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IN VITRO DECAY OF LODGEPOLE PINE BLOCKS BY 

SEJERAL SLASH - INHABITING HYMENOMYCETES 

INTRODUCTION 

Lodgepole pine (Pinus contorta Dougl.,) has a very 

wide geographic range, arid in Alberta lt occupies nearly 

one third of the potential 'orest land (16, p. 3). Its 
main uses are pulp, poles, railway ties and lumber. 

Mlnlmiziri fire hazard due to accumulation of slash after 

loggIng is a vital problera to foresters involved In 

forest management. The effects of various means of 

slash disposal on fire hazard and on regeneration have 

received attention (io, p. 5-11; 21, p. 5-13). 

The work reported here found its origin as a 

natural senuel to studies by the Calgary Forest Biology 

Laboratory1 formerly Canada Department of Agriculture, 

Involving the effect of cutting practices on the decay 

of lodgepole pine logging residues. 

To date, In those studies, 85 species of fungi 

have been identified from the slash while an appreciable 

number of collections remain unidentified (1k, p. 6-10). 

Of these 8 species, only seven have been consistently 

associated with decay. 



In a volume arid decay analysl3 conducted in 

the sprin of 1959 on $even-yeai-o1d lodgepole pine 

slash, 966 cultural Isolates were attempted of which 

311:7 have been poit1veiy identified, yielding 1]. fungi. 

All cultiires were obtained from bits of wood which were 

taken aseptically from tue upper, central and lower 

portiori3 o? the slash after splitting the slash 

perpendicularly to the soil surface. Approximately 80 

per cent of all identified cultural isolates consisted 

of the four fwigi: Lenzites saepiaria Wulf. ex Fr., 

Peniophora phiebioldes Jacks. and Dearden, Stereun 

sangulnolentum Alb. and Schw. ex Fr. and Coniophora 

puteana (Schwn. ex Fr.) Karst. Their relative frequency 

was in the order listed and ranged from 39.3 per cent 

for Lenzites saepiaria to 8.1 per cent for Coniophora 

puteana. Distribution of the fungi within the slash 

was of particular interest. Peniophora phlebioides 

appeared to predominate in the upper portions, Lenzites 

saepiaria in the central portions and Coniophora 

puteana and Stereuin sanguinolenturn in the lower por- 

tions of the slash. 

Moisture and temperature are known to be impor- 

tant factors influencing growth and development of 

decay fungi and may be contributory to the above 

distribution, Extremes of both these factors occur 
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regularly between the upper expoaed portions and the 
lower sheltered portions of Individual pieces of slash, 

particularly In clearout areas. Reid (15, p. 3) 

recorded temperatures as high as 47.5 degrees C. in 

suboortical areas of the upper and 22.0 degrees C. in 

subcortical areas of the lower portions of pieces of 

lodgepole pine slash at aerial temperatures between 23 

and 25 degrees C. 

This study was designed to provide information 

regarding the Influence of temperature on the behaviour 

of Lenzites saeplarla Wulf. ex Fr., Penlophora 

phiebloides Jacks. and Dearden, Stereum sanguinolentwn 

Alb. and Schw. ex Fr. and Coniophora puteana (Schum. 

ex Fr.) Karat. jn lodgepole pine slash by: i) determining 

growth of these four fungi on malt agar under controlled 

temperature; 2) determIning the rate of decay by these 

four fungi of lodgepole pine test blocks under control- 

led temperature; and 3) by Investigating possible 

antagonisms between fungi under various temperature 

conditions. In addition, an attempt was made to expresa 

decay intensity in terms of the number of hyphal pene- 

trations per unit area of tracheld wall. 
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IUWIEW OF THE LITERATURE 

The effect of moi$ture on decay of wood in culture 

Etheridge (3, p. 58) reported that at each 

initial moisture level test blocks of subalpine spruce 

Inoculated with Corilophora puteana showed a gain in 

block moisture after a 12 week decay period. He con- 

cluded that Coniophora puteana may have the ability to 

regulate the moisture content of it substrate to a 

level suitable for its growth. Difficultìe in main- 

tainir constant moisture content in wood blocks during 

decay experiments were demonstrated by Cartiright and 

Findlay (2, p. 34) who concluded that considerable 

quantities of water are produced in the respiration 

process by certain wood rotting fungi when in active 

growth. They noted that once a rot was established, 

the fungus could continue to develop and spread 

Independently of any external source of moisture, 

provided that the rate of evaporation of water from the 

wood did not greatly exceed its rate of production. 

These authors found that Coniophora cerebella was sensi- 

tiva 10 drying, ceasing activity as soon as the supply 

or moisture was cut off. 
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Snel3. (17, p. ¿lit_46) noted that maximum ratee 

of' wood decay occurred when moisture content3 were at 

or $llghtly above fiber saturation point. Etheridge 

(4, p. 205) taIled to obtain successful infection of 

eubalpine spruce teat blocks by Coniophora puteana at 

moisture contents lower than 8 per cent of saturation. 

Snell (18, p. 377_379) presented evidence that rate of 

decay remained constant at moisture content ranges 

from fiber saturation point upward, until a condition 

in the wood was reached where an air-moisture balance 

was unfavorable for fungus development. In his work 

on decay by Trainetes subroseue arid Fornes roseus on woods 

of various specific gravities and variable moisture 

contents, he showed that more than 20 per cent of the 

wood volume of the block must be available in air for 

fungus development (19, p. 53-546). Cartwright and 

Findlay (2, p. 38) concluded that optimum conditions for 

fungus growth on wood exist when the cell. walls in ad- 

dition to being fully imbibed are coated with a film of 

liquid water in which free diffusion of the enzimea and 

the products of their action can take place, but where 

some air remains in the cavities for diffusion of gases. 
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The effect of temperature on decay of wood In culture 

Temperature relations of wood-destroying fungi 

have been studied primarily on culture media, probably 

because this method Is the simplest and gives moat 

promise in yielding immediate and consi8tent resulti. 

