s o f ring group 1 - 1 0  and ring group 21 
-  30 o f the dried  samples were made.

In green spruce, a sp a r tic  a c id , g lu tam ine, p henylalan ine and a r g in in e ,  
were shown to  be the major amino a c id s  p resen t in a l l  ring grou pings. 
Minor q u a n t it ie s  o f g ly c in e , a la n in e , v a l in e , is o le u c in e  and le u c in e  
were a lso  d e tec te d . These amino a c id s  were p resen t in tra ce  q u a n t it ie s  
in the heartwood reg ion . A ll amino a c id s  showed a d ecrease  in  
con cen tration  from the sapwood to  heartwood re g io n s . A n a ly sis  
o f amino a cid s in ring grouping 11 -  20 was not undertaken as t h is
sample was lo s t  during the a n a ly s is .
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The t o t a l  amino a cid  con cen tra tion s in  green spruce was 254yg/g  
wood. This v a lu e  was c a lc u la te d  from th e mean o f  th e  sum t o t a l  
of amino acid  co n cen tra tio n s in  each r in g  grouping. S o lu b le  amino 
a cid s were shown to  co n tr ib u te  to  a very  sm all percentage (^0.03%) 
of the mass o f wood. The c a lc u la te d  so lu b le  amino n itro g en  from 
the amino acid  com position  was 56yg/gwood or ^0.006% n itr o g e n . . 
Q u a lita tiv e  a n a ly s is  o f green spruce sam ples d ried  in  ch ip  form 
showed s im ila r  com position  o f amino a c id s  to  th o se  in  green sp ru ce. 
A spartic  a c id , glutam ine and a rg in in e  were th e  major amino a c id s  
d etec te d . Trace q u a n t it ie s  o f g ly c in e , a la n in e , v a l in e ,  
i s o le u c in e ,  leu c in e  and p h enyla lan ine were a ls o  d e te c te d .

S olu b le p ro te in  co n cen tra tio n s as determ ined by th e m icro -a ssa y  
method in  2 .1 .5 .4 .  showed low co n cen tra tio n s o f  th ese  m a te r ia ls  
in  green spruce ( 3 .1 .1 . ) .  Acid h y d ro ly s is  o f  e x tr a c ts  from ou ter  
sapwood reg io n s (r in gs 1-20) o f  green spruce in  t h is  study were 
undertaken to  determ ine th e so lu b le  p r o te in  co n cen tra tio n s in  
th ese  r e g io n s . The amino acid  co n cen tra tio n s were determ ined by 
the amino acid  a u to -a n a ly ser .

The com position  o f  amino a cid  p resen t in  unhydrolysed and hydrolysed  
samples o f  green spruce i s  p resented  in  Table 3 .3 ,  The com p osition  
of amino a c id s  in  the h y d ro lysa tes o f green spruce were s im ila r  
to  th ose  in  unhydrolysed spruce. The major amino a c id s  in  th e  
h yd ro lysa te  o f  spruce were a sp a r tic  a c id , g lu tam ic a c id , g ly c in e  
and a rg in in e . Glutamine, a major amino a c id  in  unhydrolysed sam ples 
o f green spruce was, on h y d r o ly s is , deaminated to  glu tam ic a c id .
The h y d ro lysa tes  a ls o  y ie ld ed  minor q u a n t it ie s  o f  th reo n in e , s e r in e ,  
p ro lin e  and ly s in e  which were not d e tec te d  in  th e unhydrolysed  
sam ples. C oncentrations o f each amino a cid  d etec ted  were h igh er  
in  the h yd ro lysa tes  than in  the unhydrolysed sam ples. The t o t a l  
amino acid  con cen tra tion s in  the h y d ro ly sa tes  were one and h a lf  
tim es th ose  o f th e unhydrolysed sam ples. As th e  t o t a l  amino a cid  
con cen tra tion  in d ic a te s  the so lu b le  p ro te in  con cen tra tion  in  green  
sp ru ce, i t  i s  c le a r  th a t so lu b le  p ro te in  i s  p resen t in  low  
c o n c en tr a tio n s .
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Fig 3 .6  D istr ib u tio n  o f so lu b le  amino a c id s in green spruce (---- ) and green spruce dried  in
chipped form (—).



Table 3 .1  S olu b le amino acid  con cen tra tion s in  green spruce and 
in green spruce dried  in chip form

Ring
Groups

pmoles amino acid  per gram wood
Green Spruce Green spruce 

dried  in  
chip formNinhydrin assay Amino acid 

autoanalvser
1 - 1 0 3 .0 0 4 .3 5 5 .56

1 1 - 2 0 3 .35 NT 5 .2 4

21 -  30 3 .00 2 .1 6 3.31

31 -  40 0 .4 5 0 .1 2 0 .5 3

41 -  50 - - -

Average 2 .45 2.21 3 .6 6

NT no t r i a l  
not d etec ted



Table 3 .2 S olu b le  amino acid  com position  in green spruce

\  Ring 
\Group

AminoN.
Acid

jugram amino acid  per gram wood

1-10 11-20 21-30 31-40 41-50

asp 98 9 4 .43 NT 6 .6 5 6 .2 5

gin 129 85.26 II 5 .8 4 5 .8 4
g iy 2 .25 2 .25 II tr tr
a la 15 .93 6 .23 It tr tr
val 7 .02 4 .6 8 It tr tr
i l e 5 .2 4 3 .98 II tr tr
leu 11.79 6 .55 II tr tr
tyr - - II - -
phe 59.40 19.80 II tr tr
ly s - - II - -
h is - - II - -
arg 339 88.84 II 6.21 1 .7 4
Total 669 312 ri 18 .70 13.83
Average, -ugaa/gwoodSoluble
amino nitrogen

253.38
56 .4 4

tr  <1 pg/gwd 
-  not d etected  
NT No t r i a l
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Table 3 .3  S o lu b le  amino acid  in unhydrolysed and hydrolysed o u ter  
sapwood samples o f green sp ru ce.

pg amino a c id /g  wood
Amino
Acid Unhydrolysed Hydrolysed

sample sample

asp 9 6 .2 2 105.19
thr - 11.18

ser - 27.41
giu - 145.23

pro - 29 .44

g iy 2 .2 5 115.27

a la 11 .0 8 4 0 .94

val 5 .85 11.29
i l e 4 .8 6 8 .58

leu . 9 .1 7 16.37

phe 39 .6 0 49.70
ly s - 17.50

gin 129 -
arg 213.87 218.37
Total amino 
acid content 512 796.62

Total soluble 
amino nitrogen 109.81 218.39

not d etec ted

66



3 .1 .2 .2 .  D istr ib u tio n  o f so lu b le  carbohydrates and so lu b le  amino
a c id s  in green p in e.

a) S o lu b le  carbohydrates
R esu lts  o f the so lu b le  carbohydrate a n a ly s is  undertaken fo r  
green pine and green pine dried  in chipped form are presented  
in Figure 3 .7  and Figure 3 .8  r e s p e c t iv e ly .  A ta b u lar  summary 
o f th ese  r e s u lt s  i s  presented  in Appendix 9 .
S o lu b le  carbohydrates in green pine showed a ra d ia l d is tr ib u t io n  
p attern  s im ila r  to  th a t observed in green sp ru ce. C on cen trations  
o f th ese  m a ter ia ls  decreased w ith in crea sin g  d is ta n ce  from 
the cambium. In co n tra st to  green spruce, a g rea ter  amount 
o f e x tra c ta b le  so lu b le  carbohydrate was obtained from green  
p in e . C oncentrations o f th ese  m a ter ia ls  were tw ice  th ose
found in green spruce. The t o t a l  carbohydrate con ten t in 
green pine ranged from 0.55% in the outer sapwood region  to  
0.36% in the heartwood reg ion . I n te r e s t in g ly ,  the t o t a l  carboh
ydrate con tent showed sm all in c r ea se s  in con cen tra tion  in 
the heartwood reg io n s. This fe a tu re  was not observed in sp ru ce.
The reducing sugar con tent c o n st itu te d  a s ig n i f ic a n t  proportion  
o f the t o t a l  carbohydrate con ten t in the sapwood reg ion . 
However in the heartwood reg io n , reducing sugars con tr ib u ted

a sm aller amount o f the t o t a l  carbohydrate co n te n t. G lucose  
and fr u c to se  were the predominant reducing sugars and concen
tr a t io n s  o f th ese  sugars fo llo w ed  c lo s e ly  to  th ose  o f  the  
t o t a l  reducing sugar co n ten t. As w ith sp ru ce, g lu co se  and
fr u c to se  co n cen tra tion s occurred in s im ila r  amounts. Concen
tr a t io n s  o f g lu cose  and fr u c to se  in samples from ring groups 
1 - 5  d isp layed  higher valu es than e ith e r  the t o t a l  carbohydrate  
con ten t or the t o t a l  reducing sugar co n ten t. This d iscrep an cy  
cannot be e a s i ly  explained^ as p revious r e s u lt s  showed th a t  
g lu cose  and fr u c to se  co n cen tra tio n s were lower than th ose
o f the t o t a l  carbohydrate con ten t and the t o t a l  reducing sugar  
c o n te n t .

The rad ia l d is tr ib u t io n  o f so lu b le  carbohydrates in green  
pine dried  in chipped form i s  presented  in Figure 3 .8 .  As 
with spruce, dried  samples d isp layed  higher co n cen tra tio n s  
o f so lu b le  carbohydrates than green sam ples.
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F i g  3 . 7  D i s t r i b u t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  i n  g r e e n  p i n e .



%Wood mass 8  T o ta l carbohydrate content

F i g  3 . 8  D i s t r i b u t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  i n  g r e e n  p i n e  d r i e d  i n  c h i p p e d  f o r m



I n c r e a s e s  i n  t h e  t o t a l  c a r b o h y d r a t e  c o n t e n t  i n  t h e  h e a r t w o o d  
r e g i o n s  w e r e  a l s o  o b s e r v e d  i n  d r i e d  p i n e .  T h e  t o t a l  r e d u c i n g

s u g a r  c o n t e n t  w a s  s e e n  t o  b e  h i g h e r  t h a n  t h e  t o t a l  c a r b o h y d r a t e  
c o n t e n t  i n  t h e  o u t e r  a n d  i n n e r  s a p w o o d  r e g i o n s .  H o w e v e r ,

g l u c o s e  a n d  f r u c t o s e  c o n c e n t r a t i o n s  w e r e  s i m i l a r  t o  t h o s e

o f  t h e  t o t a l  c a r b o h y d r a t e  c o n t e n t .  A s  g l u c o s e  a n d  f r u c t o s e

a c c o u n t  f o r  t h e  m a j o r i t y  o f  t h e  s o l u b l e  c a r b o h y d r a t e s , i t  
i s  l i k e l y  t h a t  t h e  h i g h  v a l u e s  o b s e r v e d  f o r  t h e  r e d u c i n g  s u g a r s  
a r e  a t t r i b u t a b l e  t o  t h e  p r e s e n c e  o f  o t h e r  s u b s t a n c e s  t h a t  
a r e  c a p a b l e  o f  r e d u c i n g  t h e  3 ,  5 -  d i n i t r o s a l i c y c l i c  r e a g e n t .

G l u c o s e  a n d  f r u c t o s e  c o n c e n t r a t i o n s  r a n g e d  f r o m  1 . 2 %  i n  t h e

o u t e r  s a p w o o d  t o  0 . 7 0 %  i n  t h e  h e a r t w o o d  r e g i o n s .  T h e s e  s u g a r s  
c o n t r i b u t e d  t o  70% o f  t h e  t o t a l  s o l u b l e  c a r b o h y d r a t e  c o n t e n t .

b )  S o l u b l e  a m i n o  a c i d s

C o n c e n t r a t i o n s  o f  f r e e  a m i n o  a c i d s  i n  b o t h  g r e e n  a n d  d r i e d  
s a m p l e s  o f  p i n e  s h o w e d  r a d i a l  d i s t r i b u t i o n  p a t t e r n s  s i m i l a r  
t o  t h o s e  d e s c r i b e d  i n  s p r u c e  ( F i g u r e  3 . 9 ) .  I n  g r e e n  p i n e ,  
c o n c e n t r a t i o n s  o f  a m i n o  a c i d s  r a n g e d  f r o m  4  p m o l / g  w o o d  i n  
t h e  o u t e r  s a p w o o d  r e g i o n  t o  1 p m o l / g  i n  t h e  h e a r t w o o d  r e g i o n .  
I n  d r i e d  p i n e ,  c o n c e n t r a t i o n s  o f  a m i n o  a c i d s  r a n g e d  f r o m  6  
p m o l / g  w o o d  t o  2  p m o l / g  w o o d  f r o m  t h e  o u t e r  s a p w o o d  t o  h e a r t w o o d  
r e g i o n  r e s p e c t i v e l y .  D i f f e r e n c e s  i n  c o n c e n t r a t i o n s  b e t w e e n  
g r e e n  a n d  d r i e d  p i n e  w e r e  n o t  a s  l a r g e  a s  t h o s e  o b s e r v e d  i n  
s p r u c e .  H o w e v e r ,  l i k e  s p r u c e ,  l a r g e r  d i f f e r e n c e s  i n  a m i n o  
a c i d  c o n c e n t r a t i o n s  w e r e  o b s e r v e d  i n  t h e  o u t e r  s a p w o o d  r e g i o n s  
o f  g r e e n  a n d  d r i e d  w o o d  t h a n  i n  t h e  h e a r t w o o d  r e g i o n s .  C o m p a 

r i s o n  o f  a m i n o  a c i d  c o n c e n t r a t i o n s  b y  t h e  n i n y d r i n  a s s a y  m e t h o d  
a n d  t h o s e  c a l c u l a t e d  f r o m  a n a l y s i s  u s i n g  t h e  a m i n o  a c i d  a u t o 

a n a l y s e r ,  s h o w e d  c o n c e n t r a t i o n s  i n  t h e  l a t t e r  m e t h o d  t o  b e  
h i g h e r  ( T a b l e  3 . 4 ) .  A n a l y s i s  o f  a m i n o  a c i d s  b y  t h e  a u t o - a n a l y s e r  
w e r e  m o r e  s p e c i f i c  a n d  s e n s i t i v e  a n d  s h o w e d  h i g h e r  c o n c e n t r a t i o n  
o f  a m i n o  a c i d s  i n  t h e  i n n e r  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s

w h i c h  w e r e  n o t  o b s e r v e d  i n  a n a l y s i s  u s i n g  t h e  n i n h y d r i n  a s s a y  
m e t h o d .

T h e  c o m p o s i t i o n  o f  a m i n o  a c i d s  p r e s e n t  i n  g r e e n  p i n e  i s  p r e s e n t e d  
i n  T a b l e  3 . 5 .
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The major amino acid present in all ring groupings are aspartic 
acid, glutamine, phenylalanine and arginine. Glycine, alanine, 
valine, isoleucine, leucine, tyrosine and lysine were present 
in minor quantities. Trace quantities (<lyg/gwood) of histidine 
were also detected. In general, concentrations of amino acids 
decreased with distance from the cambium. However, increased 
concentrations of amino acids were observed in the inner sapwood 
region i.e. ring groupings 21-25 and 26-30. Glutamine displayed 
large increases in this region.

Concentrations of soluble amino acids in green pine were higher 
than those in green spruce. The total soluble amino acid 
content in green pine (Table 3.5) contributed approximately 
0.05% of the mass of wood. Soluble amino nitrogen calculated 
from the amino acid composition was 0.01%. The qualitative 
analysis undertaken on samples of green pine^dried in chipped 
form^showed that arginine and glutamine were the major amino acids. 
Minor quantities of aspartic acid, serine, glycine and alanine were 
detected and trace quantities of isoleucine, leucine, tyrosine and 
lysine were also present.

The amino acid content of unhydrolysed and hydrolysed samples 
of the outer sapwood regions (ring grouping 1-20) of green 
pine is presented in Table 3.6. The major amino acids present 
in the hydrolysates and unhydrolysed samples were aspartic 
acid, phenylalanine and arginine. Glutamine, a major amino 
acid in unhydrolysed pine,was, on hydrolysis, deaminated to 
glutamic acid. Other amino acids present in the hydrolysates 
were glycine, alanine, valine, isoleucine, leucine and lysine.
Trace quantities of serine, threonine and proline were also 
present. These were not detected in the unhydrolysed samples.
The overall concentration of amino acids in the hydrolysates 
was lower than the concentrations of amino acids in the 
unhydrolysed samples. This result is inconsistent with the 
expected increase in the total amino acid concentration in 
the hydrolysates. An explanation for this result is offered 
in the discussion chapter.
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S o l u b l e  a m i n o  a c i d  c o n c e n t r a t i o n s  i n  g r e e n  p i n e  a n d  
i n  g r e e n  p i n e  d r i e d  i n  c h i p  f o r m

T a b l e  3 . 4

R i n g  G r o u p s

p m o l e s  a m i n o  a c i d  p e r  g r a m  w o o d

G r e e n  P i n e G r e e n  P i n e  
d r i e d  i n  
c h i p p e d  f o r mN i n h y d r i n

A s s a y
A u t o 
a n a l y s e r

1 - 5 4 . 9 0 6 . 7 4 6 . 5 8

6 - 1 0 5 . 0 0 6 . 1 1 6 . 8 0

11 -  1 5 4 . 4 3 1 . 8 9 NT

1 6 - 2 0 2 . 5 7 2 . 3 1 4 . 6 5

21 -  2 5 2 . 9 0 3 . 7 6 2 . 8 1

2 6  -  3 0 1 . 8 0 5 . 8 2 3 . 2 0

31 -  3 5 1 . 0 5 2 . 1 4 2 . 0 5

3 6  -  4 0 0 . 8 4 1 . 6 4 2 . 0 0

41  -  4 5 - 0 . 2 4 -

4 6  -  5 0 - -

Average 2 . 9 3 3 . 8 0 4 . 0 1

NT  n o  t r i a l  
-  n o t  d e t e c t e d
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Table 3 .5  S o lu b le  amino ac id  com position in  green pine

\  R i n g  
\ G r o u p

A m i n o \  
A c i d  \

j j g r a m  a m i n o  a c i d  p e r  g r a m  w o o d

1 - 5 6 - 1 0 1 1 - 1 5 1 6 - 2 0 2 1 - 2 5 2 6 - 3 0 3 0 - 3 5 3 6 - 4 0 4 1 - 4 5 4 6 - 5 0

a s p 4 6 . 5 0 4 1 . 2 2 1 5 . 7 0 1 5 . 9 6 2 5 . 2 7 3 3 . 2 5 1 0 . 2 4 1 1 . 9 7 1 . 3 3 -

g i n 1 5 2 1 5 3 5 6 . 9 4 1 0 5 3 2 2 . 6 241 1 5 5 . 9 6 2 . 7 8 1 6 . 3 5 -

g i y 1 5 . 7 5 1 7 . 2 5 6 . 7 5 8 . 2 5 1 0 . 5 0 7 9 . 5 0 9 . 3 7 8 . 2 5 1 . 8 7 -

a l a 4 8 . 9 5 3 8 . 2 7 1 1 . 5 7 1 6 . 0 2 6 . 2 3 3 1 . 1 5 1 4 . 2 4 1 4 . 7 7 2 . 2 2 -

v a l 2 6 . 9 1 2 3 . 2 8 3 . 5 1 4 . 6 8 1 2 . 8 7 1 5 . 2 1 1 6 . 3 8 7 . 0 2 - -

i l e 1 7 . 0 3 1 4 . 9 0 2 . 6 2 5 . 2 4 7 . 8 6 7 . 8 6 5 . 6 3 t r - -

l e u 31 . 4 4 2 6 . 0 6 5 . 2 4 9 . 1 7 1 3 . 1 0 1 7 . 0 3 1 1 . 2 6 t r - -

t y r 2 8 . 9 6 1 3 . 5 1 t r - - - - - - -

p h e 2 8 5 . 4 0 2 1 9 . 0 7 5 . 9 0 1 1 2 1 7 9 . 8 2 3 7 . 6 1 0 0 . 6 1 0 5 . 1 0 1 1 . 3 8

l y s 3 7 . 9 6 3 0 . 3 6 1 0 . 2 2 1 0 . 2 0 1 1 . 6 8 8 . 7 6 - - - -

h i s t r t r - - - - - - - -

a r g 3 1 6 . 6 8 3 4 2 8 8 . 7 0 4 8 . 7 0 4 5 . 2 4 1 3 . 9 0 8 . 7 0 3 . 6 5 3 . 6 5 —
T o t a l 1 0 0 8 9 1 6 2 7 7 3 3 5 6 3 5 6 8 5 3 3 2 2 1 3 3 7 -

Average -

S o lu b le
am ino

493

113
N it ro g e n  • 
( pgN /gwood)

t r  t r a c e  q u a n t i t y  
( <  1 ,  y g g - 1  w o o d ) 

-  n o t  d e t e c t e d



Table 3 .6  S o lu b le  amino a c id s  in  unhydro lysed and hydro lysed  o u te r
sapwood samples o f green pine

A m i n o p g  a m i n o a c i d  g ^ w o o d

A c i d U n h y d r o l y s e d
s a m p l e

H y d r o l y s e d
s a m p l e

a s p 2 9 . 8 4 41 . 9 9

t h r — 1 0 . 9 2

s e r - 2 1 . 8 1

g l u - 8 0 . 6 2

p r o - 21 . 4 4

g i y 1 1 . 2 5 1 7 . 5 0

a l a 2 8 . 7 0 2 6 . 7 4

v a l 1 4 . 5 9 1 3 . 1 3

i l e 9 . 9 4 1 0 . 7 3

l e u 1 7 . 9 7 1 8 . 6 4

t y r 2 1 . 2 3 -

p h e 1 7 3 8 9 . 3 1

l y s 2 2 . 1 8 2 2 . 4 1

g i n 1 1 6 . 7 -

a r g 1 9 9 1 3 3
T o t a l  a m i n o  
a c i d  c o n t e n t 6 4 4 . 4 0 5 0 8 . 2 4

T o t a l  s o l u b l e  
a m i n o  n i t - 1 1 8 . 5 0 7 8 . 5 1
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3 . 1 . 3 .  D i s t r i b u t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  s o l u b l e  a m i n o
a c i d s  i n  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  s p r u c e  a n d  
p i n e  ( E x p e r i m e n t  3 ) .

G r e e n w o o d  s a m p l e s  s h o w e d  r a d i a l  d i s t r i b u t i o n  p a t t e r n s  o f  s o l u b l e  
c a r b o h y d r a t e s  a n d  s o l u b l e  a m i n o  a c i d s  f r o m  o u t e r  s a p w o o d  r e g i o n s  
t o  h e a r t w o o d  r e g i o n s .  T h i s  e x p e r i m e n t  w a s  u n d e r t a k e n  t o  i n v e s t i g a t e  
d i s t r i b u t i o n  p a t t e r n s  o f  t h e s e  s o l u b l e  n u t r i e n t s  i n  s u r f a c e  a n d  
s u b - s u r f a c e  s a m p l e s  o f  d r i e d  w o o d ,  a n d  a l s o  t o  d e t e r m i n e  q u a n t i t a t i v e  
d i f f e r e n c e s  b e t w e e n  t h e s e  s a m p l e s .  D r i e d  s a m p l e s  o f  s p r u c e  a n d  
p i n e  w e r e  u s e d .  T h e  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  w e r e  d i v i d e d ^  
i n  s p r u c e ,  i n t o  1 0  r i n g  g r o u p i n g s ,  a n d  i n  p i n e ,  i n t o  5 r i n g  g r o u p i n g s ,  
a s  d e s c r i b e d  i n  2 . 1 . i . 2 .  A l l  s a m p l e s  w e r e  a n a l y s e d  f o r  t o t a l  c a r b o 

h y d r a t e  c o n t e n t ,  t o t a l  r e d u c i n g  s u g a r  c o n t e n t  a n d  g l u c o s e  a n d  f r u c t o s e  
c o n t e n t s .  T h e  c o n c e n t r a t i o n s  o f  s o l u b l e  c a r b o h y d r a t e s  w e r e  e x p r e s s e d  
a s  a  p e r c e n t a g e  o f  t h e  d r y  w o o d  m a s s .  T h e  s a m p l e s  w e r e  a l s o  a n a l y s e d  
f o r  a m i n o  a c i d  c o n t e n t  b y  t h e  n i n h y d r i n  a s s a y  m e t h o d  a n d  t h e  c o m p o 

s i t i o n  o f  a m i n o  a c i d s  i n  t h e  s a m p l e s  w e r e  d e t e r m i n e d  u s i n g  t h e  
a m i n o  a c i d  a u t o - a n a l y s e r .  A l l  d r i e d  w o o d  s p e c i m e n s  w e r e  c o r r e c t e d

f o r  m o i s t u r e  f r o m  t h e  m o i s t u r e  c o n t e n t s  o f  w o o d  t a b l e d  i n  A p p e n d i x  
1.

3 . 1 . 3 . 1 .  D i s t r i b u t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  s o l u b l e  a m i n o
a c i d s  i n  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  s p r u c e .

a )  S o l u b l e  c a r b o h y d r a t e s

R e s u l t s  f r o m  t h e  a n a l y s i s  o f  s o l u b l e  c a r b o h y d r a t e s  i n  s u r f a c e  
a n d  s u b - s u r f a c e  s a m p l e s  o f  s p r u c e  a r e  p r e s e n t e d  i n  F i g u r e s

3 . 1 0  t o  3 . 1 2 .  T h e s e  r e s u l t s  a r e  a l s o  p r e s e n t e d  i n  a  t a b u l a r  
f o r m  i n  A p p e n d i x  1 0 .

A  s i m i l a r  r a d i a l  d i s t r i b u t i o n  p a t t e r n  o f  t o t a l  c a r b o h y d r a t e  
c o n t e n t ,  t o t a l  r e d u c i n g  s u g a r  c o n t e n t  a n d  g l u c o s e  a n d  f r u c t o s e  
c o n t e n t s  w e r e  s e e n  i n  s u r f a c e  s a m p l e s  a s  f o r  g r e e n  s a m p l e s  
i n  3 . 1 . 2 . 1 .  S o l u b l e  c a r b o h y d r a t e  c o n c e n t r a t i o n s  i n  s u r f a c e  
s a m p l e s  w e r e  f i v e  t i m e s  t h o s e  i n  s u b - s u r f a c e  s a m p l e s .  C o n c e n 

t r a t i o n s  o f  t h e s e  s o l u b l e  n u t r i e n t s  w e r e  h i g h e s t  i n  t h e  o u t e r  
s a p w o o d  r e g i o n s ,  a n d  d e c r e a s e d  w i t h  i n c r e a s i n g

d i s t a n c e  f r o m  t h e  c a m b i u m .  U n l i k e  g r e e n  w o o d  s a m p l e s  a n d  
s u r f a c e  s a m p l e s ,  s u b - s u r f a c e  s a m p l e s  o f  s p r u c e  d i d  n o t  d i s p l a y  
r a d i a l  d i s t r i b u t i o n  o f  t o t a l  c a r b o h y d r a t e  c o n t e n t ,  t o t a l  r e d u c i n g  
s u g a r  c o n t e n t  a n d  g l u c o s e  a n d  f r u c t o s e  c o n t e n t s .
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F ig  3 .10  D is t r ib u t io n  o f the t o t a l  carbohydrate contents in  su rfa ce  (—) and su b -su rface  ( ----)
o f d ried  sp ruce .
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F ig  3.11 D is t r ib u t io n  o f t o t a l  reducing sugar contents in  su rfa ce  (—) and su b -su rface  ( ----) samples
o f d ried  sp ruce .
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F ig  3 .12  D is t r ib u t io n  o f g lucose and fru c to se  contents in  su rfa ce  (—) and su b -su rface  ( ----) samples
o f d ried  sp ruce .



C o n c e n t r a t i o n s  o f  t h e s e  s o l u b l e  c a r b o h y d r a t e  m a t e r i a l s  w e r e  
b r o a d l y  s i m i l a r  i n  b o t h  t h e  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s  
o f  t h e  s u b - s u r f a c e  s a m p l e s .

I n  s u r f a c e  s a m p l e s ,  t h e  t o t a l  c a r b o h y d r a t e  c o n t e n t  c o n s t i t u t e d  
1% o f  t h e  m a s s  o f  w o o d .  C o n c e n t r a t i o n s  o f  t h e s e  m a t e r i a l s  
w e r e  s i g n i f i c a n t l y  h i g h e r  i n  t h e  o u t e r  s a p w o o d  r e g i o n  t h a n  
i n  t h e  h e a r t w o o d  r e g i o n s .  I n  s u r f a c e  s a m p l e s ,  t h e  t o t a l  r e d u c i n g  
s u g a r  c o n t e n t  c o n t r i b u t e d  90%  o f  t h e  t o t a l  c a r b o h y d r a t e

c o n t e n t .  S i m i l a r l y ,  i n  s u b - s u r f a c e  s a m p l e s ,  t h e  t o t a l  r e d u c i n g  
s u g a r  c o n t e n t  a l s o  c o n s t i t u t e d  a  l a r g e  p r o p o r t i o n  ( 8 0 % )  o f  
t h e  t o t a l  c a r b o h y d r a t e  c o n t e n t .  G l u c o s e  a n d  f r u c t o s e  w e r e  
t h e  p r e d o m i n a n t  r e d u c i n g  s u g a r s  i n  b o t h  t h e s e  s a m p l e s ,  c o n s t i 

t u t i n g  75% o f  t h e  t o t a l  r e d u c i n g  s u g a r  c o n t e n t .  C o n c e n t r a t i o n s  
o f  t o t a l  c a r b o h y d r a t e  c o n t e n t ,  t o t a l  r e d u c i n g  s u g a r  c o n t e n t  
a n d  g l u c o s e  a n d  f r u c t o s e  c o n t e n t s  w e r e  b r o a d l y  s i m i l a r  i n  
t h e  h e a r t w o o d  r e g i o n s  o f  b o t h  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s .

A  c o m p a r i s o n  o f  t h e  s o l u b l e  c a r b o h y d r a t e  c o n c e n t r a t i o n s  i n  
g r e e n  w o o d  a n d  d r i e d  w o o d  i s  p r e s e n t e d  i n  T a b l e  3 . 7 .  T h i s  
t a b l e  s u m m a r i s e s  r e s u l t s  o f  t h e  s o l u b l e  c a r b o h y d r a t e  a n a l y s i s  
r e c o r d e d  i n  s p r u c e  f r o m  e x p e r i m e n t s  3 . 1 . 2 . 1 .  a n d  3 . 1 . 3 . 1 .  
T h e  r e s u l t s  c l e a r l y  s h o w  t h a t  d r y i n g  i n c r e a s e s  t h e  c o n c e n t r a t i o n s  
o f  s o l u b l e  c a r b o h y d r a t e s  i n  t h e  w o o d .  D r i e d  s u r f a c e  s a m p l e s  
o f  s p r u c e  d i s p l a y e d  c o n c e n t r a t i o n s  t e n  t i m e s  g r e a t e r  t h a n  
t h o s e  f o u n d  i n  g r e e n  s p r u c e .  T h e  l a r g e  d i f f e r e n c e  i n  c o n c e n 

t r a t i o n  b e t w e e n  d r i e d  s u r f a c e  s a m p l e s  a n d  g r e e n  w o o d  w a s  a p p a r e n t  
a t  e a c h  w o o d  r e g i o n  i . e .  i n  t h e  o u t e r  s a p w o o d ,  i n n e r  s a p w o o d  
a n d  h e a r t w o o d  r e g i o n s .  S u b - s u r f a c e  s a m p l e s  d i s p l a y e d  s o l u b l e  
c a r b o h y d r a t e  c o n c e n t r a t i o n s  b r o a d l y  s i m i l a r  t o  t h o s e  i n  g r e e n  
s p r u c e  d r i e d  i n  c h i p  f o r m .  C o m p a r i s o n  o f  s o l u b l e  c a r b o h y d r a t e  
c o n c e n t r a t i o n s  i n  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  t h i s  
s t u d y  w ith s i m i l a r  s a m p l e s  i n  t h e  p r e l i m i n a r y  s t u d y  ( 3 . 1 . 1 )  
s h o w e d  h i g h e r  c o n c e n t r a t i o n s  o f  s o l u b l e  c a r b o h y d r a t e s  i n  t h e  
s e c o n d  s t u d y .  T h e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n s  m a y  b e  e x p l a i n e d  
b y  t h e  g r e a t e r  d e t a i l  e m p l o y e d  i n  t h e  a n a l y s i s  o f  s a m p l e s  
o f  s m a l l e r  r i n g  g r o u p i n g s .

S o l u b l e  a m i n o  a c i d s

T h e  d i s t r i b u t i o n  o f  s o l u b l e  a m i n o  a c i d s  i n  s u r f a c e  a n d  s u b - s u r f a c e  
s a m p l e s  o f  s p r u c e  i s  p r e s e n t e d  i n  F i g u r e  3 . 1 3  a n d  i n  a  t a b u l a r  
f o r m  i n  T a b l e  3 . 8 .  T h e  p a t t e r n s  o f  a m i n o  a c i d  d i s t r i b u t i o n  
i n  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  w e r e  s i m i l a r  t o  t h o s e  d e s c r i b e d



Sample

G r e e n  S p r u c e G r e e n  S p r u c e  d r i e d  i n  
c h i p  f o r m

D r i e d  S p r u c e  
S u r f a c e  s a m p l e s

D r i e d  S p r u c e  
S u b - S u r f a c e  s a m p l e s

T o ta l  
C arbohy
d ra te  cont e n t

T o ta l
R educ ing
S uga r
C o n te n t

G lu co se
and F r u c 
t osec o n te n t  v :

T o ta l
C arbohy
d r a te
c o n te n t

T o ta l
Reducing
Sugar
c o n te n t

G luco se  
and f r u 
c to s e  ; 
c o n te n t  .a

T o ta l
C a rbohy
d r a te
C o n te n t

T o ta l
Reducing
Sugar
C o n te n t

G lu co se  
and F ru 
c to s e  
C o n te n t

T o ta l  
Carbohyd
r a te  Con
t e n t

T o ta l  
Reducing  
S uga r con 
t e n t

G lu co se  
and f r u c 
to s e  
c o n te n t

O u te r
Sapwood
(1 -2 0 )

0 . 2 1 0 . 1 7 0 . 1 5 ' 0 . 5 7 0 . 3 9 0 . 2 7 2 . 4 8 2 . 4 6 1 . 8 8 0 . 3 0 0 . 2 7 0 . 2 2

In n e r
Sapwood
(2 1 -3 0 )

0 . 1 0 0 . 1 2 0 . 1 0 0 . 3 9 0 . 2 6 0 . 1 1 0 . 9 7 0 . 8 3 0 . 1 9 0 . 2 1 0 . 2 0 0 . 0 7

H e a r t -
wood
(3 1 -5 0 )

0 . 0 7 0 . 0 2 0 . 0 1 0 . 3 1 0 . 0 7 0 . 0 4 0 . 3 7 0 . 2 7 0 . 0 2 0 . 2 9 0 . 1 4 0 . 0 6

Average 0 . 1 3 0 . 1 0 0 . 0 9 0 . 4 2 0 . 2 4 0 . 1 4 1 . 2 7 1 . 1 9 0 . 6 9 0 . 2 6 0 . 2 0 0 . 1 2

T a b l e  3 . 7  S o l u b l e  c a r b o h y d r a t e  c o n c e n t r a t i o n s  i n  o u t e r  s a p w o o d ,  i n n e r  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s  o f  g r e e n
s p r u c e ,  g r e e n  s p r u c e  d r i e d  i n  c h i p  f o r m  a n d  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  s p r u c e .  R e s u l t s  
f r o m  g r e e n  w o o d  s a m p l e s  w e r e  c o r r e c t e d  f o r .  m o i s t u r e .  A l l  r e s u l t s  a r e  e x p r e s s e d ;  a s  a  p e r c e n t a g e  o f  t h e  
i n i t i a l  d r y  w e i g h t . o f  w o o d .



C o n c e n t r a t i o n s  o f  a m i n o  a c i d s  d e c r e a s e d  w i t h  i n c r e a s i n g  d i s t a n c e  
f r o m  t h e  c a m b i u m .  S o l u b l e  a m i n o  a c i d  c o n c e n t r a t i o n s  i n  s u r f a c e  
s a m p l e s  o f  s p r u c e  w e r e  f i v e  t i m e s  t h o s e  o f  s u b - s u r f a c e  s a m p l e s  
a n d  a l s o  t h o s e  o f  g r e e n  w o o d  s a m p l e s .  L a r g e  d i f f e r e n c e s  i n

c o n c e n t r a t i o n  o f  s o l u b l e  a m i n o  a c i d s  e x i s t e d  b e t w e e n  t h e  o u t e r

s a p w o o d  r e g i o n s  o f  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s ,  b u t  s o l u b l e  
a m i n o  a c i d  c o n c e n t r a t i o n s  i n  t h e  h e a r t w o o d  r e g i o n  o f  t h e s e

s a m p l e s  w e r e  b r o a d l y  s i m i l a r .  I n  s u r f a c e  s a m p l e s ,  a m i n o  a c i d

c o n c e n t r a t i o n s  r a n g e d  f r o m  3 0  p m o l / g  t o  2  p m o l / g  i n  t h e  o u t e r  
s a p w o o d  t o  h e a r t w o o d  r e g i o n s  r e s p e c t i v e l y .  C o n c e n t r a t i o n s  
o f  a m i n o  a c i d  i n  s u b - s u r f a c e  s a m p l e s ,  r a n g e d  f r o m  4  p m o l / g

i n  t h e  o u t e r  s a p w o o d  r e g i o n ,  t o  1 p m o l / g  i n  t h e  h e a r t w o o d

r e g i o n .

T h e  c o m p o s i t i o n  o f  s o l u b l e  a m i n o  a c i d s  i n  s u r f a c e  s a m p l e s  
o f  d r i e d  s p r u c e  i s  p r e s e n t e d  i n  T a b l e  3 . 9 .  A n a l y s i s  o f  s a m p l e s

i n  r i n g  g r o u p s  21 -  3 0  a n d  41  -  5 0 ,  a s  w e l l  a s  t h o s e  o f  s u b 

s u r f a c e  s a m p l e s  w e r e  n o t  u n d e r t a k e n  d u e  t o  t e c h n i c a l  p r o b l e m s  
w i t h  t h e  a m i n o  a c i d  a u t o - a n a l y s e r .  T h e  r e s u l t s  s h o w e d  s i m i l a r  
c o m p o s i t i o n  o f  s o l u b l e  a m i n o  a c i d s  a t  s u r f a c e  r e g i o n s  o f  d r i e d  
s p r u c e  a s  i n  g r e e n  s p r u c e .  A s p a r t i c  a c i d ,  g l u t a m i n e  a n d  a r g i n i n e  
w e r e  t h e  m a j o r  a m i n o  a c i d s  d e t e c t e d  i n  a l l  r i n g  g r o u p i n g s .  
O t h e r  a m i n o  a c i d s  d e t e c t e d  i n  m i n o r  q u a n t i t i e s  w e r e  t h r e o n i n e ,  
s e r i n e ,  g l y c i n e ,  a l a n i n e ,  v a l i n e ,  i s o l e u c i n e ,  l e u c i n e  a n d  
p h e n y l a l a n i n e .  T h r e o n i n e  a n d  s e r i n e  w e r e  n o t  d e t e c t e d  i n  
g r e e n  s p r u c e  s a m p l e s .  I n  s p i t e  o f  t h e  i n c o m p l e t e  a n a l y s i s  
o f  s u r f a c e  s a m p l e s ,  c o n c e n t r a t i o n s  o f  s o l u b l e  a m i n o  a c i d s  
i n  t h e s e  r e g i o n s  w e r e  a p p r o x i m a t e l y  o n e  a n d  a  h a l f  t i m e s  t h e  
c o n c e n t r a t i o n s  s e e n  i n  g r e e n  s p r u c e  ( T a b l e  3 . 2 ) .  S o l u b l e  
a m i n o  n i t r o g e n  c o n c e n t r a t i o n s  i n  s u r f a c e  s a m p l e s  w e r e  a l s o  
h i g h e r  t h a n  t h e  s o l u b l e  a m i n o  n i t r o g e n  c o n c e n t r a t i o n  i n  g r e e n  
s p r u c e .
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F i g  3 . 1 3  D i s t r i b u t i o n  o f  s o l u b l e  a m i n o  a c i d s  i n  s u r f a c e ( — ) a n d  s u b - s u r f a c e  ( -------) s a m p l e s  o f  d r i e d
s p r u c e .



Table 3 .8  S o lu b le  amino ac id  co n ce n tra t io n s  in  su rfa ce  and
su b -su rfa ce  samples o f d ried  sp ru ce .

R i n g  G r o u p s
j m o l e s  a m i n o a c i d / g  w o o d

S u r f a c e
s a m p l e s

S u b - S u r f a c e
s a m p l e s

1 - 1 0 3 0 . 8 8 5 . 2 1

1 1 - 2 0 2 8 . 8 5 3 . 7 2

21 -  3 0 8 . 9 6 2 . 6 5

31 -  4 0 2 . 4 8 1 . 3 2

41  -  5 0 0 . 9 1 0 . 7 2

Average...... : 1 4 . 4 2 2 . 7 2



Table 3 .9  S o lu b le  amino ac id  com position in  su rfa c e  samples o f
d ried  sp ru ce .

R i n g
\ G r o u p p g r a m  a m i n o  a c i d  p e r  g r a m  w o o d

A m i n o
A c i d 1 - 1 0 1 1 - 2 0 21 -  3 0 31 -  4 0 4 1  -  5 0

a s p 6 2 . 9 8 7 1 . 5 5 NT 2 4 . 8 7 NT

t h r 8 . 1 9 8 . 5 6 NT 3 . 4 6 NT

s e r 7 . 3 7 8 . 0 8 NT 3 . 0 4 NT

g i n 8 2 . 0 6 5 2 . 4 1 NT 4 1 . 7 6 NT

g i y 3 . 5 8 4 . 8 0 NT 8 . 7 0 NT

a l a 6 . 3 8 5 . 8 7 NT - NT

v a l 1 1 . 0 1 1 6 . 0 3 NT — NT

i l e 4 . 6 0 5 . 8 9 NT NT

l e u 5 . 7 1 7 . 2 1 NT NT

p h e 2 7 . 8 2 t r NT _ NT

l y s - - NT - NT

h i s - - NT - NT

a r g 2 5 6 . 7 0 2 6 7 . 9 NT 4 9 . 7 6 NT

T o t a l 4 6 0 . 8 0 4 4 8 . 4 0 1 3 1 . 5 9

Average.
( j j g aa /gw ood )
S o lu b le  A n in o  
A c id  N it r o g e n
(ua  N /a  wood)

3 4 6 . 9 3

8 2 . 3 3

t r  t r a c e  q u a n t i t i e s  
( < 1  y g g  w o o d )  
n o t  d e t e c t e d  
no  t r i a lNT



3 . 1 . 3 . 2 .  D i s t r i b u t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  s o l u b l e
a m i n o  a c i d s  i n  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  
p i n e .

a )  S o l u b l e  C a r b o h y d r a t e s

R e s u l t s  o f  t h e  a n a l y s i s  o f  s o l u b l e  c a r b o h y d r a t e s  i n  s u r f a c e  
a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  p i n e  a r e  p r e s e n t e d  i n  F i g u r e s  
3 . 1 4  -  3 . 1 6 .  T h e  r a d i a l  d i s t r i b u t i o n  p a t t e r n s  o f  s o l u b l e

c a r b o h y d r a t e s  i n  t h e s e  s a m p l e s  w e r e  s i m i l a r  t o  t h o s e  o b s e r v e d  
i n  g r e e n  p i n e .  L i k e  g r e e n  p i n e ,  t h e  t o t a l  s o l u b l e  c a r b o h y d r a t e  
c o n t e n t  d e c r e a s e d  f r o m  t h e  o u t e r  s a p w o o d  r e g i o n  t o  t h e  i n n e r  
s a p w o o d  r e g i o n ^  b u t  i n c r e a s e d  a g a i n  i n  t h e  h e a r t w o o d  r e g i o n

i n  b o t h  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  p i n e .  H o w e v e r ,

t o t a l  r e d u c i n g  s u g a r  c o n t e n t  a n d  g l u c o s e  a n d  f r u c t o s e  c o n c e n 

t r a t i o n s  i n  s u r f a c e  s a m p l e s ,  s h o w e d  r a d i a l  d i s t r i b u t i o n  
p a t t e r n s  o f  d e c r e a s i n g  c o n c e n t r a t i o n  w i t h  i n c r e a s i n g  d i s t a n c e  
f r o m  t h e  c a m b i u m .  R a d i a l  d i s t r i b u t i o n  o f  t o t a l  r e d u c i n g  s u g a r  
c o n c e n t r a t i o n s  a n d  g l u c o s e  a n d  f r u c t o s e  c o n c e n t r a t i o n s  w e r e  
n o t  o b s e r v e d  i n  s u b - s u r f a c e  s a m p l e s .  C o n c e n t r a t i o n s  o f  t h e s e  
s u g a r s  w e r e  b r o a d l y  s i m i l a r  i n  t h e  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s .  
A l s o ,  h e a r t w o o d  r e g i o n s  o f  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  
s h o w e d  s i m i l a r  c o n c e n t r a t i o n s  o f  t o t a l  s o l u b l e  c a r b o h y d r a t e  
c o n t e n t ,  t o t a l  r e d u c i n g  s u g a r  c o n t e n t  a n d  g l u c o s e  a n d  f r u c t o s e  
c o n c e n t r a t i o n s .

T h e  c o n c e n t r a t i o n s  o f  t o t a l  s o l u b l e  c a r b o h y d r a t e s  i n  s u r f a c e  
s a m p l e s  o f  p i n e  w e r e  f o u r  t i m e s  t h o s e  o f  s u b - s u r f a c e  s a m p l e s  
a n d  c o n s t i t u t e d  a p p r o x i m a t e l y  2% o f  t h e  m a s s  o f  w o o d .  A s  
w i t h  s p r u c e ,  r e d u c i n g  s u g a r s  c o n t r i b u t e d  t o  a  s i g n i f i c a n t  
p r o p o r t i o n  o f  t h e  t o t a l  s o l u b l e  c a r b o h y d r a t e  c o n t e n t  ( 7 0 % ) ,  
i n  b o t h  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s .  G l u c o s e  a n d  f r u c t o s e  
w e r e  d e t e c t e d  a s  t h e  m a j o r  r e d u c i n g  s u g a r s  i n  a l l  r i n g  g r o u p i n g s .

