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HE TWO bu i ld ing  decay fungi,  t he  European Merulius T 
lacrymans Fr .  and the  na t ive  Poria zncrassata (Berk. & 

t .) ~ u r t ' . ,  do not  o f t e n  become e s t ab l i shed  i n  bui ld ings .  
when they do, t he se  fungi  can cause s e r ious  damage t o  

u c t u r a l  t imbers. I n  extreme cases they have advanced t o  
second and t h i r d  f l o o r  of bu i ld ings .  This i s  poss ib le  

'"because of t h e i r  s p e c i a l  a b i l i t y  t o  conduct water from the  
:'soil t o  t he  point  of a t t ack .  
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N o  work has been repor ted  t h a t  shows why these fungi  
a t  times cause such se r ious  damage when o r d i n a r i l y  t h e i r  

i v i t y  i s  r a t h e r  r e s t r i c t e d .  I t  has been f e l t  t h a t  some 
ironment a1  condi t ion  .may be respons ib le  f o r  t he  v a r i a t i o n  
advances by t h e s e  fungi .  If it were found t h a t  c e r t a i n  
s t r a t a  environments favor t h e i r  growth, t h i s  knowledge 
Id be u se fu l  i n  designing con t ro l  p r ac t i ce s .  

With these  thoughts  i n  mind the  authors  s e t  ou t  t o  
ign an experiment: ! 

To determine t h e  response of Merulius lacrymans when . 
I b ,  !gvbwn on sand, s o i l  and limed s o i l ,  and t o  determine t h e  ' SPluence on fungus growth of t h r e e  f e r t i l i z e r  ma te r i a l s  ad- 
) ded *.% s u b s t r a t a ,  1 



0 To compare t h e  developments of M. lacrymans i n  t h e  envi-  
ronment where it i s  o f t en  found ( i n  t h e  crawl space of  an 

occupied house) with an abandoned r o o t  c e l l a r ,  wi th  a for- 
I 

e s t e d  area,  and with an environment having c o n t r o l l e d  tern- ' 
pera ture  and r e l a t i v e  humidity. The percent  weight l o s s  of 
13  wood spec ies ,  each represented  wi th  t h r e e  c l a s s e s  of wood 
--sapwood, mixed heartwood and sapwood, and he artwood--were 
used i n  assess ing  t h e  inf luence  of t h e  f a c t o r s  s t a t e d  above, 

Material and Methods 

A f a c t o r i a l  experiment was begun i n  Ju ly  1955. A 
t o t a l  of 288 eight-ounce cans were c o l l e c t e d  and t h e  tops 
~ a r t i a l l y  c u t  t o  provide a hinged l i d .  Neut ra l ,  white  i n e r t  
sand was placed t o  a depth of 1 inch  i n  96 of t h e  cans. Fine 
Chester  loam having a 5.8 pH r e a c t i o n  was placed t o  a depth 
of 1 inch i n  another 96 cans. The same f i n e  Chester  loam, 
condit ioned t o  a pH reac t ion  of 7 . 2  by t h e  add i t i on  of f ine-  
l y  ground limestone, was placed t o  a depth of 1 inch  i n  the 
remaining 96 cans.l 

Of each of t h e  t h r e e  groups of cans,  one-fourth were 
l e f t  un t rea ted .  Ammonium sulphate  (ac id  r eac t ion )  f e r t i l i z -  
e r  was added t o  a fou r th  of t h e  cans. Bonemeal ( n e u t r a l  re-  
ac t ion)  was added t o  another f o u r t h  of t h e  cans, and n i t r a t e  
of soda (bas ic  r eac t ion )  was added t o  t h e  remaining four th .  
I n  every case t he  f e r t i l i z e r s  were appl ied  a t  t h e  r a t e  of 
200 pounds per acre,  a r a t e  t h a t  a householder might use i n  
a f lower bed along the  foundat ion wa l l  o f  h i s  dwelling. 

The fol lowing wood spec i e s  were used i n  t h i s  experi-  
ment : 

Bal d c y p r e s s  - Taxodium distichum (L.) R i c h .  
B l a c k  ( s h i p m a s t )  l o c u s t  - Robinia pseudoacacia L. 
C h i n e s e  c h e s t n u t  - Cas tanea no 1 1  iss ima Blume 
D o u g l a s - f i r  - Pseudotsuga menz iesii (Mirb .  1 

Franco  

E a s t e r n  hemlock - Tsnga canadensis (L. ) C a r r .  
E a s t e r n  r e d c e d a r  - Juniperus uirginiana M i l l .  
J a p a n e s e  c h e s t n u t  - Castanea crenata S i e b .  Zucc .  
Mahogany - Swietenia macrophylla K i n g  

l ~ m d i t i o n e d  s o i l s  were furnished by the So i l  and Water Conservation Re- 
search D i v i s i m  of the Agricultural  Research Serv ice .  