Cartwrlght and Pindlay (2, p. 41) reported that the 

optimum temperature for growth of the majority of 

European species occurred between 25 and 30 degrees C. 

Humphrey and SIgers (9, p. 997-1008) tested the 

Influence of temperature on rate of growth of 56 North 

American species of wood-rotting fungi. The results 

obtained indicated that moat species had optimum 

temperatures for growth on agar between 214 and 30 

degrees C. and that the majority of teat fungi ceased 

growth within a range of 12 degrees C. above their 
optimum temperatures. They classified the fungi into 

three main groups as follows: i) a low temperature 

group growing best at 24 degrees C. or below; 2) an 

intermediate temperature group growing best between 24 

and 32 degrees C.; and 3) a high temperature group 

growing best above 32 degrees C, Cartwrlght and Pindlay 

(2, p. 43) poInted out the ecological importance of 

temperature relations in determining not only the 

geographical range of a species, but the relative 
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dominance of any given species in certain situations. 

In this regard, Etheridge (3, p. 65) found that fungi 

causing trunk rots in subalpine spruce had a much higher 

temperature range than those causing butt rots. 

Etheridge (3, p. 65) found the optimum tempera- 

ture for growth of Coniophora putearia to be 20 degrees 

C. His strain of Stereum sanguinolentum had an 

optimum temperature o 25 degrees C., while Cartwright 

and Findlay (2, p. 88) reported that this species had 

optimum temperatures between 20 and 2k degrees C. 

Their strain of Coniophora cerebella had an optmurn 

temperature of 23 degrees C. Humphrey and Siggers 

(9, p. 1004-1005) noted that the optimum temperature of 

Lenzites saepiaria on agar was 36 degrees C., while 

maximum growth of Coniophora cerebella occurred at 24 

degrees C. Results of studies by Falck (5, p. l-2324) 

indicated that Lenzites saepiaria had a temperature 

range from 5 to t4 degrees C. with the optimum tempera- 

ture at 35 degrees C. Lindgren (12, p. 76) reported 

that this fungus had a temperature range from 5 to 245 

degrees C. with optimum temperatures between 32 and 35 

degrees C. In comparing his results with thoas of 

other workers, he suggested that different strains of 

the sanie fungus might account for variations in cardinal 

temperatures. 
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Correlations between the rate of decay of wood 

and the rate of mycellal growth on culture media at 

different temperatures have been attempted by several 

investigators. Two possible reasons for the non- 

existence of such correlations were recognized from the 

start. The first concerned the chemical and physical 

differences between the agar and the wood. The second 

concerned the difference in the time factor involved. 

Although Lindgren (12, p. 79) confirmed the downward 

shifting of optimum temperatures of certain fungi over 

a period of time, he was of the opinion that for 

practical purposes the cardinal temperatures for the 

growth of a fungus on wood were approximately the same 

as those determined from measuring its growth on agar. 

Cartwright and Findlay (2, p. ¿43) supported this view. 

Gumann (7, p. 59-69) compared the decay activity of 

Poria vaporaria and Schizophyllurn commune on test 

blocks as determined by weight loss of oven dry sub- 

stance, with growth rate of these fungi on malt agar, 

and he noted that the maximum intensity of the decay 

process occurred at 2 to 3 degrees C. lower than the 

optimum growth temperature on agar plates. Results of 

experiments by Lindgren (12, p. 81) showed that decay 

caused by Lenzites saepiaria and Polystictus versicolor 

progressed most rapidly at those temperatures most 



9 

favourable for their mycelial growth on culture media. 

However, decay cau$ed by Lentinus tigrinus was most 

rapid at 27 decrees C., while the greatest mycelial 

development occurred at 35 and 32 degrees C. 

Liese (ii, p. 138-150) showed that extremely 10W 

temperatures did not kill the majority of his test 

fungi. Some fungi developed more vigorously after low 

temperature treatments than the same species not so 

treated. Lethal temperatures were determined for a 

number of fungi. Lenzites saepiaria was killed after 

Go minutes of exposure to 60 degrees C. Coniophora 

puteana was kIlled after 15 mInutes of exposure to 

50 degrees C., and Stereum sanuino1entuzn was killed 

after ¿.5 minutes of exposure to 145 degrees C. Cartwrlght 

and Findlay (i, p. 481-ii95) noted that high temperatures 

desiccated agar media rapidly, and Increased chances of 

contaminatIon due to slow growth of the test fungi. 

The influence of sample size arid other factors on decay 

of wood in culture 

In studies of decay of wood In culture, Findlay 

(6, p. 160-162) found that vigor of the fungus and the 

amount of decay It can bring about is appreciably 

Influenced by the size and shape of the test pieces, by 

the atmospheric condition within the test vessel and by 
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the amount of gaseous interchange between the outside 

air and the atmosphere withir the vessel. Weight losses, 
expressed as percentages of initial ovendry weicht were 

significantly different between small and large test 

blocks, the smaller blocks decaying more rapidly than 

the larger under similar conditions. He further 

reported that hyphal penetration throughout the larger 

test blocks was completed in a matter of days, and that 

decay as determined by loss in dry weight substance 

progressed more or less uniformly for a considerable 

time. 

Etheridge (Lt, p. 202) in his study on subalpine 

spruce noted that ring frequency and specific gravity 

did not appreciably affect rate of decay. 

Hyphai penetration of tracheid walls 

Zycha and Brand (23, p. 4ll-l.t19) investigated 

possible relationships between the degree of decay by 

various test fungi on pine and spruce test blocks, and 

the number of hyphal penetrations per unit area of 

tracheid wall of spring wood. The best relationship 

was found to exist for Fornes annosus on spruce test 

blocks. They found no hyphal penetrations through 

tracheid walls by Coniophora cerebella or Lenzites 

saepiaria. 
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THE flLUENCE OP ThMPERATURE O'T PUNGUS ROWT Ir 

MALT AGAR CULTURES 

Materials 

Mycelial growth studies were carried out on malt 

agar prepared according to the following fornula: 

Difco powdered malt extract broth 20 gma, 
Dif co Bacto agar 20 gm. 
Distilled water 1000 cc. 