C o m p a r i s o n  o f  t h e  r e s u l t s  o f  t h e  s o l u b l e  c a r b o h y d r a t e  a n a l y s i s  
f r o m  e x p e r i m e n t s  3 . 1 . 2 . 2 .  a n d  3 . 1 . 3 . 2 .  a r e  s u m m a r i s e d  i n  T a b l e  
3 . 1 0 .  C o n c e n t r a t i o n s  o f  s o l u b l e  c a r b o h y d r a t e  i n  s u r f a c e  s a m p l e s  
o f  d r i e d  w o o d  w e r e  f i v e  t i m e s  t h o s e  f o u n d  i n  g r e e n  w o o d .  
C o n c e n t r a t i o n s  o f  t h e s e  m a t e r i a l s  i n  s u b - s u r f a c e  s a m p l e s  o f  
p i n e  w e r e  b r o a d l y  s i m i l a r  t o  t h o s e  i n  g r e e n  p i n e  b u t  l o w e r  
t h a n  t h o s e  o f  g r e e n  p i n e  d r i e d  i n  c h i p p e d  f o r m .  O v e r a l l ,  
c o n c e n t r a t i o n s  o f  s o l u b l e  c a r b o h y d r a t e s  i n  p i n e  w e r e  h i g h e r  
t h a n  t h o s e  i n  s p r u c e  o f  s i m i l a r  p r e p a r a t i o n s .



%Wood mass

■  ■  ■ ----------- *
_________ I_________ I_________ I_________ l_________ I_________ I_________ I_________I_________ l--------------1------

1 - 5  6 - 1 0  1 1 - 1 5  1 6 - 2 0  2 1 - 2 5  2 6 - 3 0  3 1 - 3 5  3 6 - 4 0  4 1 - 4 5  4 6 - 5 0
R i n g  G r o u p s

F ig  3 .1 4  D is t r ib u t io n  o f t o t a l  carbohydrate contents in  su rfa ce  (—) and su b -su rface  ( ----) samples o f
d ried  p in e .



F ig  3 .15  D is t r ib u t io n  o f t o t a l  reducing sugar contents in  su rfa ce  (—) and su b -su rface  ( ----) samples
o f d ried  p in e .



%Viood mass

5 _

▲

1 - 5  6 - 1 0  1 1 - 1 5  1 6 - 2 0  2 1 - 2 5  2 6 - 3 0  3 1 - 3 5  3 6 - 4 0  4 1 - 4 5  4 6 - 5 0
R i n g  G r o u p s

F ig  3 .16  D is t r ib u t io n  o f g lucose and fru c to se  contents in  su rfa ce  (—) and su b -su rface  ( ----) samples o f
d ried  p in e .



Sample

G r e e n  P i n e G r e e n  P i n e  d r i e d  
i n  c h i p  f o r m

D r i e d  P i n e  
S u r f a c e  S a m p l e s

D r i e d  P i n e  
S u b - s u r f a c e  s a m p l e s

T o ta l
C a rbohy
d r a te
C o n te n t

T o ta l
R educ ing
S uga r
C o n te n t

G lu co se  
and f r u c 
to s e  
c o n te n t

T o ta l
C arbohy
d r a te
c o n te n t

T o ta l
R educ ing
su g a r
c o n te n t

G lu co se  
and f r u 
c to s e  
c o n te n t

T o ta l
C a rbohy
d r a te
c o n te n t

T o ta l
R educ ing
su g a r
c o n te n t

G lu co se  
and f r u c 
to s e  
c o n te n t

T o ta l
Carbohyd
r a te
c o n te n t

T o ta l
R educ ing
su g a r
c o n te n t

G lu co se  
and f r u c 
to s e  
c o n te n t

O u te r
Sapwood
(1 -2 0 )

0 . 5 5 0 . 5 2 0 . 6 2 1 . 0 0 1 . 3 2 0 . 9 1 2 . 7 7 2 . 3 2 1 . 8 3 0 . 5 1 0 . 4 4 0 . 3 9

In n e r
Sapwood
(2 1 -3 0 )

0 . 3 0 0 . 3 1 0 . 2 8 0 . 4 4 0 . 4 7 0 . 3 7 1 . 5 3 1 . 3 4 1 . 1 6 0 . 2 9 0 . 2 6 0 . 1 8

H e a r t -
wood
(3 1 -5 0 )

0 . 2 8 0 . 1 1 0 . 0 7 0 . 8 0 0 . 1 1 0 . 1 7 1 . 1 9 0 . 4 6 0 . 3 0 0 . 7 2 0 . 1 9 0 . 0 9

Ave rage 0 . 3 8 0 . 3 1 0 . 3 2 0 . 7 5 0 . 6 3 0 . 4 8 1 . 8 3 1 . 3 7 1 . 1 0 0 . 5 1 0 . 2 9 0 . 2 2

T a b l e  3 . 1 0  S o l u b l e  c a r b o h y d r a t e  c o n c e n t r a t i o n s  i n  o u t e r  s a p w o o d ,  i n n e r  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s  o f  
g r e e n  p i n e ,  g r e e n  p i n e  d r i e d  i n  c h i p  f o r m  a n d  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  p i n e .
A l l  r e s u l t s  a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  w e i g h t  o f  d r y w o o d .  R e s u l t s  f r o m  g r e e n 
w o o d  s a m p l e s  w e r e  c o r r e c t e d  f o r  m o i s t u r e .



b )  S o l u b l e  a m i n o  a c i d s

T h e  r a d i a l  d i s t r i b u t i o n  p a t t e r n s  o f  s o l u b l e  a m i n o  a c i d s  i n  
s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  p i n e  w e r e  s i m i l a r  
t o  t h o s e  i n  g r e e n  p i n e .  T h e s e  r a d i a l  d i s t r i b u t i o n  p a t t e r n s  
a r e  p r e s e n t e d  i n  F i g  3 . 1 7  a n d  i n  a  t a b u l a r  f o r m  i n  T a b l e  3 . 1 1 .  
C o n c e n t r a t i o n s  o f  s o l u b l e  a m i n o  a c i d s  i n  s u r f a c e  s a m p l e s  w e r e  
f o u r  t i m e s  t h o s e  i n  s u b - s u r f a c e  s a m p l e s .  G r e a t e r  d i f f e r e n c e s  
i n  c o n c e n t r a t i o n s  b e t w e e n  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s

w e r e  o b s e r v e d  i n  t h e  o u t e r  s a p w o o d  r e g i o n s  t h a n  i n  t h e  h e a r t w o o d  
r e g i o n s .  S o l u b l e  a m i n o  a c i d  c o n c e n t r a t i o n s  w e r e  b r o a d l y  s i m i l a r  
i n  t h e  s a p w o o d  a n d  h e a r t w o o d  r e g i o n s  o f  s u b - s u r f a c e  s a m p l e s .  
U n l i k e  t h e  s o l u b l e  c a r b o h y d r a t e s , i n c r e a s e s  i n  c o n c e n t r a t i o n s  
o f  s o l u b l e  a m i n o  a c i d s  w e r e  n o t  o b s e r v e d  i n  t h e  h e a r t w o o d  
r e g i o n s  o f  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s .  D r i e d  s u r f a c e  
s a m p l e s  d i s p l a y e d  c o n c e n t r a t i o n s  o f  s o l u b l e  a m i n o  a c i d s  t w i c e  
t h o s e  f o u n d  i n  g r e e n  w o o d  s a m p l e s .  H o w e v e r ,  s u b - s u r f a c e  s a m p l e s  
o f  d r i e d  p i n e  d i s p l a y e d  l o w e r  c o n c e n t r a t i o n s  o f  s o l u b l e  a m i n o  
a c i d s  t o  g r e e n  p i n e .

A n a l y s i s  o f  a m i n o  a c i d  c o m p o s i t i o n  i n  s u r f a c e  s a m p l e s  o f  d r i e d  
p i n e  w e r e  u n d e r t a k e n  o n  a  l i m i t e d  n u m b e r  o f  r i n g  g r o u p s  ( r i n g  
g r o u p s  1 1 - 1 5 ,  2 1 - 2 5 ,  2 6 - 3 0  a n d  3 1 - 3 5 ) .  A n a l y s i s  o f  t h e  r e m a i n i n g  
r i n g  g r o u p s  a n d  t h o s e  o f  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  p i n e  
w e r e  n o t  u n d e r t a k e n  b e c a u s e  o f  t e c h n i c a l  p r o b l e m s  w i t h  t h e  
a u t o - a n a l y s e r .  No r e l i a b l e  q u a n t i t a t i v e  d a t a  c o u l d

be  o b t a i n e d  a n d  t h e  r e s u l t s  o f  t h e  a n a l y s i s  u n d e r t a k e n  c o u l d  
o n l y  be  u s e d  o n  a  q u a l i t a t i v e  b a s i s .  T h e  r e s u l t s  s h o w e d  t h a t  
g l u t a m i n e ,  p h e n y l a l a n i n e  a n d  a r g i n i n e  w e r e  t h e  m a j o r  a m i n o  
a c i d s  p r e s e n t  i n  t h e  s a m p l e s  a n a l y s e d .  O t h e r  a m i n o  a c i d s  
p r e s e n t  i n  m i n o r  q u a n t i t i e s  w e r e  a s p a r t i c  a c i d ,  t h r e o n i n e ,  
s e r i n e ,  g l y c i n e ,  a l a n i n e ,  i s o l e u c i n e ,  l e u c i n e  a n d  l y s i n e .  
T h e  c o m p o s i t i o n  o f  a m i n o  a c i d s  i n  d r i e d  p i n e  w a s  b r o a d l y  s i m i l a r  
t o  t h a t  o b s e r v e d  i n  g r e e n  p i n e .
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pmol/g

3 0  -

VO!V)

F ig  3 .17  D is t r ib u t io n  o f so lu b le  amino a c id s  in  su rfa ce  (—) and su b -su rface  ( ----) samples o f d ried
p in e .



T a b l e  3 . 1 1 S o l u b l e  a m i n o  a c i d  c o n c e n t r a t i o n s  i n  s u r f a c e  
a n d  s u b - s u r f a c e  s a m p l e s  o f  d r i e d  p i n e .

R i n g  G r o u p s
p m o l e  a m i n o  a c i d / g  w o o d

S u r f a c e
s a m p l e s

S u b - s u r f a c e
s a m p l e s

1 - 5 1 8 . 6 1 2 . 6 5

6 - 1 0 9 . 1 0 2 . 6 6

11 -  1 5 7 . 6 5 1 . 8 9

1 6 - 2 0 5 . 9 8 1 . 9 3

21 -  2 5 5 . 9 9 1 . 4 2

2 6  -  3 0 6 . 7 3 1 . 1 2

31 -  3 5 2 . 9 0 1 . 2 2

3 6  -  4 0 0 . 9 1 0 . 9 4

41  -  4 5 0 . 6 1 0 . 4 2

4 6  -  5 0 - -

Average 6 . 4 9 1 . 5 8

93



C o nclusio ns

T h e  c o n c l u s i o n s  d r a w n  f r o m  t h i s  s e r i e s  o f  e x p e r i m e n t s  w e r e :

1 )  r a d i a l  d i s t r i b u t i o n  p a t t e r n s  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  
s o l u b l e  a m i n o  a c i d s  w e r e  o b s e r v e d  i n  b o t h  g r e e n  a n d  d r i e d  
s a m p l e s  o f  s p r u c e  a n d  p i n e .  C o n c e n t r a t i o n s  o f  t h e s e  s o l u b l e  
n u t r i e n t s  d e c r e a s e d  w i t h  i n c r e a s i n g  d i s t a n c e  f r o m  t h e  c a m b i u m ;

2 )  m i g r a t i o n  a n d  a c c u m u l a t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  s o l u b l e  
a m i n o  a c i d s  t o  s u r f a c e  r e g i o n s  o c c u r r e d  d u r i n g  d r y i n g  o f  w o o d .  
C o n c e n t r a t i o n s  o f  t h e s e  m a t e r i a l s  w e r e  h i g h e r  i n  s u r f a c e  r e g i o n s  
t h a n  i n  s u b - s u r f a c e  r e g i o n s .  C o n c e n t r a t i o n s  o f  s o l u b l e  n u t r i e n t s  
w e r e  a l s o  h i g h e r  i n  d r i e d  w o o d  t h a n  i n  g r e e n  w o o d ;

3 )  r e d u c i n g  s u g a r s  a c c o u n t e d  f o r  t h e  b u l k  o f  s o l u b l e  c a r b o h y d r a t e s  
i n  b o t h  g r e e n  a n d  d r i e d  w o o d .  G l u c o s e  a n d  f r u c t o s e  w e r e  t h e  
p r e d o m i n a n t  r e d u c i n g  s u g a r s ;

4 )  s o l u b l e  p r o t e i n s  c o n s t i t u t e d  a  s m a l l  p r o p o r t i o n  o f  t h e  s o l u b l e  
n u t r i e n t s  i n  w o o d ;

5 )  g r e e n  a n d  d r i e d  w o o d  s h o w e d  s i m i l a r  c o m p o s i t i o n s  o f  a m i n o  
a c i d s .  T h e  m a j o r  a m i n o  a c i d s  a p p e a r e d  t o  b e  a s p a r t i c  a c i d ,  
g l u t a m i n e ,  p h e n y l a l a n i n e  a n d  a r g i n i n e .

cjh.



3 . 1 . 4 .  Q u a l i t a t i v e  a n d  q u a n t i t a t i v e  d e t e r m i n a t i o n s  o f  s o l u b l e
c a r b o h y d r a t e  a n d  s o l u b l e  a m i n o  a c i d s  i n  s u r f a c e  a n d  s u b 
s u r f a c e  s a m p l e s  o f  s p r u c e ,  p i n e ,  l i m e  a n d  k e m p a s  ( E x p e r i m e n t  
4 )  .

I n  t h e s e  e x p e r i m e n t s ,  m i l l e d  w o o d  s a m p l e s  w e r e  s u b j e c t e d  t o  e x t r a c t i o n  
w i t h  d i f f e r e n t  s o l v e n t s  a n d  u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  t e m p e r a t u r e  
a n d  t i m e .  S a m p l e s  f r o m  s u r f a c e  r e g i o n s  o f  d r i e d  s p r u c e ,  p i n e  a n d  
l i m e  w e r e  s u b j e c t e d  t o  t w o  e x t r a c t i o n  p r o c e d u r e s :

( i )  a n  e x t r a c t i o n  i n  w h i c h  s a m p l e s  w e r e  s u c c e s s i v e l y  e x t r a c t e d  
w i t h  70% a q u e o u s  e t h a n o l  a n d  h o t  w a t e r ,

a n d

( i i )  a n  e x t r a c t i o n  w i t h  c o l d  w a t e r  a l o n e .

S a m p l e s  f r o m  s u b - s u r f a c e  r e g i o n s  o f  s p r u c e ,  p i n e  a n d  l i m e  w e r e  
e x t r a c t e d  i n  c o l d  w a t e r  a l o n e .  K e m p a s  w a s  p r o v i d e d  t o  t h i s  l a b o r a t o r y  
b y  H i c k s o n ' s  T i m b e r  P r o d u c t s .  S u r f a c e  a n d  s u b - s u r f a c e  r e g i o n s  
w e r e  n o t  d i f f e r e n t i a t e d  i n  t h i s  w o o d  d u e  t o  t h e  m e t h o d  o f  p r e p a r a t i o n  
o f  t h i s  t e s t  m a t e r i a l .  W h o l e  s a m p l e s  o f  k e m p a s  w e r e  m i l l e d  a n d  
e x t r a c t e d  b y  t h e  e x t r a c t i o n  p r o c e d u r e s  p r e v i o u s l y  d e s c r i b e d .  T o  
c o n c e n t r a t e  s a m p l e s ,  t h e  e x t r a c t s  f r o m  e a c h  e x t r a c t i o n  p r o c e d u r e  
w e r e  d r i e d  e i t h e r  b y  r o t a r y  e v a p o r a t i o n  ( a l c o h o l  e x t r a c t s ) ,  o r  b y  
f r e e z e  d r y i n g  ( a q u e o u s  e x t r a c t s ) ,  a n d  t h e n  m ad e  u p  i n  s t a n d a r d  
v o l u m e s  o f  c o l d  w a t e r  f o r  a n a l y s i s .

T h e  w e i g h t  l o s s e s  p r o d u c e d  i n  m i l l e d ,  s u r f a c e  s a m p l e s  o f  s p r u c e ,  
p i n e ,  l i m e  a n d  k e m p a s ,  a f t e r  e x t r a c t i o n ,  a r e  p r e s e n t e d  i n  F i g u r e  
3 . 1 8 .  T h e s e  w e i g h t  l o s s e s  a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e

o r i g i n a l  d r y  w e i g h t  o f  w o o d .  L a r g e s t  w e i g h t  l o s s  ( 1 2 % )  w a s  o b s e r v e d  
i n  l i m e  a f t e r  e x t r a c t i o n  i n  a l c o h o l .  K e m p a s  s h o w e d  s m a l l e s t  w e i g h t  
l o s s e s  a t  4%,  a n d  t h e  s o f t w o o d s  s p r u c e  a n d  p i n e  d i s p l a y e d  b r o a d l y

s i m i l a r  w e i g h t  l o s s e s  o f  5% a n d  6% r e s p e c t i v e l y .  I n  t h e  f u r t h e r

e x t r a c t i o n s  o f  t h e  a l c o h o l  e x t r a c t e d  s a m p l e s  w i t h  h o t  w a t e r ,  s p r u c e ,

p i n e  a n d  k e m p a s  s h o w e d  w e i g h t  l o s s e s  s i m i l a r  t o  t h o s e  r e s u l t i n g  
f r o m  t h e  e x t r a c t i o n s  i n  a l c o h o l .  L i m e  h o w e v e r ,  d i s p l a y e d  a  s m a l l e r  
w e i g h t  l o s s  o f  a p p r o x i m a t e l y  3% .  W e i g h t  l o s s e s  r e s u l t i n g  f r o m  
s u c c e s s i v e  e x t r a c t i o n s  o f  w o o d  w i t h  b o t h  a l c o h o l  a n d  h o t  w a t e r ,  
s h o w e d  t h a t  l a r g e r  a m o u n t s  o f  t h e  e x t r a c t a b l e  m a t e r i a l  w e r e  r e m o v e d  
f r o m  l i m e  a n d  p i n e ,  t h a n  s p r u c e  a n d  k e m p a s ,  t h e  l a t t e r  d i s p l a y e d

t h e  l o w e s t  w e i g h t  l o s s  o f  t h e  f o u r  w o o d s  e x a m i n e d .  I n  c o n t r a s t  
t o  t h e  r e s u l t s  f r o m  t h e  h o t  e x t r a c t i o n s ,  p i n e  s h o w e d  t h e  l a r g e s t  
w e i g h t  l o s s  ( ^ 1 6 % )  i n  t h e  e x t r a c t i o n s  i n  c o l d  w a t e r .
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c o m b i n e d  a l c o h o l  a n d  h o t  w a t e r  e x t r a c t i o n s .  L i m e  a n d  k e m p a s  d i s p l a y e d  
w e i g h t  l o s s e s  b r o a d l y  s i m i l a r  t o  t h o s e  o b t a i n e d  w h e n  t h e s e  w o o d s  
w e r e  e x t r a c t e d  i n  a l c o h o l .

T h e  a m o u n t s  o f  c o l d  w a t e r  s o l u b l e  m a t e r i a l s  r e c o v e r e d  f r o m  t h e  
d r i e d  e x t r a c t s  r e s u l t i n g  f r o m  t h e  a l c o h o l ,  h o t  w a t e r  a n d  c o l d  w a t e r  
e x t r a c t i o n s  o f  s p r u c e ,  p i n e ,  l i m e  a n d  k e m p a s  a r e  p r e s e n t e d  i n  F i g u r e  
3 . 1 9 ,  a n d  a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  d r y  w e i g h t  
o f  t h e  u n e x t r a c t e d  w o o d .  T h e  r e c o v e r e d  c o l d  w a t e r  s o l u b l e  m a t e r i a l s  
f r o m  a l c o h o l  e x t r a c t i o n s  c o n s t i t u t e d  6% o f  t h e  i n i t i a l  d r y  w e i g h t  
o f  u n e x t r a c t e d  w o o d  i n  l i m e ,  3% a n d  4% i n  - s p r u c e  a n d  p i n e ,  a n d  2% 
i n  k e m p a s .  T h e s e  m a t e r i a l s  a l s o  c o n s t i t u t e d  60% o f  t h e  w e i g h t  
l o s s e s  r e c o r d e d  f r o m  t h e  e x t r a c t i o n s  i n  a l c o h o l  i n  b o t h  s p r u c e  
a n d  p i n e ,  50% o f  t h o s e  r e c o r d e d  i n  l i m e ,  a n d  36% i n  k e m p a s .  T h e  
c o l d  w a t e r  s o l u b l e  m a t e r i a l s  r e c o v e r e d  f r o m  t h e  d r i e d  h o t  w a t e r  
e x t r a c t s  w e r e  l e s s  t h a n  t h o s e  f r o m  t h e  a l c o h o l  e x t r a c t s .  I n  a l l  
w o o d s ,  t h e s e  m a t e r i a l s  a m o u n t e d  t o  l e s s  t h a n  3% o f  t h e  w e i g h t  o f  
w o o d  a n d  t o  a p p r o x i m a t e l y  50% o f  t h e  w e i g h t  l o s s e s  r e c o r d e d  a f t e r  
e x t r a c t i o n  i n  h o t  w a t e r .  When  t h e  r e s u l t s  o f  t h e  a l c o h o l  a n d  h o t  
w a t e r  e x t r a c t i o n s  w e r e  c o m b i n e d ,  t h e  r e c o v e r e d  c o l d  w a t e r  s o l u b l e

m a t e r i a l s  i n  l i m e  a n d  p i n e  w e r e  b r o a d l y  s i m i l a r  a t  7% a n d  t h o s e  
o f  s p r u c e  a n d  k e m p a s  w e r e  s i m i l a r  a t  5%.  T h e  c o m b i n e d  r e s u l t s

a l s o  s h o w e d  t h a t  t h e  r e c o v e r e d  c o l d  w a t e r  s o l u b l e  m a t e r i a l s  w e r e  
l e s s  t h a n  t h o s e  f o u n d  w h e n  t h e  w o o d s  w e r e  e x t r a c t e d  i n  c o l d  w a t e r

a l o n e .  I n  t h e s e  e x t r a c t i o n s  i n  c o l d  w a t e r ,  t h e  w a t e r  s o l u b l e  m a t e r i a l  
r e c o v e r e d  f r o m  t h e  d r i e d  e x t r a c t  w a s  h i g h e s t  i n  p i n e  ( 1 2 % )  a n d  
l o w e s t  i n  k e m p a s  ( 4 % ) .  L i m e  a n d  s p r u c e  d i s p l a y e d  b r o a d l y  s i m i l a r  
a m o u n t s  o f  t h e s e  m a t e r i a l s  ( 8 % ) .  O v e r  70% o f  t h e  w e i g h t  l o s s e s

r e c o r d e d  a f t e r  e x t r a c t i o n s  i n  c o l d  w a t e r  w e r e  r e c o v e r e d  a s  f r e e z e  
d r i e d  m a t e r i a l  f o r  e a c h  o f  t h e  w o o d s  e x a m i n e d .

T h e  r e s u l t s  o f  t h e  s u b - s u r f a c e  s a m p l e s  o f  s p r u c e ,  p i n e  a n d  l i m e  
a f t e r  e x t r a c t i o n  i n  c o l d  w a t e r ,  a r e  p r e s e n t e d  i n  F i g u r e  3 . 2 0 .  F i g u r e  
3 . 2 0 ( a )  d i s p l a y s  t h e  w e i g h t  l o s s e s  p r o d u c e d  i n  t h e s e  s a m p l e s  a f t e r

e x t r a c t i o n s  i n  c o l d  w a t e r ,  a n d  F i g u r e  3 . 2 0 ( b )  d i s p l a y s  t h e  r e c o v e r e d  
c o l d  w a t e r  s o l u b l e  m a t e r i a l s  f r o m  t h e  d r i e d  e x t r a c t s  o f  t h e  s a m p l e s .

A l l  t h e s e  r e s u l t s  a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l

d r y  w e i g h t  o f  t h e  u n e x t r a c t e d  w o o d .

Spruce d isp la ye d  weight lo s se s  s im i la r  to those ach ieved  in  the
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E x t r a c t i o n s  i n  c o l d  w a t e r  o f  t h e  s u b - s u r f a c e  s a m p l e s  p r o d u c e d  w e i g h t  
l o s s e s  o f  7% i n  l i m e  a n d  5% i n  b o t h  s p r u c e  a n d  p i n e .  S u r f a c e  s a m p l e s  
o f  t h e s e  w o o d s ,  i n  c o n t r a s t  t o  t h e  s u b - s u r f a c e  s a m p l e s ,  p r o d u c e d  
w e i g h t  l o s s e s  t w o  t o  t h r e e  t i m e s  g r e a t e r  a f t e r  s i m i l a r  e x t r a c t i o n  
p r o c e d u r e s .  T h e  a m o u n t  o f  c o l d  w a t e r  s o l u b l e  m a t e r i a l s  r e c o v e r e d  
f r o m  t h e  d r i e d  e x t r a c t s  o f  t h e  s u b - s u r f a c e  s a m p l e s  w e r e  b r o a d l y  
s i m i l a r  f o r  t h e  t h r e e  w o o d s  e x a m i n e d .  T h e s e  m a t e r i a l s  c o n s t i t u t e d  
a p p r o x i m a t e l y  4% o f  t h e  w e i g h t  o f  t h e  w o o d s .  O v e r  70% o f  t h e  w e i g h t  
l o s s e s  r e c o r d e d  a f t e r  e x t r a c t i o n s  i n  c o l d  w a t e r  w e r e  r e c  c o v e r e d  
a s  f r e e z e  d r i e d  m a t e r i a l  i n  s p r u c e  a n d  p i n e ,  a n d  i n  l i m e ,  o n l y  53%  
o f  t h e  w e i g h t  l o s s e s  r e c o r d e d  w e r e  r e c o v e r e d  a s  f r e e z e  d r i e d  m a t e r i a l .
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F i g  3 . 1 8 W e i g h t  l o s s e s  r e c o r d e d  i n  s u r f a c e  s a m p l e s  o f  s p r u c e ,  p i n e ,  l i m e  a n d  k e m p a s  w h e n  s u b j e c t e d  t o  
v a r i o u s  e x t r a c t i o n  p r o c e d u r e s .  R e s u l t s  a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  d r y  w e i g h t  
o f  t h e  u n e x t r a c t e d  w o o d .
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u n e x t r a c t e d  w o o d .
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Fig 3.20(a) Weight losses recorded in sub-surface samples of spruce (S), pine (P) and lime (L) after extractions in cold water.
Fig 3.20(b) Recovered cold water soluble materials obtained from the dried aqueous extracts of sub-surface samples of spruce (S), pine (P) and lime (L).
All results are expressed as a percentage of the in it ia l dry weight of the unextracted wood.



3.1 .4 .1 . Soluble carbohydrates in surface samples of spruce, pine, lime and kempas.
The concentrated extracts from the extractions in alcohol, hot
water and cold water of surface samples of spruce, pine and lime 
and samples of kempas, were analysed for total carbohydrate content 
and total reducing sugar content by the assay methods described
in 2 .1 .5 .1 . and 2 .1 .5 .2 . respectively. The separation of wood
sugars in these extracts was determined by HPLC using isocratic
conditions. The results from the carbohydrate analysis are presented
in Figures 3.22 to 3.24 and in a tabular form in Appendix 12.
All the results are expressed as a percentage of the in it ia l dry
weight of the unextracted wood. The separation of sugars by HPLC
is presented in Figures 3.26 to 3.31. Data obtained from the sugar 
standards used in the HPLC analysis is  presented in Appendix 13.
In instances when wood was successively extracted with alcohol
and then hot water, the f ir s t  procedure removed more carbohydrate 
material than the second. Alcohol and cold water extracts of spruce, 
lime and kempas displayed broadly similar concentrations of total 
carbohydrate content. The total carbohydrate content in pine was
higher in cold water extracts than in alcohol extracts. Reducing 
sugars contributed to a significant proportion of the total carbohy
drate content in the softwoods and lime. Glucose and fructose
were the predominant sugars in the softwoods, and sucrose was the 
predominant sugar in lime. Kempas did not show the presence of 
simple sugars.
a) Spruce

The soluble carbohydrates present in the extracts of surface 
samples of spruce are presented in Figure 3.21. Extraction 
in cold water released the greatest amount of soluble carbohy
drates. The total carbohydrate content of the cold aqueous
extract accounted for approximately 2% of the weight of wood.
These soluble carbohydrate materials contributed to a third 
of the water soluble material recovered from the dried alcohol 
extracts and to a quarter of the water soluble material re
covered from the dried cold water extracts. Reducing sugars
contributed to a significant proportion of the total carbohydrate 
content in the extracts analysed. These sugars constituted
60% of the total carbohydrate content in the alcohol extracts, 
but a lesser proportion in the cold water extracts (40%).
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Glucose and fructose were the predominant reducing sugars 
and these constituted 70% of the reducing sugar content in 
the alcohol extracts and 90% in the cold water extracts. 
Other sugars detected in small quantities (<0.4%) were sucrose 
and xylose. These sugars along with glucose and fructose 
were not detected in the hot water extracts.

b) Pine
In the cold water, alcohol and hot water extracts of pine, 
soluble carbohydrates accounted for 5%, 3% and 1% of the mass
of wood respectively (Figure 3.22). Concentrations of these 
soluble carbohydrates were higher than those in spruce. In 
the extractions in cold water and in alcohol, carbohydrates 
accounted for 42% and 50% respectively, of the water soluble 
material recovered from the dried extracts.
In both the cold water and alcohol extracts, reducing sugars 
contributed to over 90% of the total carbohydrate content. 
Glucose and fructose were the predominant sugars and these 
sugars accounted for 3% and 2% of the mass of wood in the 
cold water and alcohol extracts respectively. The extraction 
in cold water also produced small amounts (1% of the mass 
of wood) of sucrose, xylose and galactose. In the extractions 
in alcohol, sucrose, xylose, mannose and trace quantities 
of arabinose were also detected. These sugars co llectively  
contributed to less than 1% of the mass of wood in this extract.

c) Lime
Results of the soluble carbohydrate analysis of lime is  presented
in Figure 3.23. The results showed that the extractions in
cold water and the combined results of the extractions in
alcohol and hot water, released similar amounts (3%) of soluble 
carbohydrates. Soluble carbohydrates in lime accounted for 
40% of the water soluble material recovered from both the 
alcohol and cold water extractions. Unlike spruce and pine, 
reducing sugars did not account for the majority of the total 
carbohydrate content in extracts of lime. Reducing sugars
contributed to 40% and 33% of the total carbohydrate content 
in the alcohol and cold water extracts respectively. Glucose 
and fructose constituted 50% of the reducing sugars in each 
instance.
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Sucrose was detected in lime in concentrations greater than 
those found in spruce and pine. This non-reducing sugar accounted 
for 50% of the carbohydrate content in alcohol and cold water 
extracts. Sucrose and the reducing sugars together contributed 
to 90% and 80% of the total carbohydrate content in the alcohol 
and cold water extracts respectively. In the extractions 
with hot water, reducing sugar concentrations were low, and 
glucose and fructose were not detected in these extracts.

d) Kempas
Soluble carbohydrate concentration in kempas accounted for 
less than 1% of the mass of wood (Figure 3.24). Both alcohol 
and cold water extracts displayed broadly similar carbohydrate 
contents. Hot water extraction yielded small quantities 
(<0.1%) of carbohydrates. Neither reducing sugars, nor sucrose 
nor other monosaccharides were detected in kempas by the proce
dures used.
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SPRUCE

water extractions

□ Total carbohydrate content
Reducing sugar content
Glucose and fructose
Other sugars (sue, xyl)

Fig 3.21 SolubleResults carbohydrate contents in surface samples of spruce after extraction with various are expressed as a percentage of the in it ia l dry weight of the unextracted wood. solvents.



PINE

%A/ood mass

MoOx

water extractions

j__| Total carbohydrate content
1̂ /1 Reducing sugar content 

Glucose and fructose
Other sugars (sue, xyl, man and gal)

oFig .22 Soluble carbohydrate contents in surface samples of pine after extraction with various solvents. Results are expressed as a percentage of the in it ia l dry weight of the unextracted wood.



LIME

water extraction

□ Total carbohydrate content
Reducing sugar content
Glucose and fructose
Sucrose

Fig 3.23 SolubleResults carbohydrate content, in surface samples of lime after extraction with various solvents, are expressed as a percentage of the in it ia l dry weight of the unextracted wood.



KEMPAS

Cold water extractionsextractions

Total carbohydrate content
Reducing sugar content

Fig 3.24 Soluble carbohydrate contents in kempas after extraction with various solvents.Results are expressed as a percentage of the in it ia l dry weight of the unextracted wood.



3.1 .4 .2 . Soluble carbohydrates in sub-surface samples of spruce, pine and lime. ': '
Results of the carbohydrate analysis undertaken on sub-surface 
samples of spruce, pine and lime are presented in Figure 3.25. 
Concentrations of soluble carbohydrate were higher in surface samples 
than in sub-surface samples for each wood species examined. In 
pine, these carbohydrate concentrations were five times and in 
spruce and lime, twice the concentrations found in sub-surface 
regions. Soluble carbohydrate constituted 33% of the water soluble 
material recovered from the dried extract in pine, 25% from lime 
and 16% from spruce. Reducing sugars accounted for a large proportion 
(60%) of the soluble carbohydrates in pine; but a lesser proportion 
in spruce (30%). Glucose and fructose were detected in pine but 
not in spruce. In lime, sucrose and the reducing sugars accounted 
for 60% of the total carbohydrate content.
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| ] Total carbohydrate content
Reducing sugar content
Glucose and fructose
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Fig 3.25 Soluble carbohydrates in aqueous extracts of sub-surface samples of spruce, pine and lime. Results are expressed as a percentage of the in it ia l dry weight of the unextracted wood.
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Fig. 3.26 Separation of wood sugars in alcohol and aqueous extracts of spruce by HPLC 
Sample:
A. Alcohol extracts from surface regions of spruce
B. Aqueous ; extracts from surface regions of spruce

Peaks:

1. Sucrose
2. Glucose
3. Xylose
4. Fructose

15 20 5 10
MINUTES MINUTES
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Fig. 3.27 Separation of wood sugars in alcohol extracts of surface 
samples of pine by HPLC

15 20
MINUTES

Peak s:

1. Sucrose
2. Glucose
3. Xylose
4. Galactose
5. Mannose
6. Fructose
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F ig  3 .28  S ep ara tio n  o f wood sugars in  aqueous e x t ra c t s  o f pine
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Fig 3.29 Separation of wood sugars in alcohol extracts of surface samples of lime by HPLC
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Fig. 3.30 Separation of wood sugars in aqueous extracts of lime by HPLC
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A. Extracts from surface regions of lime
B. Extracts from sub-surface regions of lime
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2 Fig 3.31 Separation of carbohydrates by HPLC

3

4
5

Sugars at a concentration of 1 mg/ml 
Peaks:
1. Sucrose
2. Glucose
3. Xylose
4. Galactose
5. Mannose
6. Raffinose
7. Rhamnose
8. Arabinose 
9/ Fructose

6
7

/ u

I
20 15

MINUTES
15 5 10

MINUTES



3.1.4 .3 . Soluble amino acids in surface samples of spruce., .pinelime and kempas.
The results of the amino acid analysis undertaken on the extracts 
from the surface and sub-surface regions of spruce, pine, lime 
and kempas are presented in Figures 3.32 and 3.33. These results 
are expressed as a percentage of the in it ia l dry weight of the 
unextracted wood. The composition of amino acids in these surface 
and sub-surface regions are presented in Tables 3.12 and 3.13 respec
tively.
Soluble amino acids were present in higher concentrations in spruce, 
pine and lime than in kempas. Kempas displayed minimal concentrations 
of soluble amino acids. Concentrations of soluble amino acids 
were broadly similar in alcohol and cold water extracts of spruce, 
but in pine, concentrations of amino acids were higher in cold 
water extracts than in alcohol extracts. The total amino acid
content in spruce was higher than those in either pine, lime or 
kempas. In spruce, these amino acids accounted for 0.35% of the 
weight of wood, and constituted 6% of the water soluble material 
recovered from the dried alcohol extracts, and 4% from the dried
cold water extracts. In pine, extraction in cold water resulted
in total amino acid contents twice those found in extractions in
alcohol. However, these amino acids contributed to a very small 
proportion of the recovered cold water soluble material (^2.5%) 
in both the dried alcohol and cold water extracts. Amino acid 
contents in the alcohol and cold water extracts of lime accounted 
for less than 0.1% of the cold water soluble material recovered
from the dried extracts. Kempas displayed minimal amounts of amino 
acids in the alcohol extracts (0.01%) and trace amounts in the 
hot water and cold water extracts.
The total amino acid content in aqueous extracts of sub-surface 
samples of spruce, pine and lime is  presented in Figure 3.33. 
All three woods displayed broadly similar levels of amino acids 
(0.02%). The results clearly showed that amino acid contents at 
surface regions were significantly higher than those at sub-surface 
regions. In spruce, these concentrations were fifteen times those 
found at sub-surface regions, in pine twelve, and in lime twice 
the concentrations at sub-surface regions.

I l6



%Wood mass

HH

Alcohol extractions
-.•■ •/.rl Hot water extractions

Total of alcohol and hot water extractions
| [Cold water extractions

Fig 3.32 Soluble amino acid content in surface samples of spruce, pine, lime and kempas after extraction with various solvents. Results are expressed as a percentage of the in it ia l dry weight of the unextracted wood.
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Fig 3.33 Soluble amino acid content in aqueous extracts of sub-surface samples of spruce (S), pine (P) and lime (L). Results are expressed as a percentage of the in it ia l dry weight of the unextracted wood.



The different amino acids found in the extracts of surface samples 
of spruce, pine, lime and kempas are presented in Table 3.12.. 
These results are expressed as pgrams of amino acid per gram of 
wood.
In general, amino acids present in the alcohol extracts were similar 
to those in the cold water extracts. However, concentrations of 
these amino acids varied with the type of extraction and also with 
wood type. Cold water extractions removed larger amounts of soluble 
amino acids, and the softwoods displayed a higher soluble amino 
acid content.
The major amino acids found in the alcohol extracts of spruce were 
aspartic acid, alanine, phenylalanine and arginine. These amino 
acids were also present in high concentrations in the cold water 
extracts along with serine, glutamine, and tyrosine and histidine. 
Other amino acids present in the extracts of spruce were glycine, 
valine, methionine, isoleucine and leucine. Aspartic acid, phenyla
lanine and arginine were the major amino acids in the alcohol and 
cold water extracts of pine. In both spruce and pine, concentrations 
of glutamine were higher in cold water extracts than in alcohol 
extracts. Tyrosine was detected in the cold water extracts but 
not in the alcohol extracts in both spruce and pine. The hardwoods 
lime and kempas displayed lower amino acid contents than the softwoods 
In lime, aspartic acid, glutamine and arginine were the major amino 
acids in both the alcohol and cold water extracts. Kempas displayed 
trace amounts of aspartic acid, serine, glycine, alanine and arginine. 
The major amino acids common to spruce, pine and lime therefore 
were aspartic acid, glutamine and arginine.
The range of amino acids found in the aqueous extracts of sub-surface 
samples of spruce, pine and lime (Table 3.13) was smaller than 
that found in the extracts of surface samples. Glutamine and 
arginine were the major amino acids in a ll three woods tested. 
In lime, glutamine concentrations were broadly similar in extracts 
from both surface and sub-surface regions, but in spruce and pine, 
concentrations of this amino acid in surface regions were two and 
eight times the concentrations found in sub-surface regions. In 
lime and pine, arginine concentrations, at surface regions, were 
twice those at sub-surface regions, and in spruce, five times those 
at sub-surface regions.
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Table 3.12 Soluble amino acids in surface samples of spruce, pine, lime and kempas after extractions in alcohol, hot 
water and cold water. Results are expressed as yg amino acid per gram wood.

AninoAcid
SPRUCE PINE LIME KEMPAS

Alcohol HotWater
Alcohol and hot Water

ColdWater Alcohol HotWater Alcohol and hot water
ColdWater Alcohol HotWater Alcohol and hot water

ColdWater Alcohol HotWater Alcohol and hot water .. .
ColdWater

asp 987 9 996 724 94 6 100 389 227 5 232 67 19 - 19 tr
ser 83 5 88 454 56 8 64 26 - 2 2 tr 11 - 11 tr
gin 29 tr 29 140 16 tr 16 317 83 tr 83 85 tr tr tr tr
giy 27 3 30 96 16 2 18 248 2 tr 2 - tr - tr tr
ala 126 3 129 85 86 3 89 110 79 4 83 71 4 - 4 tr
val 31 tr 31 131 25 tr 25 53 - - — — tr tr —
met - - - 143 - - - - - - - - - - -
ile 33 - ■ 33 126 14 tr 14 27 - - - - - - -
leu 36 - 36 126 28 tr 28 21 - - - - - - -
tyr — 289 — _ _ 634 — _ _

phe 158 tr 158 211 269 16 285 350 - - - 16 - 16 -
his - - - 271 - - - 193 - - - - - - - -
arg 1699 15 1714 557 703 5 708 182 217 - 217 166 tr - tr tr
Total Anino Acid _ Content Soluble Anino Nitrogen

3209 35 3244 3353 1307 40 1347 >550 606 13 619 318 101 tr 101 tr
717 7 724 544 312 6 318 371 136 2 96 132 15 tr 15 tr

-  not detected tr trace qualities( <0.02 jugg- wood)
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Table 3.13 Soluble amino acids in aqueous extracts of sub-surface samples of spruce, pine and 
lime. Results are expressed in ygram per gram wood.

Amino Acid Spruce Pine Lime
asp 25 11 38
ser - - -
gin 59 36 79
giy tr tr tr
ala tr tr 39
val - tr -
met _ tr tr
ile __ tr tr
leu - tr tr
tyr - - tr
phe tr - tr
his — — —

arg 121 96 99Total Anino Acid Content 206 143 255
Soluble Anino 53 39 60Acid

- not detected tr trace quantifies( < 0.02 jjgg wood )



A comparison of the total nitrogen content (as determined by micro- 
kjeldahl analysis) of surface and sub-surface samples of unextracted 
wood and the soluble amino nitrogen content (determined from the 
amino acid analysis of cold water extracts) is presented in Table 
3.14.

