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ABSTRACT 

The decay of wood of mahagony (Szoietenia mahugor~i) and. sal (Shorea robusta) caused 
by Trametes scabrosa, Phellinus hadius, and Daedalea flacida was investigated on the basis 
of quantitative estinlation of lignin and cell~~lose. The lignin and cellulose contents of 
sound wood of both host species were a.bove 30% and 60%, respectively, of the extractive- 
free dry weight of wood. Percentage of lignin in decayed wood became much less than that 
in sound \\rood, particnlarly in sapwood. whereas the precentage of cellulose decreased only 
slightly during the process of decay. Results revealed that the test fnngi priiiiarily 
utilized the lignin portion and only a :imall amount of cellulose and proved to be ''white 
rot" fnngi. From \vood of S. mahagoni, maximum amount of lignin was removed by T. 
scahrosa and. cellulose by D. flaoida, whereas with S. robu,~ta maxiim~nl amount of lignin 
\vas utilized by D. flavidu and maximurrl cellulose by P. hadius. 

Keywortls: Swietenia n~ahagoni, Sho~ea rob~~s ta ,  white rot, lignin, cellulose, chemical 
analysis, decay, I~iodegradation, fnng~i, T~arnetes scabrosa, Phellinus badi~ts, Daedalea 
JIacic1a. 

INTRODUCTION its associated pentosans are attacked, leav- - 
ing the lignin more or less unchanged. 

l'hc process of deterioration by In India, general information about dete- 
basidiomycetes is receiving increased at- rioration of economic timbers by wood- 
tention not only for their well-known de- destroying fungi is knowll, but quantitative 
str~lctivenese but also for the recently data on the capacities of to 
realized enormous importance of biocon- degrade wood constituents are still very 
version of lignin and cellulose of wood into limited. with this ill mind, the present 
sirnpler sltbstances to make them available investigation has been undertaken to esti- 
for ultimate utilization by growing plants. mate the quantitative changes in lignin and 
Many of the wood-destroying basidiomy- cellulose contents of two very inlportant 
cetes are known to be very efficient in utiliz- economic timbers, mahagony ( Sdetenia 
ing cell~lose (Sill 1951; Scheffer and mahagoni ~ i ~ ~ . )  sal (Shores robusta 
Cowling 1966) and ligilin (Pelczar t't a]. caert1,. f , )  decayed by three common 
1950; Van Vliet 1954) of wood, hut wood-destroying fungi, Tmmetes scabrosa 
vary considerably in their capacities to de- (pers.) G. H. Cunn, phellinus 
co1nPose lignin and cellulose of wood in (Berk.) G. EI. Cunn, and Daedalea flaui& 
storage, in service or in living trees (Linde- ~ 6 " .  under conholled laboratory conditions, 
1,erg 1946; Kirk 1971, 1975). On the basis 
of the chemical nature of degradation, MATERIALS AND METHODS 
"white rot" fungi attack both lignin and 
cellulosic constitutents of wood, whereas Cultures from tissues of fresh fructifica- 
for "brown rot'' type, only the cellitlose and tions of the test fungi grown on Difco malt 
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~ ' A I I L E  1. Percentage of ligttin loss" from rlecayed tc;oorl of Swietenia l~lahagoili ant1 Shoreu rol~usta 1x4 
Tra~iietes scal~rosa, Phellinus hadius, and Daedalea flavidn 

Nature  of wood P e r i o d  of L i g n i n  i n  Loss i n  l i g n i n  rom 
incubat ion  - Loss i n  dry- weight  sound wood --- wood decayed by b 

Trmletec Phellinus Doedozen Trametes PheZlinus Dzedalen 
scohrosa badiui: flavida scabrosa badius ?Lz~iiin 

(months) -----.-...-----..-p- ( p e r c e n t )  ( percentL- -  ( p e r c e n t )  ---__- .._. 