Northern red o a k  - Quercus rubra L. 
Osage-orange - Maclura pomifera (Raf. ) Schmeid. 

- Teak - Tectona grandis L.F. 
V i  rgini  a pine - Pinus virginiana M i l l .  
White m u l b e r r y  - Morus alba L. 

One hundred forty-four blocks of each species were 
cut ,  measuring approximately 1 x 2 x 8 centimeters. Indi- 
vidual  weights were recorded t o  the nearest  .O1  gram. For 
each species  48 o r  one-third of the blocks were sapwood 
only, 48 were heartwood, and 48 had some sapwood and some 
heartwood (henceforth designated as heart-sapwood). The 
f i r s t  6 species mentioned above were d i s t r ibu ted  t o  144 of 
the cans and the  l a s t  7 species were d i s t r ibu ted  t o  the 
o ther  144 cans. (These small cans would accommodate only 7 
wood blocks .) Each can thus contained only 1 c l a s s  of wood, 
1 f e r t i l i z e r ,  1 s u b s t r a t m  and e i t h e r  6 or  7 di f fe ren t  wood 
species.  

After  placing the  wood blocks i n  , the  cans, each can. 
was inoculated a r t i f i c i a l l y  by introducing small wood chips 
infected with the  fungus Merulius lacrymans; then 50 cc. of 
tap water was added t o  each cah. In a previous study in- 
volving M .  lacrymans and P. incrassata, Merulius was found 
t o  be cons i s t en t ly  more des t ruct ive  on 23 wood species and 
the two fungi showed very l i t t l e  in teract ion with species. 
For these  reasons it was f e l t  tha t  t h i s  study could be l i m -  
i t e d  t o  Merulius. 

A s e t  containing 72 cans representing a l l  combina- 
t i o n s  of t h e  f a c t o r i a l  were placed i n  each of the following 
four environments i n  o r  near the Plant  Industry Stat ion,  
Be l t sv i l l e ,  Maryland, i n  July  1955: 

In t h e  crawl space of a basementless, frame duplex dwell- 
ing.  

Under a mound of f o r e s t  leaves i n  a wooded area. 

I n  an abandoned root c e l l a r  having high r e l a t i v e  humidity. 

I n  a room with t h e  temperature controlled a t  40°F. 

During t h e  course of the  experiment small amounts of 
water were added t o  t h e  cans when needed. After 2 years the 

k l l e r ,  J. D. ,  and Koch, E. J .  Weight l o s s e s  of 40 wood s p e c i e s  exposed t o  
Po rk  Incrassata and b r u l i u s  Lacrymans. Forest Prod. J m r .  9:  298-302 ,  i l l u s .  
1959. 



blocks were removed, air-dried t o  8 t o  10 percent, and 
weighed; and the  percent weight loss  of each block was de- 
termined. Analyses of variance were run on each species .  

Experimental Results 

The influence of subs t ra ta  on weight l o s s  is  shown in  
t ab le  1. For a l l  13 species, the blocks placed on sand 
averaged 6.0 percent weight loss,  those placed on acid  s o i l  
( I n i t i a l  pH 5.8) averaged 8.5 percent weight loss,  and those 
placed on bas ic  s o i l  ( i n i t i a l  pH 7.2) averaged 8.7 percent 
weight loss .  The influence of subs t ra ta  appears t o  be more 
pronounced f o r  the  three  species with the  most weight loss-- 
northern red oak, Virginia pine and eas te rn  hemlock--than it 
does f o r  the  10 other species. In  only black locus t  does 
the re  appear t o  be any associat ion with i n i t i a l  pH of the  
substratum. 

Table 2 shows the  e f f e c t  on weight l o s s  when f e r t i -  
l i z e r  is  added t o  the substratum. The average weight losses 
f o r  no f e r t i l i z e r  ( the check) was 8.1 percent;  f o r  ammonium 
sulphate 8.3 percent ; f o r  bonemeal 7.1 percent ; and for 
n i t r a t e  of soda 7.4 percent. 