Table 3.14 Total nitrogen and soluble nitrogen contents in dried samples of spruce, pine, lime and kempas.
- ■ —-----------------------  ' —---------- - -..... Wood Type

Spruce Pine Lime Kempas
Surface Total Nitrogen Content (%) 0.12 0.13 0.17 0.26Samples Soluble Amino Nitrogen (%) 0.05 0.04 0.01 tr

Sub- Total Nitrogen Content (%) 0.08 0.07 0.14 NTSurfaceSamples Soluble Amino Nitrogen (%) 0.005 0.004 0.006 NT

NT no tr ia l 
tr trace, amounts

The results showed that soluble amino nitrogen constituted a signi
ficant proportion of the total nitrogen content in the surface 
samples of the softwoods, but to a lesser proportion in the surface 
samples of lime. In spruce and pine, soluble amino nitrogen cont
ributed approximately 40% and 30% respectively, of the total
nitrogen contents at the surface regions. In lime, soluble amino 
nitrogen constituted 6% of the total nitrogen content at the surface.
The total nitrogen contents at sub-surface regions were lower than 
those in surface regions. Concentrations of soluble amino nitrogen 
were broadly similar in spruce, pine and lime, and these soluble 
amino nitrogens contributed 6% of the total nitrogen content
in the woods. It is  clear from the results, that the migration 
and accumulation of soluble amino acids at the surfaces of wood 
during drying, account for a significant proportion of the total 
nitrogen seen at these surfaces.
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C o n clu sio ns

The conclusions drawn from this experiment were:
1) concentrations of soluble carbohydrates and amino acids were

higher at surface regions than at sub-surface regions. Greatest 
amounts of these soluble nutrients were obtained from the 
extractions in cold water,

2) softwoods in general, displayed higher concentrations of soluble 
carbohydrates and amino acids to hardwoods, and temperate 
woods displayed higher soluble nutrient concentrations to 
the tropical wood kempas,

3) in spruce and pine, glucose and fructose were the predominant
sugars, but in lime, sucrose was the predominant sugar,

4) soluble amino nitrogen constituted a significant proportion
of the total nitrogen content at the surface regions of the 
wood tested,

and
5) the major amino acid common to spruce, pine and lime were

aspartic acid, glutamine and arginine.
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3 .2 . S o i l  B u r ia l  S tu d ie s

3.2.1. Studies using unpreserved wood
The results of a ll so il burial studies undertaken on lime, beech, 
pine and spruce to determine the influence of added soluble carbo
hydrates and amino acids on the decay and nitrogen transfer to 
these woods are described in this section. In the so il burial
studies with carbohydrates, test blocks were impregnated with sugar 
solutions to obtain blocks with concentrations of sugar, represen
tative of those found at surface regions of dried wood. Concentrations 
of 1% w/w and 7% w/w sugar were also included to provide sugar 
concentrations above and below the levels found in the outer 3mm 
of dried wood in previous experiments (3 .1 .4 .) . Beech blocks, 
representing a non-durable hardwood commonly used in wood preservative 
studies was also included in the experiment and were impregnated
with sugar to provide test blocks of 1% w/w, 3% w/w, 4% w/w and 
6% w/w sugar.
In the so il burial studies with amino acids, test blocks were impreg
nated with amino acid solutions of 0.45% w/v, 0.90% w/v, 1.80%
w/v and 3.60% w/v to obtain increases in nitrogen contents approxi
mating to 0.2%, 0.3%, 0.5% and 0.9%. A supplementary experiment 
was also undertaken to investigate the effect of amino acids on 
test blocks impregnated with amino acids (3.60% w/v), and buried 
in an undried condition at 100% moisture content. Lime was selected  
as a test species for this experiment. The influence of a mixture 
of amino acids and sugars were also studied with this species. 
The losses of soluble nitrogenous materials a r tif ic ia lly  incorporated 
into pine blocks and also in pine blocks containing redistributed 
soluble nutrients were examined.
In a ll experiments, the parameters monitored were moisture content, 
weight loss and nitrogen transfer to wood. In the studies with 
carbohydrates, weight loss and nitrogen transfer were expressed 
as a percentage of the in itia l preburial weight of wood and also 
as a percentage of the in itia l preburial weight of wood and the 
weight of added sugar. Weight losses and nitrogen transfer in 
subsequent studies were expressed only as a percentage of the pre
burial weight of wood.
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3.2..1/1. The influence of added soluble carbohydrates and aminoacids on the decay and nitrogen transfer to hardwoods and softwoods.
The influence of added soluble carbohydrates and amino acids on 
weight losses and nitrogen transfer to unpreserved wood in so il  
burial studies are presented in Figures 3.34 to 3.48. In general, 
added soluble nutrients showed l i t t l e  influence on decay in both 
hardwoods and softwoods, and the levels of decay for varying treatments 
for each wood species were broadly similar.
In each wood species, significant weight losses were observed over 
the duration of the so il burial period. In the studies with carbo
hydrates, evaluation of weight losses as a percentage of the in it ia l  
weight of wood and the weight of sugar, showed blocks impregnated 
with sugar to have higher weight losses than control blocks. The 
differences in weight losses between the blocks impregnated with 
sugar and control blocks^ corresponded approximately to the weight 
increments in the block as a result of the weight of sugar. Softwoods 
displayed lower weight losses than hardwoods in a ll the so il burial 
experiments, and weight losses were not significant (<3%) in softwoods 
until after 3 weeks burial in so il.
The nitrogen contents in wood blocks increased over the duration 
of the so il burial. In the hardwoods, these nitrogen increases 
were accompanied by weight losses in the early stages (0-3 weeks) 
of the so il burial. In the softwoods, nitrogen content increases 
were not accompanied by weight losses during this period. In the
studies with carbohydrates, the differences in nitrogen contents 
of the test blocks after burial, calculated using the methods described 
for the evaluation of weight losses in 3 .2 .1 . , were small. Nitrogen 
contents calculated on the preburial weight of wood and the weight 
of added sugar were marginally lower to those calculated on the 
preburial weight of wood alone. In the studies with amino acids, 
blocks impregnated with amino acids showed nitrogen losses during 
the in it ia l stages of burial (weeks 0-3). These nitrogen losses 
were observed in hardwood blocks impregnated at 1.8% w/v and 3.60% 
w/v amino acid concentrations, and in a ll softwood blocks impregnated 
with amino acids. Control blocks of both hardwoods and softwoods 
showed no depletion in nitrogen content during these in it ia l stages. 
During weeks 3 -  12, the nitrogen contents of blocks continued 
to increase but with a gradual diminution in the rate of increase 
with time.
S tatistica l analysis were undertaken on the results obtained from 
the so il burial experiments.
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The analysis were undertaken using the sta tis t ic a l package mounted 
on a Dec 20 computer (R. Houchard, Statpack Program, Decsystem 
20, Western Michigan University, 1974). Two-way analysis of variance 
were undertaken on most results. However, analysis of variance 
were not undertaken on the following studies:-
1. Weight losses in the study with carbohydrates in beech, pine 

and spruce;
2. nitrogen results in the studies with carbohydrates and amino 

acids in both hardwoods and softwoods.
Weight loss results from these studies showed l i t t l e  difference 
between treatments and nitrogen results from the amino acid studies 
also showed l i t t l e  variation between different treatments after 
3 weeks so il burial. For these reasons, i t  was considered un
necessary to undertake, s ta tis t ic a l analysis.
a) Lime

The influence of added soluble carbohydrates and amino acids 
on weight losses in lime are presented in Figure 3.34 and 
Figure 3.36. In the study with carbohydrates, the weight 
of sugar incorporated into test blocks from the uptake of 
sugar solution, ranged from 3mg to 18mg for sugar concentrations 
1% w/w to 7% w/w. All blocks irrespective of treatment showed 
similar weight losses in it ia lly  when calculated on the preburial 
weight of the block (Fig 3.34a). Control blocks and blocks 
impregnated with sugar showed a rapid increase in weight loss 
during the period weeks 3 - 9 .  Weight losses of over 40% 
were recorded at week 9. Control blocks and blocks impregnated 
with 1% w/w and 7% w/w sugar displayed similar weight losses 
of 55% at the final sampling period. Blocks impregnated with 
3% w/w and 5% w/w sugar showed weight losses of 43% and 63% 
respectively. Two way analysis of variance undertaken on 
the results showed that the weight losses incurred by the 
different carbohydrate treatments were not significant at 
the 5% level. Variations in weight losses of blocks were 
large within each treatment.
Weight losses calculated as a percentage of the weight of 
wood and the weight of sugar after impregnation (Fig 3.34b) 
displayed similar trends to those described for Figure 3.34a.
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However, at the f ir s t  sampling interval, weight losses of 
control blocks were shown to be lower than weight losses of 
blocks impregnated with sugar. During this period, test blocks 
with increasing sugar concentration showed correspondingly 
higher weight losses to control blocks, but thereafter, weight 
losses were broadly similar for the different treatments.
In the study with amino acids, a ll test blocks showed similar 
weight losses at 3 weeks (Fig 3.36). Control blocks and test 
blocks impregnated with amino acid concentrations of 0.45% 
w/v, 0.90% w/v and 1.80% w/v displayed broadly similar weight 
losses over the duration of the experiment. However, weight 
losses of test blocks impregnated with amino acid concentrations 
of 3.60% w/v, were lower than those of control blocks and 
amino acid blocks of lower concentrations. T-tests undertaken 
on mean weight losses of control blocks and amino acid blocks 
of 3.60% w/v, at sampling periods of 6, 9 and 12 weeks, were 
significant at the 5% level. However 2-way analysis of variance 
showed that differences in weight losses of a ll  blocks impreg
nated with amino acids and control blocks, were not significant 
at the 5% level.
All test blocks achieved weight losses of over 40% after 6 
weeks so il burial. Control blocks and test blocks with 0.45% 
w/v, 0.90% w/v and 1.80% w/v amino acid concentrations achieved 
weight losses of approximately 65% at the final sampling period. 
The overall weight losses of test blocks, in the study with 
amino acids were higher than those observed in the study with 
carbohydrates. Comparison of the rates of weight loss of 
control blocks in the amino acid study and control blocks in
the carbohydrate study, showed that weight losses occurred
at a faster rate in the amino acid study. Mean rates of weight
loss of controls in the amino acid study were at 5.5% per
week over the 12 week so il burial, and mean rates of weight
loss of controls in the carbohydrate study, were at 4.8% per
week over a similar period. This difference in rates at which 
weight loss occurred, accounted for the higher weight losses 
seen in the amino acid study.
Weight losses of control blocks buried at 100% moisture content 
(Fig 3.37) were similar to control blocks buried in an air-dried 
condition, (10% moisture content).
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However, weight losses of test blocks impregnated with amino 
acid concentrations of 3.60 w/v and buried at 100% moisture 
content (Fig 3.37), were higher than those which had been 
buried in an air-dried condition (Fig 3.36), and were broadly 
similar to the amino acid blocks of 0.45% w/v, 0.90% w/v and 
1.80% w/v which were buried air-dried.
Control blocks and blocks impregnated with a mixture of sugar 
and amino acids, and buried at 100% moisture content did not 
show significant weight losses (7 3%) during the f ir s t  week 
of the so il burial (Fig 3.38). During the sampling period
week 3, test blocks impregnated with a mixture of sugar and 
amino acids displayed lower weight losses (6%) than control 
blocks, but weight losses of a ll test blocks at week 6 were 
similar. No further analysis of weight losses were undertaken 
beyond the 6 week period. Results showed that sugars, amino 
acids and a mixture of these did not influence the decay of 
wood significantly in so il burial.
Results of the nitrogen, contents of test blocks impregnated 
with carbohydrates are presented in Figure 3.35. Figure 3.35(a) 
describes the nitrogen contents of test blocks calculated 
on the preburial weights of the block, and Figure 3.35(b) the 
nitrogen contents calculated on the weight of the block plus 
weight of sugar. Nitrogen contents of the test blocks prior 
to so il burial were below 0.15% (Fig 3.35). During the period 
0-3 weeks, the nitrogen contents of these blocks showed a 
rate of increase of 0.06% per week. The rate of nitrogen 
increase showed a gradual diminution thereafter. At each 
sampling period, the nitrogen contents of controls and blocks 
impregnated with sugar were broadly similar. The nitrogen 
contents of blocks impregnated with sugar between the period 
6-9 weeks and 9-12 weeks were fa irly  constant at 0.5%. Control 
blocks displayed slight increases to 0.55% during the final 
sampling period.
In the study with amino acids, the in it ia l nitrogen content 
of the control blocks was 0.17% (Fig 3.36). The in it ia l nitrogen 
contents of blocks impregnated with amino acid concentrations 
of 0.45% w/v, 0.90% w/v, 1.80% w/v and 3.60% w/v were 0.26%, 
0.36%, 0.54% and 0.95% respectively. During the period 0-3
weeks, control blocks and blocks impregnated with lower amino

128



acid concentrations showed an increase in nitrogen contents 
to 0.3%, but test blocks impregnated with higher amino acid 
concentrations showed a decrease in nitrogen content. All 
blocks regardless of treatment displayed a rapid rate of nitrogen 
increase during the period 3-6 weeks. These rates (0.06%
per week) were similar to those observed in the carbohydrate
studies. The rate of increase of nitrogen content of a ll
blocks during the period 6-9 weeks were less rapid. In the 
final sampling period, a ll blocks with the exception of amino 
acid blocks of 3.60% w/v displayed a decrease in nitrogen 
content. The overall nitrogen content of the test blocks
in this study were higher than those in the carbohydrate study 
despite the in it ia l decrease in nitrogen content.
The nitrogen contents of control blocks buried at 100% moisture 
content (Fig 3.37), were comparable to the nitrogen contents 
seen in control blocks in the previous studies. Blocks impreg
nated with 3.60% w/v amino acid concentrations and buried 
at 100% moisture content, showed a decrease in nitrogen content 
during the period 0-3 weeks. This loss of approximately 60% 
of the in it ia l nitrogen on emplacement of the blocks in so il, 
was also observed in the previous amino acid study. The nitrogen 
contents of control blocks and blocks impregnated with amino 
acids and buried at 100% moisture content, were similar over 
the duration of the burial period.
Lime blocks impregnated with a mixture of sugar and amino 
acids (Fig 3.38) showed a decrease in nitrogen contents during 
the f ir s t  week of the so il burial. Control blocks, both wet 
(100% moisture content) and air-dry (10% moisture content), 
showed an increase in nitrogen content from 0.18% to 0.2%
during this period. Between the period 1-3 weeks, control
blocks and blocks with a mixture of sugar and amino acid showed 
similar nitrogen contents of 0.3%. These high nitrogen contents 
of the sugar and amino acid blocks were not accompanied by
large weight losses during this period. The high nitrogen 
contents were attributed to residual nitrogen retained in 
the block. During the period 3 - 6  weeks, control blocks
and blocks impregnated with a mixture of sugars and amino 
acids displayed similar weight losses and nitrogen contents.
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3.34 Weight losses in lime blocks impregnated with sugars, after burial in so il for the time periods indicated.(a) %weight losses calculated on the preburial weight of the block.(b) %weight losses calculated on the preburial weight of block and weight of sugar.



Fig 3.35 Total nitrogen contents in lime impregnated with sugars, after burial in so il for the time periods indicated.
(a) %Nitrogen calculated on the preburial weight of the block.(b) %Nitrogen calculated on the preburial weight of the block and weight of sugar.
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b) Beech

T h e  i n f l u e n c e  o f  a d d e d  s o l u b l e  c a r b o h y d r a t e s  o n  w e i g h t  l o s s e s  

a n d  n i t r o g e n  c o n t e n t s  i n  b e e c h  a r e  p r e s e n t e d  i n  F i g u r e  3 . 3 9  

a n d  3 . 4 0  r e s p e c t i v e l y .  A l l  b l o c k s  s h o w e d  w e i g h t  l o s s e s  l o w e r  

t h a n  t h o s e  o b s e r v e d  i n  l i m e .  B e e c h  b l o c k s  r e c o r d e d  w e i g h t  

l o s s e s  a t  a  r a t e  o f  2 . 3 %  p e r  w e e k  o v e r  t h e  d u r a t i o n  o f  t h e  

s o i l  b u r i a l .  C o n t r o l  b l o c k s  d i s p l a y e d  w e i g h t  l o s s e s  s i m i l a r  

t o  t h o s e  o f  b l o c k s  i m p r e g n a t e d  w i t h  s u g a r ,  a n d  w e i g h t  l o s s e s  

o f  t h e s e  b l o c k s  o f  v a r y i n g  s u g a r  c o n c e n t r a t i o n s  w e r e  a l s o

s i m i l a r  o v e r  t h e  d u r a t i o n  o f  t h e  b u r i a l  ( F i g  3 . 3 9 a ) .  When  

w e i g h t  l o s s e s  o f  c o n t r o l  b l o c k s  a n d  b l o c k s  i m p r e g n a t e d  w i t h  

s u g a r  w e r e  c a l c u l a t e d  a s  a  p e r c e n t a g e  o f  t h e  p r e b u r i a l  w e i g h t  

o f  t h e  b l o c k  a n d  t h e  w e i g h t  o f  s u g a r  a f t e r  i m p r e g n a t i o n  ( F i g  

3 . 3 9 b ) ,  a  s i m i l a r  r e s u l t  t o  t h a t  i n  l i m e  w a s  o b s e r v e d ,  i n  

w h i c h  d i f f e r e n c e  i n  w e i g h t  l o s s  b e t w e e n  c o n t r o l s  a n d  b l o c k s  

i m p r e g n a t e d  w i t h  s u g a r  c o r r e s p o n d e d  a p p r o x i m a t e l y  t o  t h e  w e i g h t  

o f  t h e  s u g a r  i n c o r p o r a t e d  i n  t h e  b l o c k .  A l l  t e s t  b l o c k s  s h o w e d  

s i m i l a r  w e i g h t  l o s s e s  o f  33% a t  t h e  f i n a l  s a m p l i n g .

I n  t h e  s t u d y  w i t h  a m i n o  a c i d s ,  b o t h  c o n t r o l s  a n d  b l o c k s  i m p r e g 

n a t e d  w i t h  a m i n o  a c i d s  d i s p l a y e d  w e i g h t  l o s s e s  o f  a p p r o x i m a t e l y  

7% a t  w e e k  3 o f  t h e  s o i l  b u r i a l  ( F i g  3 . 4 1 ) .  D u r i n g  t h e  s u b s e q u e n t  

s a m p l i n g  p e r i o d s ,  c o n t r o l s  b l o c k s  s h o w e d  h i g h e r  w e i g h t  l o s s e s  

t h a n  t h o s e  o f  t h e  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d s .  D u r i n g  

t h e  s a m p l i n g  p e r i o d s ,  w e e k s  6 a n d  9 ,  c o n t r o l  b l o c k s  d i s p l a y e d  

w e i g h t  l o s s e s  o f  37%  a n d  39%  r e s p e c t i v e l y .  W e i g h t  l o s s e s  

o f  b l o c k s  i m p r e g n a t e d  w i t h  v a r y i n g  a m i n o  a c i d  c o n c e n t r a t i o n s  

w e r e  b r o a d l y  s i m i l a r  o v e r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t .  

T w o - w a y  a n a l y s i s  o f  v a r i a n c e  o f  t h e s e  r e s u l t s  s h o w e d  t h a t  

t h e  d i f f e r e n c e s  i n  w e i g h t  l o s s e s  o f  t h e  v a r y i n g  a m i n o  a c i d  

t r e a t m e n t s  w e r e  n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l .  R a t e s  o f  

i n c r e a s e  o f  w e i g h t  l o s s  w e r e  r a p i d  d u r i n g  t h e  p e r i o d  w e e k

3 - 6 ,  b u t  d i m i n i s h e d  d u r i n g  t h e  l a t e r  s a m p l i n g  p e r i o d s .  C o n t r o l  

b l o c k s  a n d  a m i n o  a c i d  b l o c k s  s h o w e d  w e i g h t  l o s s e s  o f  a p p r o x i m a t e l y  

50% a n d  40%  r e s p e c t i v e l y  d u r i n g  t h e  f i n a l  s a m p l i n g  p e r i o d .  

W e i g h t  l o s s e s  i n c u r r e d  b y  t h e  t e s t  b l o c k s  i n  t h i s  s t u d y  w e r e  

l a r g e r  t h a n  t h o s e  i n  t h e  c a r b o h y d r a t e  s t u d y .  A s  w i t h  l i m e ,  

r a t e s  a t  w h i c h  w e i g h t  l o s s  o c c u r r e d  i n  t h e  a m i n o  a c i d  s t u d y  

w e r e  f a s t e r  t h a n  t h o s e  i n  t h e  c a r b o h y d r a t e  s t u d y .  I n  t h e  

a m i n o  a c i d  s t u d y ,  w e i g h t  l o s s  o c c u r r e d  a t  a  m ea n  r a t e  o f  4% 

p e r  w e e k ,  o v e r  t h e  1 2  w e e k  s o i l  b u r i a l  p e r i o d .
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T h e  n i t r o g e n  c o n t e n t s  o f  b e e c h  b l o c k s  i n  t h e  c a r b o h y d r a t e

s t u d y  i s  p r e s e n t e d  i n  F i g u r e  3 . 4 0 .  T h e  n i t r o g e n  c o n t e n t s  

o f  c o n t r o l  b l o c k s  a n d  b l o c k s  i m p r e g n a t e d  w i t h  s u g a r  w e r e  b r o a d l y  

s i m i l a r  a t  e a c h  s a m p l i n g  p e r i o d .  T e s t  b l o c k s  d i s p l a y e d  i n i t i a l  

n i t r o g e n  c o n t e n t s  o f  0 . 1 %  p r i o r  t o  s o i l  b u r i a l .  D u r i n g

t h e  p e r i o d  0 - 3  w e e k s  a n d  3 - 6  w e e k s ,  n i t r o g e n  c o n t e n t s  o f  t h e  

b l o c k s  w e r e  s e e n  t o  i n c r e a s e  r a p i d l y .  H o w e v e r ,  d u r i n g  t h e  

l a t e r  s a m p l i n g  p e r i o d s ,  a  g r a d u a l  d i m i n u t i o n  i n  t h e  r a t e  o f  

i n c r e a s e  o f  n i t r o g e n  w a s  o b s e r v e d .  A l l  b l o c k s  d i s p l a y e d  a  

f i n a l  n i t r o g e n  c o n t e n t  o f  a p p r o x i m a t e l y  0 . 3 8 % .  T h e  n i t r o g e n  

c o n t e n t s  o f  t e s t  b l o c k s  c a l c u l a t e d  a s  a  p e r c e n t a g e  o f  t h e  

p r e b u r i a l  w e i g h t  o f  t h e  b l o c k  a n d  t h e  w e i g h t  o f  s u g a r  a f t e r  

i m p r e g n a t i o n  i s  p r e s e n t e d  i n  F i g u r e  3 . 4 0 ( b ) .  T h e  n i t r o g e n  

p a t t e r n  o f  t h e s e  b l o c k s  w e r e  s i m i l a r  t o  t h o s e  d e s c r i b e d  f o r  

F i g u r e  3 . 4 0 ( a ) .

I n  t h e  a m i n o  a c i d  s t u d y ,  t h e  n i t r o g e n  c o n t e n t s  o f  t h e  t e s t  

b l o c k s  p r i o r  t o  s o i l  b u r i a l  r a n g e d  f r o m  0 . 1 3 %  f o r  c o n t r o l  

b l o c k s  t o  0 . 6 0 %  f o r  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d s  ( F i g  

3 . 4 1 ) . .  D u r i n g  t h e  p e r i o d  0 - 3  w e e k s ,  b l o c k s  i m p r e g n a t e d  w i t h  

a m i n o  a c i d  c o n c e n t r a t i o n s  o f  3 . 6 0 %  w / v  a n d  1 . 8 0 %  w / v  s h o w e d  

d e c r e a s e s  i n  n i t r o g e n  c o n t e n t s .  T h e s e  b l o c k s  d e c r e a s e d  i n

n i t r o g e n  c o n t e n t  f r o m  0 . 6 %  a n d  0 . 3 4 %  r e s p e c t i v e l y  t o  0 . 2 3 %  . 

T h e  n i t r o g e n  c o n t e n t s  o f  c o n t r o l  b l o c k s  a n d  b l o c k s  o f  l o w e r

a m i n o  a c i d  c o n c e n t r a t i o n s  d i s p l a y e d  i n c r e a s e s  i n  n i t r o g e n  

d u r i n g  t h i s  p e r i o d .  A l l  b l o c k s  s h o w e d  a  r a p i d  i n c r e a s e  i n  

t h e  r a t e  o f  n i t r o g e n  ( 0 . 0 9 %  p e r  w e e k )  d u r i n g  t h e  p e r i o d  3 - 6  

w e e k s .  D u r i n g  t h e  p e r i o d  6 - 9  a n d  9 - 1 2  w e e k s ,  c o n t r o l  b l o c k s  

a n d  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d  c o n c e n t r a t i o n s  o f  0 . 4 5 %

w / v ,  0 . 9 0 %  w / v  a n d  1 . 8 0 %  w / v ,  d i s p l a y e d  b r o a d l y  s i m i l a r  n i t r o g e n  

v a l u e s .  H o w e v e r ,  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d  a t  c o n c e n 

t r a t i o n s  o f  3 . 6 0 %  w / v ,  s h o w e d  l a r g e  n i t r o g e n  i n c r e a s e s  f r o m  

0 . 2 3 %  t o  0 . 5 5 %  d u r i n g  t h e  p e r i o d  w e e k  3 - 6 .  T h e  n i t r o g e n  c o n t e n t  

o f  t h e s e  b l o c k s  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  o v e r  t h e  n e x t  

t w o  s a m p l i n g  p e r i o d s .  T h e  f i n a l  n i t r o g e n  c o n t e n t  o f  t h e  b l o c k s  

r a n g e d  f r o m  0 . 4 9 %  f o r  c o n t r o l s  t o  0 . 5 8 %  f o r  b l o c k s  i m p r e g n a t e d  

w i t h  a m i n o  a c i d .
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Pine

T h e  e f f e c t s  o f  a d d e d  s o l u b l e  c a r b o h y d r a t e s  a n d  a m i n o  a c i d s  

o n  w e i g h t  l o s s e s  i n  p i n e  a r e  p r e s e n t e d  i n  F i g u r e  3 . 4 2  a n d  

3 . 4 4 .  I n  t h e  s t u d y  u s i n g  c a r b o h y d r a t e s  ( F i g  3 . 4 2 a ) ,  a l l  b l o c k s  

d i s p l a y e d  b r o a d l y  s i m i l a r  w e i g h t  l o s s e s  o v e r  t h e  d u r a t i o n  

o f  t h e  s o i l  b u r i a l .  B l o c k s  i m p r e g n a t e d  w i t h  v a r y i n g  c o n c e n 

t r a t i o n s  o f  s u g a r  s h o w e d  l i t t l e  i n f l u e n c e  o n  d e c a y  i n

p i n e .  W e i g h t  l o s s e s  o f  t h e s e  b l o c k s  i n c r e a s e d  a t  a p p r o x i m a t e l y  

t h e  sa m e  r a t e  (2 % )  e a c h  w e e k  b e t w e e n  w e e k s  6 - 1 2  o f  t h e  s o i l  

b u r i a l .  B l o c k s  d i s p l a y e d  w e i g h t  l o s s e s  o f  a p p r o x i m a t e l y  14%  

a t  t h e  f i n a l  s a m p l i n g  p e r i o d .

W e i g h t  l o s s e s  e v a l u a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k s  

a n d  w e i g h t  o f  s u g a r  a f t e r  i m p r e g n a t i o n  ( F i g  3 . 4 2 b ) ,  d i s p l a y e d  

d i f f e r e n c e s  i n  w e i g h t  l o s s  b e t w e e n  c o n t r o l  b l o c k s  a n d  b l o c k s  

i m p r e g n a t e d  w i t h  s u g a r .  T h e s e  d i f f e r e n c e s  i n  w e i g h t  l o s s e s  

c o r r e s p o n d e d  a p p r o x i m a t e l y  t o  t h e  w e i g h t  i n c r e m e n t s  a s  a  r e s u l t  

o f  t h e  w e i g h t  o f  s u g a r .  B l o c k s  i m p r e g n a t e d  w i t h  s u g a r  d i s p l a y e d  

l a r g e  w e i g h t  l o s s e s  i n  t h e  f i n a l  s a m p l i n g  p e r i o d ,  w i t h  b l o c k s  

o f  1% w / w  s u g a r  d i s p l a y i n g  a  w e i g h t  l o s s  o f  1 6 % , b l o c k s  o f  

3% w / w  a n d  5% w / w  s u g a r  d i s p l a y i n g  w e i g h t  l o s s e s  o f  1 7 % , a n d  

b l o c k s  o f  7% w / w  s u g a r  d i s p l a y e d  a  w e i g h t  l o s s  o f  1 9 % . C o n t r o l  

b l o c k s  d i s p l a y e d  s i m i l a r  w e i g h t  l o s s e s  ( 1 4 % )  t o  t h o s e  d e s c r i b e d  

f o r  F i g u r e  3 . 4 2 a .

I n  t h e  s t u d y  w i t h  a m i n o  a c i d s ,  b o t h  c o n t r o l  a n d  a m i n o  a c i d  

b l o c k s  d i s p l a y e d  w e i g h t  l o s s e s  o f  4% d u r i n g  w e e k  6  o f  t h e  

s o i l  b u r i a l  ( F i g  3 . 4 4 ) .  I n  t h e  p e r i o d  w e e k s  6 - 9 ,  b l o c k s  s h o w e d  

a n  i n c r e a s e  i n  w e i g h t  l o s s  f r o m  4% t o  b e t w e e n  7 - 1 0 % .  W e i g h t

l o s s e s  c o n t i n u e d  t o  i n c r e a s e ,  w i t h  a m i n o  a c i d  b l o c k s  o f  1 . 8 0 %  

w / v  a n d  3 . 6 0 %  w / v ,  d i s p l a y i n g  w e i g h t  l o s s e s  o f  12%  a t  w e e k  

1 2 .  C o n t r o l  b l o c k s  a n d  t h e  r e m a i n i n g  a m i n o  a c i d  b l o c k s  ( 0 . 4 5 %  

w / v  a n d  0 . 9 0 %  w / v ) ,  d i s p l a y e d  b r o a d l y  s i m i l a r  w e i g h t  l o s s e s

o f  14% f o r  t h e  sa m e  p e r i o d .  2 - w a y  a n a l y s i s  o f  v a r i a n c e  u n d e r 

t a k e n  s h o w e d  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  d i d  n o t  e x i s t  i n  

t h e  w e i g h t  l o s s e s  o f  c o n t r o l  b l o c k s  a n d  a m i n o  a c i d  b l o c k s  

o v e r  t h e  1 2  w e e k  s o i l  b u r i a l .

T h e  i n f l u e n c e  o f  a d d e d  s o l u b l e  c a r b o h y d r a t e s  o n  n i t r o g e n  t r a n s f e r  

i n  p i n e  i s  p r e s e n t e d  i n  F i g u r e  3 . 4 3 .  F i g u r e  3 . 4 3 a  d e s c r i b e s  

n i t r o g e n  c o n t e n t s  i n  b l o c k s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  

w e i g h t  o f  t h e  b l o c k ,  a n d  F i g u r e  3 . 4 3 b  d e s c r i b e s  n i t r o g e n

c o n t e n t s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k  a n d



B o t h  m e t h o d s  o f  e v a l u a t i o n  d i s p l a y e d  s i m i l a r  t r e n d s  o f  n i t r o g e n  

t r a n s f e r  o v e r  t h e  d u r a t i o n  o f  t h e  b u r i a l .  T h e  o v e r a l l  p a t t e r n  

s h o w e d  b l o c k s  o f  a l l  t r e a t m e n t s  d i s p l a y i n g  s i m i l a r  n i t r o g e n  

v a l u e s  d u r i n g  e a c h  s a m p l i n g  p e r i o d .

T h e  i n i t i a l  n i t r o g e n  c o n t e n t s  o f  ~ b l o c k s  p r i o r  t o  s o i l  

b u r i a l ,  v a r i e d  f r o m  0 . 1 4 %  t o  0 . 1 9 % .  D u r i n g  t h e  p e r i o d  w e e k s  

0 t o  3 ,  n i t r o g e n  c o n t e n t s  o f  t h e s e  b l o c k s  i n c r e a s e d  t o  0 . 2 % .  

T h e s e  n i t r o g e n  i n c r e a s e s  w e r e  n o t  a c c o m p a n i e d  b y  w e i g h t  l o s s e s .  

T h e  r a t e  o f  n i t r o g e n  i n c r e a s e s  i n  t h e  b l o c k s  c o n t i n u e d  a t  

t h e  sa m e  r a t e  ( 0 . 0 2 %  p e r  w e e k ) ,  o v e r  t h e  p e r i o d  w e e k s  3  t o

6 .  T h e s e  r a t e s  i n c r e a s e d  f u r t h e r  t o  0 . 0 5 %  p e r  w e e k  d u r i n g  

t h e  w e e k s  6 t o  9 ,  w i t h  c o n t r o l  b l o c k s  a n d  b l o c k s  i m p r e g n a t e d  

w i t h  s u g a r  d i s p l a y i n g  n i t r o g e n  v a l u e s  o f  a r o u n d  0 . 4 3 % .  D u r i n g  

w e e k s  9  t o  1 2 ,  n i t r o g e n  c o n t e n t s  o f  t h e  b l o c k s  d e c r e a s e d  t o  

0 . 3 3 % .  D e c r e a s e s  i n  n i t r o g e n  c o n t e n t s  o f  t h e  b l o c k s  d u r i n g  

t h e  f i n a l  s a m p l i n g  i n t e r v a l  w e r e  a l s o  o b s e r v e d  i n  t h e  h a r d w o o d s .

T h e  i n f l u e n c e  o f  a d d e d  s o l u b l e  a m i n o  a c i d s  o n  n i t r o g e n  t r a n s f e r  

i n  p i n e  i s  p r e s e n t e d  i n  F i g u r e  3 . 4 4 .  B l o c k s  i m p r e g n a t e d  w i t h  

a m i n o  a c i d s  s h o w e d  d e c r e a s e s  i n  n i t r o g e n  c o n t e n t s  d u r i n g  t h e

p e r i o d  0  t o  3  w e e k s .  T h e  l o s s e s  i n  n i t r o g e n  c o n t e n t s  i n  t h e s e

b l o c k s  w e r e  l a r g e s t  i n  t h e  b l o c k s  i m p r e g n a t e d  w i t h  t h e  h i g h e r

a m i n o  a c i d  c o n c e n t r a t i o n s .  T h e  n i t r o g e n  c o n t e n t s  o f  t h e s e  

b l o c k s  w e r e  r e d u c e d  b y  60% a n d  80%  o f  t h e i r  n i t r o g e n  v a l u e s

o b t a i n e d  a f t e r  i m p r e g n a t i o n .  O v e r  t h e  sam e p e r i o d ,  i . e .  w e e k s  

0 - 3 ,  c o n t r o l  b l o c k s  s h o w e d  s m a l l  i n c r e a s e s  f r o m  0 . 1 0 %  t o  0 . 1 2 % .  

N i t r o g e n  c o n t e n t s  o f  b l o c k s  w h i c h  w e r e  b e l o w  0 . 2 %  d u r i n g  w e e k s  

0 t o  3 ,  r o s e  t o  0 . 2 %  a n d  0 . 2 5 %  d u r i n g  w e e k s  3  t o  6 .  D u r i n g  

w e e k s  6  t o  9 ,  b l o c k s  s h o w e d  a n  i n c r e a s e  i n  n i t r o g e n  c o n t e n t  

f r o m  0 . 2 %  a n d  0 . 2 5 %  t o  0 . 4 3 % .  D u r i n g  t h e  f i n a l  s a m p l i n g  p e r i o d ,  

t h e  n i t r o g e n  c o n t e n t s  o f  t h e  b l o c k s  d e c r e a s e d  t o  b e t w e e n  0 . 3 2 %  

a n d  0 . 3 8 % .  I n  g e n e r a l ,  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d s  

d i s p l a y e d  b r o a d l y  s i m i l a r  n i t r o g e n  c o n t e n t s  t o  b l o c k s  i m p r e g n a t e d  

w i t h  s u g a r  a f t e r  s o i l  b u r i a l .
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F i g  3 . 4 2  W e i g h t  l o s s e s  i n  p i n e  i m p r e g n a t e d  w i t h  s u g a r s ,  a f t e r  b u r i a l  i n  s o i l  f o r  t h e  t i m e  p e r i o d s  i n d i c a t e d

( a )  % W e ig h t  l o s s e s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k .

( b )  % W e ig h t  l o s s e s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k  a n d  w e i g h t  o f  s u g a r .



%\litrogen

F i g  3 . 4 3  T o t a l  n i t r o g e n  c o n t e n t s  i n  p i n e  i m p r e g n a t e d  w i t h  s u g a r s ,  a f t e r  b u r i a l  i n  s o i l  f o r  t h e  t i m e  p e r i o d s  

i n d i c a t e d .

( a )  % N i t r o g e n  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k .

( b )  % N i t r o g e n  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k  a n d  w e i g h t  o f  s u g a r .
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3 . 4 4  W e i g h t  l o s s e s  a n d  t o t a l  n i t r o g e n  c o n t e n t s  i n  p i n e  i m p r e g n a t e d  w i t h  a m i n o  a c i d s ,  a f t e r  b u r i a l  i n  s o i l  

f o r  t h e  t i m e  p e r i o d s  i n d i c a t e d .



d) Spruce

R e s u l t s  o f  t h e  e f f e c t  o f  a d d e d  s o l u b l e  c a r b o h y d r a t e s  o n  t h e  

w e i g h t  l o s s  a n d  t r a n s f e r  i n  s p r u c e  i s  p r e s e n t e d  i n  F i g u r e  

3 . 4 5  a n d  F i g u r e  3 . 4 6  r e s p e c t i v e l y .  F i g u r e  3 . 4 5 a  d e s c r i b e s  

t h e  w e i g h t  l o s s e s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  

b l o c k ,  a n d  F i g u r e  3 . 4 5 b ,  t h e  w e i g h t  l o s s e s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  

w e i g h t  o f  t h e  b l o c k  a n d  w e i g h t  o f  s u g a r  a f t e r  i m p r e g n a t i o n .

S i m i l a r i t i e s  w e r e  o b s e r v e d  i n  t h e  r e s u l t s  f r o m  t h e  c a r b o h y d r a t e

s t u d y  a n d  t h e  a m i n o  a c i d  s t u d y  o f  b o t h  s p r u c e  a n d  p i n e .  B o t h

w o o d s  d i s p l a y e d  s i m i l a r  w e i g h t  l o s s e s  i n  t h e s e  s t u d i e s ,  a n d

w e i g h t  l o s s e s  i n  t h e s e  w o o d s  w e r e  n o t  o b s e r v e d  u n t i l  3  w e e k s

a f t e r  s o i l  b u r i a l .  I n  s p r u c e ,  a s  w a s  i n  p i n e ,  t h e  i n c o r p o r a t i o n

o f  s u g a r  o f  v a r y i n g  c o n c e n t r a t i o n s  i n t o  t e s t  b l o c k s  s h o w e d

l i t t l e  i n f l u e n c e  o n  w e i g h t  l o s s e s  i n  t h e s e  b l o c k s .  A  s i m i l a r

r e s u l t  w a s  a l s o  o b s e r v e d  w i t h  t h e  a m i n o  a c i d  b l o c k s  i n  t h e

s t u d y  w i t h  a m i n o  a c i d s .  D u r i n g  t h e  f i n a l  s a m p l i n g  p e r i o d s

( w e e k  1 2 ) ,  c o n t r o l  b l o c k s  a n d  b l o c k s  i m p r e g n a t e d  w i t h  s u g a r

d i s p l a y e d  b r o a d l y  s i m i l a r  w e i g h t  l o s s e s  o f  1 4 % , t h e  s a m e  a s
on

t h a t  i n  p i n e ,  w h e n  c a l c u l a t e d ^ t h e  p r e b u r i a l  w e i g h t  o f  t h e  

b l o c k s .  I n  t h e  e v a l u a t i o n  o f  w e i g h t  l o s s e s  b a s e d  o n  t h e  p r e b u r i a l  

w e i g h t  o f  t h e  b l o c k  a n d  t h e  w e i g h t  o f  a d d e d  s u g a r ,  w e i g h t  

l o s s e s  o f  c o n t r o l  b l o c k s  w e r e  o b s e r v e d  t o  b e  l o w e r  t h a n  t h o s e  

o f  t h e  b l o c k s  i m p r e g n a t e d  w i t h  s u g a r .  T h e  d i s p a r i t y  i n  t h e  

w e i g h t  l o s s e s  b e t w e e n  c o n t r o l  b l o c k s  a n d  s u g a r  b l o c k s  w e r e  

c o n s i s t a n t  w i t h  t h e  i n c r e a s e  i n  t h e  b l o c k  w e i g h t  r e s u l t i n g  

f r o m  t h e  w e i g h t  o f  t h e  s u g a r  i n c o r p o r a t e d  i n t o  t h e  b l o c k .

I n  t h e  s t u d y  w i t h  a m i n o  a c i d s ,  c o n t r o l  b l o c k s  a n d  a m i n o  a c i d -  

b l o c k s  d i s p l a y e d  b r o a d l y  s i m i l a r  w e i g h t  l o s s e s  ( 3 - 4 % )  d u r i n g  

w e e k  6  o f  t h e  s o i l  b u r i a l .  A t  w e e k s  9  a n d  1 2 ,  c o n t r o l  b l o c k s  

a n d  a m i n o  a c i d  b l o c k s  o f  0 . 4 5 %  w / v ,  d i s p l a y e d  l o w e r  w e i g h t  

l o s s e s  t h a n  t h o s e  o f  h i g h e r  a m i n o  a c i d  c o n c e n t r a t i o n s .  S t a t i s t i c a l  

a n a l y s i s  ( 2 - A N O V A )  u n d e r t a k e n  t o  c o m p a r e  d i f f e r e n c e s  i n  w e i g h t  

l o s s  o f  c o n t r o l  b l o c k s  a n d  a m i n o  a c i d  b l o c k s ,  s h o w e d  t h a t  

s i g n i f i c a n t  d i f f e r e n c e s  d i d  n o t  e x i s t  a t  t h e  5% l e v e l .

I n  t h e  s t u d y  w i t h  c a r b o h y d r a t e s , t h e  i n i t i a l  n i t r o g e n  c o n t e n t s  

o f  t h e  b l o c k s  w e r e  r e l a t i v e l y  h i g h  f o r  b l o c k s  r e m o v e d  f r o m  

t h e  s u b - s u r f a c e  r e g i o n s  o f  t h e  w o o d  ( F i g  3 . 4 6 ) .  T h e  n i t r o g e n  

c o n t e n t s  o f  t h e s e  b l o c k s  h o w e v e r  i n c r e a s e d  f u r t h e r  o v e r  t h e  

d u r a t i o n  o f  t h e  s o i l  b u r i a l .

I ll5



D u r i n g  t h e  p e r i o d  w e e k s  0  t o  3 ,  a n d  w e e k s  3  t o  6 ,  a l l  b l o c k s  

s h o w e d  a  s m a l l  r a t e  o f  i n c r e a s e  i n  n i t r o g e n  c o n t e n t  o f  0 . 0 1 %  

p e r  w e e k .  I n  t h e  p e r i o d  w e e k s  6 - 9 ,  t h e r e  w a s  a  m a r k e d  i n c r e a s e  

i n  t h e  r a t e  o f  n i t r o g e n  i n p u t  ( 0 . 0 7 %  p e r  w e e k ) ,  w i t h  b l o c k s  

d i s p l a y i n g  b r o a d l y  s i m i l a r  n i t r o g e n  c o n t e n t s  o f  a r o u n d  0 . 4 5 % .

N i t r o g e n  c o n t e n t s  o f  t h e  c o n t r o l  b l o c k s  a n d  t h e  s u g a r  b l o c k s  

d u r i n g  t h e  f i n a l  s a m p l i n g  p e r i o d  d e c r e a s e d  t o  0 . 4 3 % .  I n  

g e n e r a l ,  t h e  o v e r a l l  n i t r o g e n  c o n t e n t s  i n  s p r u c e  i n  t h e  c a r b o h 

y d r a t e  s t u d y  w e r e  h i g h e r  t h a n  t h o s e  i n  p i n e  i n  a  s i m i l a r  s t u d y ,  

t h o u g h  w e i g h t  l o s s e s  f o r  b o t h  w o o d s  i n  t h e s e  s t u d i e s  w e r e  

b r o a d l y  s i m i l a r .

I n  t h e  s t u d y  w i t h  a m i n o  a c i d s ,  n i t r o g e n  c o n t e n t s  o f  c o n t r o l  

b l o c k s  i n c r e a s e d  from 0 . 0 8 %  t o  0 . 1 6 %  d u r i n g  t h e  p e r i o d  0 - 3  

w e e k s  ( F i g  3 . 4 7 ) .  D u r i n g  t h e  sa m e  p e r i o d ,  b l o c k s  i m p r e g n a t e d  

w i t h  a m i n o  a c i d s  s h o w e d  a  d e c r e a s e  i n  n i t r o g e n  c o n t e n t  . 

T h e  d e c r e a s e  i n  n i t r o g e n  w a s  l a r g e s t  i n  b l o c k s  w i t h  h i g h e r  

a m i n o  a c i d  c o n c e n t r a t i o n s .  N i t r o g e n  c o n t e n t s  o f  t h e s e  b l o c k s  

d e c r e a s e d  f r o m  1% , 0 . 5 %  a n d  0 . 4 2 %  t o  0 . 2 3 %  d u r i n g  t h e  i n i t i a l

s t a g e s  o f  t h e  b u r i a l .  A l l  b l o c k s  d i s p l a y e d  a  g r a d u a l  i n c r e a s e  

i n  n i t r o g e n  c o n t e n t s  d u r i n g  t h e  n e x t  s a m p l i n g  i n t e r v a l  ( w e e k s  

3 t o  6 ) .  D u r i n g  t h e  p e r i o d  w e e k s  3 - 6 ,  a n d  w e e k s  6 - 9 ,  

i n c r e a s e s  i n  n i t r o g e n  c o n t e n t s  w e r e  a c c o m p a n i e d  b y  w e i g h t  

l o s s e s .  W e i g h t  l o s s e s  c o n t i n u e d  t o  i n c r e a s e  d u r i n g  w e e k s  

9 t o  1 2 ,  b u t  n i t r o g e n  c o n t e n t s  o f  t h e  b l o c k s  d e c r e a s e d  t o  

b e t w e e n  0 . 3 3 %  t o  0 . 4 3 % .  N i t r o g e n  c o n t e n t s  o f  s p r u c e  i n  t h i s

s t u d y  w e r e  s i m i l a r  t o  t h o s e  o f  p i n e  f o r  a  s i m i l a r  s t u d y .
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^W e ig h t  l o s s  

(b )  ,

20

g 3 . 4 5  W e i g h t  l o s s e s  i n  s p r u c e  i m p r e g n a t e d  w i t h  s u g a r s ,  a f t e r  b u r i a l  i n  s o i l  f o r  t h e  t i m e  p e r i o d s  i n d i c a t e d

( a )  % N i t r o g e n  l o s s e s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k .

( b )  % N i t r o g e n  l o s s e s  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  b l o c k s  a n d  w e i g h t  o f  s u g a r .



%\litrogen

F i g  3 . 4 6  T o t a l  n i t r o g e n  c o n t e n t s  i n  s p r u c e  i m p r e g n a t e d  w i t h  s u g a r s ,  a f t e r  b u r i a l  i n  s o i l  f o r  t h e  t i m e  p e r i o d s  

i n d i c a t e d .

( a )  % N i t r o g e n  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k .

( b )  % N i t r o g e n  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k  a n d  w e i g h t  o f  s u g a r .
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B u r i a l  p e r io d

12 weeks

3 . 4 ” !  W e i g h t  l o s s e s  a n d  t o t a l  n i t r o g e n  c o n t e n t s  i n  s p r u c e  i m p r e g n a t e d  w i t h  a m i n o  a c i d s ,  a f t e r  b u r i a l  i n  s o i l  

f o r  t h e  t i m e  p e r i o d s  i n d i c a t e d .



T h e  l o s s  o f  a m i n o  a c i d s  f r o m  b l o c k s  i m p r e g n a t e d  w i t h  

a m i n o  a c i d s  a f t e r  s o i l  b u r i a l .

3 . 2 . . 1  .2 ..

R e s u l t s  f r o m  t h e  p r e v i o u s  e x p e r i m e n t s  s h o w e d  t h a t  b l o c k s  i m p r e g n a t e d  

w i t h  a m i n o  a c i d s  d i s p l a y e d  l o s s e s  i n  n i t r o g e n  d u r i n g  t h e  i n i t i a l  

s t a g e s  o f  t h e  s o i l  b u r i a l .  A  s u p p l e m e n t a r y  e x p e r i m e n t  w a s  u n d e r t a k e n  

t o  i n v e s t i g a t e  h ow  s o o n  a f t e r  e m p l a c e m e n t  o f  t h e  w o o d  b l o c k s  i n  

s o i l ,  t h e  a d d e d  a m i n o  a c i d s  w e r e  l o s t  t o  t h e  s o i l  s y s t e m .  

P i n e  w a s  s e l e c t e d  a s  a  t e s t  s p e c i e s ,  a n d  b l o c k s  o f  p i n e  c o n t a i n i n g  

r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s ^  w e r e  a l s o  i n c l u d e d  i n  t h e  e x p e r i m e n t  

a s  b l o c k s  w i t h  h i g h  i n i t i a l  n i t r o g e n  c o n t e n t s ^  r e s u l t i n g  f r o m  t h e  

r e d i s t r i b u t i o n  o f  . s o l u b l e  n u t r i e n t s  d u r i n g  d r y i n g .  P i n e  b l o c k s  

w i t h o u t  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  w e r e  i n c l u d e d  a s  c o n t r o l s .  

B l o c k s  i m p r e g n a t e d  w i t h  a r g i n i n e  (so  a s  t o  a c h i e v e  h i g h  n i t r o g e n  

l e v e l s ) ,  a n d  b l o c k s  c o n t a i n i n g  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s ,  w e r e  

b u r i e d  a t  1 00 %  m o i s t u r e  c o n t e n t  a n d  a l s o  i n  a n  a i r - d r i e d  c o n d i t i o n .