Sziereni.2 
r,.ahc.,j,lv4 

Sapwood 4 14.5 10.0 8.1 30.0 23.3 15.0 12.U 

8 30.5 20.1 16.6 48.3 30.5 25.5 

Heartwood 4 6.1 3.4 2.8 34.5 4.8 2.3 2.0 

8 12.4 6.8 5.9 9.4 4.5 4.5 

,;;, . > , 
rwL.~c:n 

Sapwood 4 8.4 9.3 11.3 31.0 8.3 10.9 17.0 

8 17.7 18.6 22.9 18.7 22.5 34.8 

Heartwood 4 3.1 2.9 5.3 37.0 1.5 1.9 3.2 

8 6.5 6.0 10.6 3.2 3.7 6.5 

a Expressed as percentages of t h e  o r i g i n a l  l i g n i n  content  

Mean o f  t h r e e  r e p l i c a t e s  

agar (2%) were used. Sapwood and heart- 
woo11 blocks (2" x 1" x '%") of S. mahagoni 
and S. robusta were exposed to mycelia of 
T .  .~cahrosa, P. hadius, and D. f2nvicl.u in 
Kollo flasks for a period of eight months 
tinder controlled laboratory conditions 
(Sa~rerjee 1955). The test blocks were 
take11 out in two installments after 4 and 8 
inonths of incubation. After rernoving the 
superficial mycelia, the extractive-free 
wootl blocks were dried, weighed, ground 
into fine 40-mesh powder, and used for 
cluai~titative estimation of ligain and cellu- 
lose. 

Since lignin analysis based on sulphuric 
acid inethod is still considered to be largely 
satisfactory ( Kirk 1971 ) , the present estiina- 
tion was inade following inainly Saeinan et 
al. ( 1954). Carboliydrates were removed 
1,y hydrolysis with slilphllric acid; and 
lignin, condensed and thorollghly washed 
to an insoluble residue,, n7as determined 
gravimetrically. 

Different cellulose colnponents were esti- 
~natetl following the Tappi Standard (1954) 
and Cowling ( 1961). Percentages of alpha 
and Ixta cellulose wrre deterinined by dry 
weigllt. The gamma cellulose portion was 

determined by subtracting the percentage 
of alpha and beta portions from the total 
holocellulose of the wood samples. 

RESULTS 

It  is evident from Table 1 that in both 
host woods the lignin contents of sound 
wood are nlore than 30% of the extractive- 
free dry weight of wood and slightly higher 
in S. rohusta than S. mahagoni. Heartwood 
has highcr lignin content than the respec- 
tive sapwood in both species. Percentage 
of lignin in decayed wood decreases in- 
creasingly during the process of decay. In 
all treatments, the loss of lignin in sapwood 
is much higher, sometimes more than five 
times that obtained with heartwood sub- 
jected to attack by the same fungus. These 
values are more or less proportional to the 
correspondl~lg losses in dry weight of 
particular wood subjected to a particular 
fungus species. Lignin degradation in S. 
rnuhagoni is rnaximum in presence of T. 
scnbrosn follo\ved in descending order by 
P. Oarlius and D. flavicla, whereas in S .  
rabusta inaximulll degradation is caused by 
D. flauirla followed by P. baclius and T .  
scahrostz. 
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. I ~ E  2. Perce~ltage~ of rliffcrent  component.^ 
c~c,llrilosc, ill sol111t1 tcootl of Swictenia mahar,roni 

t~lid Shorea ~.ol)r~st:~ 

C e l l u l o s e  c o m p o n e n t s  ( % l a  
N a t u r e  o f  ____ 

w o o d  
- 

H o l o  A l p h a  B e t a  Gamma 

H e a r t w o o d  65 .5  3 7 . u  1 9 . 5  9 0 

I 

a p w o o d  6 9 . 0  4 2 . 5  1 7 . 0  9 5 

H e a r t w o o d  6 3 . 0  40 .0  1 5 . 5  7 . 5  

Mean o f  t h r e e  r e p l i c a t e s  

Cell1ilose contents (Table 2 )  in sound 
wootl are 1)etween 60-709 of the extract-ive- 
frcc dry weight of \vood, being slightly 
higher in S. mnlaagoni than S .  roillnsta. 
IIeart\vood has conlparatively lower cellu- 
lose, content than the respective sapwood. 
I'erccntage of cellulose in decayed wood 
(T ;~b l e  3)  is much lower than in sound 
wood, the, loss 1)eing less prominent in 
heart\vood than in sap\vood ancl increa.sing 

with tiine of inc~~batioil .  T. scahrosa causes 
~naximum degradation of cellulose from S. 
mahagoni folIowed by P. badius and D. 
flavida in decreasing order. D. flavicla, 
however, is n~os t  active against S. robusta 
heartwood follojved by ?'. scubrosa and P. 
hatlius. Wide differences are evident in the 
utilization of different components of cellu- 
lose by the fungus species. 

