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E. A k i mo v a  

This  p a p e r  g ives  the  r e s u l t s  of a s tudy of t he  p r o c e s s e s  of the  f o r m a t i o n  of l ignin in the  wood of young wi l low 
shoo t s .  T h e  wood was  s tud ied  in v a r i o u s  s t a g e s  of v e g e t a t i v e  d e v e l o p m e n t  in o r d e r  to e s t a b l i s h  the  b e s t  t i m e s  f o r  i t s  
co l l e c t i on .  

In o r d e r  to s tudy the  l i gn i f i ca t ion  of wi l low wood,  we s e l e c t e d  s a m p l e s  of wi l low of s h r u b l i k e  f o r m s :  Sal ix 
v i m i n a l i s  (baske t  willow) and Salix acu t i fo l i a  ( s h a r p l e a f  wil low).  T h e s e  s p e c i e s  a r e  t h o s e  found m o s t  f r e q u e n t l y  a m o n g  

d o m e s t i c  wi l low t h i c k e t s .  

S a m p l e s  of the  s p e c i e s  m e n t i o n e d  w e r e  p r e p a r e d  f r o m  a wi l low p lan ta t ion  on sandy  l o a m  in the  t r e e  n u r s e r y  of 
the  Bo tan ica l  G a r d e n s  of AS B e l o r u s s i a n  SSR. No f e r t i l i z e r s  w e r e  u s e d  in the  g r o w i n g  of the  wi l lows .  S a m p l e s  of the 
wi l low wood w e r e  taken e a c h  y e a r  at de f in i t e  t i m e s  (Table  1). 

Table  1 

Salix vininalis Salix acutifolia 
Data of 
collec- yield of content of methoxyl yield of content of methoxyl 
tion of lignin by groups lignin by groups 

Popov's n the woodlinthe lignin the P°P°VtS inthewoodlinthelignin method w o o d  method 

1961 
27. V 
26. VI 
25. VII 
25. IX 
17. X 
17. XI 
20. XIi 

1982 
2. I 

12. IV 
27. VI 
7. VII 

18. Vll 
27, VII 
12. X 
1963 

12. I 
27. VI 
27. vii 
2. Xl 

25.47 1.62* 
20.74 4.05 
21.83 5.03 
23.64 5.09 
23.43 5.12 
23.05 
24.20 

.85 

.25 

24.OO ,,92 
24.93 ,.21 
21.60 ,.02 
22.75 ,,34 
22.38 ~. 64 
23.77 ;.67 
21.5t ,91 

23.31 ~.02 
22.8C i. 11 
25.21 i.86 
22.4~ i.28 

9"~1 
11.81 
13.01 
8.96 

11.60 
11.50 

15.00 
5.60 
5.67 
5.96 
6.07 
6.79 
9.60 

15.98 
7.33 
9.80 

16.40 

30.40 
23.15 
25.25 
23.38 
23.10 
22.25 
23.03 

21.62 
21.22 
21.50 
22.44 
22.52 
23.72 
23.95 

24.09 
22.77 
23.77 
23.55 

2.00* 
4.81 
5.37 
5.49 
5.58 
5.52 
5.73 

5.46 
5,06 
5.00 
5.01 
5.18 
5.19 
6.08 

5.96 
5.25 
5.61 
6.13 

10.58 
10.43 
tl .05 
10.00 
12.17 
10.74 

16.80 
5.73 
5.80 
5.86 
6.90 
7.08 
8.03 

15.61 
8.19 
8.94 

15.83 

*In the wood and bark. 

The l ignin  f r o m  the wood of the  wi l low shoo t s  was  i s o l a t ed  by I. D. P o p o v ' s  m e t h o d  wi th  37% h y d r o c h l o r i c  acid  
[1]. I ts  y i e ld s  p r o v e d  to be  high b e c a u s e  of the  p a r t i a l  humi f i ea t i on  of c a r b o h y d r a t e s ,  f o r m i n g  l i g n i n - l i k e  s u b s t a n c e s  
(pseudo l ign ins )  wh ich  w e r e  i so l a t ed  t o g e t h e r  wi th  the  l ignin  [2]. The  me t h o x y t  g r o u p s  in the  wood and l ign in  of the  
wi l low w e r e  d e t e r m i n e d  by Vie lock  and S c h w a p p a c h ' s  m e t h o d  [3]. T h e s e  g r o u p s  a r e  the  m o s t  c h a r a c t e r i s t i c  a m o n g  
t h o s e  p r e s e n t  in l ignin ,  they a r e  found in l ignin  of all  ages ,  and a r e  a t t a ch ed  d i r e c t l y  to i t s  a r o m a t i c  nuc le i  [4]. 