T h e  w e i g h t  l o s s e s  a n d  n i t r o g e n  c o n t e n t s  o b t a i n e d  i n  t h i s  e x p e r i m e n t  

a r e  p r e s e n t e d  i n  F i g u r e  3 . 4 8 .  T h e  m o i s t u r e  c o n t e n t s  o f  t h e  b l o c k s  

w e r e  40%  a n d  70% f o r  b l o c k s  b u r i e d  a i r  d r y  a n d  a t  1 0 0 %  m o i s t u r e  

c o n t e n t  r e s p e c t i v e l y ,  o v e r  t h e  t w e l v e  d a y  b u r i a l  p e r i o d .  W e i g h t  

l o s s e s  o f  a l l  t h e  b l o c k s  w e r e  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  

o f  t h e  b l o c k .

W e i g h t  l o s s e s  e v a l u a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  t h e  b l o c k  w e r e  

n o t  s i g n i f i c a n t  ( < 3 % )  i n  a n y  o f  t h e  t e s t  b l o c k s  o v e r  t h e  d u r a t i o n  

o f  t h e  e x p e r i m e n t .  C o n t r o l  b l o c k s  s h o w e d  w e i g h t  l o s s e s  o f  <  1% 

a n d  b l o c k s  i n c o r p o r a t e d  w i t h  a r g i n i n e  s h o w e d  n o  w e i g h t  l o s s e s  a f t e r  

t h e  f i n a l  s a m p l i n g  p e r i o d .  B l o c k s  w i t h  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  

d i s p l a y e d  s m a l l  w e i g h t  l o s s e s  o v e r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t  

t h o u g h  t h e s e  w e i g h t  l o s s e s  d i d  n o t  e x c e e d  3% . D i f f e r e n c e s  i n  m a s s  

l o s s  o f  b l o c k s  b u r i e d  a t  1 00%  m o i s t u r e  c o n t e n t  a n d  b u r i e d  a i r  d r i e d ,  

w e r e  s m a l l  i n  b l o c k s  c o n t a i n i n g  r e d i s t r i 

b u t e d  s o l u b l e  n u t r i e n t s .

T h e  n i t r o g e n  c o n t e n t  o f  t h e  c o n t r o l  b l o c k s  s h o w e d  a  g r a d u a l  i n c r e a s e  

f r o m  0 . 0 8 %  t o  0 . 1 2 %  o v e r  t h e  1 2  d a y  s o i l  b u r i a l  e x p e r i m e n t .  B l o c k s  

w i t h  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  d i s p l a y e d  h i g h e r  i n i t i a l  n i t r o g e n  

c o n t e n t s  ( 0 . 1 3 % )  t o  c o n t r o l s ^  a n d  t h e  n i t r o g e n  c o n t e n t s  o f  t h e s e  

b l o c k s  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  o v e r  t h e  s o i l  b u r i a l  p e r i o d .  

B o t h  c o n t r o l  b l o c k s  a n d  b l o c k s  c o n t a i n i n g  r e d i s t r i b u t e d

s o l u b l e  n u t r i e n t s  d i s p l a y e d  s i m i l a r  n i t r o g e n  c o n t e n t s  a t  t h e  f i n a l  

s a m p l i n g  p e r i o d .

150



H o w e v e r ,  t h e  n i t r o g e n  c o n t e n t s  i n  b l o c k s  w i t h  r e d i s t r i b u t e d

s o l u b l e  n u t r i e n t s  w e r e  a c c o m p a n i e d  b y  s m a l l  m a s s  l o s s e s  w h i c h  w e r e  

n o t  o b s e r v e d  i n  t h e  c o n t r o l  b l o c k s .  B l o c k s  c o n t a i n i n g  r e d i s t r i b u t e d  

s o l u b l e  n u t r i e n t s  b u r i e d  a i r  d r y  a n d  a t  1 00 %  m o i s t u r e  c o n t e n t ,  

s h o w e d  s i m i l a r  n i t r o g e n  l e v e l s  t h r o u g h o u t  t h e  e x p e r i m e n t .

B l o c k s  i m p r e g n a t e d  w i t h  a r g i n i n e  b o t h  a t  1 00%  m o i s t u r e  c o n t e n t  

a n d  a i r  d r y  d i s p l a y e d  s i m i l a r  p a t t e r n s  i n  n i t r o g e n  c o n t e n t s  i n  t h i s  

e x p e r i m e n t .  T h e s e  b l o c k s  s h o w e d  a  d e c r e a s e  i n  n i t r o g e n  c o n t e n t s

f r o m  0 . 8 %  t o  0 . 2 7 %  d u r i n g  t h e  i n i t i a l  s t a g e s  ( d a y s  0 - 4 )  o f  t h i s

e x p e r i m e n t .  T h i s  d e c r e a s e  c o n t i n u e d  a n d  n i t r o g e n  l e v e l s  f e l l  t o  

0 . 1 9 %  a f t e r  8  d a y s .  T h e  l o s s  o f  n i t r o g e n  f r o m  t h e  b l o c k s  d u r i n g  

t h i s  s t a g e  w a s  66% o f  t h e  i n i t i a l  i n p u t  a t  z e r o  t i m e .  T h i s  l o s s

o f  n i t r o g e n  c o r r e s p o n d s  t o  t h e  l o s s  o f  n i t r o g e n  f r o m  t h e  b l o c k s  

i m p r e g n a t e d  w i t h  a m i n o  a c i d s  ( 1 . 8 0 %  w / v )  i n  t h e  a m i n o  a c i d  s t u d y  

o f  p i n e  ( 3 . 2 . 1 . 1 b ) .  T h e  n i t r o g e n  c o n t e n t s  o f  t h e  b l o c k s  r e m a i n e d

f a i r l y  c o n s t a n t  o v e r  t h e  n e x t  s a m p l i n g  p e r i o d .  T h e  s o i l  b u r i a l  

w a s  o n l y  u n d e r t a k e n  f o r  1 2  d a y s ,  a s  r e s u l t s  h a d  i n d i c a t e d  t h a t  t h e

m a j o r i t y  o f  t h e  a m i n o  a c i d s  i n c o r p o r a t e d  i n t o  t h e  b l o c k s  h a d  l e a c h e d  

o u t  b y  t h i s  s t a g e .

151



^Weight Loss %\litrogen

F ig  3 .48  Weight lo s se s  and t o ta l  n itrogen  contents in  pine impregnated w ith  a rg in in e , and pine co n ta in in g
re d is t r ib u te d  so lu b le  n u tr ie n ts  (RSN), a f t e r  b u r ia l  in  s o i l  fo r  the time periods in d ic a te d .



C o nclusio ns

T h e  c o n c l u s i o n s  d r a w n  f r o m  t h e  s o i l  b u r i a l  s t u d i e s  o f  u n p r e s e r v e d

w o o d  w e r e :

1 )  d e c a y  s u s c e p t i b i l i t y  o f  h a r d w o o d s  a n d  s o f t w o o d s  w e r e  n o t  i n f 

l u e n c e d  b y  t h e  i n c o r p o r a t i o n  o f  s o l u b l e  c a r b o h y d r a t e s  a n d  

a m i n o  a c i d s  t o  t h e s e  w o o d s ,

2 )  m i x t u r e s  o f  a m i n o  a c i d s  a n d  s u g a r s  i m p r e g n a t e d  i n t o  l i m e  t e s t  

b l o c k s  d i d  n o t  i n f l u e n c e  t h e  d e c a y  s t a t u s  o r  n i t r o g e n  t r a n s f e r  

t o  t h e s e  b l o c k s ,

3 )  n i t r o g e n  c o n t e n t s  o f  w o o d  i n c r e a s e d  a s  m a s s  l o s s  i n c r e a s e d ,  

h o w e v e r  a  l e v e l  o f  n i t r o g e n  o f  a p p r o x i m a t e l y  0 . 2 0 %  w a s  n e c e s s a r y  

b e f o r e  s i g n i f i c a n t  m a s s  l o s s  o c c u r r e d ,

4 )  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d s  s h o w e d  l o s s e s  ( a s  s e e n  

b y  a  d e c r e a s e  i n  t o t a l  n i t r o g e n  c o n t e n t )  d u r i n g  t h e  e a r l y  

s t a g e s  o f  t h e  s o i l  b u r i a l .  L o s s e s  o f  c a r b o h y d r a t e s  i n  a  s i m i l a r  

m a n n e r  a r e  t h o u g h t  t o  o c c u r ,  t h o u g h  t h i s  w a s  n o t  i n v e s t i g a t e d ,

5 )  b l o c k s  c o n t a i n i n g  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  d i d  n o t  

s h o w  l o s s e s  o f  t h e s e  n u t r i e n t s  d u r i n g  t h e  e a r l y  s t a g e s  o fH *i
t h e  s o i l  b u r i a l .  T h i s  s u g g e s t s  t h a t  so m e  f o r m  o f  b i n d i n g  

o f  t h e s e  n u t r i e n t s  t o  w o o d  s u r f a c e s  e x i s t s .
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3 .2 .2 . S tu d ie s  using  p re se rv a t iv e  tre a te d  wood.

T h e  r e s u l t s  o f  t h e  s o i l  b u r i a l  s t u d i e s  u n d e r t a k e n  t o  d e t e r m i n e  

t h e  i n f l u e n c e  o f  a m i n o  a c i d s  o n  d e c a y  a n d  p r e s e r v a t i v e  p e r f o r m a n c e  

i n  CCA t r e a t e d  t e s t  b l o c k s  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n .  P r e v i o u s  

s t u d i e s  s h o w e d  t h a t  u n p r e s e r v e d  w o o d  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  

a c i d s  ( 3 . 2 . 1 . 1 . ) ,  d i s p l a y e d  l o s s e s  o f  a m i n o  a c i d s  t o  s o i l  d u r i n g  

b u r i a l .  A  p r e l i m i n a r y  s t u d y  w a s  t h e r e f o r e  u n d e r t a k e n  w i t h  CCA  

t r e a t e d  l i m e  b l o c k s  i m p r e g n a t e d  w i t h  a r g i n i n e .  . L im e  w a s  s e l e c t e d  

a s  a  t e s t  s p e c i e s  a s  i t  w a s  m o r e  d e c a y  s u s c e p t i b l e  t h a n  b e e c h ,

p i n e  a n d  s p r u c e ,  a n d  a r g i n i n e  w a s  s e l e c t e d  a s  i t  i s  a n  a m i n o  a c i d  

w i t h  a  h i g h e r  n i t r o g e n  c o n t e n t ,  a n d  i s  a l s o  a  m a j o r  a m i n o  a c i d  c o m p o n e n t  

i n  e x t r a c t s  o f  l i m e .  Wood b l o c k s  i n  t h i s  s t u d y  w e r e  b u r i e d  a t  

1 00 %  m o i s t u r e  c o n t e n t .

T h e  r e s u l t s  o f  t h i s  e x p l o r a t o r y  s t u d y  s h o w e d  t h a t  w h e n  a r g i n i n e  

w a s  i n c o r p o r a t e d  i n t o  CCA t r e a t e d  b l o c k s ,  d e c a y  a n d  p r e s e r v a t i v e

e f f i c a c y  i n  t h e  b l o c k s  w e r e  i n f l u e n c e d .  A  s e c o n d  s o i l  b u r i a l  

s t u d y ,  s i m i l a r  t o  t h e  p r e l i m i n a r y  s t u d y ,  w a s  u n d e r t a k e n  f o r  a  m o r e  

d e t a i l e d  i n v e s t i g a t i o n  i n t o  t h e  i n f l u e n c e  o f  a m i n o  a c i d s  i n  p r e s e r 

v a t i v e  t r e a t e d  w o o d .  F o r  t h i s  s t u d y ,  t h e  o t h e r  m a j o r  a m i n o  a c i d

g l u t a m i n e ,  f o u n d  i n  t h e  e x t r a c t s  o f  g r e e n  a n d  d r i e d  w o o d  ( 3 . 1 . 2 .  

a n d  3 . 1 . - 4 . )  w a s  u s e d  f o r  c o m p a r i s o n .  CCA t r e a t e d  l i m e ,  b e e c h ,  

p i n e  a n d  s p r u c e  w e r e  s e l e c t e d  a s  t e s t  s p e c i e s  f o r  t h i s  e x p e r i m e n t .

C o n c u r r e n t  w i t h  t h i s  i n v e s t i g a t i o n ,  a  s o i l  b u r i a l  s t u d y  w a s  a l s o  

u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  s o l u b l e  c a r b o h y d r a t e s

on CCA t r e a t e d  l i m e  a n d  p i n e .  L im e  w o o d  b l o c k s  w e r e  i m p r e g n a t e d  

w i t h  s u c r o s e ,  a n d  p i n e  w i t h  g l u c o s e ,  t o  o b t a i n  i n  b o t h  t y p e s  o f  

w o o d ,  s u g a r  c o n c e n t r a t i o n s  o f  0 . 5 %  w / w ,  1% w / w ,  2% w / w  a n d  4% w / w .  

A l l  t e s t  b l o c k s  i n  b o t h  t h e  g l u t a m i n e  a n d  s u g a r  s t u d i e s  w e r e  b u r i e d  

i n  a n  a i r - d r i e d  c o n d i t i o n .  T h i s  w a s  t o  a l l o w  c o m p a r i s o n  w i t h  p r e v i o u s  

s t u d i e s  u n d e r t a k e n  o n  CCA t r e a t e d  w o o d  a t  t h i s  l a b o r a t o r y  i n  w h i c h  

b l o c k s  w e r e  b u r i e d  a i r - d r y .

I n  t h e  s o i l  b u r i a l  s t u d i e s  i n  w h i c h  CCA t r e a t e d  b l o c k s  w e r e  i m p r e g 

n a t e d  w i t h  a m i n o  a c i d s ,  t h e  f o l l o w i n g  p a r a m e t e r s  w e r e  e x a m i n e d ;  

m o i s t u r e  c o n t e n t ,  w e i g h t  l o s s  a n d  n i t r o g e n  c o n t e n t .  W e i g h t  l o s s e s  

a n d  n i t r o g e n  c o n t e n t s  w e r e  c a l c u l a t e d  o n  t h e  p r e b u r i a l  w e i g h t  o f  

t h e  b l o c k  a n d  m o i s t u r e  c o n t e n t s  w e r e  b a s e d  o n  t h e  f i n a l  d r y  w e i g h t  

o f  t h e  b l o c k .  A n a l y s i s  o f  c o p p e r  a n d  c h r o m i u m  c o n t e n t s  w e r e  a l s o  

u n d e r t a k e n  i n  CCA t r e a t e d  b l o c k s  i m p r e g n a t e d  w i t h  g l u t a m i n e .



I n  t h e  s o i l  b u r i a l  s t u d i e s  w i t h  c a r b o h y d r a t e s , o n l y  w e i g h t  l o s s e s  

a n d  m o i s t u r e  c o n t e n t s  w e r e  m e a s u r e d .  T h e  t i m e  r e m a i n i n g  f o r  t h e  

e x p e r i m e n t a l  a n a l y s i s  w a s  i n s u f f i c i e n t  f o r  a  m o r e  d e t a i l e d  i n v e s t i 

g a t i o n  i n t o  t h i s  s t u d y .  A l s o ,  r e s u l t s  f r o m  t h i s  s t u d y  s h o w e d  t h a t

s o l u b l e  c a r b o h y d r a t e s  h a d  n o  e f f e c t  o n  d e c a y  o f  CCA t r e a t e d  l i m e

a n d  p i n e .

3-2L.2..J1, The influence of added soluble amino acids and carbohydrates on decay and preservative performances in CCA tr e ated hardwoods and softwoods.
T h e  r e s u l t s  s h o w e d  t h a t  b o t h  a m i n o  a c i d s  i n c o r p o r a t e d  i n t o  CCA  

t r e a t e d  b l o c k s  i n f l u e n c e d  d e c a y  i n  l i m e  ( F i g  3 . 5 2  a n d  3 . 5 3 ) .  C l e a r l y ,  

i n c r e a s i n g  w e i g h t  l o s s e s  w e r e  o b s e r v e d  w i t h  i n c r e a s i n g  a m i n o  a c i d

c o n c e n t r a t i o n s  i n  p r e s e r v e d  l i m e  b l o c k s ,  b u t  i n  b e e c h ,  w e i g h t  l o s s e s  

w e r e  b r o a d l y  s i m i l a r  i n  p r e s e r v e d  b l o c k s  o f  v a r y i n g  g l u t a m i n e  c o n 

c e n t r a t i o n s .  W e i g h t  l o s s e s  d i d  n o t  o c c u r  i n  p r e s e r v e d  p i n e  a n d

s p r u c e  b l o c k s ,  b o t h  w i t h  a n d  w i t h o u t  g l u t a m i n e  i n c l u s i o n s ,  o v e r  

t h e  d u r a t i o n  o f  t h e  t w e l v e  w e e k  s o i l  b u r i a l  e x p e r i m e n t .

I n  t h e  s t u d i e s  w i t h  c a r b o h y d r a t e s , p r e s e r v e d  l i m e  b l o c k s ,  b o t h

w i t h  a n d  w i t h o u t  s u c r o s e  a d d i t i o n s ,  d i s p l a y e d  b r o a d l y  s i m i l a r  w e i g h t  

l o s s e s  o v e r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t  ( F i g  3 . 5 4 ) .  I n  p i n e ,

t h e  a d d i t i o n  o f  g l u c o s e  t o  p r e s e r v e d  w o o d  b l o c k s  f a i l e d  t o  i n f l u e n c e  

w e i g h t  l o s s  i n  t h e s e  s p e c i m e n s  ( F i g  3 . 5 7 ) .  P r e s e r v e d  b l o c k s  o f

p i n e  w e r e  p r o t e c t e d  a t  t h e  s u b - t o x i c  l e v e l  o f  t h e  p r e s e r v a t i v e  

t r e a t m e n t  o v e r  t h e  t w e l v e  w e e k s  s o i l  b u r i a l .

I n  t h e  s t u d i e s  w i t h  CCA t r e a t e d  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d s ,  

l o s s  o f  b o t h  a m i n o  a c i d s  t o  t h e  s o i l  a f t e r  b u r i a l  w a s  o b s e r v e d

f o r  a l l  w o o d  s p e c i e s  t e s t e d .  T h e s e  l o s s e s  o f  a m i n o  a c i d s ,  n o t e d

b y  t h e  d e c r e a s e  i n  n i t r o g e n  c o n t e n t s  a f t e r  3  w e e k s  s o i l  b u r i a l ^

w e r e  a p p a r e n t  i n  a l l  t e s t  b l o c k s .  T h e  l o s s e s  w e r e  g r e a t e r  i n  t h e  

s o f t w o o d s  t h a n  i n  t h e  h a r d w o o d s ,  a n d  i n  e a c h  w o o d  s p e c i e s ,  l a r g e s t  

l o s s e s  o f  a m i n o  a c i d s  w e r e  o b s e r v e d  i n  b l o c k s  a t  t h e  h i g h e s t  t r e a t i n g  

c o n c e n t r a t i o n s  o f  a m i n o  a c i d .  I n  p i n e ,  t h e s e  l o s s e s  w e r e  75%  o f  

t h e  t o t a l  n i t r o g e n  c o n t e n t  p r i o r  t o  s o i l  b u r i a l ,  i n  s p r u c e  6 6 % y  

i n  b e e c h  5 4 % 3 a n d  i n  l i m e  50% . T h e  n i t r o g e n  c o n t e n t s  i n  b l o c k s  

i m p r e g n a t e d  w i t h  a m i n o  a c i d  c o n c e n t r a t i o n s  t o  a c h i e v e  t o t a l  n i t r o g e n  

c o n t e n t s  i n  t h e  b l o c k s  o f  0 .2 % ,  s h o w e d  b r o a d l y  s i m i l a r  n i t r o g e n  

l e v e l s  a f t e r  t h r e e  w e e k s  s o i l  b u r i a l .

155



I n  b o t h  h a r d w o o d s  a n d  s o f t w o o d s ,  n i t r o g e n  c o n t e n t s  o f

u n p r e s e r v e d  a n d  p r e s e r v e d  c o n t r o l  b l o c k s  i n c r e a s e d  d u r i n g  t h e  i n i t i a l  

s t a g e s  o f  s o i l  b u r i a l .  I n  t h e  h a r d w o o d s ,  t h e s e  n i t r o g e n  c o n t e n t s

w e r e  a b o v e  0 . 2 %  a n d  w e r e  a c c o m p a n i e d  b y  w e i g h t  l o s s e s ,  b u t  i n  t h e  

s o f t w o o d s ,  t h e  n i t r o g e n  c o n t e n t s  w e r e  b e l o w  0 . 2 %  a n d  n o  w e i g h t  

l o s s e s  w e r e  r e c o r d e d  i n  t h e s e  b l o c k s .

A l l  b l o c k s  r e g a r d l e s s  o f  i n i t i a l  t r e a t m e n t  s h o w e d  i n c r e a s e d  n i t r o g e n  

c o n t e n t s  a f t e r  t h r e e  w e e k s .  P r e s e r v e d  c o n t r o l  b l o c k s  o f  h a r d w o o d s  

d i s p l a y e d  l o w e r  n i t r o g e n  c o n t e n t s  t h a n  b o t h  u n p r e s e r v e d  b l o c k s  

a n d  p r e s e r v e d  b l o c k s  w i t h  a m i n o  a c i d s .  I n  t h e  s o f t w o o d s ,  n i t r o g e n

c o n t e n t s  o f  b o t h  ■ p r e s e r v e d  c o n t r o l s  a n d  p r e s e r v e d  b l o c k s  i m p r e g 

n a t e d  w i t h  a m i n o  a c i d s  w e r e  b r o a d l y  s i m i l a r  o v e r  t h e  d u r a t i o n  o f  

t h e  s o i l  b u r i a l .  I n  l i m e ,  b e e c h  a n d  p i n e ,  t h e  n i t r o g e n  c o n t e n t s  

o f  b l o c k s  i m p r e g n a t e d  w i t h  d i f f e r e n t  a m i n o  a c i d  c o n c e n t r a t i o n s  

w e r e  s e e n  t o  i n c r e a s e  d u r i n g  t h e  f i n a l  s a m p l i n g  p e r i o d  ( w e e k s  9 - 1 2 ) .  

S p r u c e  h o w e v e r ,  d i s p l a y e d  a  r e s u l t  s i m i l a r  t o  t h a t  o b s e r v e d  i n  

t h e  s t u d y  w i t h  a m i n o  a c i d s  d e s c r i b e d  i n  3 . 2 . 1 . 1 .  I n  t h e s e  s t u d i e s ,  

d e c r e a s e s  i n  n i t r o g e n  c o n t e n t s  w e r e  o b s e r v e d  d u r i n g  w e e k s  9 - 1 2  

f o r  a l l  t r e a t m e n t s  i n  t h e  f o u r  w o o d  s p e c i e s .

T h e  m o i s t u r e  c o n t e n t s  o f  t h e  b l o c k s  m e a s u r e d  o v e r  t h e  d u r a t i o n  

o f  t h e  e x p e r i m e n t  v a r i e d  w i t h  w o o d  t y p e  a n d  s a m p l i n g  t i m e .  U n p r e s e r v e d  

b l o c k s  o f  b o t h  h a r d w o o d s  a n d  s o f t w o o d s ,  a n d  p r e s e r v e d  b l o c k s  o f  

h a r d w o o d s  s h o w e d  i n c r e a s e d  m o i s t u r e  c o n t e n t s  a f t e r  t w e l v e  w e e k s  

s o i l  b u r i a l .  T h e  i n c r e a s e s  i n  m o i s t u r e  c o n t e n t s  w e r e  a c c o m p a n i e d  

b y  w e i g h t  l o s s e s  i n  t h e s e  b l o c k s .  I n  l i m e ,  m o i s t u r e  c o n t e n t s  i n c r e a s e d  

f r o m  10%  t o  1 2 0 %  d u r i n g  t h e  f i r s t  t h r e e  w e e k s  o f  s o i l  b u r i a l .  

F i n a l  m o i s t u r e  c o n t e n t s  o f  200%  w e r e  r e c o r d e d  i n  l i m e  a f t e r  t w e l v e  

w e e k s  s o i l  b u r i a l .  B e e c h  d i s p l a y e d  m o i s t u r e  c o n t e n t s  o f  1 0 0 %  a f t e r  

t h r e e  w e e k s ,  a n d  1 54 %  a f t e r  t w e l v e  w e e k s  s o i l  b u r i a l .  T h e  m o i s t u r e  

c o n t e n t s  i n  p r e s e r v a t i v e  t r e a t e d  s o f t w o o d s  r e m a i n e d  r e l a t i v e l y  

c o n s t a n t  o v e r  t h e  s a m p l i n g  p e r i o d s .  S p r u c e  d i s p l a y e d  m e a n  m o i s t u r e  

c o n t e n t s  o f  2 00%  a n d  p i n e  m ean m o i s t u r e  c o n t e n t s  o f  1 7 0 %  o v e r  t h e  

d u r a t i o n  o f  t h e  s o i l  b u r i a l .

I n t e r e s t i n g l y ,  w h e n  p r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  g l u t a m i n e  

w e r e  l e f t  t o  d r y  i n  t h e  l a b o r a t o r y  a t  a m b i e n t  t e m p e r a t u r e s , b l o c k s  

i m p r e g n a t e d  w i t h  t h e  h i g h e r  g l u t a m i n e  c o n c e n t r a t i o n s ^  d i s p l a y e d  

e f f l o r e s c e n c e  a t  t h e  e v a p o r a t i v e  s u r f a c e s  o f  t h e  b l o c k s .  E f f l o r e s 

c e n c e ' ;  w a s  n o t  o b s e r v e d  i n  p r e s e r v e d  b l o c k s  w i t h  l o w e r  g l u t a m i n e  

c o n c e n t r a t i o n s .



T h e  e f f l o r e s c e n c e  o b s e r v e d  i n  p r e s e r v e d  b l o c k s  o f  h i g h e r  g l u t a m i n e  

c o n c e n t r a t i o n s  i s  c l e a r l y  s e e n  i n  F i g u r e  3 . 4 9 a .  F i g u r e  3 . 4 9 b  s h o w e d  

p r e c i p i t a t e s  i n  a  p i n e  b l o c k  i m p r e g n a t e d  w i t h  g l u t a m i n e  ( 2 . 7 4 %  

w / v )  t o  a c h i e v e  a n  i n c r e a s e d  n i t r o g e n  c o n t e n t  i n  t h e  b l o c k  o f  0 . 6 %  

B l u e  s p e c k s  w e r e  s e e n  i n  t h e  w h i t e  p r e c i p i t a t e s  w h i c h  w e r e  t h o u g h t  

t o  b e  a t t r i b u t e d  t o  t h e  c o p p e r  i n  t h e  CCA t r e a t e d  b l o c k s  c h e l a t i n g  

w i t h  t h e  a m i n o  a c i d s .  S i g n i f i c a n t  l o s s e s  o f  c o p p e r  w e r e  o b s e r v e d  

i n  t h e  p r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  g l u t a m i n e .  -
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Fig 3 .49a E ff lorescen ce  in preserved blocks impregnated with high 
glutamine con cen tra t ion s .  Test blocks are a l igned  in 
order of  treatment,  unpreserved c o n t r o l s ,  preserved  
c o n tr o l s  and preserved blocks with increas ing  glutamine  
concentrat ions

Fig 3.49b P r e c ip i ta te s  on the evaporative  surface  of a pine t e s t  
block impregnated with 2.74% w/v glutamine.



Fig 3 .50a  Unpreserved and preserved lime blocks o f  varying
glutamine concentrations  prior to s o i l  buria l  ( l i g h t  
coloured blocks) and a f t e r  12 weeks s o i l  buria l  (dark 
coloured b lock s ) .  S i g n i f i c a n t  weight l o s s e s  were re
corded in a l l  b locks.

Fig 3.50b Unpreserved and preserved beech blocks of  varying
glutamine concent rat ions  prior to s o i l  buria l  ( l i g h t  
coloured blocks) and a f t e r  12 weeks s o i l  bur ia l  (dark 
coloured b locks) .  Weight l o s s e s  were recorded in 
blocks of a l l  treatments.

159



Fig 3.51a Unpreserved and preserved pine blocks o f  varying
glutamine concentrat ions  prior  to s o i l  bur ia l  ( l i g h t  
coloured blocks) and a f t e r  12 weeks s o i l  b ur ia l  (dark 
coloured b lock) .  No weight l o s s e s  were recorded in 
preserved blocks a f t e r  twelve weeks s o i l  b u r ia l .

Fig 3.51b Unpreserved and preserved spruce blocks of  varying  
glutamine concentration  prior to s o i l  bur ia l  ( l i g h t  
coloured blocks) and a f t e r  12 weeks s o i l  b ur ia l  (dark 
coloured b lock s ) .  No weight l o s s e s  were recorded in 
the preserved blocks over the duration of the s o i l  
b u r i a l .
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a) Lime

T h e  e f f e c t  o f  a r g i n i n e  a n d  g l u t a m i n e  o n  w e i g h t  l o s s e s  i n  CCA  

t r e a t e d  l i m e  i s  p r e s e n t e d  i n  F i g u r e s  3 . 5 2  a n d  3 . 5 3  r e s p e c t i v e l y .

I n  b o t h  s t u d i e s ,  w e i g h t  l o s s e s  i n  b l o c k s  o f  a l l  t r e a t m e n t s  

i n c r e a s e d  w i t h  t i m e .  U n p r e s e r v e d  b l o c k s  d i s p l a y e d  h i g h e r  

w e i g h t  l o s s e s  a t  e a c h  s a m p l i n g  p e r i o d  t h a n  p r e s e r v e d  b l o c k s .  

P r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  a m i n o  a c i d s  d i s p l a y e d  h i g h e r  

w e i g h t  l o s s e s  t h a n  p r e s e r v e d  c o n t r o l  b l o c k s .

I n  t h e  a r g i n i n e  s t u d y ,  p r e s e r v a t i v e  t r e a t e d  c o n t r o l  b l o c k s  

s h o w e d  s i g n i f i c a n t  w e i g h t  l o s s e s  (4 % )  d u r i n g  t h e  i n i t i a l  s t a g e s  

o f  t h e  s o i l  b u r i a l  ( w e e k s  0 - 3 ) .  U n p r e s e r v e d  c o n t r o l  b l o c k s  

a n d  p r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  a r g i n i n e ,  d i s p l a y e d  

w e i g h t  l o s s e s  b e t w e e n  4% -  7% d u r i n g  t h i s  p e r i o d .  R a t e s  a t

w h i c h  w e i g h t  l o s s  o c c u r r e d  i n  u n p r e s e r v e d  b l o c k s  i n c r e a s e d  

f r o m  2% p e r  w e e k  t o  3% p e r  w e e k  b e t w e e n  w e e k s  0 - 3  a n d  3 - 6 .  

R a t e s  o f  i n c r e a s e  o f  w e i g h t  l o s s  o f  p r e s e r v e d  b l o c k s  r e m a i n e d  

c o n s t a n t  a t  1 . 6 %  p e r  w e e k  d u r i n g  t h e s e  t w o  s a m p l i n g  p e r i o d s .  

W e i g h t  l o s s e s  o f  p r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  v a r y i n g  

c o n c e n t r a t i o n s  o f  a r g i n i n e ,  w e r e  b r o a d l y  s i m i l a r  a t  10%  a t  

w e e k  6 .  A t  t h e  f i n a l  s a m p l i n g  i n t e r v a l ,  w e e k  1 2 ,  s i g n i f i c a n t  

w e i g h t  l o s s e s  w e r e  o b s e r v e d  i n  a l l  b l o c k s .  D u r i n g  t h i s  p e r i o d ,  

u n p r e s e r v e d  b l o c k s  d i s p l a y e d  w e i g h t  l o s s e s  o f  3 0 % , p r e s e r v e d  

b l o c k s  i m p r e g n a t e d  w i t h  a r g i n i n e  b e t w e e n  1 7 - 2 1 %  a n d  p r e s e r v a t i v e  

t r e a t e d  c o n t r o l  b l o c k s  a t  15% .

I n  t h e  g l u t a m i n e  s t u d y ,  w e i g h t  l o s s e s  w e r e  n o t  c o n s i d e r e d  

t o  b e  s i g n i f i c a n t  ( < 3 % )  i n  p r e s e r v a t i v e  t r e a t e d  c o n t r o l  b l o c k s  

a n d ;  i n  p r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  l o w e r  c o n c e n t r a t i o n s  

o f  g l u t a m i n e  d u r i n g  t h e  i n i t i a l  s t a g e s  o f  t h e  s o i l  b u r i a l  

( w e e k s  0 - 3 ) .  A t  w e e k s  3 ,  6  a n d  9 ,  w e i g h t  l o s s e s  d i s p l a y e d

b y  p r e s e r v e d  b l o c k s  i m p r e g n a t e d  w i t h  t h e  l o w e s t  c o n c e n t r a t i o n  

o f  g l u t a m i n e  ( 0 . 4 4 %  w / v )  w e r e  b r o a d l y  s i m i l a r  t o  p r e s e r v a t i v e  

t r e a t e d  c o n t r o l  b l o c k s .  R a t e s  o f  i n c r e a s e  o f  w e i g h t  l o s s  

w e r e  r a p i d  i n  u n p r e s e r v e d  b l o c k s  d u r i n g  t h e  p e r i o d  w e e k s  0 -  

9 ,  b u t  d i m i n i s h e d  t h e r e a f t e r .  W e i g h t  l o s s e s  o f  a p p r o x i m a t e l y  30%  

w e r e  r e c o r d e d  i n  t h e s e  b l o c k s  a t  t h e  f i n a l  s a m p l i n g  p e r i o d .  

P r e s e r v e d  b l o c k s  b o t h  w i t h  a n d  w i t h o u t  g l u t a m i n e  a d d i t i o n s ,  

d i s p l a y e d  a  g r a d u a l  i n c r e a s e  i n  t h e  r a t e  o f  w e i g h t  l o s s  o v e r  

t h e  d u r a t i o n  o f  t h e  s o i l  b u r i a l .
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At the f i n a l  sampling p e r io d , w eight lo s se s  recorded in  these  

b lo cks were a t  15% fo r  p reserved  c o n tro l b lo c k s , and between 

16% -  21% fo r  b lo cks impregnated w ith  g lu tam ine .

S t a t i s t i c a l  a n a ly s is  to compare the d if fe re n c e s  in  w eight 

lo s s  o f p reserved  c o n tro ls  and p reserved  b lo cks im pregnated 

w ith  amino a c id s  i s  presented in  Tab le  3 .1 5  fo r  both the a rg in in e  

and g lutam ine s tu d ie s . 1-way a n a ly s is  o f v a r ia n c e  (Column 

I I )  o f the comparison o f w eight lo s s  o f b locks o f d i f f e r e n t  

trea tm en ts showed a s ig n i f ic a n t  d if fe re n c e  e x is te d  (p= 0.001) 

in  both the a rg in in e  and g lutam ine s tu d ie s . 1-way a n a ly s is

o f va r ia n c e  (1-ANOVA) o f the comparison o f weight lo s s e s  w ith in  

each treatm ent over the d u ra tio n  o f the s o i l  b u r ia l  period  

(Column I I I )  a lso  showed a s ig n i f ic a n t  d if fe re n c e  a t  p= 0 .001 .

2-way a n a ly s is  o f va rian ce  (2-ANOVA) o f comparison o f d if fe re n c e  

in  w eight lo s s  between trea tm ents over the d u ra tio n  o f the 

s o i l  b u r ia l  period ( In t e r a c t io n , Column IV ) showed th a t  h ig h ly

s ig n i f ic a n t  d if fe re n c e s  in  the ra te s  o f decay e x is te d  fo r

b lo cks a t  each amino ac id  im pregnation le v e l ,  p=0 .01 , in  the 

a rg in in e  study and p=0.001 in  the glutam ine s tu d y . These 

r e s u lt s  support the co n c lu s io n  th a t  amino a c id s  im pregnated 

in to  CCA tre a te d  lim e b locks in f lu e n c e  the decay s u s c e p t ib i l i t y  

o f the b lo cks and a lso  the p re s e rv a t iv e  performance •.

The r e s u lt s  o f the n itrogen  a n a ly s is  undertaken on CCA

tre a te d  b locks impregnated w ith  amino a c id s  are  p resented  

in  F ig u re  3 .52  fo r  the a rg in in e  study and F ig u re  3 .5 3  fo r  

the g lutam ine s tu d y .

Both s tu d ie s  d isp layed  s im i la r  p a tte rn s  in  n itro g en  co n ten ts  

over the d u ra tio n  o f the exp erim en t. At the f i r s t  sam pling

in t e r v a l  (week 3) lo s se s  in  amino a c id s  were observed in  p reserved  

b lo cks impregnated w ith  amino a c id s . The t o t a l  n itro g en  co n ten ts  

d isp la yed  by these b locks a f t e r  the lo s s  o f amino a c id s  were 

between 0.25% and 0.35%. A ls o , during  t h is  period  unpreserved 

b lo cks and preserved c o n tro l b lo cks d isp layed  in c re a s e s  in  

n itro g en  from 0.17% and 0.14% re s p e c t iv e ly  to 0.25% .

In  the a rg in in e  study in c re a se s  in  n itro g en  co n ten ts  were 

observed in  preserved b locks a f t e r  3 weeks. During t h i s  period  

(3 -6  weeks) unpreserved b lo cks and p reserved  b lo cks im pregnated 

w ith  a rg in in e  d isp layed  s im i la r  ra te s  o f in c re a se  o f n itro g en  

content (0.03%  per w eek).



Table 3 .15 1-ANOVA and 2-ANOVA comparison o f weight lo s s  d if fe re n c e s  
between CCA-treated c o n tro ls  and CCA-treated b lo cks  im
pregnated w ith  amino a c id s .

Wood Type I I I I I I IV

Lime CCA c o n tro ls xxx xxx XX
CCA + 0.48% w/v arg xxx xxx XX
CCA + 0.97% w/v arg xxx xxx XX
CCA + 1.95% w/v arg xxx xxx XX

Lime CCA controls xxx xxx xxx
CCA+ 0.44% w/v g in xxx xxx xxx
CCA+0.88%  w/v g in xxx xxx xxx
CCA + "1 *76% w/v g in xxx xxx xxx
CCA + 2 . % w/v g in xxx xxx xxx

xxx and xx rep re sen t p ro b a b i l i t ie s o f < 0.1% and 1.0% r e s p e c t iv e ly ,
th a t d if fe re n c e s  a r is in g  from com parisons o f each column could
a r is e  by chance .

Column I Treatm ent (%w/v amino a c id )

Column I I 1-ANOVA to determ ine whether th e re  i s a s ig n i f i c a n t
d if fe re n c e  in weight lo s s  o f b locks o f d if f e r e n t
treatm ents

Column I I I  1-ANOVA to determ ine whether th e re  i s a s ig n i f i c a n t
d if fe re n c e  in  weight lo s s  w ith in  
over the d u ra tio n  o f the b u r ia l .

each treatm ent

Column IV  
( In t e r a c t io n )

2-ANOVA to determ ine whether any s ig n i f ic a n t  d if fe re n c e  
in  weight lo s s  e x is t s  between trea tm en ts over the 
d u ra tio n  o f the s o i l  b u r ia l .
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Nitrogen co ntents o f p reserved  b lo cks  impregnated w ith  0.97% w/v 

and 1.95% w/v a rg in in e , were h igh er than those o f the unpreserved 

b lo c k s , but these high n itrogen  co n ten ts were not accompanied by 

high weight lo s s e s  in  the preserved  b lo cks w ith  a rg in in e .

In  the period  weeks 6 -  12, the re  was a marked in c re a se  in  n itro g en  

content o f unpreserved b lo cks from 0.38% to 0.55% , w ith  a concom itant 

in c re a se  in  weight lo s s  from 16% to 30%. During the same p e r io d , 

n itrogen  co n ten ts o f p reserved  b lo cks remained f a i r l y  co n stan t 

a t 0.30% in  p reserved  c o n tro l b lo c k s , and between 0.35% and 0.45% 

in  p reserved  b lo cks w ith  a rg in in e .

In  the study w ith  g lu tam ine , unpreserved b lo cks and p reserved  b lo cks  

d isp layed  a g radual in c re a se  in  n itro g en  co ntents a f t e r  3 weeks 

s o i l  b u r ia l ,  unpreserved b locks and p reserved  b lo cks im pregnated 

w ith  g lutam ine showed a ra te  o f in c re a se  o f n itro g en  in p u t o f 0.05% 

per week between weeks 3 - 6 .  Rates o f in c re a se  o f n itro g en  o f 

these b lo cks d im in ished  th e re a f te r .

During the period  weeks 0 - 9 ,  p reserved  b locks im pregnated w ith  

g lutam ine showed h igher n itrogen  co n ten ts  to  unpreserved b lo c k s . 

D esp ite  the lower n itro g en  co n te n ts , weight lo s s e s  d isp la y e d  by 

the unpreserved b locks were s ig n i f i c a n t ly  h igher than those o f 

the p reserved  glutam ine b lo c k s .

At the f i n a l  sampling period  (week 12) unpreserved b lo cks and p reserved  

b locks impregnated w ith  glutam ine d isp la ye d  s im ila r  n itro g en  co n ten ts  

a t 0.55% . P re s e rv a t iv e  tre a te d  c o n tro l b lo cks d isp la ye d  n itro g en  

contents o f 0.50% during  t h is  p e r io d . In  the g lutam ine s tu d y , 

n itrogen  co ntents o f unpreserved b lo cks  and preserved  b lo cks  a t  

week 12, were h igher than b locks o f s im i la r  treatm ent in  the a rg in in e  

stu d y .

1-ANOVA and 2-ANOVA o f comparison o f the mean n itro g en  co n ten ts  

o f p reserved  c o n tro ls  and p reserved b lo cks impregnated w ith  amino 

ac id s  i s  presented in  Tab le  3 .1 6 . S t a t i s t i c a l  a n a ly s is  were undertaken 

on n itro g en  data  obtained during weeks 3-12 o f the s o i l  b u r ia l .  

Comparison o f d if fe re n c e s  in  n itro g en  co ntents between trea tm en ts  

were made from t h is  period as r e s u lt s  showed th a t  lo s s e s  in  n itro g en  

occurred in  b locks impregnated w ith  amino a c id s  during  the i n i t i a l  

stages o f the s o i l  b u r ia l .  S t a t i s t i c a l  a n a ly s is  o f comparison 

o f the n itro g en  co n ten ts in  beech, p ine and spruce were a lso  und ertaken . 

Using data  from weeks 3 -  12, 1-ANOVA o f comparison o f n itro g en

contents in  b lo cks o f d if fe r e n t  trea tm en ts (Column I I )  showed th a t
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a s ig n i f ic a n t  d if fe re n c e  e x is te d  between trea tm ents in  both the 

a rg in in e  study and the g lutam ine s tu d y . S ig n if ic a n t  d if fe re n c e s  

(p=0.001) in  n itro g en  co n ten ts  were observed w ith in  each treatm ent 

over the s o i l  b u r ia l  period  (Column I I I ) .  H ig h ly  s ig n i f ic a n t  d i f 

fe ren ces  a lso  e x is te d  (p=0.001) between the n itro g en  co n ten ts  o f 

the c o n tro ls  and b lo cks w ith  amino a c id s  over the d u ra tio n  o f the 

experim ent ( In t e r a c t io n , Column I V ) .  These r e s u lt s  show th a t  d e sp ite  

the lo s s  o f amino a c id s  from the b lo cks during  the e a r ly  stag es 

o f the s o i l  b u r ia l ,  s ig n i f ic a n t  d if fe re n c e s  in  n itro g en  co n ten ts  

between treatm ents s t i l l  e x is te d  over the d u ra tio n  o f the s o i l  

b u r ia l .
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Table 3 .16 1-ANOVA and 2--ANOVA comparison o f the d if fe re n c e s
in n itro g en  co ntents between CCA-■treated c o n tro ls
and CCA-treated b locks impregnated w ith  amino a c id .

Wood Type I I I I I I IV

Lime CCA c o n tro ls xxx xxx XX
CCA + 0.48% w/v arg xxx xxx XX
CCA + 0.97% w/v arg xxx xxx XX
CCA + 1.95% w/v arg xxx xxx XX

Lime CCA c o n tro ls xxx xxx XX
CCA + 0.44% w/v gin xxx xxx XX
CCA + 0.88% w/v gin xxx xxx XX
CCA + 1.76% w/v gin xxx xxx XX
CCA + 2.60% w/v gin xxx xxx XX

xxx and xx rep re sen t p ro b a b i l i t ie s  o f <0.1%  and 1% r e s p e c t iv e ly , 
th a t d if fe re n c e s  a r is in g  from com parisons o f each column could  
a r is e  by chance.

Column I  Treatm ent (%w/v amino a c id )

Column I I  1-ANOVA to determ ine whether th e re  i s  a s ig n i f i c a n t
d if fe re n c e  in  n itro g en  co n ten ts  in  b lo cks o f d i f f e r e n t  
tre a tm e n ts .

Column I I I  1-ANOVA to determ ine whether th e re  i s  a s ig n i f i c a n t
d if fe re n c e  in  n itrogen  co ntent w ith in  the treatm ent 
over the b u r ia l  p e rio d .

Column IV  2-ANOVA to  determ ine whether any s ig n i f ic a n t  d if fe re n c e
( In te r a c t io n )  in  n itro g en  co ntents e x is t  between trea tm en ts used 

over the d u ra tio n  o f the s o i l  b u r ia l .

The re la t io n s h ip  between n itrogen  co n ten ts  o f b lo cks and w eight 

lo s s  over the s o i l  b u r ia l  period o f tw e lve  weeks i s  shown in  Tab le  

3 .1 7 . The c o r re la t io n  c o e f f ic ie n t s  a t  each treatm ent le v e l  were 

c a lc u la te d  using the S ta tpack  programme (R . Houchard, S ta tp a ck  

Program, Decsystem 20, Western M ichigan U n iv e r s it y , 1 9 7 4 ). In  

preserved b lo cks impregnated w ith  amino a c id s , c o r re la t io n  c o e f f i 

c ie n ts  were c a lc u la te d  using data  obtained from weeks 3 to 12 . 

N itrogen data  from week 0 was omm itted, because, the high n itro g en  

contents from the a d d it io n  o f amino a c id s  o f va ry in g  c o n c e n tra t io n s , 

would mask any s ig n i f ic a n t  c o r re la t io n  between the n itro g en  co n ten ts  

and weight lo s s  during  s o i l  b u r ia l .  The r e s u lt s  showed th a t  a 

s ig n i f ic a n t  c o r re la t io n  e x is t s  between n itro g en  co n ten ts  o f the 

b lo cks ,and  the decay s ta tu s  o f the woods a t  each tre a tm en t.
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Table 3 .17  Data showing c o r re la t io n  between n itro g en  co ntent and
w eight lo s s  in  unpreserved and preserved  lim e a t v a ry 
ing amino a c id  c o n c e n tra t io n s .