Cultural isolates of the four test fungi origi- 

nated from those portions of lodgepole pine slash where 

each was found to be most abundant. Cultures of 

Peniophora ph1ehoides Jacke . and Dearden originated 

from the upper portions of the sash, Lerìzites saepiaria 

Wulf. ex Pr. cultures originated froï central portions, 

and cultures of Coniophora puteana (Schurn. ex Pr,) Karst. 

and Sterewn sanjuino1entwii Alb. and Schw, ex ?r. origi- 

nated from the lower portions of lodgepole pine slash. 

Methods 

Pure cultures of the four test fungi were plated 

on malt agar and allowed to grow at room temperature 

for about a week. Small, h mm. square pieces of 

myceliurn from the vigorously growing advancing zone 

were centrally plated on 20 cc. of malt agar in 90 mm. 
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Petri dishes and placed in incubators. Five replicates 
were prepared of one isolate per orgariism Measurements 

commenced when growth had just started from the inoculum. 

The last measurements were taken just before the colony 

covered the entire plate in the case of fast growing 

cultures. In the case of slow growing cultures, the 

last measurements were taken after one week of active 

growth. The difference between initial and final 

measurements was used to calculate the mean daily 

diameter growth of the cultures. Each growth measure- 

ment consisted of the average of two diameter measure- 

ments of the colony which were taken at right angles. 

Six incubators were used, ranging in temperature from 

10 to Li5 degrees C. at intervals of 7 degrees. A pilot 

study provided information regarding the choice of a 

suitable temperature range. 

Results 

Results are summarized in Table I and in Figures 

4, 6, 8 and 10. 

Peniophora phiebloides produced measurable 

growth over the entire temperature range. Between 17 

and 38 degrees C. it grew rapidly, covering the plates 

with a very thin mat of hyaline hyphae, closely appres- 

sed to the substrate. Its optimum temperature for 
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growth on malt agar appeared to be approximately 

between 35 arid 39 degrees C. The relatively large 
temperature intervals precluded a more accurate 

estimate of optimuni temperatures. It is interesting to 

note that optimwn temperatures for mycelial growth of 

Perilophora phiebioldes are significantly higher than 

those of Lenzites saepiaria, which is a member of the 

high temperature group. This may explain in part the 

dominance of Peniophora phiebloides in the upper 

exposed portions of lodgepole pine slash, where tempera- 

tures as high as 47.5 degrees C. have been recorded 

('5, p. 443). 

Lenzites saepiaria showed a much slower growth 

rate than Penlophora phiebloides in all temperatures. 

Its temperature range appeared to be more limited, 

with very little growth produced at 1.0 degrees C. and 

no growth at 45 degrees C. The optimum temperature for 
the strain of Lerizites saepiaria used in this test 
appeared to be between 30 and 32 degrees C., which is 
slightly lower than the optimum temperatures recorded 

for other North American and for European strains of 

this fungus. 

Coniophora puteana produced measurable growth 

within a very limited temperature range. Very little 

growth was measured at 17 and 31 degrees C. The 
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optimum temperature Cor this fungus appeared to be 

between 23 and 25 degrees C. The apparent intolerance 

to high and low temperatures is indicated in its growth 
habits in forest stands. Coniophora puteana is limited 

to root and butt sections of standing trees, and to 

sheltered uridersides of dead and down trees. Tempera- 

ture fluctuations in these locations are known to be 

relatively small. 

Stereum sanguinolentuin showed a relatively slow 

growth rate with a range covering the lower temperatures. 

Negligible growth was recorded at 31 degrees C. while 

appreciable growth occurred at 10 degrees C. The 

optimum growth temperature of Stereum sanguinolentum 

was found to be between 20 and 24 degrees C., which is 

in agreement with results obtained by Cartwright and 

Pindlay (2, p. 88). 



TABLE I 

AVERAGE DAILY DIAMETER GROWTh IN CM OF 
FOUR TEST FUNGI ON 2 PER CENT MALT AGAR AT 

VARIOUS TEMPERATURES 

(Averages based on 5 replIcates) 

Orani 

Penlophora phiebloldes 

Lenzites saepiarla 

Conlophora puteana 

Stereurn sanuInolentum 

'5 

Temperature degrees C. 
10 17 24 31 38 11.5 

.11 1,12 2.17 3.64 4.02 .55 

.08 .33 .78 1.18 .43 

-- .10 .90 .11 -- - 

.25 .46 .55 .06 



THE INFLUENCE OF TEMPERATU1E ON DECAY INTENSITY 

Source and preparation of test blocks 

Since the upper limits of merchantability of 

lodgepole pine in Alberta are at a top diameter of 

four inches, most of the lodgepole pine logging slash 

consists of portions including the live crown. Three 

codominant trees were selected in the Strachan area and 

felled. Trunk sections were cut from the live crown 

with a maximum diameter of four inches and a minimum 

diameter of three inches, A total of 198 test blocks 

was cut from these sections, which consisted primarily 

of sapwood, Care was taken to exclude as much as pos- 

sible from the central portions of the trunk in an at- 

tempt to eliminate heartwood. The test blocks measured 

6 X 2 X 0.5 cm., with the long axis of each block 

parallel to the long axis of the tree elements. The 

width of all test blocks was oriented tangentially to 

the tree elements. The selection of blocks for inocula- 

tion with the four fungi and allocation to temperature 

treatment was random. The test blocks were oven dried 

for 24 hours at 104 degrees C. and weighed. Distilled 

and sterilized water was added to the blocks to the 

amount of 30 per cent of their oven dry weight by means 
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of a hypodennic syringe calibrated to 0.1 cc., in 

order to bring moisture content up to approximately 

fiber saturation point prior to inoculation. Twenty 

four hours at room temperature were generally sufficient 

for the blocks to absorb the water. 