DISCUSSION 

1,ignin and cellulose contents in sound 
wood of both hosts are between 3040% 
and 60-70% respectively. These values are 
fairly in accordance with our earlier obser- 
vations (Nandi 1970; Santra and Nandi 
1975). 111 laboratory decay tests of some 
connllercial species of mahagony, hloses 
(1955) observed that true mahagony pos- 
sesses a higher level of decay resistance 
than others althougll most types show 
fairly good resistance. In  the present study, 
the test fungi prove to be capable of utiliz- 
ing quite substantial ainounts of lignin from 
the tested host woods. The fungi, however, 
show variations in their relative rates of 
utilization depending on \vood species and 

, 1 I . :  3 .  IJo.s.~ of diffe~ctlt (~e111iL0,~e ( . ~ I ) ~ ) J O ~ I ( , I I ~ , Y ~ ~  of t c ~ o d  of Swietenia ~nahagoni a11t1 Sho~.ea rol~usta 
tlec~aycd by Tranretes scal~rosa, Phr.llinns I~adius, utld Daedalen flavida 

-- --- -. - 

N a t u r e  o f  P e r i o d  o f  -. - -- Loss o f  c e l l u l o s e  c o m p o n e n t s p f  wood decayed byb - 

wood i n c u b a t i o n  A ' i ' : ~ 7 ! ~ ~ ~ ~  sr.a~rrr,.:z ~-';">.'"in, 8 - A ,  ,, -- -. , , , .  , 6.s ,A. 
H o l o  A lpha  B e t a  Gamma ~ o l o + a ~  '?Gab Gamma H o l o  'w&?f%iii 

[months)  ( p e r c e n t )  [ p e r c e n t )  -- [ p e r c e n t )  

Sapwood 4 4.9 6.2 3.5 5.0 3.8 2.5 3.4 10.0 3.2 3.7 1.2 5.0 

Heartwood 4 4 . 1  4.0 3.6 5.5 2.3 1.5 3.6 2.2 1.8 1.3 1.1 5.5 

Sapwood 8 10.7 12.5 7.3 10.0 7.8 5.0 7.3 20.0 6.4 7.5 2.4 10.0 

Heartwood 8 8.3 8 .1  1.6 11 .1  4.5 2.7 7.6 5.5 3.8 2.7 2.5 11.0 

* 

Sapwood 4 4.6 4.0 5.6 5.2 3.2 2.8 1.4 7.3 4.3 4.0 2.9 l .U 

Heartwood 4 2.3 1.2 3.2 3.3 1.9 0.5 4.5 3.3 3.5 L.5 4.5 0.6 

Sapwood 8 9.1 8.2 11.1 10.5 6.5 5.8 2.3 15.7 8.6 8.2 5.8 2.1 

Hear twood 8 4.7 2.5 6.4 6.6 3.9 1.2 9.6 6.6 7.1 5.0 9.6 1.3 

~ 

a Expressed as percen tages  of t h e  o r i g i n a l  c e l l u l o s e  c o n t e n t  

Mean o f  t h r e e  r e p l i c a t e s  
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fungus species. In all cases, the fungi are 
11luc11 more active in sapwood than in re- 
spective heartwood. The higher resistance 
of heartwood usually can be attributed to 
higher extractive contents of this type of 
wootl than sapwood, which inhibits in 
fungal growth. Although the three fungi 
show considerable differences in the rela- 
tive rates at which they attack the lignin 
of a particular host wood, there seems to 
1)e ito reason to suspect that they affect 
Iigilill differeiltly in a qualitative way. Such 
differences may be due to differences in 
production of extrncellular phenol-oxidising 
enzymes, which act on the lignin through 
the oxidative process. 

Proportiollately less cellulose than lignin 
is rc,n~oved by the fungi. The relatively 
snlall amounts of cellulose utilized simul- 
taneously with lignin proves the 'white rot' 
nature of the test fungi. Although the cellu- 
lose contents of the two woods are fairly 
high, the activities of cellulolytic enzymes 
seen1 to be quite low. 

The authors frequently have observed 
the test fungi to attack living trees of the 
host species in nature. Results of laboratory 
experiments show both S. mahagoni and S. 
robusta to be quite severely affected with 
the test fungi. Thus, froin the point of view 
of chemical degradation of wood, the test 
fungi provc to be very important and play 
very active roles in the bioconversion of 
conlplex Iigrli~i in nature. 

CONCLUSION 

The three test fungi utilized lignin from 
woods of two host species much more ef- 
fectively than the cellulose proving their 
'white rot' nature. The fungi showed varia- 
tion\ in their relative rates of utilization of 
these two structural components, depend- 
ing on the wood species and fungus species. 
Utilization of the compounds was progres- 
sive with time of incubation and in most 

cases more or less proportional to the loss 
of dry weight of wood. 
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