Amino T reatm ent C o rre la t io n
Acid c o e f f ic ie n t

Unpreserved c o n tro ls 0.9701

Preserved  co n tro ls 0 .7168
Arg OCA +0.48% w/v 0 .6067

OCA +0.97% w/v 0 .5954
OCA +1 .95% w/v 0 .7330

Unpreserved C o n tro ls 0 .8130

Preserved  c o n tro ls 0 .7632
Gin OCA +0.44% w/v gin 0.6901

OCA +0.88% w/v gin 0 .7692
OCA +1.76% w/v gin 0 .7087
OCA +2.60% w/v gin 0 .6197

The e f fe c t  o f sugar on weight lo s se s  in  CCA tre a te d  lim e i s  p resented  

in  F ig u re  3 .5 4 . Unpreserved and p reserved  wood b locks showed in c re a s e s  

in  weight lo s s  over the du ratio n  o f the experim ent. Weight lo s s e s  

d isp layed  by unpreserved b locks were s ig n i f i c a n t ly  h ig h er than

those o f the p reserved  b lo c k s . During the f i r s t  sam pling period  

(week 3 ) ,  unpreserved b locks d isp layed  weight lo s se s  o f 7%. During 

t h is  same p e r io d , weight lo s se s  were not s ig n i f ic a n t  «3% ) in  p reserved  

co n tro l b lo cks and in  preserved b lo cks w ith  su c ro se . S ig n if ic a n t  

weight lo sse s  (6%) were observed in  these  b lo cks a t  week 6 . Both 

preserved c o n tro l b lo cks and p reserved  b locks im pregnated w ith

sucrose d isp layed  b ro ad ly  s im ila r  weight lo s s e s  over the d u ra tio n

of the experim ent. Preserved  b lo cks d isp la yed  a mean w eight lo s s  

of 20%, and unpreserved b locks a weight lo s s  o f 35% during  t h is  

f in a l  sampling p e r io d .

In  c o n tra s t  to the preserved  b lo cks impregnated w ith  amino a c id s , 

p reserved b locks impregnated w ith  sugar d isp layed  lower w eight 

lo sse s  during the period  weeks 0 -9 . However, during  the f i n a l  

sampling period  (week 1 2 ) , p reserved  b lo cks impregnated w ith  amino 

ac id s  and preserved  b locks impregnated w ith  sugar d isp la ye d  b ro ad ly  

s im ila r  weight lo s s e s .

S t a t i s t i c a l  a n a ly s is  to determ ine the d if fe re n c e s  in  weight lo s s e s  

between preserved c o n tro l b locks and preserved  b lo cks im pregnated

w ith  sugar was considered  unnecessary as r e s u lt s  showed th a t  sugars 

did not in flu e n c e  decay and p re s e rv a t iv e  performance in  p re s e rv a t iv e
169
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b) Beech

The e f f e c t  o f g lutam ine on weight lo s s e s  and n itro g en  t r a n s fe r  

to CCA tre a te d  beech b locks a re  presented in  F ig u re  3 .5 5 .

In  beech, the in co rp o ra tio n  o f amino a c id s  to p reserved  b lo cks  

appeared to show an in flu e n c e  on decay in  these b lo cks  a t 

the i n i t i a l  stages o f the s o i l  b u r ia l  (weeks 0 - 3 ) . During 

t h is  p e r io d , p reserved b lo cks impregnated w ith  g lu tam in e , 

d isp la yed  la rg e r  weight lo s s e s  than those o f the p reserved  

c o n tro l b lo c k s . In  the la t e r  sam pling p erio d s ( in  c o n tra s t

to l im e ) , weight lo s se s  were b ro ad ly  s im i la r  in  both p reserved  

c o n tro l b lo cks and preserved b lo cks impregnated w ith  g lu tam in e .

During the f i r s t  sampling period  (week 3) weight lo s s e s  o f 

3% to 6% were observed in  unpreserved b lo cks and p reserved  

b lo cks impregnated w ith  g lu tam ine . Weight lo s s e s  o f p reserved  

c o n tro l b lo cks d id not become s ig n i f ic a n t  (>3%) during  t h is  

p e r io d .

In  the period  weeks 3 -6 , weight lo s s  occurred  a t  a ra te  o f 

2% per week in  both unpreserved and preserved  b lo c k s . A ls o , 

during  t h is  p e rio d , p reserved c o n tro l b lo cks d isp la yed  b ro ad ly  

s im i la r  weight lo s se s  to p reserved  b lo cks impregnated w ith  

g lu tam in e . Weight lo sse s  continued to in c re a se  in  unpreserved 

and p reserved  b locks during weeks 6 -9 , but showed a d im in ish ed  

ra te  o f in c re a se  in  the period  weeks 9 -12 . At t h is  f i n a l  

sampling p e r io d , unpreserved b lo cks d isp layed  weight lo s s e s  

o f 23%, and p reserved  b locks both w ith  and w ithout g lutam ine 

a d d it io n s , d isp layed  b road ly s im i la r  weight lo s se s  o f 20%.

The r e s u lt s  o f the n itrogen  a n a ly s is  (F ig  3 .5 5 ) , showed th a t  

the i n i t i a l  n itro g en  co ntents o f p reserved  c o n tro l b lo cks  

and unpreserved b locks in creased  from 0.10% and 0.15% re s p e c t iv e ly  

to 0.24% a f t e r  th ree  weeks s o i l  b u r ia l .  P reserved  b lo cks  

impregnated w ith  g lu tam ine , d isp layed  h igher n itro g en  co n ten ts  

to unpreserved b locks a t week 6 , but these high n itro g en  co n ten ts  

in  the g lutam ine b locks were not accompanied by la rg e  w eight 

lo s s e s . At week 9 , p reserved  b lo cks o f va ry in g  g lutam ine 

co n ce n tra t io n s  d isp layed  s im i la r  n itro g en  co ntents a t  0 .40% . 

Unpreserved and preserved c o n tro l b lo cks showed sm a ll in c re a s e s  

in  the n itro g en  co ntents during t h is  p e r io d .
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At the f i n a l  sam pling p e rio d , unpreserved and p reserved  b lo cks 

impregnated w ith  g lutam ine d isp la ye d  b ro ad ly  s im i la r  n itro g en  

co n ten ts a t  0.49% . Though the n itro g en  co n ten ts o f p reserved  

c o n tro l b lo cks a t  0.33% were low er than p reserved  b lo cks  impreg

nated w ith  g lu tam in e , the w eight lo s se s  d isp la ye d  by these  

p reserved  b lo cks o f d if fe r e n t  treatm ent were b ro ad ly  s im i la r  

during  t h is  f i n a l  sampling p e r io d .

S t a t i s t i c a l  a n a ly s is  o f comparison o f the d if fe re n c e s  in  weight 

lo s s  and n itro g en  contents between p reserved  c o n tro ls  and 

p reserved  b lo cks impregnated w ith  amino a c id s  a re  presented 

in  Tab le  3 .1 8 . R e su lts  o f 1-ANOVA showed th a t  no s ig n i f ic a n t  

d if fe re n c e s  e x is te d  in  weight lo s s  between trea tm en ts used 

(Column I I ) ,  but a s ig n i f ic a n t  d if fe re n c e  (p=0.001) e x is te d  

in  the weight lo s s e s  o f b lo cks w ith in  each treatm ent over 

the d u ra tio n  o f the s o i l  b u r ia l  (Column I I I ) .  2-ANOVA ( I n t e r 

a c t io n ) o f the d if fe re n c e s  in  weight lo s s  between trea tm en ts 

and the d u ra tio n  o f the s o i l  b u r ia l  showed th a t  in  beech, 

d if f e r e n t  treatm ents imposed on the p reserved  b lo cks had no 

s ig n i f ic a n t  e f f e c t  on the w eight lo s s e s  o f these b lo cks over 

the d u ra tio n  o f the experim ent. The p ro b a b i l i t y  va lue  obtained 

fo r  comparison o f the d if fe re n c e s  in  n itro g en  co n ten ts  between 

p reserved  c o n tro ls  and preserved b lo cks impregnated w ith  g lu tam in e , 

showed th a t h ig h ly  s ig n i f ic a n t  d if fe re n c e s  e x is te d  (p=0.001) 

in  n itro g en  co n ten ts o f b locks o f d if fe re n c e  treatm ent (Column 

I I ) ,  and a lso  w ith in  each treatm ent over the d u ra tio n  o f the 

s o i l  b u r ia l  (Column I I I ) .  The ' In t e r a c t io n '  Column (Column 

IV ) showed th a t  a s ig n i f ic a n t  d if fe re n c e  e x is te d  (p=0.001) 

in  the n itro g en  co ntents o f b lo cks between trea tm en ts over 

the s o i l  b u r ia l  p e r io d .
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Table 3 .1 8  1-ANOVA and 2-ANOVA comparison o f d if fe re n c e s  in
( i )  weight lo s s  and ( i i )  n itro g en  co ntent between 
CCA tre a te d  c o n tro ls  and CCA tre a te d  b lo cks im pregnated 
w ith  g lu tam ine .

I I I I I I IV

Weight lo s s CCA c o n tro ls NS xxx NS
CCA + 0.48% w/v gin NS xxx NS
CCA + 0.96% w/v gin NS xxx NS
CCA + 1.83% w/v gin NS xxx NS
CCA + 2.74% w/v gin NS xxx NS

T o ta l N itrogen CCA c o n tro ls xxx xxx xxx
Content CCA + 0.48% w/v gin xxx xxx xxx

CCA + 0.96% w/v gin xxx xxx xxx
CCA + 1.83% w/v gin xxx xxx xxx
CCA + 2 .7  4% w/v gin xxx xxx xxx

xxx and NS rep re sen t p ro b a b i l i t ie s  o f < 0.1% and > 5% r e s p e c t iv e ly , 
th a t d if fe re n c e s  a r is in g  from com parisons o f each column could  
a r is e  by chance.

Column I  

Column I I

Column I I I

Column IV  
( In t e r a c t io n )

Treatm ent (%w/v g in )

1-ANOVA to determ ine whether th e re  i s  
a s ig n i f ic a n t  d if fe re n c e  in  w eight lo s s  
o r n itro g en  content fo r  the d if f e r e n t
treatm ent used .

1- ANOVA to determ ine whether th e re  i s  
a s ig n i f ic a n t  d if fe re n c e  in  w eight lo s s  
or n itro g en  co ntent w ith in  each treatm ent 
over the s o i l  b u r ia l  p e r io d .

2- ANOVA to determ ine any s ig n i f ic a n t  d if fe re n c e
between w eight lo s s e s  or n itro g en  co n ten ts  
fo r  c o n tro l and b lo cks w ith  g lutam ine
over the b u r ia l  p e r io d .



The c o r re la t io n  between n itro g en  co n ten ts o f b lo cks and weight 

lo s s  over the decay period  o f tw e lve  weeks i s  shown in  Tab le  3 .1 9 . 

A procedure s im i la r  to th a t  d escribed  fo r  lim e was used to  c a lc u la te  

these c o r re la t io n  c o e f f i c ie n t s .  In  beech, a s ig n i f ic a n t  c o r re la t io n  

e x is t s  between n itro g en  co n ten ts o f the b lo cks and the decay s ta tu s  

o f the wood a t  each treatm ent le v e l .

Table 3 .19  Data showing c o r re la t io n  between n itro g en  co n ten ts  and
weight lo s s  in  unpreserved and p reserved  beech o f v a r
y ing  g lutam ine co n c e n tra t io n s .

T reatment C o rre la t io n  c o e f f ic ie n t

Unpreserved c o n tro ls 0 .7434
Preserved  c o n tro ls 0 .9449
CCA + 0.48% w/v gin 0 .8482
CCA + 0.96% w/v gin 0 .6263
CCA + 1.83% w/v gin 0 .5397
CCA + 2.72% w/v gin 0 .6853

c) Pine

The in flu e n c e  o f g lutam ine on the weight lo s s  and n itro g en  

t r a n s fe r  to p reserved  pine b locks i s  presented in  F ig u re  3 .5 6 .

In  pine, weight lo s s e s  were observed

in  unpreserved b lo c k s , but not in  p reserved  b lo cks over the

d ura tio n  o f the experim ent. The n itro g en  co n ten ts  o f unpreserved 

b lo cks and preserved  c o n tro ls  in creased  a f t e r  week 0 , but

n itro g en  co ntents o f p reserved  b lo cks im pregnated w ith  g lutam ine 

d isp layed  in c re a se s  in  n itrogen  on ly  a f t e r  3 weeks s o i l  b u r ia l .

During the period weeks 0 -3 , n itro g en  co n ten ts o f b lo cks  impreg

nated a t  the h igher g lutam ine co n ce n tra t io n s  decreased by 

app ro xim ate ly  70% o f i t s  i n i t i a l  t o t a l  n itro g en  co n te n t. 

B lo cks a t  the lower g lutam ine co n ce n tra t io n s  a ls o  d isp la ye d

lo sse s  but these lo s se s  in  n itro g en  were le s s  than 50% o f

the i n i t i a l  t o t a l  n itro g en  co n ten t.
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In  the period  weeks 3-6 , unpreserved and p reserved  b lo cks  

both w ith  and w ithout g lutam ine a d d it io n s , d isp la yed  s im i la r  

ra te s  o f in c re a se  o f n itro g en  co ntent (0.02%  per w eek). The

n itro g en  content o f these b lo cks  re g a rd le s s  o f trea tm ent 

were b ro ad ly  s im i la r  a t  0.2% and 0 .25% . In  the period  weeks 

6 -9 , n itro g en  co ntents o f p reserved  c o n tro ls  and unpreserved  

b lo cks in c reased  from 0.20% and 0.25% re s p e c t iv e ly  to 0 .30% . 

At the f i n a l  sampling period (week 1 2 ) , n itro g en  co n ten ts

in  these b lo cks  decreased to 0.22% in  p reserved  c o n t ro ls ,

and 0.25% in  unpreserved b lo c k s . P reserved  b lo cks im pregnated 

w ith  g lutam ine d isp layed  n itro g en  co n ten ts o f 0.20% a t  week 

9 , and n itro g en  co ntents between 0.22% to 0.27% a t  week

12.

176



10

9

8

7

6

5

4

3

2

1

%Mitrogen

J__________I____________ I____________ L
3 6 9 12

Burial period (weeks)

ig  3 .56  Weight lo s se s  and t o t a l  n itrogen  contents in  CCA tre a te d  pine b locks impregnated w ith  g lu tam ine , 
a f t e r  b u r ia l in  s o i l  fo r  periods up to tw e lve  weeks.



Two-way a n a ly s is  o f v a r ia n c e  o f the d if fe re n c e s  in  n itro g en  co n ten ts  

in  preserved b lo cks o f va ry in g  treatm ent i s  presented in  Tab le  

3 .2 0 . The s t a t i s t i c a l  a n a ly s is  were undertaken using n itro g en  

data obtained from weeks 3-12 o f the s o i l  b u r ia l .  The r e s u l t s  

showed th a t  a f t e r  the lo s s  o f g lutam ine to s o i l  (weeks 0 - 3 ) ,

d if fe re n c e s  in  n itro g en  co ntents in  b lo cks o f va ry in g  g lutam ine 

co n ce n tra tio n s  did not e x is t  (Column I I ) .  However, a s ig n i f i c a n t  

d if fe re n c e  e x is te d  (p=0.001) in  n itro g en  co n ten ts  o f the b lo cks 

w ith in  each treatm ent over the s o i l  b u r ia l  period  i . e .  d if fe re n c e s  

in  n itro g en  co n ten ts were observed in  the b lo cks w ith  tim e .

The 'In te ra c t io n *  column i . e .  comparison o f the e f f e c t  o f d i f f e r e n t  

treatm ents on the n itro g en  contents o f the b lo cks  over the d u ra tio n  

o f the s o i l  b u r ia l  showed th a t a s ig n i f i c a n t  d if fe re n c e  e x is te d  

a t p=0.05.

Table 3 .2 0  1-ANOVA and 2-ANOVA o f comparison o f the d if fe re n c e s
in  n itro g en  co ntents between CCA tre a te d  c o n tro ls  
and CCA tre a te d  b locks w ith  g lu tam in e .

Wood Type I I I I I I IV

Pine CCA c o n tro ls NS xxx X
CCA + 0.45% w/v gin NS xxx X
CCA + 0.92% w/v gin NS xxx X
CCA + 1.84% w/v gin NS xxx X
CCA + 2.74% w/v gin NS xxx X

x x x , x and NS rep re sen t p ro b a b i l i t ie s  o f <0.1% , 5% and >5% r e s p e c t iv e ly , 
th a t d if fe re n c e s  a r is in g  from com parisons o f each column could  
a r is e  by chance.

Column I  Treatm ent (%w/v g in )

Column I I  1-ANOVA to determ ine whether th e re  i s  any s ig n i f i c a n t
d if fe re n c e  in  the n itro g en  co ntent in  the d if f e r e n t  
trea tm ents employed.

Column I I I  1-ANOVA to determ ine whether th e re  i s  a s ig n i f i c a n t
d if fe re n c e  in  n itrogen  co ntent w ith in  each treatm ent 
over the d u ra tio n  o f the s o i l  b u r ia l .

Column IV  2-ANOVA to determ ine whether th e re  i s  any s ig n i f i c a n t
( In te r a c t io n )  d if fe re n c e  between n itro g en  co n ten ts  fo r  c o n tro ls  

and b lo cks w ith  glutam ine over the b u r ia l  p e r io d .

In  the study w ith  carbohydrates (F ig  3 .5 7 ) ,  weight lo s s e s  were 

not observed in  p reserved  b lo c k s . These b lo cks were p ro tected  

a t  the su b -to x ic  le v e l  (0.05% w/v CCA) over the tw e lve  weeks s o i l  

b u r ia l .  F in a l weight lo s se s  o f 7% were recorded in  unpreserved 

b lo c k s . Weight lo s se s  d isp layed  by these  b lo cks were b ro ad ly  s im i la r  

to the weight lo s se s  d isp layed  by unpreserved b lo cks in  the study
1 7 8w ith  amino a c id s .
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b locks impregnated w ith  g lu co se , 
a f t e r  b u r ia l  in  s o i l  fo r  periods 
up to tw e lve  weeks.



d) Spruce

The e f fe c t  o f g lutam ine on weight lo s s  and n itro g en  t r a n s fe r  

to CCA tre a te d  spruce i s  presented in  F ig u re  3 .5 8 .

L ik e  p in e , weight lo s s e s  were observed in  unpreserved b lo cks  

but not in  p reserved  b lo c k s . Unpreserved b lo cks d isp la ye d  

s ig n i f ic a n t  weight lo s s e s  s ix  weeks a f t e r  s o i l  b u r ia l .

At the f in a l  sam pling period  (week 1 2 ) , weight lo s s e s  o f these  

b lo cks were a t 7%.

As w ith  the hardwoods and p in e , n itro g en  co n ten ts o f p reserved  

b lo cks impregnated w ith  g lutam ine a lso  decreased during  the 

i n i t i a l  stages o f the s o i l  b u r ia l .  The decrease in  n itro g en  

co n ten ts re s u lt in g  from the lo s s  o f g lutam ine to the s o i l ,  

were s ig n i f i c a n t ly  h ig h er (60%) in  b lo cks a t  the h igh er g lutam ine 

co n c e n tra t io n s . Unpreserved b lo cks and p reserved  c o n tro ls  

d isp layed  in c re a se s  in  n itro g en  content during  t h is  period  

(weeks 0 - 3 ) . At the f in a l  sam pling period  (week 1 2 ) , n itro g en  

co ntents o f unpreserved b locks were a t  0 .28% , and were accompanied 

by a s ig n i f ic a n t  in c re a se  in  weight lo s s  from 3% to 7%. The 

n itro g en  co ntents o f p reserved  b lo cks both w ith  and w itho u t 

g lutam ine a d d it io n s  decreased during  t h is  p e r io d . F in a l  n itro g en  

co ntents o f these b lo cks were between 0.15% and 0.20% .

P ro b a b il it y  va lu e s  obtained fo r  the 2-way ANOVA c a lc u la t io n s  

fo r  d if fe re n c e s  in  means o f n itro g en  co n ten ts o f p reserved  

b locks o f va ry in g  treatm ents i s  presented in  Tab le  3 .2 1 .

The r e s u lt s  o f these s t a t i s t i c a l  a n a ly s is  were s im i la r  to 

those seen in  p in e . D iffe re n c e s  in  the mean n itro g en  co n ten ts  

o f p reserved  c o n tro ls  and p reserved  b lo cks w ith  g lutam ine 

over the s o i l  b u r ia l  period  were s ig n i f ic a n t  a t p=0.05.
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Table 3 .21

Wood Type 

Spruce

x x x , x and NS 
t i v e l y ,  th a t 
could a r is e  by

Column I  

Column I I

Column I I I

Column IV

1-ANOVA and 2-ANOVA. Comparison o f the d if fe re n c e s  
in  n itro g en  co n ten ts between CCA tre a te d  c o n tro ls  
and CCA tre a te d  b lo cks w ith  g lu tam ine .

I I I I I I IV

CCA C o n tro ls NS xxx X
CCA + 0.36% w/v gin NS xxx X
CCA + 0.72% w/v gin NS xxx X
CCA + 1.45% w/v gin NS xxx X
CCA + 2.72% w/v gin NS xxx X

rep resen t p ro b a b i l i t ie s o f <0.1%, 5% and >5% resp ec-
d if fe re n c e s  a r is in g  from com parisons o f each column
chance .

Treatm ent (%w/v g in )

1-ANOVA to determ ine whether th e re  i s  any s ig n i f i c a n t  
d if fe re n c e  in  n itro g en  co ntent in  the d i f f e r e n t  
treatm ents employed.

1-ANOVA to determ ine whether the re  i s  a s ig n i f i c a n t  
d if fe re n c e  in  n itro g en  co ntent w ith in  each treatm ent 
over the d u ra tio n  o f the s o i l  b u r ia l .

2-ANOVA to determ ine any s ig n i f ic a n t  d if fe re n c e  
between n itro g en  co n ten ts  fo r  c o n tro ls  and b lo cks  
w ith  glutam ine over the b u r ia l  p e r io d .
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3 .2 ..Z .2 .. The e f f e c t  o f g lutam ine on the copper and chromium co n ten ts

o f CCA-treated  hardwoods and softw oods.

The copper and chromium co ntents o f p reserved  b lo cks over the d u ra tio n  

of the s o i l  b u r ia l  a re  presented in  F ig u re s  3 .59  -  3 .6 2 . The copper 

contents o f p reserved  lim e , beech and pine p r io r  to s o i l  b u r ia l

were b road ly  s im i la r  a t  each g lutam ine im pregnation le v e l .  At 

t h is  same sam pling p e r io d , p reserved  c o n tro l b lo cks o f spruce i . e .  

those w ithout g lutam ine a d d it io n s , showed h igh er copper co n ten ts  

than b lo cks impregnated w ith  g lu tam ine . One-way a n a ly s is  o f v a r ia n c e  

of mean copper co n ten ts o f spruce b lo c k s , both w ith  and w itho u t

glutam ine a d d it io n s , showed copper co n ten ts  in  these  b lo cks  not

to be s ig n i f i c a n t ly  d if fe re n t  (F= 2 .8 6 , p = 0 .0 5 ). T race  amounts

of the elem ents (< 0 .01%  w/w) were p resen t in  unpreserved wood, 

and these amounts remained r e la t i v e ly  co nstan t over the d u ra tio n

of the s o i l  b u r ia l .

The mean copper and chromium co ntents o f the b lo cks p r io r  to s o i l  

b u r ia l ,  and the copper and chromium co n ten ts  in  the t re a t in g  s o lu t io n , 

are presented in  Tab le  3 .2 2 . The r a t io s  o f m etals in  the b lo cks 

and as s a l t s  in  the t re a t in g  so lu t io n  are  a lso  presented in  t h is  

t a b le . The r e s u lt s  showed th a t d i f f e r e n t  le v e ls  o f ab so rp tio n

of the elem ents from the t re a t in g  so lu t io n  were observed in  the 

fo u r wood sp e c ie s  te s te d . Spruce showed an over abso rp tio n  o f 

both copper and chromium from the t re a t in g  s o lu t io n . Lime and 

pine d isp layed  b road ly  s im ila r  copper co ntents in  the b lock as 

in  the t re a t in g  s o lu t io n , but beech showed lower abso rp tio n  o f 

copper. The hardwoods a lso  showed low er chromium co n ten ts  in  the 

b lo c k s , in d ic a t in g  an under absorption  o f t h is  element in  the wood. 

C u :C r r a t io  o f the hardwoods however, were s im i la r  to the r a t io s  

o f these m etals as s a l t s  in  the t re a t in g  s o lu t io n . The softwoods 

d isp layed  lower C u :C r r a t io s  to the hardwoods.

Comparisons o f the le v e ls  o f copper and chromium in  the b lo cks  

determined by chem ica l a n a ly s is ,  to le v e ls  c a lc u la te d  from l iq u id  

uptake d a ta , showed h igher contents o f the elem ents in  the b lo c k s . 

The s e le c t iv e  adso rp tion  r a t io s  o f copper and chromium are  p resented 

in  Table 3 .2 3 . The r e s u lt s  showed th a t  the r a t io s  obtained fo r  

chromium were h igher than those obtained fo r  copper. These r e s u l t s  

show th a t  chromium i s  s e le c t iv e ly  adsorbed to the wood.
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Fig 3.59 %Copper and %Chromium in CCA treated lime impregnated with glutamine, after burial in soil for periods
up to twelve weeks.
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Fig 3.60 %Copper and %Chromium in CCA treated beech impregnated with glutamine, after burial in soil for
periods up to twelve weeks.
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Fig 3.61 %Copper and %Chromium in CAA treated pine impregnated with glutamine, after burial in soil for periods
up to twelve weeks.
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F ig  3 .62  %Copper and .Chromium in  CCA heated spruce impregnated w ith  g lu tam ine , a f t e r  b u r ia l in  s o i l  fo r  periods 
up to tw e lve  weeks.



Table 3 .2 2 Comparison o f m etal co n ten ts  in  b lo cks and as s a l t s  
in  the t re a t in g  s o lu t io n .

Copper Chromium Cu :C r

Wood
Type

% w/w in  
b lock

% w/w as 
s a l t  in  
t re a t in g  
so lu t io n s

% w/w in  
b locks

%w/w as 
s a l t  in  
treating 
solutions

in  b lock s a l t

Lime 0 .08 0 .1 2 0 .5 7

Beech 0 .06 0 .09 0.11 0 .1 6 0 .5 4 0 .5 6

Pine 0 .08 0 .16 0 .51

Spruce 0.11 0 .2 4 0 .4 5

Table 3 .2 3  S e le c t iv e  adso rp tion  r a t io s  in  CCA tre a te d  lim e , beech,
pine and spruce a t  va ry in g  g lutam ine co n ce n tra t io n s  
p r io r  to s o i l  b u r ia l .

S e le c t iv e  ad so rp tio n  r a t io s

Wood T reatment Cu Cr

Lime CCA c o n tro ls 1 .2 0 1 .3 0
CCA + 0.44% w/v gin 1 .3 0 1 .40
CCA + 0 .8 8 V2 \m/\i gin 1 .2 0 1 .40
CCA + 1.76% w/v gin 1 .3 0 1 .5 0
CCA + 2.60% w/v gin 1 .2 0 1 .5 0

Beech CCA c o n tro ls 1 .5 0 1 .6 0
CCA + 0.48% w/v gin 1 .3 0 1 .7 0
CCA + 0.96% w/v gin 1 .5 0 1 .6 0
CCA + 1.83% w/c gin 1 .5 0 1 .60
CCA + 2.74% w/v gin 1 .5 0 1 .7 0

Pine CCA c o n tro ls 1 .1 0 1 .2 0
CCA + 0.45% w/v gin 1 .2 0 1 .2 5
CCA + 0.92% w/v gin 1 .2 0 1 .3 3
CCA + 1.83% w/v gin 1 .1 0 1 .3 3
CCA + 2.74% w/v gin 1 .1 0 1 .2 3

Spruce CCA c o n tro ls 1 .0 0 1 .14
CCA + 0.36% w/v gin 0 .9 2 1 .40
CCA + 0.72% w/v gin 0 .9 2 1 .1 0
CCA + 1.45% w/v gin 0 .9 2 1 .1 0
CCA + 2.17% w/v gin 0 .9 2 1 .2 0
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In  lim e , beech and p in e , p reserved  b lo cks o f va ry in g  g lutam ine 

treatm ents d isp layed  b road ly  s im i la r  s e le c t iv e  ad so rp tio n  r a t io s .  

However, in  sp ru ce , p reserved  b lo cks impregnated w ith  g lutam ine 

d isp layed  lower s e le c t iv e  adso rp tion  r a t io s  to p reserved  c o n tro l 

b lo c k s . In  g e n e ra l, hardwoods d isp la yed  h igh er s e le c t iv e  ad so rp tio n  

r a t io s  o f both copper and chromium than softw oods.

The ra te s  a t which copper was lo s t  to the s o i l ,  were more rap id  

in  preserved  g lutam ine b locks than in  p reserved  c o n tro l b lo cks 

during the e a r ly  s tag es o f s o i l  b u r ia l .  Rates a t  which copper

lo sse s  occurred  d im in ished  over the rem aining sam pling in t e r v a l s .  

In  g e n e ra l, b lo cks impregnated w ith  h igher g lutam ine co n ce n tra t io n s  

d isp layed  la rg e r  copper lo s s e s . T h is  p a tte rn  was c le a r ly  observed 

in  lim e , p ine and sp ru ce . In  beech, copper co n ten ts in  p reserved  

b locks both w ith  and w ithout g lutam ine a d d it io n s , were b ro ad ly  

s im ila r  a t  each sam pling p e r io d .

The chromium co ntents recorded in  p reserved  b lo cks o f lim e , beech, 

pine and spruce (F ig u re s  3 .59  -  3 .6 2 ) ,  were h igh er than the copper 

contents recorded in  these  woods a t  s im i la r  sam pling p e r io d s .

U n like  copper which showed g re a te r lo s s e s  in  b lo cks a t  h igher g lutam ine 

co n ce n tra t io n s , lo s se s  o f chromium were b road ly  s im i la r  in  b lo cks

o f va ry in g  glutam ine c o n c e n tra t io n s . During the s o i l  b u r ia l ,  the 

chromium co ntents were seen to in c re a se  in  some preserved  b lo c k s . 

These in c re a se s  re su lte d  from the v a r ia t io n s  in  the l iq u id  uptakes 

o f the p re s e rv a t iv e  s o lu t io n  in  the b lo c k s .

The lo s se s  o f copper and chromium in  p reserved  b lo cks o f lim e ,

beech, p ine and spruce a f t e r  tw e lve  weeks s o i l  b u r ia l  are  p resented 

in  Table 3 .2 4 .

S ig n if ic a n t  lo s se s  in  copper were seen in  the fo u r wood sp e c ie s

a f t e r  tw e lve  weeks b u r ia l  in  s o i l .  L a rg e s t lo s s e s  o f copper were 

seen in  beech and sm a lle s t  in  sp ru ce . The copper lo s se s  recorded 

in  lim e and pine were b road ly  s im i la r ,  w ith  p reserved  c o n tro ls  

in  these wood d isp la y in g  copper lo s s e s  o f 17%, and p reserved  b lo cks 

a t  the h ig h est g lutam ine co n c e n tra t io n s , d is p la y in g  copper lo s s e s  

o f 47%.

Chromium lo sse s  from p reserved  b lo cks o f the fo u r woods te s te d  

were le s s  than those observed fo r  copper. S ig n if ic a n t  lo s s e s  were 

observed in  beech but in  lim e , p ine and sp ru ce , lo s s e s  in  chromium 

in  these woods a f t e r  tw e lve  weeks were 20%. In  beech, chromium

lo sse s  up to 42% were observed a f t e r  a tw e lve  week s o i l  b u r ia l .
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Table 3 .2 4 Copper and chromium lo s s e s  recorded in  p re s e rv a t iv e  
tre a te d  lim e , beech, p ine and spruce b lo cks o f va ry in g  
g lutam ine co n ce n tra t io n s  a f t e r  12 weeks s o i l  b u r ia l

Wood T reatment Cu (%) Cr (%)

Lime CCA c o n tro ls 17 .80 0
CCA + 0.44% w/v gin 28 .20 10 .76
CCA + 0.88% w/v gin 25.71 0
CCA + 1.76% w/v gin 42 .50 14 .28
CCA + 2.60% w/v gin 4 7 .1 4 7 .1 4

Beech CCA c o n tro ls 46 .60 37 .72
CCA + 0.48% w/v gin 26 .00 25 .00
CCA + 0.96% w/v gin 50 .00 29 .10
CCA + 1.83% w/v gin 50 .00 18 .18
CCA + 2.72% w/v gin 60 .00 4 2 .0 0

Pine CCA c o n tro ls 17 .10 7 .1 0
CCA + 0.45% w/v gin 31 .75 6 .6 6
CCA + 0.92% w/v gin 33 .75 6 .2 5
CCA + 1.83% w/v gin 43 .70 17 .6 4
CCA + 2.74% w/v gin 47 .50 11 .76

Spruce CCA c o n tro ls 29 .16 4 .1 6
CCA + 0.36% w/v gin 22 .72 11.11
CCA + 0.72% w/v gin 21 .22 0
CCA + 1.45% w/v gin 33 .63 7 .2 7
CCA + 2.17% w/v gin 39 .09 8 .0 0
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S t a t i s t i c a l  a n a ly s is  o f comparison o f the mean copper co n ten ts 

in  p reserved  c o n tro ls  and preserved  b lo cks  impregnated w ith  g lutam ine 

in  lim e , beech, p ine and spruce are  presented in  Tab le  3 .2 5 .

R e su lts  o f 1-ANOVA showed th a t  when copper co n ten ts were compared, 

s ig n i f ic a n t  d if fe re n c e s  e x is te d  (p=0.001) in  b lo cks o f va ry in g  

glutam ine trea tm ents in  lim e , p ine and spruce but not in  beech 

(Column I I ) .  At each treatm ent le v e l ,  a l l  b locks showed s ig n i f i c a n t  

d if fe re n c e  (p=0.001) in  copper co n ten ts  over the b u r ia l  period  

(Column I I I ) .  H ig h ly  s ig n i f ic a n t  d if fe re n c e s  e x is te d  in  the copper 

co ntents fo r  c o n tro ls  and b locks w ith  g lu tam ine , over the b u r ia l  

period in  a l l  the wood sp e c ie s  te s te d  (Column IV , In t e r a c t io n ) .

S t a t i s t i c a l  a n a ly s is  to determ ine the d if fe re n c e s  in  chromium co ntent 

between p reserved  c o n tro l b lo cks and p reserved  b lo cks  im pregnated 

w ith  g lu tam in e , was considered  unnecessary as r e s u lt s  showed l i t t l e  

d if fe re n c e  between tre a tm e n ts .
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Table 3 .2 5  1-ANOVA and 2-ANOVA com parisons o f copper co n ten ts  to 
d e te c t the s ig n if ic a n c e  o f lo s s e s  occu rin g  during  s o i l  
b u r ia l  and the e f fe c t  o f added amino a c id s  on ra te s  o f 
lo s s .

Wood Type I I I I I I IV

Lime CCA c o n tro ls xxx xxx xxx
CCA + 0 .4 4 % .w/v gin xxx xxx xxx
CCA + 0.88% w/v gin xxx xxx xxx
CCA + 1.76% w/v gin xxx xxx xxx
CCA + 2.60% w/v gin xxx xxx xxx

Beech CCA c o n tro ls NS xxx X
CCA + 0.48% w/v gin NS xxx X
CCA + 0.96% w/v gin NS xxx X
CCA + 1.83% w/v gin NS xxx X
CCA + 2.74% w/v gin NS xxx X

Pine CCA c o n tro ls xxx xxx XXX
CCA + 0.48% w/v gin xxx xxx xxx
CCA + 0.92% w/v gin xxx xxx xxx
CCA + 1.84% w/v gin xxx xxx xxx
CCA + 2.74% w/v gin xxx xxx xxx

Spruce CCA c o n tro ls xxx xxx X
CCA + 0.36% w/v gin xxx xxx X
CCA + 0.72% w/v gin xxx xxx X
CCA + 1.45% w/v gin xxx xxx X
CCA + 2.17% w/v gin xxx xxx X

xxx ,  x and NS rep re sen t p ro b a b i l i t ie s  o f <!0.1%. 5% and >5% r e s p e c t iv e ly , 
th a t  d if fe re n c e s  a r is in g  from the com parisons o f each column could  
a r is e  by chance.

Column I Treatm ent (% w/v g lutam ine)

Column I I

Column I I I

Column IV

1-ANOVA to  determ ine whether th e re  i s  any s ig n i f i c a n t  
change in  copper co n ten ts fo r  the d i f f e r e n t  treatm ent 
employed.

1 - ANOVA to  determ ine whether the re  i s  a s ig n i f i c a n t  
d if fe re n c e  in  copper co n ten ts  w ith in  each treatm ent 
over the s o i l  b u r ia l p e r io d .

2- ANOVA to determ ine any s ig n i f ic a n t  d i f f e r e n t  between 
copper co ntents fo r  c o n tro ls  and b lo cks  impregnated 
w ith  g lutam ine over the b u r ia l  p e r io d .



Conclusions

The m ajor co n c lu s io n s  d erived  from these  p re s e rv a t iv e  s tu d ie s  a re :

( i )  amino a c id s  in flu e n c e  decay s u s c e p t ib i l i t y  and p re s e rv a t iv e  

e f f ic a c y  in  lim e , but not to a s ig n i f ic a n t  e x te n t in  beech 

and not a t  a l l  in  p ine and spruce

( i i )  the amino a c id s  a rg in in e  and g lu tam ine , both d isp la ye d  

s im i la r  e f f e c t s  on p reserved  lim e b lo c k s ; s p e c i f i c i t y  o f 

the amino a c id  was not a p re - re q u is it e  in  in f lu e n c in g  mass 

lo s s  and p re s e rv a t iv e  perform ance in  lim e

( i i i )  amino a c id s  in co rporated  in to  p reserved  b locks showed lo s s e s  

during  the i n i t i a l  p erio d s o f the s o i l  b u r ia l .  Lo sses 

o f amino a c id s  were g re a te r in  softwoods and t h is  may r e f le c t  

the f ix a t io n  mechanisms in  these  woods. In  the hardwoods, 

a lthough lo s s e s  were a lso  observed , some re te n tio n  o f the 

amino a c id s  o ccu rred , which accounted fo r  p reserved  g lutam ine 

b lo cks and unpreserved b lo cks  d is p la y in g  b ro ad ly  s im i la r  

n itro g en  co ntents

( i v )  in  unpreserved hardwoods and softw oods, n itro g en  co n ten ts

in creased  as weight lo s s  in c re a se d . However, a le v e l  o f 

n itro g en  o f app ro xim ate ly  0.20% was n ecessa ry  before  s i g n i f i 

can t weight lo s s  o ccu rred . A ls o , in  both hardwoods and

softwoods (re g a rd le s s  o f t re a tm e n t) , a good c o r r e la t io n  

e x is te d  between weight lo s s  and n itro g en  content over the 

d u ra tio n  o f the experim ent

(v ) e lem enta l a n a ly s is  showed th a t  chromium was p r e f e r e n t ia l ly  

adsorbed to wood than copper. Copper lo s se s  in  p reserved  

b locks in creased  w ith  in c re a s in g  g lutam ine c o n c e n tra t io n s , 

but chromium lo s se s  were not in flu e n ce d  by amino a c id  concen

t r a t io n s .  B lo cks a t  high g lutam ine co n ce n tra t io n s  showed 

e ff lo re sc e n c e  p r io r  to b u r ia l ,  which suggests th a t  c h e la t io n  

o f copper w ith  the amino a c id  may have o ccu rre d . Copper 

lo s se s  (a s  were amino ac id  lo s s e s )  were s ig n i f i c a n t ly  la rg e r  

in  these b locks than in  c o n tro l b lo cks

( v i )  sugars in co rpo rated  in to  p reserved  b lo cks d id  not in f lu e n c e  

decay or p re s e rv a t iv e  performance in  the hardwood and softwood 

te s te d .
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CHAPTER 4

DISCUSSION



.Discussion

The research  fo r  t h is  p ro je c t was undertaken to determine the nature and 

id e n t ity  of the so lub le  carbohydrate and so lub le  nitrogenous components 

which migrate and accumulate a t evaporative  su rfaces of dried, wood; the 

d is t r ib u t io n  of these components on an annual r in g  b a s is  in  green and 

dried wood; and the ro le  of the in d iv id u a l so lub le  n u tr ie n t components 

on decay s u s c e p t ib i l it y  and p re se rva tive  s t a b i l i t y .

't- .I. S tud ies on the so lub le  n u tr ie n t  components in  wood.

Four experiments were undertaken to determine the composition of the 

so lub le  n u tr ie n ts  in  wood. Experim ents I ,  2 and 3 of t h is  study were 

undertaken to  determine the d is t r ib u t io n  of so lub le  n u tr ie n ts  in  green 

and dried, wood. Experiment of t h is  study was undertaken to determine 

q u a l it a t iv e ly  and q u a n t ita t iv e ly  the so lub le  sugars and so lub le  amino 

ac id s th a t re d is t r ib u te  and accummulate a t  su rface  reg ions of such 

m a te r ia ls .

Experiment I  was a p re lim in a ry  experiment in  which wood samples both 

green and dried* were m ille d  in  a U ile y  micro-hammermill p r io r  to ex

t ra c t io n . As green wood i s  d i f f i c u l t  to m i l l ,  samples in  Experim ent 2 

were chipped to provide sm all specimens of la rg e  surface  a re a . P re 

lim in a ry  work a t t h is  lab o ra to ry  has shown th a t lower co ncen tra tio ns of 

so luble carbohydrate were obtained when samples were extrac ted  in  b lock 

form (Button and McFarlane, p e rs . comm.). These workers a lso  found th a t 

the amount o f carbohydrate s o lu b ilis e d  from m illed  wood, was about 10 fo ld , 

g reater than th a t obtained from wood b lo cks , when e x tra c t io n s  were 

ca rr ie d  out in  water fo r  30 minutes a t  37°C. The 30 minute period  

was chosen as i t  was shown th a t the ra te  of re le ase  of carbohydrate 

from m illed  wood decreased markedly a f t e r  t h is  period . The samples 

used in  Experim ents 2 and. 3 were d iv id ed  in to  5 and 10 r in g  groupings. 

Spruce samples were d iv ided  in to  10 r in g  groupings as the annual r in g s  

in  t h is  wood were s itu a te d  c lo se r to g ether; and pine samples were d iv 

ided in to  5 r in g  groupings as annual r in g s  in  th is  wood were po sitio ned  

fu rth e r  a p a rt . A re p re se n ta tive  sample of green spruce and pine which 

had been chipped,was a lso  d ried  and m ille d . T h is  provided samples fo r  

which the dry weight was known, and the r e s u lt s  of which,could, be com

pared d ir e c t ly  w ith  samples from su rface  and sub-surface reg ions of 

d ried  wood. Green samples of lime and kempas were not a v a ila b le  and. 

the d is t r ib u t io n  of so lub le  n u tr ie n ts  in  these woods was not in ve stig a te d ..



L number of extractions were undertaken to determine the soluble nut

rien ts  in wood. Aqueous extractions were undertaken in Experiment I,

1 and 3* Aqueous extractions were chosen to remove nutrients that are 

soluble in  water, and which are eas ily  translocated and. therefore, 

read ily  available to primary colonisers. In the aqueous extractions, 

the wood to water ra tio  used was 1:15. This ra tio  was chosen a fte r  

preliminary experiments showed that th is  wood:water ra tio  gave rapid  

and reproducible resu lts and was therefore adopted fo r la te r  experi

ments.

Experiment % involved several sub-experiments in  which samples of dried  

wood were subjected to extraction procedures with d iffe ren t solvents.

The procedures adopted for th is  series of experiments were as those 

specified in  TAPP I standards, T26 '̂-om-32 fo r the preparation of wood, 

for chemical analysis, and T207-om-8l fo r the water s o lu b ility  of 

wood and pulp. In the f i r s t  sub-experiment, surface samples of dried, 

wood were subjected to successive extractions in  70% aqueous ethanol 

and. hot water. Extractives that are soluble in  alcohol include resins, 

fa tty  acids and the ir esters, waxes, tannins , pigments and some phenolic 

compounds. Materials such as tannins, which are dissolved by both ethanol 

and water, are removed by the f i r s t  solvent. Carbohydrates are more 

soluble in  water than in  organic solvents. For example, at 20°C, the 

s o lu b ility  of glucose in  water is  Ig/ml, but the s o lu b ility  of glucose 

in ethanol, is  Ig in  60 mis (Merk Index). The aqueous ethanol used, in  

the extraction has a re la t iv e ly  high p o larity , and- although i t  may not 

be the best solvent fo r carbohydrates, i t  is  l ik e ly  to be of su ffic ie n t  

polarity  to release mono- or oligosaccharides from wood, samples. Ex

tractions in  aqueous ethanol were undertaken to provide comparative 

data with those of Baker, Laidlaw and Smith (1970) and Long (1978).

Baker et. a l.  (1970 o p .c it .)  extracted wood and frass samples of Ano- 

bium punctatum in  ethanol to determine the free sugar composition in  

these samples. Long (1978 op. c i t .)  in  h is preliminary experiment on 

the red istribution  of simple sugars during drying of wood, also em

ployed procedures sim ilar to those of Baker et. a l.

The resu lts  of the f i r s t  sub-experiment showed that extraction in  

alcohol removed substantial amounts of soluble m aterial. Weight losses 

of 12 :%, 6%, 577and. l¥%> were recorded fo r lime, pine, spruce and kempas 

respectively. Less extractable material was released from the alcohol- 

extracted. wood when i t  was subjected, to the second, extraction in  hot 

water.
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Most of the weight loss in  the m illed samples was accounted fo r in  

alcohol extract. The larger weight loss displayed hy lime is  surprising, 

as hardwoods are known to contain smaller amounts o f 'fa ts  and resins  

than softwoods.

In the second sub-experiment, surface samples were subjected to a single  

extraction in  cold water. A larger proportion of soluble material was 

extracted from pine ( l 6%) than from any of the other wood species 

tested. Spruce and lime displayed sim ilar weight losses to each other 

(lO;?b) when extracted in  cold water. In both sub-experiments, kempas 

consistently displayed smaller weight losses in  comparison to the other 

woods. It is  inferred from these resu lts  that kempas has a lower con

centration of extractable material.