The r e s u l t s  of a quan t i t a t i ve  d e t e r m i n a t i o n  of l ignin  and m e t h o x y l  g r o u p s  (% on the  weigh t  of the  a b s o l u t e l y  d ry  
m a t e r i a l )  a r e  g iven  in T a b l e  1. The a m o u n t s  of p h en o l i c  hydroxy l  and ca rb o x y l  g r o u p s  in the l ign in  i s o l a t e d  w e r e  
d e t e r m i n e d  by the  c h e m o s o r p t i o n  m e t h o d  [5]. It was  found tha t  in the l ignin  of the wood S. v i m i n a l i s  as it m a t u r e d  
( m a t e r i a l  c o l l e c t e d  on July  25 and S e p t e m b e r  25, 1961), the  amount  of p h en o l i c  hydroxy l  g r o u p s  fe l l  f r o m  6.28 to 
3.38 m e q / g  and that  of e a r b o x y l  g roups  f r o m  1.08 to 0.63 m e q / g .  In the l ignin  of S. acu t i fo l i a  ( f rom May 27 to 
S e p t e m b e r  25, 1961) the  con t en t s  of t h e s e  g roups  f e l l  f r o m  5.04 to 3.08 m e q / g  and f r o m  1.11 to 0.78 m e q / g ,  
r e s p e c t i v e l y .  Th i s  shows  tha t  the  l ignin  of the  wood of m o r e  m a t u r e  wi l low s h o o t s  i s  m o r e  highly  p o l y m e r i z e d  [6]. 
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T h e  o b s e r v a t i o n  of t he  g r o w t h  and  d e v e l o p m e n t  of the  wi l low s h o o t s  and  a l s o  t h e  s tudy  of  the  c h e m i c a l  c o m p o s i t i o n  
of the  l i gn in  s h o w e d  t h a t  s e v e r a l  p h y s i c o c h e m i c a l  f a c t o r s  a f f ec t  the  p r o c e s s  of the  l i g n i f i c a t i o n  of wi l low wood: 
m o i s t u r e ,  i l l u m i n a t i o n  ( s h o r t e n e d  o r  l e n g t h e n e d  day),  and t h e  t i m e  of v e g e t a t i v e  d e v e l o p m e n t  of the  wi l low shoot .  In 
the  wi l low wood c o l l e c t e d  in 1962, in t he  s a m e  p e r i o d  of v e g e t a t i v e  d e v e l o p m e n t ,  w i th  a g r e a t e r  a m o u n t  of a t m o s p h e r i c  
p r e c i p i t a t i o n  (718 m m )  in  the  y e a r ,  l e s s  l ign in  f o r m e d  than  in 1963 when  the  a m o u n t  of a t m o s p h e r i c  p r e c i p i t a t i o n  was  
562 m m .  

W h i l e  on J u n e  27, 1963, t h e r e  was  22.8% of l i gn in  and on J u l y  27, 1963, 25.2% of l i g n i n  in the  wood of S__= 
v i m i n a l i s ,  in 1962 a t  t he  s a m e  t i m e s  of v e g e t a t i v e  d e v e l o p m e n t  t h e  a m o u n t s  of l ign in  w e r e  l e s s ,  21.6 and  23 .8%.  T h e  
s a m e  tender~cy was  o b s e r v e d  f o r  wi l low of t he  s p e c i e s  S. a cu t i fo l i a .  

To e l u c i d a t e  t he  i n f l u e n c e  of t h e  l e n g t h  of i l l u m i n a t i o n  on the  f o r m a t i o n  of l ign in ,  s e v e r a l  wi l low p l a n t s  w e r e  k e p t  
in  the  d a r k  f r o m  8 a . m .  to 5 p . m .  T h e  s a m p l e s  f o r  i n v e s t i g a t i o n  w e r e  t a k e n  s i m u l t a n e o u s l y  f r o m  p l a n t s  w h i c h  had  
b e e n  kep t  in the  d a r k  and p l a n t s  wh ich  had  not .  T a b l e  2 g i v e s  the  r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  (% by w e i g h t  of 
a b s o l u t e l y  d r y  m a t e r i a l ) .  