Preparation of decay vessels 

French square bottles measuring 5.5 cm. X 13.5 cm. 

with metal screw tops were used (Figure i). In order 

to keep the atmosphere inside the test vessel close to 

maximum saturation and to prevent rapid drying out of 

the agar substrate at the higher temperatures, a wad of 

cotton batten was tightly rolled in gauze and fastened 

with 21-gauge copper wIre to the inside of the metal 

screw top. Two holes were punctured in the top through 

which the wire could be fastened. The pad was kept 

saturated with sterilized distilled water by means of a 

hypodermic syringe inserted through one of the holes in 

the scre'î top (Figure 2). Approximately 30 cc. of 2 per 

cent malt agar was used as a culture medium. The bottles 

containing the agar were steam sterilized for 20 minutes 

at 15 pounds pressure and laid on their sides to cool, 

Sterilized glass rods were placed Inside the bottles to 

elevate the test blocks from the culture medium. The 

test fungi were introduced into the bottles and allowed 
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Figure L Decay bottle ahowing the cotton batten pad 
attached to the inside of the ata1 screw 
top. This pad was kept saturated with 
sterilized distilled water in an attempt to 
prevent rapid drying out of the medium at 
high temperatures. 

i) 

Figure 2. Method of applying sterilized distilled water 
to cotton batten pad. 



to grow for a period of 7 to 10 days at room temperature 

prior to admission of the test blocks. 

Eçperimertal design 

Differences in mycelial growth rate on culture 

media are known to occur between different isolates of 

the saine fundus. M rar as could be determined from 
the literature, no comparisons have been made between 

decay capacities of different Isolates of the same 

fun;us. In order to achieve a maximum level of conf 1 

dence in interpretation of results, it was decided to 

test four different isolates of each of the four fungi. 

This would permit comparIson of weight losses between 

isolates of the saine fungus prior to comparisons of 

weight losses between fungi. Conclusions regarding 

decay capacities of the four test fungi under various 

temperature treatments would be more meaningful when 

reached on this basis. The number of test blocks 

prepared per organism and temperature treatment is 

summarized in Table II. 

Determination of decay rate 

After an Incubation period of 12 weeks, the test 

blocks were removed from their decay bottles. Surface 

mycelium was carefully removed with a camel hair brush 
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TABLE II 

THE NtJ?1BEi 0F LODGEPOLE PINE TEST BLOCKS INOCULATED WITH 
FOUR CULTURAL ISOLATES OF FOUR TEST FUNGI PRIOR TO 

INCUBATION AT VARIOUS TEMPERATURES 

Organism, Isolate 

Peniophora phiebioldes I 
TT T 

II 
. t, 

III 
1 

IV 

Lenzites saepiaria I 
¡J II 

I III 
?I , IV 

Coniophora puteana I 
T ! II 

;? ! III 
. IV 

Stereuin sanguinolentum I 
'T fl 
u i III 
n u 

CONTROL 

Temperature treatment derees C. 

lo 17 24 31 3 145 

3 3 3 3 3 3 
i i 3. 1 1 1 
3. 1 1 1 1 1 

1 1 1 1 1 1 

3 3 3 3 3 3 
i J. 1 1 1 1 
i i i i i i 

i i i i i i 

3 3 3 3 3 3 
i i :i. i i i 
i 1 1 1 1 1 

]_ i i i i i 

3 3 3 3 3 3 
i i :i i i i 

i :i. i i i i 
i :1. i i i i 

3 3 3 3 3 3 
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and a scalpe? before placing the blocks in aluminum 

containers for ovendrying at loLl, degrees C. for 24 hours. 

Decay rate was eressed as a weiíht loss percentage of 

initial ovendry weight according to the following 

formula: 

Percentage initial o,d.wt.* - decayed o.d.wt. 
of decay - initIal o.d,wt. X 100 

Results 

Weight losses experienced by the fou. cultural 

isolates of each test fungus were statistically compared. 

At the 5 per cent significance level, no significant 
differences were found between the decay activities of 

the four cultural isolates of each test fungus (Appendices 

A to D). Evidence that different isolates of the same 

fungus did not differ siynificantiy in their decay 

capacities, allowed considering their weight losses as 

observations of one test fungus. In al? further discus- 

sions no distinction is made between different isolates 

of one test fungus. 

Hypotheses that neither temperature nor test 
fungus could influence decay rate, were rejected at the 

*o.d.wt. ovendry weight 
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5 per cent 1gnificance level. Similarly, the 

hypothesiB that temperature dICI not affect decay rate 

of a test furius was rcted at the 5 per cent signifi- 

canee level (Appendix E). 

The relative significance of the test fungi as 

represented by average decay percentages for all 

temperature treatments was as follows: Lenzltes 

saeplaria, 17.26 per cent; Coniophora 13.96 

per cent; Perilophora phlebioides, 13.61 per cent; and 

Stereun sanuinolentu, 4.29 per cent. An average 

weight loss of .35 per cent was recorded for the control 

blocks. 

Decay at 10 degrees C. 

An appreciable amount of decay developed at this 
relatively low temperature. At the 5 per cent signifi- 
canee level, no significant difference was found 

between the decay capacities of Coniophora puteana, 

Lenzites saeplaria and Penlophora phiebioldes which 

showed average weight losses of 8.68, 6.45 and 6.30 per 

cent respectively (Table III and Appendix K). An 

average weight loss of 3240 per cent was recorded for 

Stereuin sanguinolentum. 
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Decay at 17 drees C. 

At this temperature Lenzites saepiaria was the 

principal decayer, causing a weight 1os of 22.83 per 

cent. No difference in decay rate was found at the 5 

per cent significance level between Coniophora putearia 

and Peniophora phiebloides (Appendix J). These two 

fungi showed average we±ht losses of 16.39 and 15.50 

per cent respectively. Stereurn sanuino1entum was the 

least important decayer at 17 degree8 C. causing an 

average weight loss of 8.16 per cent. 