The extracts from both sub-experiments were dried and redissolved in  

water. The amount of water soluble material recovered from the dried 

extracts varied with the type of extraction employed. Recoveries of 

water soluble fractions of alcohol extracts were low in  comparison to 

those from cold water. In lime, only 50fo of the material recovered from 

the dried alcohol extracts was water soluble. In spruce and p ine, the 

recoveries were 60%, and in  kempas 36%, These low recoveries indicate  

the proportion of polymeric material that is  extracted in  alcohol which 

is  insoluble in water. Also, prior to so lu b ilisa tio n  in  water, the 

dried extracts were weighed in the fla sk s  in  which the extractions in  

alcohol had been previously undertaken. In practice, i t  was necessary 

to dry the alcohol extracts in  a re la t iv e ly  large fla sk . The large 

difference in  the weight of the fla sk  and that of the dried residue, 

is  l ik e ly  to be a source of random error which would, therefore lim it  

r e l ia b i l i t y  in  the calculation of recoveries.

then alcohol extracted samples were subjected to a second extraction in  

hot water, and the resu lting  material freeze dried, i t  was found, that 

50% of the freeze dried material was read ily  soluble in  water. These 

resu lts may indicate the presence of starches which are known to be re

moved by hot water and are insoluble in  cold water. Rater soluble mat

e ria l obtained from the cold water extracts of the second sub-experiment, 

gave higher recoveries than those of the alcohol and hot water ex

tractions. Recoveries of 30% were obtained with each of the wood 

species tested..

As the resu lts from the sub-experiments showed that the combined ex

tractions in  alcohol and hot water removed as much material as that from 

a single extraction in cold water, the la tte r  method was ad.opted. fo r sub

surface samples.
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A single cold water extraction was chosen as the interest was mainly on 

soluble components that are read ily  available to wood colonising orga

nisms. The extraction procedure also has the advantage that i t  is  rapid, 

and easily  manageable.

Extractions in  cold water of sub-surface samples of spruce, pine and. lime 

prod.uced broadly sim ilar weight losses; in  lime these were 7%, and in  

spruce and pine $%• Gold water soluble material extracted from surface 

regions of spruce, pine and lime were 2-3 times those from sub-surface 

regions. It is  apparent from the resu lts  that less soluble material is  

extracted from sub-surface regions, and th is  corroborates the views of 

King, Oxley and Long (l97^)> who showed that red istribution  and accum

ulation of soluble nutrients at wood, surfaces occurred during drying.

In experiments undertaken in Section 3*1*» a l l  extracts were f i lte re d  

through membrane f i l t e r s  prior to analyses? therefore, removing any need 

for c la r if ic a t io n  by methods used by Laidlaw and Smith ( 19 6 5 ) and Long 

(1978). These authors employed cadmium sa lts  and ion-exchange resins  

to remove in te rfe rrin g  non-sugar material p rior to chromatographic 

separation. As the pore size of the membrane f i l t e r  was 0.^5 p i, most 

in terferring  material would have been removed during f i lt r a t io n .  Wood 

extracts were shown to be clear and free from wood debris a fte r f i l t 

ration. The method used in  th is  study has the advantage that deter

minations of both sugar and amino acids can be made from the same ex

tracts.

In the analyses of the extracts, group sp e c ific  assays were employed in  

the determination of the to ta l carbohydrate content, the reducing sugar 

content, the amino acid content and the soluble protein content. The 

composition of the soluble nutrient components were determined using 

specific  enzymatic assays or analytica l equipment such as HPLC and. the 

amino acid autoanalyser. Both these items of equipment are capable of 

resolving a complex mixture into ind ividual components without the need 

of derivatization.

The resu lts presented, in  Experiments I, 2 and 3 showed rad ia l d is t r i 

bution patterns of soluble carbohydrates and. soluble nitrogenous com

ponents in  both green and dried samples of spruce and pine. These ex

periments also showed the migration and accumulation of soluble carbo

hydrates, reducing sugars, glucose and fructose, soluble protein and. 

amino acids at surface regions of dried wood..
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In general, concentrations of the soluble nutrients were highest in  

the outer sapwood. regions but decreased in  concentration in the inner 

sapwood and heartwood regions. This rad ia l d istrib u tio n  of soluble 

nutrients might be anticipated, since the sapwood region is  the physio

lo g ic a lly  active region of the tree. Radial d istrib ution  patterns of 

soluble carbohydrate and soluble nitrogenous components in  surface 

samples of dried spruce and pine (Experiment 3) displayed, steeper 

concentration gradients than those of sub-surface samples. Concen

trations of soluble nutrients in  sub-surface samples were re la t iv e ly  

low. The gentler gradient observed in rad ia l d istrib u tio n  of soluble 

materials in  these samples are accounted fo r by smaller differences  

in  nutrient concentrations between the sapwood and heartwood regions.

Interestingly in  pine, the to ta l carbohydrate content increased in  the 

heartwood region. This re su lt  is  in  contrast to the general trends 

observed, where the reducing sugar content, the combined, glucose and 

fructose concentrations, and the soluble amino acid concentrations de

creased with increasing d.istance from the cambium. The increases in  

to ta l carbohydrate content in  pine were observed, in  the la tte r  ring  

groupings, ie .r in g  groups 3 1 -3 5 1 36-^0 , and d6- 50. It is  postu

lated. that the increases seen in th is  region are l ik e ly  to be d.ue to 

polymeric material reacting with the phenol-sulphuric assay.

The to ta l carbohydrate content recorded, fo r green spruce in  Experiment 

I was three times the concentration recorded fo r green samples In Ex

periment 2. However, these two experiments are not d ire c tly  compar

able as ring groups from which the samples were obtained, d iffered , 

as did. the method of preparation of wood prior to extraction. Green 

pine samples which had been chipped. (Experiment ?') displayed higher 

concentration of soluble carbohydrates than green spruce samples which 

had been prepared in  a sim ilar manner. The total carbohydrate content 

in green pine was twice that of green spruce. It is  deduced from these 

resu lts that of the two softwood species tested, pine showed greater 

quantities of soluble carbohydrates.

In both spruce and pine, the reducing sugar content accounted fo r  a 

sign ifican t proportion of the to ta l carbohydrate content of green 

wood. Harked differences in concentration of total carbohydrate con

tent and reducing sugar content were observed in  the outer sapwood. 

region of green spruce, but in  the inner sapwood and heartwood. regions, 

concentrations of these materials were broadly sim ilar.
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In  g r e e n  r o o d , r e d u c in g  s u g a r s  c o n s t i t u t e d  80;3 o f  th e  t o t a l  c a r b o 

h y d r a t e  c o n te n t  i n  s p r u c e  and p in e .  G lu c o s e  and. f r u c t o s e  w e re  th e  

p re d o m in a n t s u g a r s  i n  a l l  r i n g  g r o u p in g s ,  an d  th e  com bined c o n c e n 

t r a t i o n  o f  t h e s e  s u g a r s  c o n s t i t u t e d  9Q>% o f  th e  t o t a l  r e d u c in g  s u g a r  

c o n te n t  in  s p r u c e ,  and 8 0 't  i n  p in e .

P a p e r  c h ro m a to g ra p h y  w as u s e d  i n i t i a l l y  t o  d e te rm in e  q u a l i t a t i v e l y  

th e  wood s u g a r s  i n  th e  e x t r a c t s .  S u g a r  s t a n d a r d s  o f  g l u c o s e ,  f r u c t o s e ,  

s u c r o s e ,  x y l o s e ,  m annose an d  a r a b in o s e  w e re  ru n  a lo n g s i d e  e x t r a c t s  fro m  

th e  d i f f e r e n t  w oods t e s t e d .  The ch ro m a to gra m s w ere  d e v e lo p e d  i n  a  

d e s c e n d in g  m anner in  a  s o l v e n t  o f  b u t a n o l : p y r i d i n e : w a t e r  ( 6 : ^ : 3 ) .

The i n t e n s i t i e s  o f  th e  s p o t s  w h ich  a p p e a r e d  i n  th e  ch ro m a to g ra m s w e re  

r e l a t e d  t o  th e  c o n c e n t r a t io n  o f  th e  s u g a r s  p r e s e n t .  G lu c o s e  an d  

f r u c t o s e  w ere  shown i n  th e  ch ro m ato gram s t o  be th e  m a jo r  s u g a r s  p r e s e n t  

i n  th e  e x t r a c t s .  S u c r o s e  w as d e te c te d , i n  th e  c h ro m a to g ra m s, a s  w e l l  a s  

t r a c e s  o f  a  p e n t o s e ,  t h a t  w as t e n t a t i v e l y  i d e n t i f i e d  a s  x y l o s e .  A 

v a r i e t y  o f  o l i g o s a c c h a r i d e s  w ere  a l s o  i d e n t i f i e d  i n  th e  c h ro m a to 

g ra m s, w h ich  h ad  lo w e r  m o b i l i t i e s  th a n  th e  m o n o s a c c h a r id e s , a s  a  r e 

s u l t  o f  t h e i r  l a r g e r  m o le c u la r  s i z e .  C o n c e n t r a t io n s  o f  g lu c o s e  and  

f r u c t o s e  w h ich  w e re  i d e n t i f i e d  a s  m a jo r  s u g a r  com p on en ts in  th e  chrom 

a to g r a m s , w ere  q u a n t i f i e d  u s in g  t h e  e n z y m a t ic  a s s a y .  In  th e  l a t e r  a n a 

l y s i s  (E x p e r im e n t  d ) , s e p a r a t i o n  and  q u a n t i f i c a t i o n  o f  wood s u g a r s  w e re  

a c h ie v e d  u s in g  HPLC.

S a m p le s  o f  s p r u c e  and  p in e  t h a t  had  b een  c h ip p e d , d r ie d , and m i l l e d  

d i s p la y e d  h ig h e r  c o n c e n t r a t io n  o f  s o l u b l e  c a r b o h y d r a t e s  th a n  t h o s e  o f  

g r e e n  c h i p s .  The r e s u l t s  o f  g r e e n  c h ip s  w h ich  h ad  b e e n  d r i e d  an d  m i l l e d  

a r e  n o t  d i r e c t l y  c o m p a ra b le  w ith  th o s e  o f  u n d r ie d  c h i p s ,  a s  m o is t u r e  

c o n t e n t s  o f  th e  g r e e n  c h ip s  w ere  n o t  m e a su re d . C o r r e c t i o n s  f o r  m o i

s t u r e  i n  g r e e n  s a m p le s  w e re  made a t  a  l a t e r  d a t e  u s in g  e m p i r i c a l  d a t a  

a v a i l a b l e  a t  t h i s  l a b o r a t o r y  t o  p r o v id e  a  t h e o r e t i c a l  c o m p a r is o n .

Sam p les w h ich  h ad  b e e n  c h ip p e d , d r i e d  an d  m i l l e d  t h e r e f o r e  p r o v id e d  

sa m p le s  w h ich  a l lo w e d  th e  s t a t u s  o f  g r e e n  wood t o  b e  a s s e s s e d .  The 

u se  o f  m i l le d  wood w ou ld  p r o b a b ly  a c c o u n t  f o r  th e  h ig h e r  c o n c e n t r a t i o n s  

o f  s o lu b le  c a r b o h y d r a t e s  o b ta in e d  fro m  th e  d r i e d  c h i p s ,  a s  th e  s u r f a c e  

a r e a  t o  vo lum e r a t i o  i s  c o n s id e r a b ly  h ig h e r  th a n  th at o f  th e  g r e e n  c h i p s .  

The e f f e c t  o f  d r y i n g  on wood s t r u c t u r e  i s  d i f f i c u l t  t o  a s s e s s  b u t  i t  

w ou ld  seem  t h a t  d r y in g  d o e s  n o t  d e s t r o y  c a r b o h y d r a t e s ,  a t  l e a s t ,  a t  

th e  te m p e r a tu r e  u s e d .

'The r e s u l t s  o f  i n v e s t i g a t i o n s  in t o  th e  d i s t r i b u t i o n  o f  s o lu b le  c a r b o 

h y d r a t e s  a t  s u r f a c e  and s u b - s u r f a c e  r e g i o n s  o f  d r ie d , wood, a l s o  showed, 

t h a t  c o n c e n t r a t io n  o f  s o lu b le  c a r b o h y d r a te  w e re  h ig h e r  a t  th e  e v a p o 

r a t i v e  s u r f a c e s .
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In spruce, concentration of soluble carbohydrates at surface regions 

was fiv e  times that at sub-surface regions; and in  pine, soluble car

bohydrate concentration at surface regions was four times that at sub

surface regions. Comparison of the ra t io  .of the concentrations at sur

face and sub-surface regions showed them to be d ifferent in  each ring  

grouping. In general, the ra tio s  of soluble carbohydrates in  surface 

samples to soluble carbohydrate in  sub-surface samples decreased with 

increasing distance from the cambium. In the heartwood regions of 

surface and sub-surface samples, these ra tio s  were broadly s im ila r. The 

resu lts have also shown that the concentration of soluble carbohydrates 

at evaporative surfaces was three times those of the dried chipped 

samples of spruce, and twice those of sim ilar samples of pine. Re

ducing sugars constituted a s ig n ifican t proportion of the toted. carbo

hydrate content at both surface and sub-surface regions.

The migration and accumulation of carbohydrates to evaporative surfaces 

was c le a rly  demonstrated, in  Experiment Soluble carbohydrates 

accounted, fo r I-$% of the dried wood mass at surface regions of spruce, 

pine, lime and kempas. 'The concentration of these materials at surface 

regions of pine was fiv e  times those at sub-surface regions. In spruce 

and lime, soluble carbohydrate concentrations at surface regions were 

twice those at sub-surface regions. In the surface samples of the 

four wood species tested, pine displayed the highest concentration 

(5/0 w/w) of soluble carbohydrate. This corroborates the resu lts  ob

tained in  the d istrib ution  studies in  which pine displayed, higher con

centration of soluble carbohydrates than spruce, in  both green and 

dried, wood.

In general, soluble carbohydrate concentrations in alcohol and cold 

water samples constituted, between ?S/'o-5 %̂ of the water soluble material 

recovered, from the dried, extracts. It is  deduced from th is  find ing  that 

a s ig n ifican t proportion of the material extracted from surface samples 

is non-carbohydrate in nature. Besides the sugars, water soluble ma

te r ia ls  include inorganic sa lts , tannins, cycloses and c y c lito ls ,  some 

polysaccharid.es and nitrogenous materials including the amino acids.

The la tte r  has been shown to constitute only 0.3/d of the mass of wood..

As the aim of th is  project was centered- prim arily on the soluble carbo

hydrate and. soluble amino acids present at surface regions of wood., in 

vestigations into the other water soluble components were not undertaken, 

but th is  remains an interesting area fo r further study.
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The separation and id e n tifica tio n  of soluble sugars contained in  the 

extracts was achieved by KPLC in Experiment it  The equipment became 

available in  the department during th is  period of the project. I t was 

found to be the preferred method of analysis to the colorim etric assays 

used in  Experiments 1-3 in  th is  study fo r several reasons. A ll  mono

saccharides and a range of oligosaccharides would be completely sepa

rated. under iso cra tic  conditions and without the need of d e riva ti-  

zation. The operation is  automated and samples could be analysed, and 

quantified within 20 minutes.

The main mode of separation of the wood sugars in the extracts in  the 

HPLC column is  by ligand, exchange (Goulding, 197s). In th is  mode of 

separation, ligands are partitioned by v irtue of th e ir  complexing 

strength fo r a metal ion sorbed on the exchange resin . The lead ion 

in  the cation exchange resin  used acts as a counter ion, and. separations 

are undertaken with degassed, deionised water. When the eluant (de

ionised water) is  passed through the column, a hydration sheath is  

formed round, the exchange s ite  of the lead, counter ion. When the 

sample is  introduced, into the column, th is  hydration sheath is  displaced  

by the polar OH ■ groups in  the sugar molecules. The complexing 

strength of the sugars at the exchange s ites  is  dependant on the stereo

chemical arrangement of the sugar molecule; the greater the a f f in it y  

of the sugar fo r the column, the higher the retention time. In the 

analyses, the presence of a small peak at 5 mins in  each of the extracts, 

may be accounted, fo r by the presence of oligosaccharides in  the extract, 

which would be eluted f i r s t  through the column.

It has been shown that reducing sugars contribute to a s ig n ifica n t  

proportion of the to ta l carbohydrate content at the surface and sub

surface regions of spruce, pine and lime. , Glucose and. fructose were 

the principal sugars in  the extracts of the softwoods. Other sugars 

present in  these woods were xylose, mannose, galactose and. trace quan

t it ie s  of arabinose. Extracts of lime differed from that of softwoods,, 

in that sucrose was the predominant sugar and accounted, fo r of the 

to ta l carbohydrate content. Glucose and fructose however, accounted 

for only 50% of the to ta l reducing sugar content in  th is  wood. The 

assay used to detect reducing sugars in  the extracts is  a group 

specific  assay, and a l l  compounds capable of reducing the d in itro sa lic y -  

c l ic  reagent w ill be quantified, by th is  assay. It is  thus postulated, 

that the remaining 50 'Jo of the reducing material in the extracts of lime 

may be attributed to components with carbonyl groups.
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Soluble carbohydrates in  kempas only constituted I% of the wood mass.

Neither the reducing sugars nor sucrose were detected in  th is  wood. To

further investigate the composition of soluble sugars in  tro p ica l woods,a
kerning (Bipterocarpus spp.) and^eucalypt (Eucalyptus regnans, Kuell) 

were subjected to cold aqueous extractions and. analysed fo r th e ir wood, 

sugar composition by HPLC. As with kempas, low molecular weight sugars 

were not detected in  these woods. I t  was considered that i f  these low 

molecular weight sugars were present, then they must be present in  amounts 

below the s e n s it iv ity  of the detection system. It was postulated that 

since the trop ica l woods tested represented randomised samples from d i f 

ferent geographical locations, i t  is  probable that the concentration of 

soluble carbohydrates in  these woods are lower than those of the 

temperate woods.

Like the soluble carbohydrates, soluble amino acids also migrate and. 

accumulate at evaporative surfaces of wood during drying. S pecific  amino 

acids were shown to migrate to surface regions during the drying process. 

The principal amino acids detected, in  the extracts of green wood, were 

also the p rin cipa l amino acids detected, in  extracts of surface samples 

of dried wood. Concentrations of amino acids in  the la tte r  samples 

were higher than those in  the undried, wood..

Amino acid.s constituted, a small proportion of the soluble nutrients in  

the extracts of green spruce and pine (Experiment 2). Concentrations of 

these soluble amino acids were 0 . 05% w/w in  pine, and 0 .03/:' w/w in  

spruce. Rad.ial d istrib ution  patterns of soluble amino acids were ob

served in  both these woods. In general, concentrations of amino acid.s 

decreased from the sapwood to the heartwood regions. However In pine, 

increases in  concentration of amino acids were observed in  ring  groups 

21-25 and ring groups 26-30. The increase in  concentration observed 

at th is  sapwood-heartwood boundary, may be attributed to a change from 

the physio logically  active ce lls  in  the sapwood region, to the in 

active c e lls  in  the heartwood. region.

Besides the amino acid.s, the concentration of soluble proteins were also  

investigated in  experiments undertaken in  Section 3»I* In the pre

liminary experiment, analysis of soluble protein in aqueous extracts of 

green spruce were undertaken using a dye binding micro-assay. Results 

of these analyses showed, that soluble protein constitutes no more than 

0 .03% of the mass of wood..
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In Experiment 2, acid hydrolysis of extracts from outer sapwood regions 

of green spruce and pine mere undertaken to determine the soluble protein  

concentration in  these regions. Proteins consist of long polypeptid.e 

chains, with a large number of amino acid units joined, by peptide lin k 

ages. I f s ign ifican t amounts of soluble protein are present in  the 

extracts, acid hydrolysis w ill yield a notably greater concentration of 

amino acids. In the hydrolysed extracts of green spruce, amino acid 

concentrations were one and a ha lf times those of the unhydrolysed, 

extracts. As increases in  amino acid, concentrations in  the hydrolysates 

are attributed to the presence of soluble protein, i t  is  clear that in  

spruce, soluble protein constitutes a small proportion of the soluble 

nutrients.

In pine, concentrations of amino acids in  the hydrolysates were lower 

than those of the unhydrolysed, extracts. The presence of high concen

trations of soluble carbohydrates can lead to loss of amino acids during 

acid hydrolysis (Ambler, 1 9 8 1 ). The resu lts  of the soluble carbohydrate, 

analyses showed that concentrations of soluble carbohydrates in  pine 

were higher than those of spruce. 'Therefore, i t  is  possible that losses 

of amino acid.s occurred during hydrolysis, and th is  may explain the 

lower concentrations of amino acid.s in  the hydrolysates of pine.

The hydrolysa/tes of spruce and pine displayed a sim ilar composition of 

amino acid.s. Threonine, serine, glutamic acid and. proline were detected 

in the hydrolysates, but were not detected, in  the unhydrolysed extra.cts. 

Glutamine in  the extracts was on hydrolysis, d.eaminated. to i t s  corres

ponding acid, gluts.mic acid. The presence of serine, threonine anid 

tyrosine in the hydrolysates suggests that peptide (or peptides) was 

o rig in a lly  present in  the extracts, k ith  the exceptions of serine, 

threonine and. tryptophan, most of the other protein amino acid.s detected 

in the extracts are stable to the conditions of hydrolysis used in  the 

experiment. The increases in  glycine, alanine, valine, isoleucine and 

leucine recorded after hydrolysis are presumably due to the presence of 

peptides. As soluble protein was not a principa l concern of th is  study, 

only two rep licate  hydrolysis were undertaken fo r each sample. This 

preliminary experiment w ill need to be extend.ed, to obtain a more com

plete assessment of the soluble protein concentration in extracts of 

spruce and pine.

The resu lts of the amino acid, analyses showed that concentrations of 

soluble amino acids were s ig n ifica n tly  higher at surface regions than 

at sub-surface regions of dried., wood .
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It has also been shown that soluble amino acids could constitute up to 

0.3/.' of the mass of wood, at surface regions of dried, spruce, and to 

0.25't at sim ilar regions in  dried pine (Experiment d-). In both these 

woods, soluble amino acid nitrogen accounted fo r a s ig n ifica n t pro

portion of the to ta l nitrogen content at the surfaces. I t  is  postulated 

that in  softwoods, a large proportion of the soluble nitrogenous com

ponents that migrate and accumulate at wood surfaces are amino acids.

In lime, soluble amino acids did not form the bulk of the nitrogenous 

components that migrate to evaporative surfaces during drying. In th is  

wood species, soluble amino acids constituted less than 0 . 25% of the 

mass of wood at surface regions. The soluble amino acid nitrogen at 

these surfaces accounted, fo r only 6% of the to ta l nitrogen seen at these 

regions. It might appear that hardwoods contain much lower concentrations 

of amino acids than softwoods. However, as lime was the only temperate 

hardwood to be studied in  d e ta il, further work on other representative 

hardwoods of th is  class w ill be required to substantiate th is  sug

gestion.

The resu lts  of the analyses undertaken in  Experiment showed that 

soluble amino acids constituted a small proportion of the soluble nut

rients in  kempas. Concentrations of these soluble amino acids were 

0.01,% w/w in the alcohol extracts. In the cold water extracts, only 

trace amounts of amino acids were detected. I t  has been shown that a 

s ign ificant amount of the nitrogen in kempas is  in a soluble form 

(King et a l , I98lt>). As soluble amino acids are present in  such small 

amounts in  kempas, the soluble nitrogen content must therefore be 

accounted, for by other substances, such as a lkalo ids, which are present 

in larger amounts in  trop ica l woods. Further work is  merited in  the 

investigation of soluble nitrogenous components in kempas.

Surface samples of spruce and pine which had been extracted, in  cold 

water, released, larger quantities of soluble amino acids than samples 

which had been extracted in  alcohol. The amino acids detected, in  cold, 

water extracts of spruce and pine showed a sim ilar composition to the 

amino acids detected, in the alcohol extracts of these woods. The so l

u b ility  of amino acid.s in  aqueous solutions is  dependant on the p o la rity  

of it s  side chain. Although amino acids have an ^-carboxyl and an 

©C-amino group, they d if fe r  from each other in  the ir side chains, which 

vary in  structure, s iz e , e le ctr ic  charge and. s o lu b ility  in water.



The p o l a r i t y  o f  th e  g ro u p  on th e  s i d e  c h a in  ca n  v a r y  w id e ly  fro m  t o t a l l y  

n o n - p o la r  o r  h y d ro p h o b ic  g r o u p s ? t o  h i g h l y  p o la r  o r  h y d r o p h i l i c  g r o u p s .

I n  b o th  th e  a l c o h o l  and  c o ld  w a t e r  e x t r a c t i o n s ,  th e  am ino a c id  c o n c e n 

t r a t i o n  i n  wood e x t r a c t s  w ere  w e l l  b e lo w  s a t u r a t i o n  l e v e l  i n  e i t h e r  s o l 

v e n t .  A lth o u g h  w a t e r  i s  a  more p o l a r  s o l v e n t  th a n  a q u e o u s  a l c o h o l ,  i t  

i s  u n l i k e l y  t h a t  p o l a r i t y  ca n  be u se d  t o  a c c o u n t  f o r  th e  o b s e r v e d  d i f -  • 

f e r e n c e s  i n  e x t r a c t i o n .

T y r o s in e  and h i s t i d i n e  in  th e  wood e x t r a c t s  showed u n u s u a l b e h a v io u r  in  

t h a t ,  t h e y  w e re  d e te c te d , i n  c o ld  w a t e r  e x t r a c t s ,  b u t  w e re  n o t  d e t e c t e d , i n  

a l c o h o l  e x t r a c t s .  T h ese two a.mino a c i d s  t o g e t h e r  w it h  p h e n y la la n in e  a r e  

e lu t e d  i n  a  r e g i o n  o f  th e  ch ro m ato gram , a t  a  p o in t  when pH and  te m p e r

a t u r e  c h a n g e s  a r e  e f f e c t e d .  A t t h i s  s t a g e ,  p e p t id e s  and  o t h e r  unknown 

s u b s t a n c e s  ca n  a p p e a r  i n  th e  ch ro m a to g ra m . As s u c h , t h e r e  i s  some u n 

c e r t a i n t y  i n  th e  q u a n t i t a t i v e  v a l u e s  o f  t h e  a b o v e  am ino a c i d s ,  T h is '  

i s  h e ig h te n e d  d u r in g  th e  c o u r s e  o f  am ino a c i d  a n a l y s i s ,  a s  d r i f t s  in  

r e t e n t i o n  t i m e s ,a r e  moie p ro n o u n ced  i n  t h e  l a t t e r  p e r io d  o f  th e  a n a l y 

t i c a l  r u n .  On th e  o t h e r  h a n d , a s p a r t i c  a c i d  and. a r g in in e ^ -a p p e a r  a t  th e  

a c i d i c  and b a s i c  end.s o f  th e  ch ro m ato gram  r e s p e c t i v e l y ,  and t h e r e f o r e ,  

a  much g r e a t e r  d e g r e e  o f  c o n f id e n c e  i s  a t ta c h e d , to  t h e i r  q u a l i t a t i v e  

and q u a n t i t a t i v e  e s t i m a t io n s .

Amino a c i d s  d e t e c t e d  in  th e  e x t r a c t s  o f  l im e  and k e m p a s, sh o ved  g r e a t e r -  

s o l u b i l i t y  i n  a q u e o u s  a l c o h o l  th a n  i n  c o ld  w a t e r ,  and t h i s  may i n d i c a t e  

th e  e a s e  o f  e x t r a c t i o n  o f  th e  wood s p e c i e s .  In  l im e ,  c o n c e n t r a t i o n s  o f  

am ino a c i d s  i n  th e  a l c o h o l  e x t r a c t s  w e re  t w ic e  th o s e  o f  th e  co ld , w a t e r  

e x t r a c t s .  I n  k em p as, o n ly  t r a c e  q u a n t i t i e s  o f  am ino a c i d s  w e re  d e t e c t e d  

in  th e  c o ld  w a t e r  e x t r a c t s .  The num ber o f  am ino a c i d s  d e t e c t e d  i n  th e  

h ard w o od s w as l e s s  th a n  t h a t  o f  th e  s o f t w o o d s .  O n ly  f i v e  am ino a c i d s  

w ere d e t e c t e d  i n  th e  e x t r a c t s  o f  l i m e .  T h ese  w ere  a s p a r t i c  a c id . ,  

g lu ta m in e , g l y c i n e ,  a l a n in e  and. a r g i n i n e .  In  th e  e x t r a c t s  o f  k em p a s, 

a s p a r t i c  a c i d ,  s e r i n e ,  a l a n in e  and a r g i n i n e  w ere  d e t e c t e d .  C l e a r l y ,  

f u r t h e r  w o rk  i s  r e q u i r e d  i n  th e  d e t e r m in a t io n s  ,o f  th e  c o m p o s it io n  o f  

s o lu b le  am ino a c i d s  in  t h e s e  h a rd w o o d s .
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k.z Soil burial studies

The s t u d i e s  o f  t o t a l  n i t r o g e n  b a la n c e s  i n  wood in  s o i l s  b y  K in g  e t .  

a l .  ( 1983) show ed t h a t  s o l u b l e  n u t r i e n t s  p r e s e n t  a t  e v a p o r a t i v e  

s u r f a c e s  o f  h ard w o o d s and s o f t w o o d s ,  a r e  im p o r ta n t  a s  d e t e r m in a n t s  

o f  d e c a y  b y  s o f t - r o t  f u n g i .  The p r e s e n c e  o r  a b s e n c e  o f  t h e s e  

s o lu b le  n u t r i e n t s  h a s  b e e n  c o n s id e r e d  b y  B a n e r je e  an d  L e v y  ( 1 9 7 1 )  

t o  be a n  im p o r ta n t  f a c t o r  i n  d e t e r m in in g  t h e  e x t e n t  o f  c o l o n i s a t i o n  

b y  m ic r o - o r g a n is m s  o f  w ooden f e n c e  p o s t s  i n  s o i l  c o n t a c t .  To i n 

v e s t i g a t e  t h e  r o l e  o f  t h e s e  s o lu b le  n u t r i e n t s  on wood d e c a y ,  a  

num ber o f  s o i l  b u r i a l  e x p e r im e n t s  w e re  c o n d u c te d  t o  d e t e r m in e  th e  

i n f l u e n c e  o f  s o lu b le  s u g a r s  and  s o l u b l e  am ino a c i d s  on wood d e c a y  

and  n i t r o g e n  t r a n s f e r  fro m  s o i l  t o  w ood, and  t o  d e te rm in e  t h e  i n 

f l u e n c e  o f  t h e s e  m a t e r i a l s  on th e  t o x i c  l i m i t s  o f  wood p r e s e r v a t i v e s .

* 1 . 2 . 1 .  S o i l  b u r i a l  s t u d i e s  u s in g  u n p r e s e r v e d  w ood.

I n v e s t i g a t i o n s  i n t o  t h e  s o l u b l e  n u t r i e n t  c o m p o s it io n  a t  s u r f a c e  

r e g i o n s  o f  d r i e d  wood ( 3 . 1 . ^ - . ) ,  show ed t h a t  g lu c o s e  and  f r u c t o s e  

w e re  t h e  p re d o m in a n t s im p le  s u g a r s  p r e s e n t  a t  t h e s e  r e g i o n s ,  and  

a s p a r t i c  a c i d ,  g lu ta m in e  and a r g i n i n e ,  th e  m a jo r  s o l u b l e  am ino 

a c i d s  p r e s e n t  a t  s i m i l a r  r e g i o n s ,  i n  th e  t h r e e  wood s p e c i e s  t e s t e d .  

T h ese  n u t r i e n t s  w ere  in c o r p o r a t e d  i n t o  wood b lo c k s  o f  lo w  n u t r i e n t  

s t a t u s  a s  s o l e  s o u r c e s  o f  a d d i t i o n a l  c a r b o h y d r a t e  ( E x p e r im e n t  l)»  o r  

a s  s o l e  s o u r c e s  o f  a d d i t i o n a l  n i t r o g e n  (E x p e r im e n t  2 ) .  A co m b in 

a t i o n  o f  s o l u b l e  s u g a r  and  am ino a c i d s  w a s a l s o  in c lu d e d  i n  t h e  

i n v e s t i g a t i o n  (E x p e r im e n t  ' ' l ) . Low n u t r i e n t  wood b l o c k s  w e re  im p re g 

n a te d  w it h  t h e s e  s o lu b le  n u t r i e n t s ,  s o  a s  t o  r e p l i c a t e  wood o f  h ig h  

n u t r i e n t  s t a t u s ,  i . e .  s u r f a c e  r e g i o n s  o f  d r i e d  w ood.

The wood s p e c i e s  c h o se n  a s  t e s t  m a t e r i a l  i n  th e  s o i l  b u r i a l  s t u d i e s  

w ere  s p r u c e ,  p in e ,  l im e  and  b e e c h . S p r u c e ,  l im e  and  p in e  w e re  

s e l e c t e d  a s  s o lu b le  n u t r i e n t s  i n  t h e s e  w oods had. b een  p r e v i o u s l y  

d e te rm in e d  in  e x p e r im e n ts  u n d e r ta k e n  in  S e c t io n  J.lA,  Kem pas w as 

n o t  u s e d  i n  th e  s o i l  b u r i a l  s t u d i e s ,  a s  d a t a  o b ta in e d  fro m  a n a l y s e s  

showed c o n c e n t r a t io n s  o f  s o lu b le  n u t r i e n t s  t o  be lo w  i n  t h i s  wood 

s p e c i e s .  I n s t e a d  b e e c h  w as s e l e c t e d  a s  t h e  se co n d  r e p r e s e n t a t i v e  

hardwood, in  th e  s o i l  b u r i a l  s t u d i e s .  I t  i s  a  wood o f  lo w  n u t r i e n t  

s t a t u s  and a lo n g  w ith  s p r u c e , p in e  an d  l i m e , h a s  b een  f r e q u e n t l y  u s e d  

in  wood d e c o m p o s it io n  s t u d i e s  a t  t h i s  l a b o r a t o r y  and  e l s e w h e r e ,  and  

fro m  w h ich  c o m p a r a t iv e  d a t a  c a n  be o b t a in e d .



In s o il studies using unpreserved wood., blocks were impregnated with 

glucose and fructose solutions to obtain in  these blocks concen

trations of sugar representative of those found, at surface regions of 

d.ried wood. In spruce, these were Zfo w/w of the mass of wood, in  

pine 5/V w/w and in  lime 3% w/w. Concentrations of I% w/w and 7% w/w 

sugar were included to provide sugar concentrations above and below 

the leve ls  found at surface regions. Beech was impregnated with 

sugar solutions to provid.e test blocks of sim ilar concentrations to 

those of spruce, pine and lime. However, the uptake of sugar solutions  

at the higher concentrations was less due to the higher density of 

th is  wood. Hence, beech blocks had sugar concentrations of the 

following: 1% w/w, J/o w/w, w/w and 6fo w/w.

S o il studies undertaken at th is  laboratory have shown that weight loss  

becomes s ig n ifica n t only when nitrogen contents had. increased to an 

estimated C:N ra t io  of 200:1 i .e .  approximately 0.2% w/w of the wood.. 

Using th is  c r ite r ia ,  wood, blocks in  the amino acid study were im

pregnated with amino acid solutions of O.d-5/ w/v, 0.90)3 w/v, I.80;3 w/v 

and 3 *60/o w /v  to obtain increases in  nitrogen contents approximating 

to 0.2)3, 0.3/5, 0.5)3 and 0.9/o respectively. Wood blocks were impreg

nated with amino acid solutions containing equimole quantities of 

aspartic acid, glutamine and arginine, hquimole concentrations of 

each amino acid was used as amino acids, unlike the monosaccharid.es, 

d iffe r  in molecular weight, and d if fe r  to each other in  the number of 

nitrogen atoms in  th e ir molecular formula. Nitrogen contents of wood 

blocks were increased to a threshold value of 0.2)3 and above, to 

provide a range of concentration of soluble nitrogen, and. to ascertain  

i f  these concentrations would stimulate rapid colonisation of wood by 

fungi, since soluble nitrogen is  no longer a lim itin g  factor.

The resu lts of the carbohydrate study showed broad s im ila r it ie s  to 

those of the amino acid study. In general, the added soluble nutrients  

showed, l i t t l e  influence on decay in  both hardwoods and. softwoods. In 

each study, and. fo r each wood type, the leve ls  of decay as measured 

by weight lo ss, fo r the varying concentrations of sugar or amino acid  

were broadly s im ilar. In each wood species, s ig n ifican t weight loss  

was observed over the duration of the s o il b u ria l period. The hard

woods displayed, larger weight losses than the softwoods at each sam

pling period, and. also at each sim ilar sugar or amino acid, concen

tration le v e l. The weight losses demonstrated, by the hardwoods and 

softwoods in  these studies were in  broad agreement with those obtained, 

from other wood, decomposition studies at th is  laboratory.



In  th e  c a r b o h y d r a te  s t u d y ,  two m eth ods o f  c a l c u l a t i o n  w ere  c h o se n  f o r  

th e  e v a l u a t i o n  o f  w e ig h t  l o s s e s .  The f i r s t  m ethod w as b a s e d  on th e  

c a l c u l a t i o n  n o r m a l ly  u se d  a t  t h i s  l a b o r a t o r y ,  i n  w h ich  w e ig h t  l o s s e s  

w ere  c a l c u l a t e d  a s  a  p e r c e n t a g e  o f  th e  p r e b u r i a l  d r y  w e ig h t  o f  th e  

b lo c k .  A se c o n d  method, w as r e q u i r e d  a s  i t  w as n e c e s s a r y  t o  en co m p a ss  

th e  w e ig h t  in c r e m e n ts  in  th e  b lo c k  r e s u l t i n g  fro m  th e  u p ta k e  o f  s u g a r  

s o l u t i o n s .  In  t h i s  se c o n d  m eth od , w e ig h t  l o s s e s  w ere  c a l c u l a t e d  a s  a  

p e r c e n t a g e  o f  th e  p r e b u r i a l  d r y  w e ig h t  o f  th e  b lo c k  and  th e  w e ig h t  o f  

s u g a r  i n  th e  b lo c k ,  th e  w e ig h t  o f  s u g a r  i n  th e  b lo c k s  b e in g  p r o b a b le  

v a l u e s  d e te rm in e d  b y  th e  l i q u i d  u p ta k e  o f  th e  s u g a r  s o l u t i o n s .

The tw o m eth ods o f  c a l c u l a t i o n  p ro d u c e d  tw o d i f f e r e n t  i n t e r p r e t a t i o n s  

o f  w e ig h t  l o s s .  When w e ig h t  l o s s e s  w e re  c a l c u l a t e d  a s  a  p e r c e n t a g e  

o f  th e  p r e b u r i a l  w e ig h t  o f  w ood, c o n t r o l  b lo c k s  d is p la y e d , b r o a d ly  

s i m i l a r  w e ig h t  l o s s e s  t o  b lo c k s  im p re g n a te d  w it h  s u g a r .  H o w ever, 

when w e ig h t  l o s s e s  w ere  c a l c u l a t e d  a s  a  p e r c e n t a g e  o f  th e  i n i t i a l  

w e ig h t  o f  th e  b lo c k  and w e ig h t  o f  s u g a r ,  a  t r e n d  w as o b s e r v e d  in  

w h ich  t e s t  b lo c k s  w ith  i n c r e a s i n g  s u g a r  c o n c e n t r a t io n s  showed, c o r r e s 

p o n d in g ly  h ig h e r  w e ig h t  l o s s e s  th a n  c o n t r o l  b l o c k s .  The d i f f e r e n c e  in  

w e ig h t  l o s s  b e tw e e n  c o n t r o l  b lo c k s  and  b l o c k s  im p re g n a te d  w it h  s u g a r ,  

c o rre sp o n d e d , t o  th e  w e ig h t  in c r e m e n ts  i n  th e  b lo c k ,  a s  a  r e s u l t '  o f  th e  

w e ig h t  o f  s u g a r .  T h u s, t h i s  m ethod o f  e v a l u a t i o n  w o u ld  m a g n ify  t h e  

w e ig h t  l o s s e s  re c o rd e d , i n  th e  " s u g a r "  b l o c k s ,  and  th e  l a r g e r  w e ig h t  

l o s s e s  o b s e r v e d  b y  t h i s  m ethod o f  e v a l u a t i o n ,  may n o t  be r e l a t e d  to  

d e c a y  t a k in g  p la c e  i n  th e  b l o c k s .  W eigh t l o s s e s  c a lc u la t e d ,  a s  a  p e r 

c e n ta g e  o f  th e  p r e b u r i a l  d r y  w e ig h t  o f  th e  b l o c k ,  h o w e v e r , w o u ld  g i v e  

r e a l  v a l u e s  o f  w e ig h t  l o s s  and  n o t  a r t e f a c t s ,  and  th e  i n f l u e n c e  o f  

s u g a r s  on wood d e c a y  ca n  th e n  be r e l a t e d  t o  th e  p r e s e n c e  o r  a b s e n c e  o f  

s o lu b le  s u g a r s .

In  th e  am ino a c i d  s t u d y ,  w e ig h t  l o s s e s  o f  l im e  t e s t  b lo c k s  im p re g n a te d  

w ith  am ino a c id , c o n c e n t r a t io n s  o f  3,60%  w / v , w e re  lo w e r  th a n  t h o s e  o f  

th e  c o n t r o l  b lo c k s  and. b lo c k s  im p re g n a te d  w ith  lo w e r  c o n c e n t r a t i o n s  o f  

am ino a c i d s .  The lo w e r  w e ig h t  l o s s e s  s e e n  i n  t h e s e  "am in o  a c i d "  b lo c k s  

may be a  r e s u l t  o f  th e  h ig h e r  am ino a r id , c o n c e n t r a t io n s  i n h i b i t i n g  

c o l o n i s a t i o n  o f  wood b y  w o o d - in h a b it in g  f u n g i .  A ls o ,  d r y i n g  p r o c e d u r e s  

u se d  a f t e r  im p r e g n a t io n  o f  th e  t e s t  b lo c k s  w ith  am ino a c i d s ,  may h a v e  

r e n d e r e d  th e  a m in o - n it r o g e n  u n a v a i l a b l e  a s  a  s o u r c e  o f  n i t r o g e n .

Amino a c i d s  a r e  known t o  r e a c t  w ith  s u g a r s  a t  h ig h  t e m p e r a t u r e s  an d  a t  

h ig h  pH t o  fo rm  d a r k  c o lo u r e d  p r o d u c t s  ( E l l i s ,  1959)* The optim um  

c o n d i t io n s  f o r  t h i s  r e a c t i o n  o f  th e  am ino g ro u p  o f  am ino a c i d s  a n d  th e  

g l y c o s i d i c  c e n t e r  o f  th e  s u g a r s ,  o c c u r s  a t  a  f a i r l y  lo w  w a t e r  c o n t e n t ,  

a  pH o f  7  t o  1 0  and. a t  a  h ig h  te m p e r a tu r e  ( 60- 100° C ) .



I n  t h e  s o i l  e x p e r im e n t  w it h  am ino a c i d s ,  b lo c k s  a f t e r  im p r e g n a t io n  

w it h  am ino a c i d  s o l u t i o n s  o f  pH ^ . 2 ,  w ere  d r i e d  a t  a  te m p e r a tu r e  o f  ^ 0 ° G .  

An o b v io u s  c o n c lu s io n  fro m  t h i s  i s  t h a t  th e  c o n d i t io n s  u s e d  i n  th e  am ino 

a c i d  s t u d y  w ere  n o t  th e  optim um c o n d i t io n s  r e q u i r e d  f o r  th e  r e a c t i o n  o f  

am ino a c i d s  and s u g a r .  A l s o ,  b lo c k s  a f t e r  d r y in g  d id  n o t  show a n y  

c o lo u r  c h a n g e s . To a s c e r t a i n  t h a t  d r y in g  h ad  no e f f e c t  on th e  ad d ed  

am ino a c i d s  in  th e  wood b l o c k s ,  a  s u p p le m e n ta r y  s t u d y  w as u n d e r ta k e n  

w it h  c o n t r o l  b lo c k s  an d  b l o c k s  im p re g n a te d  w it h  ^,60%  w /v  am ino a c i d .

T e s t  b lo c k s  i n  t h i s  s t u d y  w ere  b u r ie d  a t  1 0 0 $  m o is t u r e  c o n t e n t .  The 

r e s u l t s  o f  t h i s  s u p p le m e n ta ry  s tu d y  show ed t h a t  w e ig h t  l o s s e s  d is p la y e d , 

b y  th e  c o n t r o l  b lo c k s  an d  "am ino a c i d "  b lo c k s  w ere  b r o a d ly  s i m i l a r .

W eigh t l o s s e s  o f  t h e s e  b l o c k s  w ere  a l s o  c o m p a ra b le  t o  t h e  c o n t r o l  and 

am ino a c i d  b lo c k s  o f  lo w e r  c o n c e n t r a t io n  i n  E x p e r im e n t  2 ,  w h ic h  had 

b een  b u r ie d  a i r - d r y .  I t  w as th u s  p o s t u l a t e d  t h a t  d r y i n g  a t  t h e  tem 

p e r a t u r e s  u se d  in  E x p e r im e n t  2 ,  d id  n o t  a f f e c t  b lo c k s  w h ic h  h ad  b e e n  

im p re g n a te d  w it h  am ino a c i d s .

The w e ig h t  l o s s e s  d i s p l a y e d  b y  lim e  an d  b e e c h  i n  th e  c a r b o h y d r a t e  s t u d y  

(E x p e r im e n t  i ) ,  w e re  lo w e r  th a n  t h o s e  o f  l im e  an d  b e e c h  i n  t h e  am ino 

a c i d  s t u d y  (E x p e r im e n t  2 ) .  T h is  d i f f e r e n c e  may be a t t r i b u t e d  t o  th e  

d i f f e r e n t  r a t e s  a t  w h ich  w e ig h t  l o s s  o c c u r r e d  in  t h e s e  s t u d i e s ,  an d  

a l s o  t o  b o x t o  b o x v a r i a t i o n  i n  th e  tw o e x p e r im e n t s .  C o n t r o l  b lo c k s  i n  

th e  c a r b o h y d r a te  s t u d y  d i s p l a y e d  an  a v e r a g e  r a t e  o f  w e ig h t  l o s s  o f  d . 8 $  

p e r  w e e k ; and  c o n t r o l  b lo c k s  i n  th e  am ino a c i d  s t u d y  d i s p l a y e d  r a t e s  

o f  w e ig h t  l o s s  o f  5*5% p e r  w e e k . I t  i s  p r o b a b le  t h a t  m in o r v a r i a t i o n s  

in  e n v ir o n m e n ta l  f a c t o r s  su c h  a s  m o is t u r e ,  may a l s o  i n f l u e n c e  t h e s e  

s l i g h t  w e ig h t  d i f f e r e n c e s .  W eigh t l o s s e s  r e c o r d e d  b y  s o ftw o o d s  d i f 

f e r e d  t o  th o s e  o f  h ard w o od s, i n  t h a t ,  s o ftw o o d  b lo c k s  d i s p l a y e d  s i m i l a r  

w e ig h t  l o s s e s  i n  b o th  th e  c a r b o h y d r a te  an d  am ino a c i d  s t u d y .