T a b l e  2 

Date of  ~mountof[ Methoxy groups ogmn py [ 
the°btainingwood Day length Pop~v~ [inth . . . .  ~ nthelignin 

luly 

2O 
2O 

30 
~0 

August 

10 
10 

28 
28 

September 

27 
27 

Normal 22.39 
Shortened 22.63 

Normal 22.13 
Shortened 92.67 

Normal 23.42 
Shortened 23.94 

Normal 22.50 
Shortened 23.90 

Normal 23.06 
Shortened 23.16 

5.84 8.02 
5.95 8.18 

5.67 10.24 
5.82 10.80 

5.33 11.58 
5.64 12.65 

5.30 15.33 
6.05 16.13 

5.73 16.90 
6.'20 18.15 

It  c a n  be  s e e n  f r o m  T a b l e  2 t h a t  w i t h  a d e c r e a s e  in t h e  t i m e  of i l l u m i n a t i o n  t h e  c o n t e n t s  of l i gn in  and  OCHa 
g r o u p s  in the  wi l low wood i n c r e a s e d  c o n s i d e r a b l y .  It  was  e s t a b l i s h e d  tha t  in t h e  wood and b a r k  of wi l low s h o o t s  the  
c o n t e n t  of r e a d i l y ' c l e a v a b l e  m e t h o x y l  g r o u p s  i n c r e a s e d  s o m e w h a t  in the  s h o r t e n e d  days  [7]. 

27, 
We g ive  t h e  r e s u l t s  of a d e t e r m i n a t i o n  of the  e a s i l y - c l e a v a b l e  OCH 3 g r o u p s  in s a m p l e s  c o l l e c t e d  on S e p t e m b e r  

1963: 

Sample Day length % 
Wood Normal 0.40 
Wood Shortened 0.42 
Bark Normal 0.41 
Bark Shortened 0.66 

The  c h e m i c a l  c o m p o s i t i o n  of t h e  l i gn in  as  a f u n c t i o n  of t h e  g r o w t h  of the  s h o o t s  was  s t u d i e d  o v e r  t h r e e  y e a r s .  As  
can  b e  s e e n  f r o m  T a b l e  1, the  a m o u n t s  of OCH 3 g r o u p s  and l i gn in  in  the  s h o o t s  depend  on t h e  p r o c e s s  of t h e i r  age ing .  
In the  n o n h y d r o l y z a b l e  r e s i d u e s  of wi l low s h o o t s  m e t h o x y l  g r o u p s  a r e  p r e s e n t  as  e a r l y  as  A p r i l - M a y  [8]. 

The  p r e s e n c e  of l i gn in  in the  wood of the  s h o o t s  is  c o n f i r m e d  b y  a s tudy  of the  s a m p l e s  by  IR s p e c t r o s c o p y  
( f igure) .  F o r  the  l i gn in  o b t a i n e d  f r o m  the  May,  June ,  and Ju ly  s h o o t s ,  the  IR s p e c t r a  a r e  s i m i l a r ,  a l l  h a v i n g  a b a n d  
a t  1600 cm -~ due  to a r o m a t i c  r i n g s .  T h e  IR s p e c t r u m  of t h e  l i g n i n  c o l l e c t e d  on J a n u a r y  12, 1961 d i f f e r s  f r o m  t h o s e  
d e s c r i b e d  above :  in  p l a c e  of two b a n d s  (1420 and 1460 cm -1) a b a n d  h a s  a p p e a r e d  at  1414 e m  -1, the  b a n d  of t he  e t h e r  
l i nkage  (910 cm -1) h a s  d i s a p p e a r e d ,  and a s e c t i o n  of the  1 7 0 0 - 1 5 0 0  cm -1 b a n d s  h a s  changed .  C o n s e q u e n t l y ,  t he  l i g n i n  
h a s  c h a n g e d  q u a l i t a t i v e l y .  