Table 1.--Effect of 3 subs t r a t a  on the  percent of weight 

l o s s  of 13 wood specles  a f t e r  2 years  exposure 

Merulius lacrymans 

Substra ta  
wood 

species  

(neutra l )  s o i l  

Northern red oek 
Emte rn  hemlock 
Vi rg in i a  pine 
Chinese chestnut 
Japanese chestnut 
Eastern redcedar 
White mulberry 
Black locust  
Mahogany 
Teak 
Douglas-f i r  
Baldcypress 
osage-orange 

- - 

Average 6 -0 8.5 8.1  1 
Itdeans fo r  the  same species  which are  not followed 

by the  same l e t t e r  a r e  s ign i f i can t ly  d i f f e r e n t  a t  t he  5 
percent l eve l .  



Test r e s u l t s  ( t ab le  3) show t h a t  environments played 
an important r o l e  i n  r e l a t i o n  t o  weight loss .  The average 
weight l o s s  f o r  the  13 species stored i n  the  40°F. constant- 
temperature environment was only 3.7 percent i n  comparison 
t o  a weight l o s s  of 11.1 percent f o r  the  468 blocks s tored 
in  the  crawl-space area.  The weight l o s s  averaged 7.4 per- 
cent f o r  those i n  the  root  c e l l a r  and 8.8 percent f o r  the 
blocks s tored beneath mounds of leaves under f o r e s t  condi- 
t ions .  With few exceptions t h i s  general pa t t e rn  held f o r  
a l l  13  species .  

The r e l a t i v e  weight losses  of the 13 wood species are  
presented i n  t a b l e  4. In t h i s  t e s t ,  Osage-orange, bald- 
cypress, Douglas-fir and teak averaged l e s s  than 5 percent 
weight loss  while Virginia pine, eas tern  hemlock, and north- 
ern red  oak averaged more than 10 percent. The average f o r  
the 13 species was 7.7 percent, with a weight l o s s  average 
of 6.4 percent f o r  heartwood, 7.7 percent f o r  heart-sapwood, 
and 9 .1  percent f o r  sapwood. The difference i n  percent 
weight l o s s  f o r  the  d i f fe ren t  c lasses  of woods was small f o r  
northern red oak, eas tern  hemlock, Chinese chestnut, black 
locust, Douglas-f ir, and Osage-orange . However, Virginia  
pine sapwood l o s t  nearly th ree  times as much as heartwood 
and white mulberry sapwood l o s t  more than 3.5 times as  much 
weight as heartwood. The r e s t  of the species show t rends  
similar but l e s s  pronounced. 

Discussion of Results 

From the r e s u l t s  ( table  1) we conc'luded t h a t  the  d i f -  
ference between sand a d  s o i l  as subs t ra ta  was much more i m -  
Portant than the  i n i t i a l  pH react ion of the subst ra ta .  Sand 
'esulted i n  the  l e a s t  weight loss  f o r  a l l  species except 

locust .  For s i x  species the g rea tes t  weight l o s s  Oc- 
curred With acid s u b s t r a t a  and f o r  the  remaining seven spe- 
cies the  g r e a t e s t  weight loss  occurred with bas ic  subs t ra ta .  

The f a i l u r e  of the various f e r t i l i z e r  addi t ives  t o  
Consistently a f f e c t  the  development of V . 1 a c  rynans indi-  
cates tha t  these addi t ives  t o  the subs t ra ta  exerted l i t t l e  
Or influence on the  fungus . 

The most s t r i k i n g  r e s u l t  of t h i s  study was the  e f f e c t  
Of e n v i r ~ m n t  on percent weight loss .  For every Species 
the ,eight loss  w w  l e s s  i n  the 40°P. constent temperature 

ULd Ofte l  Considerably l e s s .  This may indicate  e i t h e r  

5 



.eight loss of 13 w w d  epcles 

Uaruliu. 1.cr)R.m 

W o d  
apcies 

N~ additives Na~frll: 
(Shec*) 

Northern red oak '/15.8. 
Ilutcro hemlocb 13.6. 
virginia pins 12.0.b 
Chinee. chestnut 10.1. 
Jap~nea. chestnut 10.4b 
Eastern redced- 8.81 
mite lulberry 7.6. 
Blse* 1nevst 5.7. 
Mnbiog~ly 8.5. 
Ten* 4.66 
muglls-fir 4.3b 
Baldeymss 3.7a 
o s ~ - o P B n ~  2.0- 

Am?- 8.1 

L 
lua- for tb. .rmr, ap.2t.s *id .n not r~llald by the .s 1~tt.r 

M silplflcmfly differant d the 5 plW.f 1.Vd. 