Deca:at2!derees 
Ç:, 

Lenzites saepiaria was the most important 

deca;rer at 24 degrees C. causing a weight loss of 31.06 

per cent of ovendry weight. Coniophora puteana and 

Peniophora phiebloides were second and third in impor- 

tance, with average decay percentages of 20.143 and 16.93 

per cent respectively. Stereurn sanguinolentum was the 

least important decayer, with an average weight loss of 

8.06 per cent. 

Decay at 31 degrees C. 

At the 5 per cent significance level, no aignifi- 

cant difference was found between decay rates by 



Lenzites saepiaria and Coniophora puteana, the principal 

decayers at this temperature, which showed weight losses 

of 38.G and 37.79 per cent re.3pective1 (Appendix I). 

Peniophora ph].ebioides was third in importance showing an 

average weight loss of 26.54 per cent, and Stereuni 

sanguinolentuin was the least important decayer with an 

averae weight loss of 5.01 per ceflt. 

Decay at 38 degrees C. 

Peniophora phiebioldes was the only fungus to 

cause considerable decay at this high temperature. An 

aveiage weight loss of 15.62 per cent was recorded for 

this fungus and 2.95 per cent for Lenzites saepiaria. 

Neither Coniophora puteana ncvStereuzn sanguinolentum 

caused any significant decay (Appendices G and H). 

Decay at 45 degrees C. 

No decay of significance took place at this 

temperature (Appendix F). 

The optirtum temperature for decay b:: Lenzites 

saepiaria was found to be 3]. degrees C. At this tempera- 

turc an average weight loss of 38.46 per cent was 

recorded. Optimum temperatures were the same for short 

tenn growth studies on malt agar as for long term decay 

studies on test blocks (Figures 6 and 7). This agreed 
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TABLE III 

AVERAGE DECAY PERCENTAGES1 OF LODGEPOLE PINE TEST BLOCKS 
BY FOUR SLASH-DECAYING HYMENOMYCETES AFTER A TWELVE WEEK 

INCUBATION PERIOD AT VARIOUS TEMPERATURES 

(Averages based on 6 replicates) 

Organism Temperature treatment degrees C. 
10 17 224 31 38 45 

Pe niopho ra 
phiebioldes 6.30 15.50 16.93 26.54 15.62 .76 

Lenz it e s 
saepiaria 6.4 22.83 31.06 38.246 2.95 i.8i 

Coniphora 
puteana 8.68 16.39 20.243 37.79 .33 .14 

Stereum 
sarigulrtolentuxn 3.40 8.162 8.06 5.01 .82e 2 

CONTROL3 .54 .i8 .30 .19 .39 .241 

1Percentages represent weight loss expressed as a 
percentage of initial ovendry weight. 

4Averages based on 5 replicates. 

3Averages based on 3 replicates. 

4Average based on 2 replicates. 
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Figure 5. The 1038 in weight due to decay by Peniophora 
phiebioldes of test blocks of lodgepcle pine 
at various temperatures at the end of 12 weeks. 
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The loss in we1ht due to decay by Lenzites 
saepiaria of test blocks of lodgepole pine at 
various temperatures at the end cf l2 weeks. 
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pine at various temperatures at the end of 
12 weeks. 
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with Lindbergs (11, p. 81) observations. 

In this study, Coniophora puteana had an optimum 

temperature for decay of 31 degrees C., approximately 

7' degrees C. higher than the optimum temperature for 

short term growth ori malt agar (Figures 8 and 9). The 

optimum temperature for decay by Peniophora phiebioldes 

was 3]. degrees C., between 24 and 7 degrees C. lower 

than the optimum temperature foi short term growth on 

malt agar (Figures )4 and 5). It is interesting to note 

that at 38 degrees C. Perilophora phiebloides was the 

only organism capable of' causing appreciable decay. The 

optimum temperature foi' decay by Stereum sanguinolentum 

appeared to be between 17 and 23 degrees C., which was 

slightly lower than the optimum temperature for short 

term growth on malt agar (Table III, Figures 10 and 

li). 



THE INFLUENCE OF TEMPERATURE ON ANTAGONISM BETWEEN FUNGI 

Antagonism 1 the inhibition of the growth of a 

particular organism by the presence of another. Most 

antagonistic effects are due to the production of 

specific metabolic products which are toxic to certain 

other organisms. These types of antagonism are expres- 

sed by a zone of clear medium between two colonies in 

Petri dish cultures. Part of the inhibitory effect on 

growth is due to competition for space and nutrients. 

This condition is generally expressed by a ceasing of 

growth along the line of contact of two colonies (8, 

p. 213). 

The possibility of antagonism as a factor contrib- 

uting to fungus distribution in lodgepole pine slash was 

Investigated on 2 per cent malt agar and on lodgepole 

pine test blocks. 

On 2 per cent malt agar 

Methods. The possible combinations occurring 

between the four test fungi may be summarized as fol- 

lows: 



Perilophora phiebloides X Lenzite saepiaria 
Penlophorà h1eb1o1des X Coniophora puteana 
Peii5Ti5i ebiR5Id X Stereurn sanulnolentum 
Lenzitei1aep1aria X Coniophora puteana 
ÏÏI1I aaeplariá X Stereum sanuino1enturn 
niphora putearia X Steeuin saníuinolentuin 

Isolatea number I of the cour te$t funji were 

plated and allowed to grow for about one week at room 

temperature to provide Vi;OrOU31.. rowin m, celium. 

The above com'd.nationa were then plated opposite one 

another near the ìarin of the subctrate. Five repli- 

cations per combination were prepared and incubated at 

10, 17, 24, 31, 38 and 45 de.;rees C. 