As  the  wood of t he  wi l low s h o o t s  f o r m s  ( f r o m  May  to J a n u a r y )  the  a m o u n t  of OCH 3 g r o u p s  in t h e  wi l low wood 
and  l i g n i n  i n c r e a s e s  ( see  T a b l e  1). In bo th  s p e c i e s  of wi l low ( f r o m  May  to J a n u a r y )  the  c o n t e n t  of l ign in  c a l c u l a t e d  f r o m  
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the methoxyl numbers  [9] r i ses .  

t~ 
7,7~ 

J 

:t 

700 @:]6' n'06' :J06 P /'J00 /76'0 /~Q,~O 
/fi, cm-I 

IR spec t ra  of lignin f rom the wood of 
S. v imina l i s  col lected on January 21, 1963 (1) 

and on January 12, 1963 (2). 

To e lucidate  the par t ic ipat ion  of monosacchar ides  in the format ion of willow lignin, the composi t ion of the 
hydrolysa tes  of the readi ly  hydrolyzable  po lysacchar ides  of willow wood col lected in Janua ry -Apr i l  was considered.  
The hydrolysa tes  were  invest igated for  thei r  content of monosacehar ides  by paper  chromatography [10]. 

In Ju ly ,  at the moment  of fo rmat ion  of lignin in the shoots, the amount of wa te r - so lub le  carbohydra tes  
de c r ea se s :  the amount of reducing substances  (RS) in aqueous ex t rac t s  of S. acutifol ia is 6.58% in June and only 1.32% 
in July. In the samples  of willow studied, 75-90% of the RS consis ts  of glucose,  arabinose ,  and mannose.  The amount 
of tanning substances  in these  samples  is about 2% (on the weight of the absolutely dry wood). In June the amount of 
po lysacchar ides ,  glucose,  f ruc tose ,  and arabinose ,  in the willow hydrolysates  fa l l s  considerably.  The sma l l e s t  
amount of glucose is found in the hydrolysa tes  of both species  of willow at the end of May and the beginning and middle  
of June (S. v imina l i s ,  2.31%, S. acutifolia,  1.33%), the sma l l e s t  amount of f ruc tose  in the middle  of July (0.24 and 
0.11%), and the sma l l e s t  amount of arabinose  at the end of July (1.03 and 1.07%). 

Likewise,  the sma l l e s t  amounts of g lucose  (1.33%) and of f ruc tose  (0.11%) were  found in the hydrolysa tes  of the 
wood of S. acut i fol ia  col lected on July 18, 1962, and the sma l l e s t  amount of a rabinose  (1.07%) in that of July 25, 1962. 
Exper imen t s  with rad ioac t ive  solutions of monoses  showed that, in the synthesis  of the lignin of the wood, g lucose  
undergoes oxidation fas tes t ,  followed by xylose,  mannose,  and f ruc tose  [11]. 

It follows f r o m  the exper imenta l  r e su l t s  obtained that the p roces s  of l ignif icat ion of willow wood takes place in 
the following way. With a change in the c l imat ic  conditions such as occu r red  in the dry year  1963, the synthesis  of 
l ignin and its p r e c u r s o r s  is intensif ied [12]. The l imi ted  supply of water  led to a d is turbance  in the s t ruc tu re  of the 
cell  p ro top lasm,  the colloids of which coagulated. Par t  of the po lysacchar ides  fo rmed  underwent dehydrat ion and 
o ther  t r ans fo rmat ions  and was left  in the fo rm of nonsugars  [13]. While up to July the lignin had accumulated f rom 
p r e c u r s o r s ,  by the end of the year ,  in Oc tober - January ,  when the days had become shor te r ,  the metabol ic  p r o c e s s e s  
had lessened  and in the main  the lignin had changed quali tat ively.  This is conf i rmed not only by the i n c r e a s e  in the 
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content of methoxyl groups in it but also by the decrease  in the amount of phenolic and carboxyl groups. Thus, the 
l ignins of jus t - formed and mature  willow woods a re  quali tat ively different. The amount of a romat ic  substances  in the 
lignin of wood collected in January is higher than that in the lignin of the shoots collected in July. 

C O N C L U S I O N S  

1. The content of l ignin in the wood of Salix v iminal i s  and Salix acutifolia increases  with the growth of the shoots 
during shortened days and also in d r i e r  c l imat ic  periods.  

2. The monosacchar ides ,  glucose, f ructose,  and arabinose  take par t  in the synthesis  of the l ignin of young wood 
of Salix v imina l i s  and Salix acutifolia. The format ion of l ignin of one -yea r  willow wood takes place f rom May to 
January  (with a maximum in June-July) .  The content of methoxyl groups in it gradually r i ses .  
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