' I 
Wood i N W  

species cons t a m  Rmt ~ore-e.f unl 
tsmperatura cell- oonaitions spue  

Northern red oak L'8.4~ l7.2b Z0.7~ 20.35 x,7 
E-tern bemloek 6.3. 11.8b 14.Gb 19.- lA8 
virginla p l o e  5.11 11.5b 14.0bc 16.1~ 11.7 
Chinese chestnut 6.7s. 10.6bs 9.Bb 11,nr 9.9 

Japanese chestnut 2.9. 9.3b 8.+b 13.00 

Eastern redoedm 3.6a 5.Sb 8 . k  1Z.Ld 7.7 

mite mulberry 4.3m 8.9b 7.8b 9.lb 1.I 

Black locust 4.1- 4.3P 7.eb 8.lb 5.5 

Maho~aoy 1.4s (I.48 6.6b 11.Sc ''' 
3.4. 3.9s 4.9b S.Sb 4.' Te ak 

Douglas-fir - .la 2.6b 4 . 6 ~  r.sd 3.' ! 

Bsldcypress .9a 3.4b 4.0B 3.90 3 . 0 '  

Ossi~e-orlllSe .9D 2.3bE 2.6bC 1.8b ! 

8.8 11.1 
1.1 

Aver- 3.7 7.4 * 

lusur. ror the .- Sgcl.. dl* ue not iollorcd by tb S s r  l.rtsr wtLd 
fie~ltlr different at the 5 percont level. 



tha t  40°F. is an unsat is fac tory  temperature f o r  growth of 
the  fungus o r  tha t  a var iable  temperature is  more conductive 
t o  ac t ive  growth than a constant  temperature. 

For Douglas-f ir there  was a s l i g h t  and ins ign i f i can t  
gain i n  weight over a 2-year period f o r  t h e  blocks s tored i n  
t h i s  constant-temperature environment. This gain i n  weight 
was associated mostly with the blocks placed on sand. For 
a l l  species  except Osage-orange, the g rea tes t  percent weight 
loss  0ccurre.d i n  the  crawl space of a basementless house. 
The weight l o s s  f o r  the  blocks s tored i n  the  root  c e l l a r  and 
under f o r e s t  condit ions was intermediate, and di f ferences  
between them were not consis tent  f o r  the  various species.  
Data f o r  the  most na tu ra l  conditions--under a mound of for-  
e s t  leaves--was intermediate and may explain why the fungus 
i s  seldom found i n  f o r e s t s .  

Of the  13 species tes ted ,  Osage-orange showed the  
l e a s t  weight loss,  as  was a l so  found i n  a previous study.2 
However, eas tern  redcedar and Japanese chestnut, which show- 
ed moderate weight losses  i n  t h i s  study, both showed small 
weight l o s s e s  i n  the  previous study. Pa r t i cu la r ly  the  hear t -  
wood of eas te rn  redcedar showed more weight l o s s  than was 

Table 4.--Comparison of percent of weight loss  of heartwood, heart-sapwood, 

and sapwood of 13 wood species a f t e r  2 years exposure t o  

Merulius lacrymans 

b a n s  f o r  the same species which are not followed by the same l e t t e r  
are s ign i f i can t ly  d i f fe ren t  a t  the 5 percent level .  

wood 
species. 

Northern red oak Y15.5a 17.79 16. 8a 16.7 
Eastern hemlock 12.30 1 4 . 4 ~  11.7a 12.8 
Virginia  pine ,5.7a 12.3b 1 6 . 9 ~  11.7 
Cbineae cheatnut 9-68 9.6a 1 0 . h  9.8 
Japanese chestnut B.7a 9.2b 9.3b 8.4 
Eastern redcedar 6.3a 7.0s 9.8b 7.7 
White mulberry 3.96 4.la 14.6b 7.5 
Black locust 6.38 5.7a 6.98 6.3 
Mahogany 5.0a 6. la  6.9a 6 .O 
Teak 3.4s 4.0a 5.8b 4.4 
Douglas-f i r  3.71 3.9a 3.78 3.7 
Baldcypress 2.41 4.5b 3.8b 3.6 
Osage-orange 1.9eb 1.58 2.2b 1.9 

Average 6.4 7.7 9.1 7.7 - 

Aver- 

Class of wood 

Heartrwd 
s a p &  



expected from the previous work. Douglas-fir and baldcypm& 

study, previously showed ra the r  heavy weight losses.  These 

i which had l e s s  than 5 percent weight loss  i n  the  present', 

differences i n  r e s u l t s  between the two s tud ies  may be due to 
the pa r t i cu la r  pieces of wood from which blocks were obtain+ : 
ed . 