Antagonism aa expressed b:,r a zone of 

clear medium between coloniec was observed at 17 de . 

rees 

C. between Lenzites aaepiaria and Stereurn sanuinoIentum 

for each of the five rep1icate (Figure 13). Growth 

ceased a1on; tl'ie lirte of contact of these two organisms 

at 24 and 3]. de;;reeß C. lione of the other combinations 

exhibited antaßonism as expressed b; a zone of clear 

medium between colonies at anar of the temperature 

treatments, but in all cases :rowth ceased along their 

line of contact. Aerial rnycelium of Coniophora puteana 

frequent1, overran the other colony of the pair. 
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On 1odpo].e pine te$t b1ock 

Method3. Decay vessels and test blocks were 

prepared as previously descrIbed. Six combInatIons of 

fungi were Introduced into the decay bottles and allowed 

to grow at room temeratue for about a week. The test 

blocks were then placed In the decay bottles. Three 

replications were prepared per eombinatio, and incubated 

at 24 and 31 degrees C. 

Reeults. In all combinations Involving Penlo- 

phora phlebiolcies, the other funLus of the pair failed 

to colonize the test blocks succe8fully. Peniophora 

phiebloides however, rap1d1 invadeU the entire block 

(Figure 14 ) . Similarly, in the combinations involving 

Lenzites saepiaria and Stereurn cuInolentum, the lat- 

ter fungus failed to get established. Ctereum sanguino- 

lenturn also failed to get established in combination 

with Coniophora Successful colonization of 

both Lerizitea saepiarla and Con.iophora puteana occurred 

at 31 degrees C. (Figures l4 and 15). 

Deca.: percentages b; fungus combinations corre- 

sponded closely with decay percentages by the pure 

cultures of the predominating fungus at 24 and 31 

degrees C. Decay caused b the combination of Lenzites 

saeplarla ana Coniophora puteana was appreciably less 



s--, 

than deca:; by the pure cultures of eIther of these 

two fungi at 21 and 3]. degrees C. (Tables ZU and Iv). 
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Figure 13, The effect of terature on antagoniam 
between Lsnzita saepi.aria and Sterewa 
anguinolenturn oziT per cent maTfTàar. 



Pigure 1. Lodgepole pine test blocks showing the 
effects of the activitr of paired combina- 
tion of four slash-inhabiting hymenonrcetec 
after 12 weeks of incubation at 31 degrees 
C. 
Peniophora phlebioides P.p. 

nzitea saepiaia L.s. 
oniolora puteana C.p. 

Stereuzn sanguinôlenturn S.s. 
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TABLE IJ 

AVERAGE DECAY PERCENTAGES OF LODGEPOLE PINE TEST BLOCKS 
BY PAIRED COMBINATIONS OF FOUR SLASH-DECAYING 

HYMENOMYCETES AFTER A TWELVE WEEK INCUBATION PERIOD AT 
2k AND 31 DEGREES C. 

(Averago3 based on 3 replicates) 

Combinations of fungi Temperature treatment 
degrees C. 
2k 

.. phiebioldes X C. puteana 16.28 23.31 

.. phiebloides X L. saepiaria 15.35 31.i9 

L. puteana X. S. Banguinolentum 17.17 32.57 

L, saepiaria X C. puteana 17.20 30.63 

P. phiebloides X S. suino1entuni 17.28 29.27 

L. saepiaria X S. sanguinolentwn 31.00 kO.44 



HISTOLOGICAL STUDIES 

In a stud, to detennine relationships between 

treq*tcy of hyphal penetration per unit area of 

tracieid wall axd degx*e of decay of spruce and pine 

wood by e1ected funpi, Zytha and Brand (23, p. 1ll4l9) 

found no h; phal penetz'*tions by Coriiophora puteana and 

Lenzites saepiaria. The po$6ibility of a relationship 

between deca:r irLten$ity and tracheid wali penetration 

by hyphae of Peniophora phiebioldes, Stereun saruino- 

lenturn, Lenzites saepiaria and Coxiiophora puteana was 

investigated. 

1ethodz 

The test blocks were separated into their indie 

vidual cellular components br.T macoration, using 

Franklin's method as outlined b Tilson (22, p. 22). 

The block8 were split into match size pieces which were 

then placed in a solution consisting of equal parts of 

glacial acetic acid and 6 per cent hydrogen peroxide. 

The solution containing the pieces was heated to 60 

degrees C. for k8 hours . The pieces were removed from 

the solution and washed overnight in running water. 

They were then carefull:; teased apart and placed In a 

strong Safranin O solution for a week. The fibers were 
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washed and mounted in Karo zrp. The cover slides 

were sealed with nail polish and the slides were 

examined under the microscope. 

Re suits 

er: few hyphae were found penetrating tracheid 

walls, even in test blocks which had lost an average of 

33.46 per cent of their oven dry substance by decay. 

The abundance of pits in the radial walls of spring wood 

tz'acheids of lodgepole pine provides ample access to 

adjacent tracheids íor fungus hyphae ( Fiue lb ) . This 

may he a contributing factor to the lack of hyphal pene- 

trations of tracheid walls. Lae accunulations of 

hyphae of Lenzites saepiaria were found in onlF a small 

number of tracheids and tracheld fibers (Figure 17). 

aeneraily, only a few hyphal strands øre visible in the 

tracheids decayed by the four test fumi. Results of 

this experiment confirmed observations r Zyoha and 

Bxand (23, p. 41i419) that Ìiyphal penetratia of 

tracheid walls by Coniophora puteana and Lenzltes 

saepiaria are unconmion. Results further suest that 

hyphae of Peniophora p1ebioides and Stereum an'uino1cn- 

tuin do not as a rule penetrate tracheid walls, at least 

within the limits of a 12 week incubation period. 
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Pigure 16. Radial view of springwood tracheids of lodge- 
pole pine. X175. 