I t  w as d ed u ced  fro m  th e  w e ig h t  l o s s e s  t h a t  th e  ad d ed  s u g a r s  h ad  l i t t l e  

i n f lu e n c e  on wood d e c a y .  T h is  d e d u c t io n  w as c o n f ir m e d  when r e s u l t s  o f  

th e  n i t r o g e n  a n a l y s e s  o f  wood b lo c k s  a f t e r  b u r i a l  show ed t h a t  c o n t r o l  

b lo c k s  d i s p la y e d  b r o a d ly  s i m i l a r  n i t r o g e n  c o n t e n t s  t o  b lo c k s  im p re g 

n a te d  w it h  s u g a r .  In  e a c h  wood s p e c i e s ,  n i t r o g e n  i n c r e a s e s  w e re  shown 

to  o c c u r  i n  a l l  wood b lo c k s  d u r in g  th e  f i r s t  s a m p lin g  p e r i o d .  I n  th e  

h a rd w o o d s, t h e s e  n i t r o g e n  i n c r e a s e s  w e re  a c c o m p a n ie d  b y  w e ig h t  l o s s  i n

th e  e a r l y  s t a g e s  o f  th e  s o i l  b u r i a l  (w e e k s  0 - 3 ) .  I n  th e  s o f t w o o d s ,  

i n c r e a s e s  i n  n i t r o g e n  c o n t e n t s  o f  wood b lo c k s  w ere  n o t  a c c o m p a n ie d  b y  

w e ig h t  l o s s  d u r in g  t h i s  p e r i o d .  I n  th e  c a r b o h y d r a t e  s t u d y ,  s i g n i f i c a n t  

w e ig h t  l o s s  o c c u r r e d  when n i t r o g e n  c o n t e n t s  i n  wood b l o c k s  r e a c h e d

a  t h r e s h o ld  v a lu e  o f  0 . 2 $ .



This nitrogen value is  in close agreement with those of King, Mowe,

Bruce and Smith (1983) and Mowe (19S3) in  th e ir wood decomposition 

studies undertaken at th is  laboratory.

The increases in  nitrogen contents observed during the e a r lie r  sam

pling periods have been suggested to be a resu lt of m icrobial trans

location from s o il to wood (King et a l , 1 9 8 1a). Large increases in  

nitrogen contents only occurred in  blocks undergoing decay. These 

considerable nitrogen increases in  wood a fter exposure to s o il are 

postulated by King to be a resu lt of an active invasion process 

occurring in  s o il regions adjacent to wood interfaces. Interesting ly, 

a decrease In nitrogen content was observed in  test blocks in  each wood 

species during the f in a l sampling period in  the carbohydrate study.

'This decrease in  nitrogen content may be attributed to a tran sitio n  

from active invasion to colonisation of wood blocks, with a l l  that 

en ta ils , including the major events of the carbon and nitrogen cycles, 

n it r if ic a t io n , d e n itr if ica tio n  and nitrogen losses.

In contrast to the carbohydrate study, nitrogen contents of blocks 

impregnated with amino acids, decreased during the f i r s t  sampling 

in terval (weeks 0-3). In the hardwoods, the decrease in  nitrogen con

tent occurred, only In blocks impregnated with higher amino acid, con

centrations; but in  the softwoods, loss of added amino acid.s occurred, 

in  a l l  test blocks impregnated with amino acids. In general, softwoods 

are more permeable than hardwoods (Wardrop and Davies I96I; Liese and B au ch } 

I96-7-; Greaves, I97 '̂b)> and th is  may explain the losses at a l l  concen

trations tested, in  the softwoods. The loss of amino acids from blocks 

especia lly  at higher concentrations, suggests that some amino acids are 

retained in  the blocks, possibly by complexing. The residual amino 

acid in  these blocks, however, did not influence wood decay.

In beech, blocks impregnated with amino acids (3 .60b w/v), showed a 

rapid increase in  nitrogen content during weeks 3~6 ; the nitrogen con

tents of these blocks remaining re la t iv e ly  constant at 0 .5b thereafter.

The large increase in  nitrogen contents were not accompanied by large  

weight losses. 'The increase in  nitrogen contents observed during th is  

period was attributed to the active m icrobial invasion process occurring 

in s o il regions adjacent to the wood block.

Mixtures of sugar and. amino acid incorporated into lime blocks (Experi

ment 4) did. not show any influence on wood decay. Wood blocks con

taining these mixtures displayed sim ilar weight losses to control 

blocks.



S i m i l a r  w e ig h t  l o s s e s  an d  n i t r o g e n  c o n t e n t s  w ere  d i s p l a y e d  b y  c o n t r o l  

b lo c k s  w h ic h  h ad  b een  b u r ie d  a t  tw o d i f f e r e n t  m o is tu r e  c o n t e n t s  i . e .  

w e t  ( 1 0 0 $  m o is t u r e  c o n t e n t )  and  a i r - d r y  ( 10% m o is t u r e  c o n t e n t ) .

B lo c k s  im p re g n a te d  w it h  th e  m ix tu r e  show ed a  d e c r e a s e  i n  n i t r o g e n  c o n 

t e n t  d u r in g  th e  f i r s t  s a m p lin g  p e r i o d .  The o v e r a l l  w e ig h t  l o s s  an d  

n i t r o g e n  c o n t e n t s  r e c o r d e d  i n  t h i s  s t u d y  w e re  lo w e r  th a n  t h o s e  o f  th e  

c a r b o h y d r a t e  and am ino a c i d  s t u d i e s .  T h e se  lo w e r  w e ig h t  l o s s e s  may be 

a t t r i b u t e d  t o  th e  h ig h e r  c o n c e n t r a t io n  o f  s o lu b le  n u t r i e n t s  a v a i l a b l e  

i n  th e  fo rm  o f  s u c r o s e  and  a r g i n i n e .  The s o i l  b u r i a l  s t u d y  u s in g  a  

m ix tu r e  o f  am ino a c i d  an d  s u g a r  w as n o t  a  d e t a i le d ,  i n v e s t i g a t i o n  ( o n ly  

one c o n c e n t r a t io n  o f  th e  m ix tu r e  w as u s e d ) , a s  e a r l i e r  s t u d i e s  ( E x p e r i 

m en ts I  an d  2 ) , show ed l o s s  o f  ad d ed  n u t r i e n t s  fro m  t e s t  b l o c k s  on em

p la c e m e n t  i n  s o i l .  The l o s s  o f  t h e s e  ad d ed  n u t r i e n t s  fro m  th e  b lo c k s  

( e s p e c i a l l y  t h o s e  a t  h ig h e r  s o l u b l e  su g a r/ a m in o  a c i d  c o n c e n t r a t i o n s ) , 

w o u ld  c r e a t e  a  r e g i o n  o f  h ig h  n u t r i e n t  c o n c e n t r a t io n  i n  s o i l  r e g i o n s  

s u r r o u n d in g  th e  b l o c k .  I n  su c h  c a s e s ,  wood i n h a b i t i n g  f u n g i  may f o r  a  

t im e  d e v e lo p  a t  th e  e x p e n s e  o f  th e  s u g a r s  an d  am ino a c i d s  p r e s e n t ,  and 

o n ly  t o  a  l i m i t e d  d e g r e e  a t  th e  e x p e n s e  o f  th e  wood s u b s t a n c e .  T h is  

w o u ld  e x p l a i n  th e  s i m i l a r  w e ig h t  l o s s e s  and  n i t r o g e n  c o n t e n t s  o b s e r v e d  

i n  t h e s e  s o i l  s t u d i e s .

As l o s s e s  o f  ad d ed  s o lu b le  s u g a r s  an d  s o l u b l e  am ino a c i d s  fro m  wood 

b l o c k s  w e re  shown t o  o c c u r ,  a  s h o r t  te rm  s o i l  b u r i a l  s t u d y  w as u n d e r 

t a k e n  t o  i n v e s t i g a t e  how so o n  a f t e r  em p lacem en t o f  b lo c k s  i n  s o i l ,  th e  

ad d ed  n u t r i e n t s  w e re  l o s t .  The r e s u l t s  showed t h a t  t h e  m a j o r i t y  o f  th e  

ad d ed  am ino a c i d s  w ere  le a c h e d  fro m  th e  b l o c k s ,  t w e lv e  d a y s  a f t e r  em

p la c e m e n t  i n  s o i l .  B lo c k s  c o n t a i n i n g  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s  

w e re  a l s o  in c lu d e d  i n  t h i s  s t u d y .  T h ese  b l o c k s  show ed s m a l l  i n c r e a s e s  

i n  n i t r o g e n  c o n t e n t s  w h ic h  w e re  a c c o m p a n ie d  b y  s m a l l  w e ig h t  l o s s e s .  I t  

w o u ld  t h e r e f o r e  a p p e a r  t h a t  th e  co m p le x  o f  r e d i s t r i b u t e d  n u t r i e n t s  t h a t  

a c c u m u la te  a t  s u r f a c e s  o f  d r i e d  wood h a s  a  g r e a t e r  d e g r e e  o f  p e rm a n e n c e . 

C o n t r o l  b lo c k s  an d  b lo c k s  w it h  r e d i s t r i b u t e d  n u t r i e n t s  d i s p l a y e d  s i m i l a r  

n i t r o g e n  c o n t e n t s  a f t e r  t w e lv e  d a y s  b u r i a l .  W eigh t l o s s e s  o f  2 . 8 $  w ere  

r e c o r d e d  i n  b lo c k s  w it h  r e d i s t r i b u t e d  n u t r i e n t s  d u r in g  t h i s  p e r i o d ,  and 

w e ig h t  l o s s  o f  1% w ere  r e c o r d e d  i n  c o n t r o l  b lo c k s  f o r  th e  same p e r i o d .

I t  i s  i n f e r r e d  fro m  t h i s  r e s u l t  t h a t  f a i l u r e  o c c u r s  a t  a n  e a r l i e r  p e rio d - 

i n  b lo c k s  w it h  r e d i s t r i b u t e d  n u t r i e n t s .  D e s p it e  th e  h i g h e r  n i t r o g e n  

c o n t e n t s  e x h i b i t e d  b y  b lo c k s  im p re g n a te d  w it h  a r g i n i n e ,  no w e ig h t  l o s s  

w ere  r e c o r d e d  in  t h e s e  b l o c k s .  I t  i s  p o s t u l a t e d  t h a t  m ic r o - o r g a n is m s  i n  

s o i l  r e g i o n s  a d ja c e n t  t o  t h e s e  b l o c k s ,  w o u ld  f i r s t  u t i l i s e  th e  le a c h e d  

n u t r i e n t s ,  b e f o r e  u t i l i s i n g  t h e  wood s u b s t r a t e .



The i n v e s t i g a t i o n s  d e s c r i b e d  in  t h i s  s e c t i o n  d e m o n s tra te d  th e  d i f f i c u l t y -  

i n  t r y i n g  t o  ’ r e p l i c a t e ’ a  wood s u r f a c e  r e g i o n  w it h  a  h ig h  s o lu b le  

n u t r i e n t  c o n c e n t r a t i o n .  The r e s u l t s  o f  t h e s e  s o i l  b u r i a l  e x p e r im e n t s  

f a i l e d  t o  show c o n c l u s i v e l y ,  th e  i n f l u e n c e  o f  s o lu b le  s u g a r s  an d  s o l u b l e  

am ino a c i d s  on wood d e c o m p o s it io n . The l o s s  o f  th e  ad d ed  s o lu b le  

n u t r i e n t s  fro m  wood b l o c k s  a f t e r  em p lacem en t i n  s o i l ,  made i t  d i f 

f i c u l t  t o  a s s e s s  th e  e f f e c t  o f  e a c h  o f  th e  ad d ed  n u t r i e n t s .  F u r t h e r  

w ork  i s  n e c e s s a r y  t o  d e te rm in e  a c c u r a t e  m eth od s f o r  e v a l u a t i n g  t h e  

i n f l u e n c e  o f  s o l u b l e  s u g a r s  and am ino a c i d s  on wood d e c o m p o s it io n .

J f . 2 . 2 .  S o i l  b u r i a l  s t u d i e s  u s in g  p r e s e r v e d  wood

P r e v io u s  s o i l  b u r i a l  s t u d i e s  show ed t h a t  u n p r e s e r v e d  b lo c k s  im p re g n a te d , 

w it h  s o lu b le  am ino a c i d s  d i s p la y e d  l o s s e s  o f  am ino a c i d s  t o  s o i l  d u r in g  

b u r i a l .  C o n s e q u e n t ly ,  t h e  i n v e s t i g a t i o n  w it h  u n p re se rv e d . wood b l o c k s  

w as u n a b le  t o  d e m o n s tra te  th e  e f f e c t  o f  s o l u b l e  s u g a r s  and  s o lu b le  

am ino a c i d s  on wood d e c o m p o s it io n . I n  s p i t e  o f  t h i s ,  i n v e s t i g a t i o n s  

i n t o  th e  i n f l u e n c e  o f  ad d ed  s o lu b le  n u t r i e n t s  t o  p r e s e r v e d  wood w e re  

u n d e r ta k e n . T h ese  i n v e s t i g a t i o n s  w ere  p u rs u e d  f o r  a  num ber o f  r e a s o n s .  

The m a jo r  d e c a y  a g e n t s  o f  p r e s e r v e d  wood i n  s o i l ,  s o f t - r o t  f u n g i  an d  

i n s e c t s ,  r e q u i r e  m ore n i t r o g e n  th a n  i s  u s u a l l y  fo u n d  i n  lo w  n i t r o g e n  

c o n te n t  w oods t o  m a x im ise  wood d e c o m p o s it io n . D u r in g  d r y in g  o f  w ood, 

s o lu b le  n i t r o g e n o u s  and c a r b o h y d r a te  m a t e r i a l  accu m m u late  a t  e v a p o 

r a t i v e  s u r f a c e s , a n d  t h e s e  s o l u b l e s  n o t  o n ly  en h a n ce  d e c a y  r a t e s  o f  b o th  

h ard w o o d s an d  s o ftw o o d s  i n  s o i l  due t o  s o f t - r o t ,  b u t  a l s o  r e d u c e  th e  

t o x i c  l i m i t s  o f  p r e s e r v a t i v e  t r e a t e d  wood ( K in g , S m ith  an d  B r u c e ,  1980) .  

I t  i s  h y p o t h e s is e d  t h a t  c o m p le x e s  may be fo rm e d  b e tw e e n  ad d e d  s o l u b l e  

n u t r i e n t s  and  h e a v y  m e t a ls  w h ich  make them  m ore s t a b l e  an d  l e s s  l e a c h -  

a b le  i n  w ood. E a r l i e r  s t u d i e s  b y  H e n n in g sso n  ( 1 9 7 6 ) ,  show ed t h a t  

m ic r o b ia l  t o l e r a n c e  o f  CCA com pon en ts i n  l a b o r a t o r y  m ed ia  a n d  i n  wood 

w as e n h an ced  b y  th e  a v a i l a b i l i t y  o f  n i t r o g e n o u s  m a t e r i a l s .  F o r  t h e s e  

r e a s o n s ,  a  f u r t h e r  s e r i e s  o f  s o i l  b u r i a l  e x p e r im e n t s  w e re  u n d e r ta k e n  t o  

i n v e s t i g a t e  i f  th e  a d d i t i o n  o f  s o l u b l e  am ino a c i d s  and  c a r b o h y d r a t e s  

in f lu e n c e d  d e c o m p o s it io n  o f  p r e s e r v e d  w ood.

The r e s u l t s  o f  th e  p r e l im i n a r y  s t u d y  show ed t h a t  d e c a y  an d  p r e s e r v a t i v e  

e f f i c a c y  w ere  i n f lu e n c e d  b y  am ino a c i d s .  Wood b l o c k s  i n  th e  p r e l i m i 

n a r y  s t u d y  w ere  im p re g n a te d  w ith  a r g i n i n e ,  an d  b u r ie d  a t  100% m o is t u r e  

c o n t e n t .  I n  th e  se c o n d  s t u d y ,  wood b lo c k s  w e re  im p re g n a te d  w it h  g l u t a 

m ine t o  a l lo w  c o m p a riso n  w ith  th e  a r g i n i n e  b lo c k s  i n  th e  p r e l i m i n a r y  

s t u d y .



In  a d d i t i o n ,  wood b lo c k s  im p re g n a te d  w it h  g lu ta m in e  w ere  a l s o  b u r ie d  

i n  an  a i r - d r y  c o n d i t io n  t o  a l lo w  c o m p a r iso n  w ith  p r e v i o u s  s o i l  s t u d i e s  

u n d e r ta k e n  w it h  CCA t r e a t e d  wood a t  t h i s  l a b o r a t o r y .

Both arginine and glutamine influenced, decay in  preservative treated 

lime. The e ffect of these amino acids on weight loss was very pro

nounced. Increasing weight losses were observed with increasing so l

uble amino acid concentrations. S ta t is t ic a l analyses showed a higher 

significance in  the differences in  weight loss between varying amino 

acid treatments, in  the glutamine study (p=0.00l) than in the arginine  

study (p=0.0l). This difference in  the le ve l of significance is  a 

probable resu lt of the fewer number of rep licate  blocks used, a smaller 

range of amino acid concentrations and the fewer sampling periods used 

in  the arginine study.

I n  b e e c h , th e  i n c o r p o r a t i o n  o f  g lu ta m in e  i n t o  GCA t r e a t e d  b l o c k s  d id  

n o t  i n f l u e n c e  wood d e c a y ,  h e ig h t  l o s s e s  r e c o r d e d  i n  p r e s e r v e d  c o n t r o l  

b l o c k s  and  p r e s e r v e d  b lo c k s  im p re g n a te d  w it h  g lu ta m in e  w e re  b r o a d l y  

s i m i l a r  o v e r  th e  d u r a t io n  o f  th e  s o i l  b u r i a l .  T h ese  r e s u l t s  may be 

a c c o u n te d  f o r  b y  b e e c h  b e in g  a  d e n s e r  wood w it h  more wood s u b s t a n c e  

and  t h e r e f o r e ,  w e ig h t  l o s s e s  r e c o r d e d  i n  t h e s e  w oods a p p e a r  s m a l l e r .

Unlike the hardwoods, weight losses were not observed in  preserved 

softwood blocks over the duration of the s o il b u ria l. Softwoods were 

protected from so ft-ro t decay at sub-toxic leve ls  of GCA. In th e ir  in 

vestigations, Butcher and Nilsson (1 9 8 2 ) found a good corre lation  

between so ft-ro t su scep tib ility  of GGA treated wood and it s  lig n in  

content. These authors suggested that i f  GGA complexes with lig n in  

high lig n in  content wood such as the softwoods should be able to complex 

su ffic ie n t GGA to mask a l l  T branch in it ia t io n  s ite s , whereas a low 

lig n in  content wood lik e  the hardwoods, could not complex enough GGA 

to permanently mask such s ite s . Variations in  the macro- and micro

d istrib u tio n  of the preservative in  wood and the low natural suscep

t ib i l i t y  to decay of softwoods (Hulme and Butcher, 1977a) may also be 

factors contributing to GGA treated softwood being highly resistan t  

to decay.

P r e s e r v e d  t e s t  b lo c k s  im p re g n a te d  w i t h  am ino a c i d s  a l s o  show ed l o s s  o f  

amiino a c i d s  t o  s o i l .  L o s s e s  o f  am ino a c i d s  w ere  g r e a t e r  i n  t h e  s o f t w o o d s  

th a n  i n  th e  h ard w o o d s and in  e a c h  wood s p e c i e s ,  l a r g e s t  l o s s  o f  am ino 

a c i d s  w as r e c o r d e d  i n  t e s t  b lo c k s  im p re g n a te d  w it h  th e  h ig h e r  am ino 

a c i d  c o n c e n t r a t io n .
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It is  noted from the resu lts  that the e ffect of amino acids on preserved 

wood may not have been observed i f  the procedure of impregnation had 

been d iffe ren t. I f amino acids had been incorporated into wood blocks 

prior to preservative treatment, then a l l  of the amino acids may have 

been lo st during the second impregnation. As amino acids were impreg

nated into wood blocks a fter preservative treatment, i t  was postulated 

that some complexes may have been formed between the amino acids and the 

heavy metals, thereby making these components more stable and less  leach 

able in  wood. This study has illu s tra te d  the d if f ic u lt y  in  rep lica tin g  

natural situations in  s im p listic  laboratory studies.

In both hardwoods and softwoods, nitrogen contents of unpreserved and 

preserved control blocks displayed increases in  nitrogen input during 

s o il b u ria l. Increases in  nitrogen contents of preserved control blocks 

occurred prior to any s ig n ifican t weight lo ss. This suggests that the 

preservative depresses decay but not nitrogen increases. The nitrogen 

increases observed in  preserved softwood blocks were not accompanied by 

weight losses. It is  postulated that these increases are a resu lt of 

s a c r if ic ia l  colonisation by micro-organisms. The nature of these sa cri

f i c i a l  invaders may need further investigation.

Rates of weight loss and nitrogen input to blocks in  the glutamine study 

were closely correlated in  a l l  four wood types tested, whether untreated 

or treated with GCA. However, these rates of increase in  nitrogen con

tent of wood and weight loss from wood were dependant on the wood specie 

and preservative presence. Untreated hardwoods demonstrated larger  

weight loss and higher nitrogen contents than untreated softwoods. 

Sim ilarly, untreated wood blocks showed rates of weight loss and n it 

rogen input greater than GGA treated blocks of the same wood type.

As weight losses and nitrogen contents were greater in  the hardwoods 

than in  the softwoods; th is  resu lt confirms other information (Butcher 

and Nilsson, 1982) on the su scep tib ility  of hardwoods to decay.

It was noted that when preserved blocks Impregnated with glutamine were 

le f t  to dry in  the laboratory at ambient temperatures, blocks impreg

nated with high glutamine retentions displayed efflorescence at the 

evaporative surfaces. Preservative treated wood blocks impregnated with 

lower concentrations of glutamine did not d isplay th is  e ffe c t. The 

precip itates seen at the evaporative surfaces are ind icative  of a 

reaction of the amino acids with the unfixed soluble preservative; the 

blue specks observed in  the precip itates being attributed to the copper 

in GGA, chelating with the amino acids.



I t  i s  known t h a t  m ost m e ta l io n s  c h e l a t e  r e a d i l y  w it h  c a r b o x y l i c  and  

am ino g r o u p s .  T h ese  am ino g ro u p s  h a v e  b e e n  shown i n  s t u d i e s  d e s c r i b e d  

i n  ^ - . 1 . ,  t o  c o n c e n t r a t e  i n  l a r g e  am ou n ts a t  s u r f a c e  r e g i o n s  d u r in g  

d r y in g  o f  w ood. A s t h e  i n c o r p o r a t i o n  o f  g lu ta m in e  i n t o  p r e s e r v e d  wood 

b lo c k s  w as u n d e r ta k e n  a f t e r  th e  b lo c k s  h ad  b e e n  cur.ed and  f i x e d ,  th e  

p r e c i p i t a t e s  fo rm e d  a t  th e  h ig h e r  g lu ta m in e  r e t e n t i o n s ,  s u g g e s t s  t h a t  

a  s i g n i f i c a n t  p r o p o r t io n  o f  th e  s o l u b l e  p r e s e r v a t i v e  may re m a in  u n f i x e d .  

I t  h a s  b e e n  d e m o n s tra te d  a t  t h i s  l a b o r a t o r y  ( B r i s c o e ,  1987), t h a t  GCA 

le a c h e s  t o  s o i l  fro m  t r e a t e d  w ood. E le m e n t a l  a n a l y s e s  o f  p r e s e r v a t i v e  

t r e a t e d  t e s t  b l o c k s  a f t e r  s o i l  b u r i a l  ( F i g u r e s  3*59 t o  3*62) i n  t h i s  

t h e s i s ,s h o w e d  g r e a t e r  l o s s  o f  c o p p e r  fro m  b lo c k s  t r e a t e d  w i t h  am ino 

a c i d s  th a n  fro m  c o n t r o l s ,  w h ich  i n d i c a t e s  t h a t  some c h e l a t i o n  w i t h  am ino  

a c i d s  h ad  t a k e n  p l a c e ,  an d  w o u ld  t h u s  a c c o u n t  f o r  th e  l o s s e s  s e e n .  

M ic r o b ia l  t r a n s f e r  t o  wood fro m  s o i l  w i l l ,  on s e n e s c e n c e  r e l e a s e  p r o 

t e i n  and  am ino a c i d s  w h ic h  may e q u a l l y  fo rm  c o m p le x e s  w it h  h e a v y  m e t a l s .

C op p er and chrom ium  a n a l y s e s  w ere  u n d e r ta k e n  u s in g  a to m ic  a b s o r p t io n  

s p e c t r o p h o t o m e t e r .  G e n e r a l l y ,  c o n s i s t e n t  r e s u l t s  w e re  o b t a in e d  f o r  

c o p p e r  and chrom ium  a n a l y s e s .  A r s e n ic  a n a l y s e s  w e re  n o t  u n d e r ta k e n  

due t o  t e c h n i c a l  p ro b le m s  e n c o u n te r e d  w it h  th e  a r s e n i c  la m p . The r e 

s u l t s  o f  a r s e n i c  a n a l y s e s  b y  o t h e r  w o r k e r s  a t  t h i s  l a b o r a t o r y ,  h a s  shown 

t h a t  a r s e n i c  d e t e r m in a t io n s  on a to m ic  a b s o r p t io n  s p e c t r o p h o t o m e t e r s - b y  

d i r e c t  a n a l y s i s  o f  th e  s o l u t i o n  p ro d u c e d  v a r i a b i l i t y  i n  r e s u l t s .  T h is  

m ethod h a s  b e e n  em p lo yed  in  D undee, a s  i t  w as th e  o n ly  s u i t a b l e  m eth o d , 

s in c e  c o p p e r  and  chrom ium  a l s o  h ad  t o  be a n a ly s e d  w i t h in  th e  same 

s a m p le s . F u r th e r m o r e , a s  th e  m ain a im  o f  t h i s  p r o j e c t  w as t o  i n v e s t i g a t e  

th e  i n f l u e n c e  o f  ad d ed  s o lu b le  n u t r i e n t s  on d e c a y  i n  p r e s e r v e d  wood i n  

s o i l ,  a r s e n i c  a n a l y s e s  w ere  n o t  c o n s id e r e d  e s s e n t i a l  s in c e  t h i s  e le m e n t  

i s  p r i m a r i l y  a  t o x i c a n t  t o  i n s e c t  a t t a c k .

R e s u l t s  o f  th e  c o p p e r  a n a l y s e s  show ed l i t t l e  v a r i a b i l i t y  b e tw e e n  r e p 

l i c a t e  wood b l o c k s  a t  e a c h  g lu ta m in e  t r e a t m e n t  l e v e l ,  a lt h o u g h  v a r i a 

b i l i t y  w as shown w it h  th e  chrom ium  a n a l y s e s .  The fe w  a n o m a lie s  w h ic h  

o c c u r r e d  h e r e  w ere  a s s o c i a t e d  w ith  s l i g h t  v a r i a t i o n  i n  b lo c k  s i z e  and  

a s s o c i a t e d  v a r i a t i o n s  i n  s o l u t i o n  u p ta k e  b y  th e  wood b lo c k s  an d  s e l e c 

t i v e  a d s o r p t io n  o f  i n d i v i d u a l  e le m e n t s .

A n a l y s i s  o f  u n b u r ie d  p r e s e r v a t i v e  t r e a t e d  c o n t r o l  b l o c k s  show ed t h a t  i n  

s p r u c e ,  c o p p e r  and chrom ium  c o n t e n t s  w e re  l a r g e r  th a n  th e  c o p p e r  and  

chrom ium  c o n t e n t s  p r e s e n t  a s  s a l t s ,  i n  th e  t r e a t i n g  s o l u t i o n  ( T a b le

3 .22).
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B eech  d i s p l a y e d  r e s u l t s  w h ic h  w ere  i n  c o n t r a s t  t o  t h a t  o f  s p r u c e .

C opper and  chrom ium  c o n t e n t s  i n  "beech "b lo ck s  w ere  lo w e r  th a n  th e  c o p p e r  

and chrom ium  c o n t e n t s  p r e s e n t  a s  s a l t s  i n  th e  t r e a t i n g  s o l u t i o n .  The 

o v e r - a b s o r p t io n  and  u n d e r - a b s o r p t io n  shown b y  s p r u c e  and  b e e c h  r e s p e c 

t i v e l y ,  may be a t t r i b u t e d  to  th e  d i f f e r e n t  a n a t o m ic a l  f e a t u r e s  i n  t h e s e  

two wood s p e c i e s .  S p ru c e  w as l e s s  d e n s e  th a n  p in e ,  l im e  an d  b e e c h .

T h is  f e a t u r e  a t  l e a s t  i n  t h e o r y  may h a v e  p e r m it t e d  g r e a t e r  m o is t u r e  and  

p r e s e r v a t i v e  u p ta k e  b y  s p r u c e  i n  c o n t r a s t  w it h  p in e ,  d e s p i t e  i t s  known 

l e s s e r  p e r m e a b i l i t y .  F u rth e rm o re  i n  p r a c t i c e ,  v e r y  l i t t l e  w o rk  h a s  b e e n  

u n d e rta k e n  on th e  s e l e c t i v e  a d s o r p t io n  o f  m e t a l l i c  e le m e n ts  t o  w ood . I n  

p in e ,  l im e  and  b e e c h , s e l e c t i v e  a d s o r p t io n  o f  p r e s e r v a t i v e s  i n  wood w ere  

b r o a d ly  s i m i l a r  i r r e s p e c t i v e  o f  th e  g lu ta m in e  r e t e n t i o n s .  H o w ev e r, s p r u c e  

d i s p la y e d  r e s u l t s  w h ich  d i f f e r e d  t o  t h o s e  o f  p i n e ,  l im e  and  b e e c h . T e s t  

b lo c k s  im p re g n a te d  w it h  g lu ta m in e  d i s p l a y e d  lo w e r  s e l e c t i v e  a d s o r p t io n  

r a t i o s  o f  c o p p e r  t o  p r e s e r v e d  c o n t r o l  b l o c k s .  I t  i s  d i f f i c u l t  t o  I n t e r 

p r e t  th e  r e s u l t s  o b ta in e d  f o r  th e  s e l e c t i v e  a d s o r p t io n  r a t i o s  i n  s p r u c e .

L o s s e s  o f  c o p p e r  and chrom ium  fro m  th e  p r e s e r v e d  b lo c k s  o c c u r r e d  d u r in g  

s o i l  b u r i a l .  The r e s u l t s  showed t h a t  q u i t e  a  l a r g e  p e r c e n t a g e  (u p  t o  

30%) o f  th e  p r e s e r v a t i v e  w as le a c h e d  fro m  th e  am ino a c i d  t r e a t e d  wood 

b lo c k s  d u r in g  b u r i a l  in  s o i l .  The m ain  l o s s e s  i n  p r e s e r v a t i v e  o c c u r r e d  

d u r in g  t h e  f i r s t  t h r e e  w e e k s  o f  b u r i a l ,  b e f o r e  d e c a y  h ad  s t a r t e d .  T h is  

l a s t  p o r t i o n  may r e p r e s e n t  c h e l a t e d ,  s o l u b l e  p r e s e r v a t i v e  w h ic h  w as 

r e a d i l y  le a c h e d , fro m  th e  b lo c k s  due t o  d i f f u s i o n  i n  s o i l  w a t e r .  I t  i s  

p resum ed t h a t  th e  p r e s e r v a t i v e  r e m a in in g  i n  wood w as in  a n  i n s o l u b l e  

fo rm , e i t h e r  a s  a  p r e c i p i t a t e  o r  c o m p le x e d  t o  t h e  wood s t r u c t u r e .  The 

p r e s e n c e  o f  g lu ta m in e  i n  t e s t  b lo c k s  w as c l e a r l y  a s s o c i a t e d  w i t h  g r e a t e r  

l o s s e s  o f  c o p p e r ;  m e ta l l o s s  i n c r e a s e d  w it h  i n c r e a s i n g  g lu ta m in e  r e t e n 

t i o n s  i n  th e  b l o c k .  Chromium l o s s e s  w e re  a l s o  a p p a r e n t ,  b u t  d i d  n o t  

show t r e n d s  r e l a t i n g  t o  g lu ta m in e  c o n c e n t r a t i o n s .  A f t e r  th e  i n i t i a l  

l o s s e s  o f  CCA, f u r t h e r  l o s s e s  w ere  s m a l l  i n  a l l  p r e s e r v e d  wood b l o c k s ,  

b o th  w it h  and. w ith o u t  g lu ta m in e  i n c l u s i o n s .  I t  w as a p p a r e n t  t h a t  d e s p i t e  

c o p p e r  l o s s e s ,  s o ftw o o d s  w e re  s t i l l  p r o t e c t e d  a t  p r e s e r v a t i v e  c o n c e n 

t r a t i o n s  b e lo w  th e  t o x i c  t h r e s h o ld ,  a s  h y p o th e s is e d , b y  B u t c h e r  an d  

N i l s s o n ,  (1982).
C o n c u rre n t  w it h  th e  i n v e s t i g a t i o n  on th e  i n f l u e n c e  o f  g lu ta m in e  on 

p r e s e r v a t i v e  t r e a t e d , w ood, a  s o i l  b u r i a l  s t u d y  w as u n d e r ta k e n  t o  i n 

v e s t i g a t e  th e  i n f lu e n c e  o f  s o lu b le  c a r b o h y d r a t e s  on CCA t r e a t e d  l im e  

and p i n e .  Lim e t e s t  b lo c k s  w ere  im p re g n a te d  w it h  s u c r o s e  an d  p in e  

b lo c k s  w e re  im p reg n ated , w ith  g lu c o s e .



R e s u l t s  o f  t h e s e  e x p e r im e n t s  showed t h a t  wood d e c o m p o s it io n  and. p r e 

s e r v a t i v e  p e r fo rm a n c e  in  l im e  and p in e  w e re  n o t  in f lu e n c e d  h y  s o lu b le  

s u g a r s .  I n  l im e ,  w e ig h t  l o s s e s  o c c u r r e d  i n  b o th  u n p r e s e r v e d  and. p r e 

se rv e d . t e s t  b l o c k s .  H o w ever, w e ig h t  l o s s e s  r e c o r d e d  b y  p r e s e r v e d  co n 

t r o l  b lo c k s  and p r e s e r v e d  b lo c k s  im p re g n a te d  w it h  s u c r o s e  w e re  b r o a d ly  

s i m i l a r  o v e r  th e  d u r a t io n  o f  th e  s o i l  b u r i a l .  In  p i n e ,  w e ig h t  l o s s e s  

w ere  o n ly  re c o rd e d , i n  u n p r e s e r v e d  c o n t r o l  b l o c k s .  The p r e s e r v a t i v e  

t r e a t e d  so ftw o o d  b lo c k s  w e re  p r o t e c t e d  a t  s u b - t o x i c  c o n c e n t r a t i o n s  

o v e r  th e  t w e lv e  w eek  s o i l  b u r i a l .  N it r o g e n  d a t a  w as n o t  a v a i l a b l e  f o r  

t h i s ,  s t u d y  w it h  s o lu b le  s u g a r s  a s  t h e  t im e  r e m a in in g  f o r  e x p e r im e n t a l  

a n a l y s e s  w as i n s u f f i c i e n t  f o r  n i t r o g e n  a n a l y s e s  to  be u n d e r t a k e n .
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General Discussion3

It has been shown at th is  laboratory that soluble nutrients that migrate 

and accumulate at evaporative surfaces of wood during drying, enhance 

wood, decay, reduce toxic lim its  and decrease preservative s ta b il ity  in  

preserved and unpreserved forms of hardwoods and softwoods (King et a l,  

I98la). The precise chemical formulation of the soluble nutrient com

ponents at the surfaces of dried wood however, had not been investigated.. 

As such, th is  formed, the working objectives fo r th is  project. This 

project examined q u a lita tive ly  and quantitative ly  the soluble carbo

hydrate and. nitrogenous components which red istribute  to wood surfaces 

during drying. The ro le  of these nutrients on wood decay in  s o il 

contact and th e ir influence on the performance of GGA preservatives was 

also evaluated.

The investigation undertaken for th is  thesis has shown fo r the f i r s t  

time, the migration and. accumulation of sp e c ific  soluble amino acids at 

evaporative surfaces of dried wood* and. also provided extensive quan

tita t iv e  information on the migration of soluble carbohydrates to these 

surfaces. In the softwood.s, soluble sugars that redistributed to the 

evaporative surfaces were glucose, fructose, sucrose, xylose, mannose, 

galactose?and trace quantities of arabinose. Of these sugars, glucose 

and. fructose were the predominant sugars and accounted fo r approximately 

60% of the to ta l carbohydrate content found at surface regions. In 

lime, sucrose, glucose and. fructose were detected at the evaporative 

surfaces and. sucrose was the predominant sugar in  th is  wood. Sucrose 

and the combined, concentrations of glucose and fructose? accounted for  

approximately 98% of the to ta l carbohydrate content at the surfaces of 

lime. Several oligosaccharides were also detected In the softwoods and 

lime, but these were not examined, further in  the study.

The composition of soluble sugars at surface and sub-surface regions of 

spruce, pine, and lime were sim ilar to those found, in  other studies. 

Sucrose, glucose and. fructose were detected in  the sapwood of beech and. 

birch (D ietrichs, 19 6 3 )-, in  the increment cores from sapwood of . '

spruce, lime, sycamore and. birch (Holl, 1 9 8 1 ) and in  the needles of 

Scots pine and. Norway spruce (Theand.er, 1981). Sucrose, shown to be a, 

predominant sugar in  extracts of lime? was also a predominant sugar in  

the wood species tested by Holl (1 9 8 1 ? o p .c it .) .  The work of Baker e t .a l.  

(1970) on the nutrition  of Anobium punctatum larvae also showed, the 

presence of simple sugars and oligosaccharides in  extracts of wood. and. 

frass samples.



m-atography

Sucrose, galactose, glucose, fructose, aratdnose and. a, series of o ligo- 

saccharid.es were detected in  these samples. Though concentrations of 

these soluble materials were small, they were read ily  u t ilis e d  by the 

insect larvae.

The high concentrations of glucose seen at surface regions of pine (Sec

tion complement the finding of Long (1978). In the la tte r

investigation, glucose concentrations act surface regions were shown- to 

be ten times those at sub-surface regions; and these concentrations con

stituted 0.6% of the dry weight of wood,. The concentration of glucose 

in experiments undertaken fo r th is  thesis showed, higher concentrations 

than that of Long's. In the alcohol extracts of pine, glucose concen

trations constituted. 0 .$% of the mass of wood.,at the surface regions, 

and. in  the cold water extracts, glucose concentrations constituted I.J%  

of the mass of wood, at sim ilar regions. Gold water extractions were 

also shown to remove larger quantities of soluble sugar from a l l  the  

wood, species tested, in  experiments undertaken fo r th is  thesis.

The quantitative differences observed in  Long's investigation and. in  

th is thesis* may be attributed, to tree to tree variation  and also to the 

d ifferent analytica l techniques used. In h is investigation, Long used, 

paper chromatography fo r the separation, id en tifica tio n  and q u a n tifi

cation of simple sugars. The technique employed involved, an elution  

time of several hours after which the spots on thechromatogram were 

developed, out out and eluted with acidified, aqueous ethanol. The ab

sorbance of the eluant was measured and. the sugars were quantified, by 

comparison to standards. The above method, employed is  re la t iv e ly  in 

sensitive, involves several manual steps, and is  limited by resolution  

of the paper chromatography.

Soluble sugars in the extracts of the wood samples tested, in  th is  project 

were detected, by HPLG. This analytica l method, is  an improvement to 

that used by Long. Errors in  experimentation are minimised., as a fter  

the sample has been loaded, the analysis is  automated. The carbohydrate 

analysis column used also provides good, resolution when disproportionate 

carbohydrate quantities are present; sugars with sim ilar retention times on paper 

are e ffectiv e ly  separated, by th is column. In the chromatography solvent 

system used by Long, arabinose, fructose and mannose were situated too 

closely in  the chromatogram to be e ffe c tiv e ly  separated. Thus the tech

niques employed in experiments undertaken fo r th is thesis.* provide a much 

clearer qualitative  and. quantitative assessment of the sugars that re

d istribute  to the surfaces of wood during drying.
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The soluble amino acids that migrate and. accumulate at surface regions 

of wood, during drying have been shown to contribute to a s ig n ifica n t  

proportion of the nitrogen content in  spruce and pine, but to lesser  

proportions in lime. Aspartic acid., glutamine and arginine were the 

predominant amino acid.s in  the extracts of these woods. These amino 

acids were also shown in  other investigations to be present in  s ig 

n ifican t concentrations in  the sap of apple trees (Bollard, 1957a.), in  

the xylem sap of lo b lo lly  pine (Barnes, 1 9 6 3 ) and in  white spruce 

needles (Dursan, 1968a,b). Durzan (1968 o p .c it .)  considered arginine to 

be a main nitrogenous storage compound, in  spruce, which reflected a 

process by which reduced nitrogen leve ls  in  wood were concentrated in  

a nitrogen r ich  storage compound. Glutamine was shown to be a major 

amino acid in  the xylem saps of Pinus radiata D. Don (Bollard, 1957c) 

and. Pinus taeda L . (Barnes, 1963). • It was suggested by these authors 

that glutamine served as a translocatory form of nitrogen. The presence 

of th is  amino acid in  the sap would suggest that glutamine w ill move 

with the transpiration stream in the xylem. As glutamine can be trans

located., i t  can therefore be read ily  available as a source of nitrogen 

for micro •^organisms.

Hie soluble nutrients shown to accumulate at evaporative surfaces during 

drying would, stimulate rapid, colonisation of wood by a range of micro

fungi. 'Though these soluble components constitute a small proportion 

of the wood, mass, they are nevertheless, very important as they are 

present in  a form that can be easily  u t ilis e d  by micro-organisms. The 

presence of other soluble nutrient components; such as the sugar alcohols, 

and. water soluble polysaccharides, such as the galactomannans and 

arabinogalactans, which were not investigated as part of th is  project, 

are also thought to migrate to the evaporative surfaces during drying.

It is  probable that these solubles too, may have a, contributory ro le  to 

wood decay.

As wood it s e lf  has a low nitrogen content (Cowling and M e rr ill,  1966), 
the supply of nutrients and p a rticu larly , those containing nitrogen, 

is  a major factor affecting  the decay of wood by micro-organisms. It has 

been shown in  Experiment /■! in  Section 3*1*» that the bulk of the n itro 

genous materials that red istribute  to wood, surfaces during drying are in  

the form of amino acids. These soluble nutrients have been found to be 

read ily  u tilise d  by wood attacking fungi. Henningsson (1967) showed 

that the component amino acids of soluble nitrogen in  wood supported 

growth of a number of wood destroying fungi.
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Nitrogen given in the form of amino and amide nitrogen was u t il is e d  by 

a l l  the basiciomycete fungi tested. Ammonium compounds were also good, 

sources of nitrogen, but n itrate  proved to be a poor source of nitrogen. 

Baker et. a l.  (1970) in  the ir investigation on the nitrogen u t il is a t io n  

by Anobium punctatum of pine sap-wood, showed that a considerable amount 

of c e ll wall protein passed through the la rv a l gut of the insects, and. 

emerged in frass without any change in  i t s  composition. These authors 

showed that the soluble protein, a minor constituent in  wood , was utilised, 

more completely than the insoluble m aterial. The soluble sugars found 

at surface regions of dried wood can also be read ily  u t il is e d  by micro

organisms. Henningsson (1 9 6 7 , o p .c it .)  showed that several wood,

destroying fungi were able to u t il is e  low molecular weight sugars as 

sources of carbon. Glucose and fructose both promoted rapid, growth in  

the fungi tested, and. sucrose was also a good carbon source. However, 

some of the fungi tested, were unable to u t il is e  sucrose, and th is  was 

probably due to the lack of invertase.

dork described in  Section h . I . ,  showed that concentration of soluble 

carbohydrates and soluble amino acids were s ig n ifica n tly  higher at 

surface regions of dried, wood than at sub-surface regions. Though the 

concentration of these nutrients varied among the wood, species, a l l  the 

wood species tested, were consistent in  displaying higher concentrations 

of soluble carbohydrates and. amino acid.s at surface regions. Soluble 

carbohydrate concentrations at surface regions of pine were shown to be 

five  times those at sub-surface regions in  the outer sapwood. In spruce 

and. lime, these concentrations were twice those at sub-surface regions. 

Soluble amino acids also showed large differences in'concentrations be

tween surface and sub-surface regions. In spruce and. pine, concentrations 

of soluble amino acids at surface regions were fifte e n  times, and 

twelve times respectively?the concentrations found at sub-surface regions. 

In lime, surface concentrations were twice those of sub-surface areas.

The concentration of soluble sugars and. amino acids that migrate and. 

accumulate at wood surfaces during drying may be associated with 

seasonal fe l l in g .  Concentrations of simple sugars have been shown to be 

higher during the winter months in  Scots pine needles (Ericsson, 1979)* 

and. in  increment cores obtained from sycamore, birch, lime and spruce 

tree trunks (Holl, 1 9 8 1 ). Levi and. Cowling (19 6 8) showed that nitrogen 

was present in  wood in greater quantities before fo lia t io n  than a fter  

fo lia t io n .
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Seasonal variation  in  soluble nitrogen has also been shown to occur in  

the cambial area (Clark and M ills, 1970), in  the sap of wood (Bollard, 

1957b) and in roots, buds and leaves of white spruce saplings (Durzan, 

19 6 8 b). Aphid, populations were also shown to correlate d ire c t ly  with 

seasonal variation  of certain amino acids in  Sitka spruce needles (Parry, 

I97d). Therefore, timber fe lle d  during seasons of high nutrient con

centration and. subsequently dried, by reason of red istrib u tio n , may be 

more susceptible to decay by micro-organisms.