A s  a check on the f i n a l  pH of the  s u b s t r a t a  a t  the 
end of the study, the  pH of each can was determined by meme,. 
of a Beckman pH meter. Without exception these  readings in-, 

' dicated t h a t  the  pH was lower a t  the  end of the  experiment- 
* than a t  the  beginning. The average pH f o r  a l l  cans was 5.3,; 

The acid substratum had an average pH of 4.9, the  Sand a p~ 
of 5.0, and the  bas ic  substratum a pH of 6.2. There was ar. 
s l i g h t  overa l l  t rend with c l a s s  of wood. The pH of the 
heartwood subs t ra ta  averaged 5.2, heart-sapwood substrat& 
averaged 5.3, and sapwood subs t ra ta  averaged 5.4. 

The addit ion of f e r t i l i z e r s  d id  not r e s u l t  i n  the ex-, 
pected influence on subs t ra ta  t o  pH. The s u b s t r a t a  i n  cans' 
without f e r t i l i z e r  had an average pH value of 5.3, the acid 
f e r t i l i z e r  (ammonium sulphate) averaged 5.5, the neutral' 
f e r t i l i z e r  (bonemeal) averaged 5.1, and the  bas ic  f e r t i l i z -  
e r  ( n i t r a t e  of soda) 5.3. , 

The pH of the  subs t ra ta  was not co r re la ted  with 
weight - loss  values as f a r  as environment was concerned. 
average pH i n  the  crawl space and i n  the  40°F. room we 
both 5.5. The pH of the subs t ra ta  i n  the  cans stored und 
a mound of leaves averaged 5.3, and i n  t h e  root  c e l l a r  
averaged 5.1. Since conditioning of the  subs t ra ta  s o i l  
the beginning of the experiment t o  a spec i f i ed  pH was 
permanent, no va l id  conclusions can be made as  t o  the inf 
ence of subs t ra ta  pH on the  development of M.  l a c r y m a n s .  
has been shown, however, tha t  the  pH of s o i l  f e r t i l i z  
w i l l  not change the pH of the  subs t ra ta  appreciably, 
tha t  attempts t o  a l t e r  the  pH of t h e  s u b s t r a t a  by the ad 
t i o n  of f i n e l y  ground limestone were not successful .  

Summary 

An experiment was conducted t o  determine whether sub- 
s t r a t a ,  f e r t i l i z e r s ,  environments, and wood species a f f a ~ t  
the development of Meru l i u s  l a c r y m a n s  as  measured by percent 
weight l o s s  of wood blocks a f t e r  2 years of exposure. The 
pH of the  subs t ra ta  was found t o  have l i t t l e  correlation 
with percent weight loss .  However, the difference between 
sand and s o i l  was appreciable. The pH of t h e  s o i l  f e r t i l i z e s  



was not corre la ted  with percent weight loss .  Of the  three  
f e r t i l i z e r s ,  bonemeal produced the l e a s t  percent weight loss .  
Response t o  f e r t i l i z e r  was qu i t e  d i f fe ren t  f o r  various wodd 
species .  Of the four environments, the  40°F. constant 
temperature resul ted  i n  the l e a s t  weight loss  and the  crawl 
space of a basementless house resul ted  i n  the most weight 
loss .  Overall the average weight loss  f o r  the  13 species 
ranged from 1.9 percent f o r  Osage-orange t o  16.7 percent f o r  

' 

northern red oak. As f o r  c l a s s  of wood, percent weight l o s s  
was 6.4 percent fo r  heartwood, 7 . 7  percent fo r  heart-sapwood, 
and 9 . 1  percent fo r  sapwood. The authors conclude tha t  no 
pH e f f e c t  was demonstrated, but the  f actors--environment, 
species,  and subst ra ta  material--influenced the  development 
of t h e  fungus. 