417 T 
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./ 

Flgurs 17. Hypha. of Lenzites saeplaria in lodgepole 
pine tracheid. X225. 
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COI WLUS IONS 

Optiniurn temperature$ were approximately the carne 

for çrowth rate on agar a for rate of decay of lodgepole 

pine teSt blocks for Lenzites saepiaria and Stereuni 

$anguinolentum. However, appreciable differences were 

found between cardinal temperatures of gzowth rate on 

agar and decay Intensity of wood for ?niophora 

phiebloldes and Conlophora p.tteana. The opt1raun tempera- 

ture of Penlophora ph1eb1oides was between 4 and 7 

degrees C. lower for decay than for growth rate on agai'. 

On the cther hands the optimum temperatiwe of Coniophora 

was approximately 7 degrees C. higher for decay 

than for gr'owth rate on agar. 

Zarites saeplarla wa the most frequently iso- 

lated funs from seven-year-old lodgepole pine slash, 

and it was the most important docayer of lodgepole pine 

teat blocks in 'T1t3. 

92hora phiebloidos (Figure 3), only recently 

described and relatively unknown (13, p. 207-208), was 

equally as importt as Coniophora puteana as a decayer 

of lodgepolo pine test bloci. tt is the only fungus 

knom to be caable of Causing appreciable decay of 

lodgepole pine wood at temperatures as h1gÌ as 38 degrees 

C. 



Although Stereum sanguínolenturn was frequently 

Isolated from sevenyear-old lodgepole pine slash, its 

decay capacIty in vitro was appreciably below that of 

the other three test fungi. 

Results of this study present strong evidence 

that temperature is indeed an important factor influeno- 

Ing the distribution of fungi In lodgepole pine slash. 

Tests on malt agar showed that temperature may 

influence antagonism between two fungi. It is unlikely 

that antagonism between Lenzites saepiaria and Stereum 

cang4nolentum at 17 degrees C. contributes to the fungus 

distribution in lodgepole pine slash. 

Antagonism tests on test blocks were carricd out 

at 2L and 31 degrees C. The three fungI that were paired 

wIth Peniophora phlebioides failed to get successfully 

established in the test blocks. This may undoubtedly be 

contributed to the extremely rapid growth of Peniophora 

1ebioIdes at these temperatures. 

The teat fungi paired with Storeum sanguinolentum 

prevented this slow growing fungus to colonize the test 

blocks (Figure 1k). 

Decay by the combination of Lenzites saeplaria 

and Coniophora puteana at 31 degrees C. was considerably 

less than decay caused by pure cultures of either 

Lenzites saepiaria or Coniophora puteana at this 



temperature. 

Test blocks inoculated with combinations of 

Lenzites saeplaria and Coniophora puteana showed an 

interesting contrast in appearance at the end of the 

12 week incubation period (Piures 1k and 15). Although 

both fungi produce brown cubical rots, the earlier 

stages of decay appear quite unlike each other. 

Attempts to estimate decay intensity by micro- 

scopie examination or the tracheids were unsuccessful. 

No h3jphal penetrations of tracheid walls could be 

found fot' any of the test fungi. 
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APPENDIX A 

WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY FOUR 

CULTURAL ISOLATES OF PENIOPHORA PHLEBIOIDES AFTER 
12 WEEKS OF INCUBATION AT VARIOUS TEMPERATURES 

Tempera- Isolate 
ture I II III IV 

lo 8.39 7.80 .66 6.33 
6.55 
3.10 

17 20.06 12.97 12.72 13.02 
19.09 
15.12 

24 17.39 16.90 14.09 15.01 
17.09 
21.11 

3]. 29.81 23.63 26.94 26.17 
26.92 
25.74 

38 16.64 14.91 9.04 21.06 
21.06 
10.99 

45 .62 .52 1.42 .90 
.72 
.39 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Among isolates 41.2193 3 13.7398 .1671 
Within Isolates 2630.7658 32 82.2114 
Tota]. 2671.9851 

Hypothesis: The population means of Isolates I, II, III, 
and 1V of Pertlophora phiebloldes are the 
same. 

Significance level: 5 per cent 
Critical region: F > 2.9055 with 3 and 32 degrees of 

freedom. 
Conclusion: Since the F value at .1671 with 3 and 32 

degrees of freedom lles outside the critical 
region, the hypothesis is accepted. 
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WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL 
OVENDRY WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO 

DECAY BY FOUR CULTURAL ISOLATES OF LENZITES 
SAEPIARIA A?PER 12 WEEKS OF INCUBATIOg AT 

VARIOUS TEMPERATURES 

Tempera- Isolate 
ture I II XXX IV 

10 5.02 5.1k 99 6.79 
6.67 
8.09 

17 25.99 31.33 159 24.89 
i8,6 
20.63 

24 29.97 
32.24 

37.40 22.66 27.76 

36.30 
3]. 44.38 41.48 19.28 38.55 

45.68 
4i.41 

38 .43 4.87 3.29 2.56 
2.10 
4.45 

45 .15 4.67 .56 5.19 
! 31 
.00 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Among 1so1ater 291.9067 3 97.3022 .3926 
Within lsolate2 7931.7934 32 247.8685 
Total 8223.7001 

Hypothesis: The population means of Io1ate I, II, III, 
and IV of Lertzltes aepiaria are the 8arne. 

Significance level: 5 per cent 
Critical region: P > 2.9055 wIth 3 and 32 degrees of 

freedom. 
Conclusion: Since the F value at .3926 WIth 3 and 32 

degrees of freedom 11es out1de the critical 
region, the hypotheaiz is accepted. 
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APPENDIX C 

WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 
FOUR CULTURAL ISOLATES OF CONIOPHORA PUTEANA AFTER 

12 WEI OF INCUBATION AT VA1IOUS TT!URES 

Tempera- Isolate 
ture I II III IV 

lo 6.3k 8.06 8.25 7.21 
8,35 
13.86 

17 13.58 19.66 15.08 18.16 
14.90 
16.97 

24 16.62 2r.78 16.08 27.05 
19.16 
15.8 

31 38.09 45.61 32.50 43.94 
33.14 
33.48 

38 .54 .5 .45 .03. 