It is  well known that sapwood. is  more susceptible to decay by wood in 

habiting micro-organisms. The d istrib u tio n  studies of Section 3 . 1 . ,  

showed the concentrations of soluble sugar and. amino acids to be higher 

in the outer sapwood. regions, than the inner sapwood. and heartwood. 

regions. In the sapwood, the longitudinal and. ray parenchyma c e lls  

function as storage tissue. However,as sapwood ages, the parenchyma 

c e lls  lose the ir cytoplasm, and these changes are usually coincident with 

a general decrease in  nutrient concentration across the sapwood. Thus 

wood prepared from outer sapwood regions and. felled, during seasons of 

high nutrient concentrations, may have a higher decay su sce p tib ility  

to wood destroying micro-organisms.

The seasonal variation  of soluble nutrients in  wood., and the large d i f 

ference shown in  the n utritiona l status at surface regions and sub

surface regions of planks dried under laboratory cond.itions, may re f le c t  

the nu trition a l state of timber and wooden fence posts in  s o il  contact. 

Logs and. wooden posts are dried, before insertion  into s o il .  Consequently, 

soluble nutrients contained, by them w ill have been redistributed, to the 

evaporative surfaces. These high nutrient p ro file s  at the wood-soil 

exposure regions are l ik e ly  to provide a stimulus fo r organisms from 

outside the wood to the in te rio r. The presence of the soluble sugars 

and. amino acids shown to accumulate at surfaces of dried, wood, may pre

determine the succession of organisms that colonise wood,. Successional 

events in  the colonisation of both untreated, and preservative treated 

wood have shown bacteria to be the primary colonisers, and. basidiomycetes 

to be the climax microflora, (Barerjee and Levy, 1971? Clubbe and. Levy,

19 8 2 ). However, for the fungal species which are capable of acting as
are

’ sugar fun g i’ in  the presence of simple nutrients and.^also capable of 

acting as soft-rot fungi, enough soluble nitrogen would, be accumulated, 

at dried, surfaces of wood, to support soft rot production,when the soluble 

carbohydrates are depleted.
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Also, with decreasing soluble nutrient status after prolonged ex

posure to s o i l ,  the colonisation of rood becomes selective and ultim ately, 

with only traces of soluble nutrients present, the wood substradee is  in 

h ib iting  to most organisms other than the basidiomycetes.

The soluble sugars and. amino acids shown to red is tribute to evaporative 

surfaces in  Section /'-.I., were presumed, to have a ro le  in  wood, decay.

Experiments 1-5 of the s o il buria l studies were designed to examine the 

influence of these nutrients on d.ecay su sce p tib ility  of unpreserved woods; 

and experiments 6-8 were undertaken to investigate the e ffect of added 

sugars and. amino acids on wood, d.ecay and preservative s ta b il ity  in  pre

served hardwoods and softwoods. S o il b u ria l experiments were selected, 

as s o il provides the most aggressive environment to which wood may be 

exposed. Savory and Bravery (1971) considered that the major advantage 

of s o il buria l systems was that preserved, wood was subjected, to the 

mixed m icroflora naturally  present in  s o il .  These authors id en tified  

such environmental factors as temperature, moisture a v a ila b ility ,  

duration of incubation, and. specimen size as important determinants of 

decay rates in  laboratory testing regimes.

The experiments undertaken in  the s o il bu ria l studies highlighted, the 

problems encountered, when trying to rep licate  wood of high nutrient 

status. The addition of soluble sugars and. amino acids to unpreserved 

wood, blocks did not influence decay or nitrogen transfer from s o il to 

wood, food blocks impregnated, with ind ividual soluble nutrients displayed 

loss of these added nutrients on emplacement of the blocks in  s o i l .  

Consequently, nitrogen contents and. weight losses in  these blocks d is 

played. sim ilar patterns to those of the controls. However, blocks 

containing redistributed, soluble nutrients were shown to influence both 

wood decay amid nitrogen transfer from s o il to wood. These blocks did not 

show loss of nutrients during s o il b u ria l. It is  l ik e ly  that the accum

ulation of soluble nutrients, and. materials such as waxes, gums and. 

resins at wood surfaces during drying, resu lts  in  a reaction between 

these materials which may accord some degree of permanence to the soluble 

nutrients at the wood, surfaces. It Is known that soluble amino acids 

react with sugars during drying to form coloured, compounds in  a browning 

reaction. Planks of wood in experiments undertaken in  Section 3*1*» 

showed, a colour change from pale yellow when planks were in  a. green con

d ition , to a darker yellow when planks were dried under laboratory con

ditions .
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This colour change is  ind icative  

resulting  from the migration and

of a change in condition of the ro o t, 

accumulation of soluble materials at

evaporative surfaces of cried planks. I t is  therefore possible that 

soluble nutrients forming complexes at wood, surfaces, are then released 

slowly to the s o il ,  thereby providing a constant stimulus fo r the colo

nisation of the rood substrate by s o il inhabiting micro-organisms.

the insertion of ood. in  s o il, especia lly  when containing redistributed

soluble nutrients, may a lte r s o il conditions at the periphery of the 

block. Fungi and bacteria, in  s o il are considered to exist mainly as in 

active or dormant forms. liicrob iostasis in  s o il has been suggested, to 

be due to the depletion of nutrients (Lynch, 19 8 2 ). Furthermore, i t  

has been postulated. (Smith, 1930) that -when wood is  emplaced In s o il ,  

small traces of nutrients diffuse from the wood, counteracting fungi-

stasis and. stimulating the germination of dormant fungal species .he

specific  soluble sugars and amino acids found at the evaporative sur

faces of wood in  th is  study, have been shown to e l l i c i t  behavourial 

responses by bacteria. (Howe, 1933)* In h is  investigations, Howe also  

showed that wood decay fungi displayed hyphal extensions towards wood.

during growth, and such responses were demonstrated by fungal colonies 

developing towards wood ba its. In the same study, bacteria, both Gram 

positive and. Gram negalive, and representative of wood. and. s o i l  inha

b iting  genera, displayed, positive chemotactic responses to cold, aqueous

wood extracts. Responses of these s o il inha-biting bacteria, to a.rginine 

were s ig n ifica n tly  greater than responses towards glucose. In th is

thesis, s o il buria l experiments using preserved wood showed, responses 

of s o il inhabiting microflora, to be greater towards arginine and glu

tamine than to glucose or sucrose, as indicated by weight lo ss .

dork described in th is  thesis has shown fo r the f i r s t  time that the so l

uble amino acids found at the evaporative surfaces of wood., influenced  

the decay of wood, in  s o il and preservative s ta b ility  therein. CCA sta

b i l i t y  in both hardwoods and. softwoods was reduced by the presence of 

soluble nitrogen compounds. The presence of CCA in wood blocks depressed.

the rate of weight loss (decay) but did not depress nitrogen transfer 

from the s o il to the block. Arginine and. glutamine incorporated, into CCA 

treated, lime blocks influenced both wood decay and preservative e fficacy

in th is wood species. In beech, the e ffect of added amino acids on pre

servative s ta b ility  was not observed., and i t  is  possible that in  th is  

wood species that the effect of these nutrients 

a short term s o il buria l.

are d if f ic u lt  to see In



Spruce and. pine were protected from rood decay at the sub-toxic con

centration of preservative used. .'Che mechanisms of fix a tio n  of GCA in  

these woods may explain th e ir resistance to decay despite the presence 

of added amino acids. It has been suggested that lig n in  is  the major 

fixation  s ite  fo r copper (Butcher and Nilsson, 19 8?.), and that copper 

can he fixed to retention leve ls  in  the S2 layers of high lig n in  wood 

species (softwoods), which are in excess of toxic thresholds. In wood, 

species with a. low lig n in  content (hardwoods), copper can he fixed only 

to a retention leve l which is  below the toxic threshold, fo r so ft-ro t  

fungi. Thus, spruce and. pine are protected at leve ls  which are sub

toxic for preventing growth, whereas the hardwoods require higher re 

tention of GCA to reduce the growth of so ft-ro t fungi. These high leve ls  

w ill temporarily prevent so ft-ro t attacks, but when CCA to lerant so ft-ro t  

fungi ha.ve colonised, the wood, they w ill be able to cause so ft-ro t but 

at a, reduced rate.

The loss of GGA components by leaching bus been demonstrated, by other 

workers (Evans, 1978; Briscoe, 19 8 7). It has been shown in  s o il buria l

experiments undertaken in  Section 3*2., 

were recorded in  hardwoods and softwoods 

with GGA and which had. also been treated

that substantial copper losse 

breasted at sub-toxic leve ls  

with glutamine. Metal ions

O

are known to chelate very read ily  with amino groups. It is  postulated 

that the amino acids shown to red istribute  to wood surfaces during 

drying in  Section 3•!. ,  may act to d.etoxify the wood by complexing 

and. chela.ting with fixed CCA components by ion-exchange mechanism.

As chelated, forms 

resu lt in leachin  

been demonstrated 

CCA-treated, lime

may be more mobile than fixed m aterials, th i 

g of GCA thus leaving the wood unprotected.

in  s o il buria l experiments in  Section 3*2., 

impregnated with high glutamine concentration

S COUld.
"This has 

in  which 

s, showed

large weight losses. The complexing of amino acids with preservative 

components may also explain the early fa ilu re  of CCA-treated, wood con

taining redistributed soluble nutrients shown in  wood decomposition at 

th i s labor a;t or y .

Heavy metals learhed to the s o il from treated wood 

bacteria l m otility  by complexing with the fla g e lla

ma,y also in h ib it  

Bacteria demon

strating positive chemotaxis to nutrients leaching from wood may be 

rendered non-motile by CCA components in  wood resu lting  In a. biomass 

build, up in  s o il regions adjacent to wood surfaces. M icrobial biomass 

in  wood has been demonstrated, to be capable of causing so lu b ilisa tio n  

of CCA components (Levi, 19 6 9 ).



rne so lub ilised  preservative may complex with micro-organisms, k i l l in g  

them but rendering the preservative susceptible to further leaching as 

a, function of further microbial a c t iv ity . It is  probable that the con

tinued. input of microbial biomass to preserved wood causes the gradual 

loss of preservative to the s o ils , thus reduc ing ' ’ the effective  to x ic ity  

of the wood.

Simple nutrients in  s o il have been suggested, to cause release of micro- 

biostasis (Lynch, 193?.) and also to d ire ct micro-organisms to wood 

resources (lore, 1933)■  The loss of added nutrients from wood shown by 

impregnated wood blocks during s o il b u ria l experiments described in  

th is  thesis, should, have resulted in  increased concentrations of these 

nutrients at the wood-soil interface, and i t  would be anticipated that 

these nutrients would provide a stimulus fo r microbial accumulation at

wood-soil regions. Accordingly, i t  would be expected that there would 

be an enhanced rate of decay in  the blocks. However, th is  e ffect was 

not observed in  unpreserved, blocks which had been impregnated, with 

soluble nutrients. In unpreserved m aterial, i t  is  possible that s o il

conditions influence the lo ca lisa tio n  of soluble nutrients leached, fo r

wood by water in  s o il which had. been maintained at 80g and IOCft water

holding capacity. Furthermore, with smaller block volumes, compared 

to the la.rge volume of s o il used, in  s o il bed t r ia ls ,  and the easy mo

b i l i t y  of the leached nutrients, the concentration gradients set up 

were diluted to such an extent in  a short time period, that there would 

have been no opportunity for rea l stim ulation to take place. In pre

served. wood however, amino acids retained In lime Influenced, wood decay 

and preservative s ta b ility  in th is  wood species. I t  is  possible that 

In the preserved blocks, the complexes provided the nutrient stim ul

ation of amino acids and inactivated, the biocide by metal complex 

formation. Furthermore, metel losses took place which has Implications 

for the s ta b il ity  of metal elements In the presence of amino acids.

Fork described in  th is  thesis has shown that substrates such as glucose 

and sucrose do not influence decay and. preservative s ta b il ity  in  pre

served forms 

experiment, 

not retained.

of hardwoods and softwoods. Hhile i t  is  possible in  the 

the soluble sugars incorporated into the wood blocks were 

in  the block, i t  is  also possible that not a l l  soluble

nutrients that red istribute  to evaporative 

fluenoe preservalive efficacy.

. - o

surfaces during drying in'



N itrogen  sou rces o f "which wood i s  d e f ic ie n t ,  and a com bination of 
n itrogen ou s and carbohydrate components may w e ll  in flu en c e  p re se r v a tiv e  
s t a b i l i t y .  Further work i s  requ ired  to  in v e s t ig a te  i f  com binations o f  
amino a c id s  and sugars in flu en c e  "the p reserv a tiv e  performance o f treated  
"timber.

The con cen tra tion  o f p reservs/tive  components a t  wood su r fa c e s  may have 
an im portant r o le  in  determ ining the d u r a b il i ty  o f tim ber in s e r v ic e . 
P reserv a tiv e  g ra d ien ts  have been shown in  d is t r ib u t io n  p o le s  o f  fou r  
wood sp e c ie s  which had. been treated  by p ressu rised  sap d isp lacem en t u sin g  
CCA (Evans, e t .  a l . ,  1986) .  The r e s u l t s  o f the in v e s t ig a t io n  showed 
th at a l l  fou r wood sp e c ie s  displayed, h igher CCA con ten t in  the outer  
sapwood which d eclin ed  r a d ia l ly  towards the cen tre  o f the p o le . The 
con cen tra tion  o f ind.ivid.ual CCA components a ls o  varied in  a r a d ia l  d i 
r e c t io n . Chrome and a rsen ic  co n cen tra tion s were a t  a maximum in  the outen 
sapwood. but copper con cen tra tio n s were a t  a maximum in  the inn er sap- 
wood,. I t  i s  p o s s ib le  th ere fo re  th a t in  la r g e  p ie c e s  o f tim ber, unfixed  
CCA along w ith  so lu b le  n u tr ie n ts  may r e d is tr ib u te  to  the su rface  o f 
wood, a f te r  treatm ent. I f  the p re se r v a tiv e  i s  su sc e p tib le  to  le a c h in g , 
and I f  b io d .e ter io ra tio n  tak es p lace  as shown in  t h is  t h e s is  by so lu b le  
amino acid, p resence, then to  accord b e t te r  p ro tec tio n  to  tim ber in  
s e r v ic e , I t  i s  e s s e n t ia l  that the p re se r v a tiv e  r e te n t io n  be high enough 
in  the outer zones to  take account o f any leached  l o s s e s .

The r e d is tr ib u t io n  o f so lu b le  n u tr ie n ts  in  wood, may have im p lic a tio n s  
fo r  tim ber drying w ith  p a r tic u la r  regard, to  i t s  use in  b u ild in g  mater
i a l s  . k ith  the advent o f  c e n tr a l h ea tin g , lo c a l is e d  areas o f h igh  tem
perature could be experienced  in  the v i c i n i t y  o f  h ea tin g  d u c ts , and. 
surrounding m a ter ia ls  could, be exposed by high tempera,tures fo r  pro
longed. p er io d s. Recent rep o rts  from Scandinavia (Bjurman, I 986) have 
suggested th a t odour in  houses are associated  w ith  fu n ga l growth which de
velop  on wood su rfa ces a,s a r e s u l t  o f n u tr ie n t a,ccumula,tion. The m icro
c lim a tes  produced, in  th ese  houses enable m icrob ia l communities to  grow 
thereby cau sing  both a e s th e t ic  and h ea lth  problem s. i la t e r ia ls  provided  
to  t h i s  la b o rs!o ry  by Swedish sources have shown high su rfa ce  n u tr ie n t  
p r o f i le s  (King, pers.com m .) .  In Sweden, wood which showed some su rface  
r e d is tr ib u t io n  o f n u tr ie n ts  included  specim ens which had s im ila r  growth 
r a te s  to th ose o f B r it is h  s p e c ie s .  I t  i s  p o ss ib le  th at th e  presence o f 
su rface  n u tr ie n ts  may be im portant fo r  su rface  growth o f organism s in  
d ried  tim ber.



Thus 
in  w

the use o f c a r e fu lly  d ried  m a teria l w ith  l i t t l e  su rfa  
e l l  in su la te d  houses may reduce the optimum c o n d itio n s

ce n u trien t:  
fo r  growth

of fu n g i, thereby m inim ising h ea lth  r i s k s .

The work described  in  t h is  the i s  has e s ta b lish e d  the com position  o f
the so lu b le  n itrogen ou s components th a t m igrate and accumulate 
evap orative su r fa ces  o f d ried  wood. I t  has a ls o  revea led  a st:

a c tne 
ong

r e la t io n s h ip  between s p e c i f i c  n itrogen ou s components and. p r e se r v a tiv e  
performance. The s tu d ie s  described  in  t h is  t h e s is  have been lab o ra to ry  
s tu d ie s  u sin g  sm all wood, specim ens which have been d ried  under la b o ra to r
cond i t io n s Further work I s  required on la r g e  dim ension m a ter ia l which
have been com m ercially d ried  and a ls o  trea ted  w ith  a range o f b io c id e s .



A P P E N D I C E S



APPENDIX I MOISTURE CONTENTS (%)

a .  G r e e n  W ood

W ood

T y p e

O u t e r

S a p w o o d

I n n e r

S a p w o o d
H e a r t w o o d

S p r u c e 1 6 0 9 0 4 9

P in e 1 9 0 1 0 0 5 0

b .  D r i e d  W ood

W ood M o i s t u r e

T y p e C o n t e n t  (% )

S p r u c e 7

P in e 8

L im e 5

K e m p a s 7



APPENDIX 2 TREATING CONCENTRATIONS OF SUGAR SOLUTIONS USED
IN THE CARBOHYDRATE SOIL BURIAL STUDY

Wood

Type

T re a t in g

S o lu t io n  Concen

t r a t io n  (% w /v )

Mean p e rce n ta g e  

w e ig h t in c re m e n t

in  b lo c k s  fro m  
l i q u id  uptake (%n / j  )

S pruce 1 . 3 5 1 .3 8

2 . 7 0 3 . 2 7

4 . 0 0 5 . 2 6

5 . 4 0 7 .1 1

P ine 1 . 3 5 1 .3 8

2 . 7 0 3 . 2 7

4 . 0 0 5 . 2 6

5 . 4 0 7 .1 1

Lim e 1 . 5 0 1 . 4 0

3 . 0 0 3 . 4 0

4 . 5 0 5 . 3 7

6 . 0 0 7 . 3 2

Beech 1 . 7 5 1 . 3 8

3 . 5 0 2 . 7 6

5 . 2 5 4 . 1 4

7 . 0 0 5 . 5 2
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APPENDIX 3 SAM PLE C A L C U L A T IO N  FOR THE PR E P A R A TIO N  OF EQ U IM O LE  

C O N C EN TR ATIO N S OF A  M IX T U R E  OF AM IN O  A C ID

A m in o  A c id  

a s p  

g i n  

a r g

M o l e c u l a r  w e i g h t  

1 3 3  

1 4 6  

1 7 4

T o t a l  No o f  N .a to m s  

1 
2 
4

F o r  1 0 0 m l o f  s o l u t i o n  t o  c o n t a i n  1 x 1 0  3 m o le s  o f  e a c h  o f  t h e  

a b o v e  a m in o  a c i d ,

A m in o  A c id  

a s p  

g in  

a r g

T o t a l

W t . -  a m in o  a c i d  u s e d / 1 0 0 m ls  

0 . 1 3 3  

0 . 1 4 6  

0 . 1 7 4

0 . 4 5 3

m o lN  ( x 1 0 ~  ) 

1 

2 
4

7

w t  o f  N i n  1 0 0 m l o f  t h e  a b o v e  s o l u t i o n
__3

= 7 x 1 0  x 1 4 g
__3

= 9 8  x 1 0  g N /1 0 0 m l

A s s u m in g  t h e  l i q u i d  u p t a k e  o f  1 g  o f  w o o d  i s  1 m l ,  t h e n  t h e  n i t r o g e n

- 5
i n c o r p o r a t e d  i s  9 8  x 1 0  g N /g w o o d .

T h i s  i s  a p p r o x i m a t e l y  e q u a l  t o  1 m g N /g w o o d  o r  0 .1 %  w /w  N .

E q u im o le  a m in o  a c i d  s o l u t i o n s  f o r  0 .2 % ,  0 .4 %  a n d  0 .8 %  w e r e  c a l c u l a t e d  

i n  a  s i m i l a r  m a n n e r .
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APPENDIX 4 TREATING CONCENTRATIONS OF AMINO ACID SOLUTIONS
USED IN THE SOIL BURIAL STUDY

C o n c e n tra t io n s  

o f  each amino

a c id  3
(x1 0  m o le /1 0 0  

m l)

W e ig h t  o f  a m in o  a c i d  u s e d  

( g / 1 0 0 m l )
T o ta l  

am ino a c id  

c o n c e n tr a t io n  

(% w /v )a s p g i n a r g

1 0 . 1 3 3 0 . 1 4 6 0 . 1 7 4 0 . 4 5

2 0 . 2 6 6 0 . 2 9 2 0 . 3 4 8 0 . 9 1

4 0 . 5 3 2 0 . 5 8 4 0 . 6 9 6 1 . 8 1

8 1 . 0 6 4 1 . 1 6 8 1 . 3 9 2 3 . 6 2
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APPENDIX 5 T R E A T IN G  C O N C EN TRATIO N S OF A M IN O  A C ID  AND SUGAR 

S O LU T IO N S  USED I N  THE P R E S E R V A T IV E  S T U D IE S

a .  A r g i n i n e  S t u d y

W ood

T y p e

A r g i n i n e  c o n c e n t r a t i o n  (% w / v )

0 . 3%N 0 . 5%N 0 . 7%N

L im e 0 . 5 0 1 . 0 0 2 . 0 0

b .  G lu t a m in e  S t u d y

W ood

T y p e

G lu t a m in e  c o n c e n t r a t i o n  (% w / v )

0 . 2%N 0 . 3%N 0 . 5%N 0 . 7%N

L im e 0 . 4 3 0 . 8 6 1 . 7 2 2 . 5 8

B e e c h 0 . 8 3 1 . 6 3 2 . 3 5 3 . 5 2

P in e 0 . 3 4 0 . 6 8 1 . 3 5 2 . 0 3

S p r u c e 0 . 2 0 0 . 4 0 0 . 8 0 1 . 2 0

c .  C a r b o h y d r a t e  S t u d y

W ood
S u g a r  c o n c e n t r a t i o n s  (% w / v )

T y p e
0 . 5% w /w 1% w /w 2% w /w 4 % w /w

L im e 0 .4 1 0 . 8 3 1 . 6 5 3 . 3 0

P in e 0 . 3 2 0 . 6 5 1 . 3 8 2 . 6 0
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S a m p le

G r e e n  W ood D r i e d  W ood ( S u r f a c e  S a m p le s ) D r i e d  W ood ( S u b - s u r f a c e  S a m p le s )

T o ta l  
S o lu b le  
C a rb o h yd r

a te  c o n te n t

T o ta l
Reducing
S ugar
C o n te n t

G lucose  
and f r u c t 
ose c o n te n t

S o lu b le

P r o te in

T o ta l
S o lu b le

C arbohydrate
C ontent

T o ta l
R educing
S ugar
C o n te n t

G lucose  
and F ru c t

ose c o n te n t

S o lu b le

P ro te in

T o ta l  
S o lu b le  

C arbohydra 
t e  C o n te n t

T o ta l
R educing

S ugar
C o n te n t

G lucose  
and F ru c t

ose C o n te n t

S o lu b le

P ro te in

O u t e r

S a p w o o d

0 . 5 5

i  0 . 0 2

0 . 4 2  

-  0 . 0 3

0 . 2 3  

-  0 . 0 4

0 . 0 6  

±  0 . 0 2

0 . 9 9  

-  0 . 0 5

0 . 8 6  

-  0 . 1 0

0 . 6 2  

-  0 . 0 3

0 . 1 7  

-  0 . 0 2

0 . 4 7  

-  0 . 0 2

0 . 2 3  

-  0 .0 1

0 .2 1  

-  0 . 0 2

0 . 0 6

I n n e r

S a p w o o d

0 . 4 6

i o .02

0 . 0 8

i o . o i

0 . 0 4  

-  0 . 0 3

0 .0 1  

-  0 . 0 0 3

0 . 5 5  

-  0 .0 1

0 .4 1  

-  0 . 0 4

0 . 1 3  

-  0 . 0 5

0 . 0 8  

-  0 .0 1

0 . 4 0  

-  0 . 0 2

0 . 0 8  

-  0 .0 1

0 . 0 4  

-  0 .0 1

0 . 0 3  

-  0 . 0 2

H e a r t -

w o o d

0 . 1 5  

-  0 . 0 2

0 . 0 2  

-  0 . 0 3

0 . 0 2  

-  0 .0 1

0 .0 1  

-  0 . 0 0 2

0 . 4 2  

-  0 . 0 6

0 . 0 9  

-  0 . 0 4

0 . 0 4  

-  0 . 0 2

0 . 0 3  

-  0 .0 1

0 . 3 0  

-  0 .0 1

0 . 0 6  

-  0 . 0 4

0 . 0 3  

-  0 . 0 3

0 .0 1  

-  0 . 0 0 4

Average . 1 0 . 3 9 0 . 1 7 0 . 0 9 0 . 0 3 0 . 6 5 0 . 4 5 0 . 2 6 0 . 0 9 0 . 3 9 0 . 1 2 0 . 0 9 0 . 0 3

A P P E N D IX  6  SO LU BLE CARBOHYDRATE AND NITROGENOUS COMPONENTS IN  THE OUTER SAPWOOD, IN N E R  SAPWOOD AND HEARTWOOD R EG IO N S OF 

GREEN AND D R IE D  SPR UC E. R ESULTS ARE EXPRESSED AS A  PERCENTAGE OF THE I N I T I A L  DRY W EIG H T OF WOOD.



APPENDIX 7 SO LU B LE  A M IN O  A C ID  I N  THE OUTER SAPWOOD, IN N E R  SAPWOOD 

AND HEARTWOOD R EG IO N S OF GREEN AND D R IE D  S P R U C E .

S a m p le

u m o le s  a m in o  a c i d  p e r  g ra m  w o o d

G r e e n  W ood

D r i e d  W ood

S u r f a c e  S a m p le
S u b - S u r f a c e

S a m p le

O u t e r

S a p w o o d
1 . 5 5  -  0 . 0 6 2 . 9 7  -  0 . 0 5 1 . 4 3  -  0 . 1 3

I n n e r

S a p w o o d
1 . 3 7  -  0 . 1 2 1 . 8 5  -  0 .0 1 0 .2 1  -  0 .0 1

H e a r t w o o d 0 . 3 3  -  0 . 0 0 5 0 . 1 3  -  0 . 0 0 4 0 . 0 3  -  0 . 0 0 6

Average 1 . 0 8 1 . 6 5 0 . 5 6
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A P P E N D IX  8 D IS T R IB U T IO N  OF SO LU BLE CARBOHYDRATES I N  GREEN SPRUCE  

AND GREEN SPRUCE D R IE D  I N  C H IP  FORM. R ES U LTS ARE  

EXPRESSED AS A  PERCENTAGE O F THE DRY W E IG H T O F WOOD 

GREENWOOD SAM PLES WERE CORRECTED FOR M O IS T U R E .

R in g

G r o u p s

G r e e n  S p r u c e
G r e e n  S p r u c e  d r i e d  

i n  C h ip  F o rm

T o ta l
C arbohy
d r a te
C o n te n t

T o ta l
R educing
S u g a r
C o n te n t

G lu cose - ru c to s e
T o ta l
C arbohy
d ra te
C on ten t

T o ta l
R educing
Sugar
C on te n t

G lucose r ru c to s e

1 - 1 0

0 . 3 0

- 0 . 1 4

0 . 2 2

± 0 . 3 7

0 . 1 0

± 0 .1 1

0 . 1 0

± 0 . 1 2

0 . 5 8

± 0 . 1 9

0 . 4 9

± 0 . 1 0

0 . 1 5

± 0 .1 1

0 . 1 6

± 0 . 0 9

1 1 - 2 0

0 .1 1

± 0 . 0 7

0 . 1 2

± 0 . 0 2

0 . 0 4

± 0 . 0 7

0 . 0 5

± 0 . 0 4

0 . 5 6

± 0 . 0 9

0 . 2 9

± 0 . 1 7

0 . 1 2

± 0 . 0 6

0 . 1 1

± 0 . 0 4

21 -  3 0
0 . 1 0

± 0 . 0 6

0 . 1 2

± 0 . 3 2

0 . 0 5

± 0 . 0 4

0 . 0 5

± 0 . 0 2

0 . 3 9

± 0 . 1 1

0 . 2 6

± 0 . 5 5

0 . 0 6

± 0 . 0 3

0 . 0 5

± 0 . 0 0 4

31 -  4 0 0 . 1 0

± 0 .0 1

0 . 0 3

± 0 . 0 2

0 .0 1

± 0 .0 1

0 . 0 1

± 0 . 0 7

0 . 3 2

± 0 . 0 7

0 . 0 8

± 0 .1 1

0 . 0 2

± 0 . 0 0 2

0 . 0 1

± 0 . 0 0 7

41 -  5 0
0 . 0 5

± 0 . 0 4

0 .0 1

± 0 . 0 3

0 . 0 0 7

± 0 . 0 0 8

0 . 0 0 1

± 0 . 0 0 6

0 . 2 9

± 0 . 0 6

0 . 0 7

± 0 . 0 2

0 . 0 3

± 0 . 0 0 2

0 . 0 2

± 0 . 0 0 2

Average ' 0 . 1 3 0 . 1 0 0 . 0 4 0 . 0 4 0 . 4 3 0 . 2 4 0 . 0 8 0 . 0 7



A P P E N D IX  9  D IS T R IB U T IO N  OF SO LU BLE CARBOHYDRATES I N  GREEN P IN E  

AND I N  GREEN P IN E  D R IE D  I N  C H IP  FORM. R ES U LTS ARE  

EXPRESSED AS A  PERCENTAGE OF DRY W EIG H T OF WOOD 

GREENWOOD SAM PLES WERE CORRECTED FOR M O IS T U R E .

R in g

G r o u p s

G r e e n  P in e
G r e e n  P in e  

D r i e d  i n  C h ip  F o rm

T o ta l

C arbohy

d ra te

C o n te n t

T o ta l

R educing

S ugar

C o n te n t

G lucose F ru c to s e

T o ta l

C arbohy

d r a te

C o n te n t

T o ta l

R educing

S u ga r

C o n te n t

G lu cose - ru c to s e

1 - 5
1 . 1 0

± 0.10

1 . 0 6  

± 0 . 2 4

0 . 7 4

± 0 . 2 0

0 . 7 5

± 0 . 1 0

1 . 3 0

± 0 . 3 8

1 . 7 7

± 0 . 2 2

0 . 6 0

± 0 . 2 0

0 . 5 0

± 0 . 0 6

6 - 1  0
0 . 5 0

± 0.02

0 . 4 9

± 0 . 1 2

0 . 2 4

± 0 . 0 3

0 . 2 2

± 0 . 0 6

1 . 1 0  

± 0 . 2 3

1 . 4 4  

± 0 . 2 8

0 . 5 3

± 0 . 0 6

0 . 5 0

± 0 . 0 3

1 1 - 1 5
0 . 3 0

± 0 . 1 2

0 . 2 4

± 0 .0 1

0 .1 1

± 0 . 0 2

0 .1 1

± 0 . 0 5

NT NT NT NT

1 6 - 2 0
0 . 3 0

± 0 . 0 8

0 . 2 9

± 0 . 0 2

0 . 1 6

± 0 . 0 6

0 . 1 5

± 0 . 0 5

0 . 6 2

± 0 . 1 1

0 . 7 4

± 0 . 1 2

0 . 3 0

± 0 . 1 4

0 . 3 0

± 0 . 1 0

2 1 - 2 5
0 . 4 0

± 0 . 1 6

0 . 4 0

± 0 . 1 5

0 . 1 9

± 0 . 0 3

0 .2 1

± 0 .0 1

0 .5 1

± 0 . 1 7

0 . 5 9

± 0 . 7 7

0 .2 1

± 0 . 1 1

0 . 2 2

± 0 . 0 9

2 6 - 3 0
0 . 2 0

± 0 . 0 7

0 . 2 2

± 0 . 0 3

0 . 0 8

± 0 .0 1

0 . 0 8

± 0 .0 1

0 . 3 6

± 0 . 3 2

0 . 3 5

± 0 . 0 5

0 . 1 5

± 0 . 0 3

0 . 1 6

± 0 . 0 1

3 1 - 3 5
0 . 1 8

± 0 . 0 7

0 . 1 3

± 0 .0 1

0 . 0 6

± 0 . 0 2

0 . 0 5

± 0 .0 1

0 . 3 2

± 0 . 0 8

0 . 1 4

± 0 . 0 5

0 . 1 3

± 0 . 1 1

0 . 1 4

± 0 . 1 2

3 6 - 4 0
0 . 2 6

± 0 . 1 6

0 . 1 6

± 0 .0 1

0 . 0 7

± 0 . 0 3

0 . 0 6

± 0 .0 1

0 . 9 2

± 0 . 7 6

0 . 1 6

± 0 . 0 3

0 . 1 7

± 0 . 0 4

0 . 1 2

± 0 . 0 8

4 1 - 4 5
0 . 3 0

± 0 . 0 8

0 . 0 8

± 0 . 0 7

0 . 0 2

± 0 . 0 3

0 .0 1

± 0 .0 1

1 . 2 2  

± 0 . 1 3

0 . 0 8

± 0 . 0 7

0 . 0 4

± 0 . 0 1

0 . 0 3

± 0 . 0 0 7

4 6 - 5 0
0 . 3 9

± 0 .2 1

0 . 0 7

± 0 . 1 5

0 .0 1

± 0 .0 0 1

0 . 0 0 3

± 0 .0 0 1

0 . 7 5

± 0 . 1 4

0 . 0 7

± 0 . 0 2

0 . 0 3

± 0 . 0 1

0 . 0 1

± 0 . 0 3

Average 0 . 3 9 0 .3 1 0 . 1 7 0 . 1 6 0 . 7 9 0 . 5 9 0 . 2 4 0 . 2 2

NT No T r i a l
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A P P E N D IX  1 0  D IS T R IB U T IO N  OF S O LU BLE CARBOHYDRATES I N  SURFACE  

AND S U B -S U R F A C E  SAM PLES OF D R IE D  S P R U C E . R ES U LTS  

ARE EXPRESSED AS PERCENTAGE OF THE DRY WOOD W E IG H T .

R in g

G r o u p s

S u r f a c e  s a m p le s S u b - s u r f a c e  s a m p le s

T o ta l

C arbohy

d ra te

C o n te n t

T o ta l

R educing

S ugar

C o n te n t

G lucose F ru c to s e

T o ta l

Carbohy

d ra te

C on ten t

T o ta l

deduc ing

Sugar

C on te n t

G lu cose F ru c to s e

1 - 1 0
3 . 0 4

^ 0 . 9 9

3 . 0 3

- 0 . 3 5

1 . 1 0  

- 0 . 0 4

1 . 1 0

- 0 . 0 3

0 . 3 3

- 0 . 3 7

0 . 3 2

± 0 . 0 6

0 . 1 6

- 0 . 0 8

0 . 1 6

- 0 . 0 6

1 1 - 2 0
1 . 7 3

- 0 . 5 1

1 . 8 9

- 0 . 4 2

0 . 5 5

- 0 . 0 5

0 . 5 6

- 0 . 0 3

0 . 2 6

± o . n

0 . 2 2

± 0.10

0 . 0 5

± 0 . 0 5

0 . 0 6  

- 0 . 0 5

2 1 - 3 0
0 . 9 7  

- 0 . 2 9

0 . 8 3  

- 0 . 2 8

0 . 1 9

± 0 . 2 2

0 . 2 0

- 0 . 2 1

0 .2 1

± 0 . 1 3

0 . 2 0

± 0 . 0 4

0 . 0 4

- 0 . 0 3

0 . 0 3

± 0.02

3 1 - 4 0
0 . 4 4  

- 0 . 3 8

0 . 4 7

± 0 . 0 6

0 . 0 3

± 0 . 0 9

0 . 0 4

- 0 . 0 8

0 . 2 4 0 . 1 7

± 0 . 1 0

0 . 0 4

± 0 . 0 3

0 . 0 4  

- 0 . 0 3

4 1 - 5 0
0 . 3 1

- 0 . 3 1

0 . 0 8

- 0 . 0 4

0 . 0 1

± 0 . 0 0 4

0 . 0 1

- 0 . 0 0 3

0 . 3 2

- 0 . 1 4

0 . 1 1

± 0 . 0 8

0 . 0 2

± 0 .0 1

0 . 0 2

± 0 . 0 2

A ve ra g e - 1 . 3 4 1 . 2 6 0 . 3 7 0 . 3 8 0 . 2 7 0 . 2 0 0 . 0 6 0 . 0 6

OOO



A P P E N D IX  11 D IS T R IB U T IO N  OF S O LU BLE CARBOHYDRATES I N  SURFACE  

AND S U B -S U R F A C E  SAM PLES OF D R IE D  P IN E .  R ESU LTS  

ARE EXPRESSED AS A  PERCENTAGE OF THE DRY WOOD 

W E IG H T .

S u r f a c e  S a m p le s S u b - s u r f a c e  s a m p le s

R in g

G r o u p s
T o ta l

C arbohy

d ra te

C o n te n t

T o ta l

R educing

S ugar

C o n te n t

G lucose F ru c to s e

T o ta l

Carbohy

d ra te

C on te n t

T o ta l

R educing

Sugar

C o n te n t

G lu cose F ru c to s e

1 - 5
5 . 8 2

± 2 . 3

4 . 8 5

± 1 . 5 5

2 . 2 9

± 0 . 3 0

2 . 2 9

± 0 . 2 0

0 . 8 3

± 0 . 4 9

0 . 7 3

± 0 . 3 5

0 . 3 2

± 0 . 1 1

0 .3 1

± 0 . 1 2

6 - 1 0
1 . 8 7

± o . o s

1 . 4 3  

± 0 . 5 9

0 .6 1

± 0 . 4 0

0 . 6 5

± 0 . 2 0

0 . 4 5

± 0 . 4 9

0 . 4 4

± 0 . 1 7

0 . 1 8

± 0 . 0 6

0 . 1 8

± 0 . 0 4

1 1 - 1 5
1 . 6 3  

± 0 . 7 5

1 . 7 3

± 0 . 5 2

0 . 8 3

± 0 . 3 0

0 . 8 3

± 0 . 2 0

0 . 4 0

± 0 . 0 5

0 . 3 2

± 0 . 0 4

0 . 1 5

± 0 . 0 1

0 . 1 4

± 0 . 0 1

1 6 - 2 0
1 . 7 8  

± 0 . 4 7

1 . 2 6

± 0 . 3 0

0 . 6 5

± 0 . 5 7

0 . 6 4

± 0 . 4 0

0 . 3 5

± 0 . 0 6

0 . 2 8

± 0 . 1 2

0 . 1 4

± 0 . 2 0

0 . 1 3

± 0 . 1 0

2 1 - 2 5
1 . 7 4

± 0 . 0 0 6

1 .3 6  

± 0 . 4 4

0 .6 1

± 0 . 8 1

0 .6 1

± 0 . 7 0

0 . 3 2

± 0 . 1 6

0 . 2 9

± 0 . 0 4

0 . 1 3

± 0 . 1 2

0 . 1 3

± 0 . 1 2

2 6 - 3 0
1 .3 1  

± 0 .0 1

1 . 3 2

± 0 . 5 7

0 . 5 5

± 0 . 1 6

0 . 5 5

± 0 . 1 6

0 . 2 5

± 0 . 1 6

0 . 2 4

± 0 . 0 3

0 . 0 4

± 0 . 1 5

0 . 0 5

± 0 . 1 3

3 1 - 3 5
1 . 1 3

± 0 . 0 3

0 . 8 4

± 0 . 2 2

0 . 2 8

± 0 . 2 6

0 . 2 8

± 0 . 2 5

0 . 6 2

± 0 . 2 4

0 . 2 3

± 0 . 0 4

0 . 0 9

± 0 . 0 4

0 . 0 8

± 0 . 0 4

3 6 - 4 0
0 . 9 9

± 0 .0 1

0 . 5 9

± 0 . 1 2

0 . 1 8

± 0 . 2 0

0 . 1 9

± 0 . 1 0

0 . 4 5

± 0 . 1 4

0 . 1 8

± 0 . 0 2

0 . 0 5

± 0 . 0 3

0 . 0 5

± 0 . 0 4

4 1 - 4 5
1 . 0 8

± 0 . 0 3

0 . 2 7

± 0 . 0 2

0 . 0 9

± 0 . 1 8

0 . 1 0

± 0 . 2 0

0 . 6 5

± 0 . 1 1

0 . 1 5

± 0 . 1 7

0 . 0 1

± 0 . 0 5

0 .0 1

± 0 . 0 5

4 6 - 5 0
1 . 5 8

± 0 . 4 0

0 . 1 3

± 0 . 0 7

0 . 0 4

± 0 . 0 3

0 . 0 4

± 0 . 0 3

1 . 1 9

± 1 . 0 6

0 . 2 0

± 0 .0 1

0 . 0 2

± 0 . 0 3

0 . 0 3

± 0 . 0 2

A verage .. 1 . 8 9 1 . 3 7 0 .6 1 0 . 6 2 0 . 5 5 0 .3 1 0 .1 1 0 . 1 2



APPENDIX 12 C O M P O S IT IO N  AND CO N C EN TRATIO N S OF SO LU BLE CARBOHYDRATES PRESENT I N  SURFACE AND  

S U B -S U R F A C E  R EG IO N S OF D R IE D  WOOD. CARBOHYDRATE CO NCENTRATIO NS ARE EXPRESSED  

AS A  PERCENTAGE OF THE DRY W EIG HT OF WOOD.

T o ta l R educing

Sample E x t r a c t io n C a rb o h y d r- S ugar G lucose F ru c to s e S ucrose X y lo se G a la c to s e Mannose

a te  C on te n t C o n te n t

S pruce  S u rfa c e A lc o h o l 1 .01  + 0 .0 4 0 .61  +0 .01 0 .3 0  +0.002 0 .2 4  + 0 .0 0 ' 0 .0 4  40.000 0 .1 0  40.001 —

II H o t W ate r 0 .3 9  ± 0 .0 3 0 .5 2  ± 0 .0 0 3 - - - - - -

II
C o ld  W ater 1 .6 8  ± 0 .0 6 0 .6 4  ± 0 .0 3 0 .3 5  ± 0 .0 6 0 .7 7  ± 0 .0 5 0 .1 0  ±0.001 0 .1 4  ±0.01 - -

S pruce  S u b .S u n-  
ra ce

C o ld  W ater 0 .7 2  ± 0 .0 3 0 .1 9  ± 0 .0 2 - - - - - -

P ine  S u rfa c e A lc o h o l 2 .7 3  ± 0 .0 6 2 .3 9  ± 0 .0 6 0 .9 0  ± 0 .0 5 0 .9 0 ± 0 .0 7 0 .1 3  ± 0 .0 4 0 .21  ±O.OC2 0 .1 5  ± 0 .0 4 0 .0 5  ± 0 .0 3

II
H o t W ater 0 .6 9  ± 0 .0 5 0 .5 3  ± 0 .4 0 - - - - - -

II C o ld  W ater 5 .21  ±0.11 4 .9 1  ± 0 .9 6 1 .3 9  ± 0 .0 7 1 .4 0 ± 0 .1 1 0 .1 5  ±0 .01 0 .4 7  ± 0 .0 5 0 .3 6 ± 0 .3 3 -

P in e  Sub S u r -  
___________fa c e

C o ld  W ate r 0 .9 6  ± 0 .0 4 0 .5 7  ±0 .01 0 .1 3  ±0.005 0 .1 0 ± 0 .0 1 - - - -

Lim e S u rfa c e A lc o h o l 2 .3 5  ± 0 .2 5 0 .8 9  ± 0 .0 6 0 .2 7  ±0.01 0 .1 4 ± 0 .0 4 1 .2 5  ± 0 .0 8 - - -

II H o t W ate r 0 .6 6  ± 0 .0 7 0 .2 6  ± 0 .0 3 - - - - - -

II C o ld  W ate r 2 .9 0  ± 0 .1 3 1 .1 0  ± 0 .0 2 0 .3 5  ±0.003 0 .21  ±0.004 1 .4 4  ± 0 .0 3 - - -

Lim e Sub S u f -  
fa c e

C o ld  W ate r 1 .6 2  ± 0 .1 6 0 .5 6  ± 0 .0 4 0 .2 0  ±0.01 0.08±0.004 0 .3 3  ± 0 .0 0 - - -

Kempas A lc o h o l 0 .4 2  ±0.016 - - — — — —

II
H o t W ate r 0 .1 2  ±0.014 - - - - - - -

II
C o ld  W ater 0 .6 4  ± 0 .0 3 - - - - - - -

-  N o t D e te c te d



APPENDIX 13 DATA OBTAINED FROM CARBOHYDRATE STANDARDS USED IN HPLC ANALYSIS

C a rb o h yd ra te
C o n c e n tra t io n  

(mgmi )

R e te n tio n  

Time (M in s )

A re a

(A re a  u n i t s )

Response F a c to r  

(A re a  i j in i t s /  

mgml )

Response F a c to r  

R e la t iv e  t o  

G lucose

STACHYOSE 1 . 0 0 6 8 . 7 0 5 9 1 3 2 5 8 7 7 9 0 . 8 4 8

SUCROSE 1 . 0 3 4 9 . 8 5 6 7 2 4 7 6 5 0 3 6 0 . 9 3 9

R A F F IN O S E 1 . 0 1 4 9 . 2 7 5 5 6 5 9 5 4 8 9 0 0 . 7 9 2

GLUCOSE 1 .0 2 0 1 2 . 0 7 7 0 6 7 7 6 9 2 9 1 1 . 0 0 0

XYLO SE 1 . 0 2 2 1 3 . 1 5 6 6 3 4 1 6 4 9 1 3 0 . 9 3 7

GALACTOSE 1 . 0 0 6 1 4 . 1 3 5 5 0 4 9 5 4 7 2 1 0 . 7 8 9

RHAMNOSE 1 . 0 3 0 1 4 . 7 4 5 5 8 6 4 5 4 2 3 7 0 . 7 8 3

MANNOSE 1 . 0 1 2 1 5 . 9 8 7 7 2 6 5 7 6 3 4 9 1 . 1 0 2

A R A B IN O S E 1 . 0 1 2 1 5 .3 1 7 0 8 0 1 6 9 9 6 1 1 . 0 1 0

FRUCTOSE 1 . 0 0 6 1 6 . 4 5 7 0 3 1 9 6 9 8 9 9 1 . 0 0 9
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