37 
.03 
.00 .00 .60 .08 
.13 
.00 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of Mean 
varIation squares freedom square F 

Among Isolates 121.6465 3 40.5488 .2032 
Within Isolates 6384.7405 32 199.5231 
Total 6506.3870 

Hypothesis: The population means of Isolates I, II, III, 
and IV of Coniophora puteana are the same. 

Significance level: 5 per cent 
Critical region; F > 2.9055 wIth 3 and 32 degrees of 

freedom. 
Concluaion: since the F value at .2032 with 3 and 32 

degrees of freedom lies outside the critical 
region, the hrpothesis Is accepted. 
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APPENDIX D 

WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 
FOUR CULTURAL ISOLATES OF STEflEUIi SANGUINOLENTIJM AFTER 

12 WEEKS OP INCUBATION AT VARIOUS TEMPEIIATtJRES 

Tempera- Isolate 
ture I II III IV 

10 3.02 5.2k 3.80 1.65 
92 

2.80 
17 7.81 12.33 10.10 2.59 

7.96 

24 6:43 16.08 7.36 7.11 
6.09 
5.28 

31 5.00 7.92 5.03 1.97 
5.20 

38 
4.93 
.83 1.01 1.42 -- 
.79 
07 
.00 .8 6 
.25 
05 

ANALIS 0F VARIANCE 

Source of Sum of' Decrees of Mean 
variation squares freedom square F 

Amonh isolates 63.6261 3 21.2087 1.5272 
Within isolates 402.734k 29 13.8874 
Total 466.3605 

hypothesis: The population means of Isolates I, II, III, 
and Iv Of Stereum saníu1no1enturn are the 
s are. 

Significance level: 5 per cent 
Critical region: F > 2.9340 with 3 and 29 degrees of 

freedom. 
Conclusion: Since the F value at 1.5272 sdth 3 and 29 

degrees of freedom lies outside the critical 
region, the hypothesis is accepted. 
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APPENDIX E 

WEIG}IT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGE POLE PINE TEST BLOCKS DUE TO THE DECAY 

BY FOUR SLASH-INHABITING HYMENOMYCETES AFTER 12 
WEEKS OF INCUBATION AT VARIOUS TEMPERATURES 

Iso- Temperature treatments degrees C. 
Organism late 10 17 24 31 38 145 

P. phiebloldea X 8.39 20.06 17.39 29.81 16.614 .62 
X 19.09 17.09 26.92 21.06 .72 
I 3.10 15,12 21.11 25.74 10.99 .39 
II 7.80 12.97 16.90 23.63 114.91 .52 
III 5.66 12.72 114.09 26.94 9.04 1.142 
IV 6.33 13.02 15.01 26.17 21.06 .90 

L. saepiaria I 5.02 25.99 29.97 144.38 .43 .15 
I 6.67 18.65 32.2)4 45.68 2.10 .31 
I 8.09 20.63 36.30 141.141 k.4 .00 
II .i4 31.33 37.140 ki.148 4.87 14.67 
III 6.99 1 .49 22.66 19.28 3.29 .6 
Iv 679 2,89 27.76 38.55 2.56 5.19 

C. puteana I 6.314 13.58 16.62 38.09 .54 .00 
I 8.35 114.90 19.16 33.114 .37 .13 
I 1 .86 16.97 15.89 33.148 .03 .00 
II .06 

8.25 
19.66 
1.08 

27.78 45.61 .57 .00 
III 16.08 32.50 .45 .60 
IV 7.21 1 .16 27.05 43.914 .01 .08 

sanguino- 
.. 

leiitum I 3.02 -- 6.143 5.00 .83 .00 
I 3.92 781 6.09 7.20 .79 .25 
X 2.80 7.96 5.28 .93 .07 .05 
II 5.214 12.33 16.08 7.92 1.01 .48 
III 3.80 10.10 7e36 5.03 1,42 .6 
Iv 1.65 2.59 7.11 1.97 -- -- 

CONTROL .014 -- .01 .47 .61 .5 
1.43 .22 .41 .01 .18 .3 
.114 .15 .149 .08 .39 .33 
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APPENDIX E cont'd 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees Mean 
variation squares of freedom square F 

Temperature 10494.8435 5 2098.9687 165.1457 
Organism 5330.3080 4 1332.5770 104.8464 
Interaction 5748.4654 20 287.4233 22.6143 
Error 1626.8493 128 12.7098 58.5310 
Total 44774.0831 157 285.1852 

i) Hypothesis: The population means of the six 
temperature levels are the sanie. 

Significance level: 5 per cent 
Critical region: F > 2.2900 with 5 and 128 degrees 

of freedom. 
Conclusion: Since the F value, at 165.1457 with 5 

and 128 degrees of freedom lies inside 
the critical region, the hypothesis IS 
rejected. 

ii) Hypothesis: The population means of the five 
organisms and contro]. levels are the 
same. 

Significance level: 5 per cent 
Critical region: F > 2.4472 with 4 and 128 

degrees of freedom. 
Conclusion: Since the F value at 104.8464 with 4 

and 128 degrees of freedom lies within 
the critical region, the hypothesis is 
rejected. 

iii)Hypothesis: There exists no interaction between the 
two factors. 

Si.nificance level: 5 per cent 
Critical region: F > 1.6587 with 20 and 128 

degrees of freedom. 
Conclusion: Since the F value at 22.6143 with 20 

and 128 degrees of freedom lies inside 
the critical region, the hypothesIs IS 
rejected. 



56 

APPENDIX F 

WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 

FOUR SLASH-DECAYING HYMENOMYCETES AFTER 12 WEEKS OF 
INCUBATION AT ¿15 DEGREES CENTIGRADE 

Organi m 
Stereurn 

Peniophora Lenzites Coniophora sanuino- Con- 
ph1eb1oíis saepiarIa puteana lentuin tro]. 

.62 .15 .00 .00 .57 
Observa- .72 .31 .13 .25 

tions .39 .00 .00 .05 .33 
.52 ¿.67 .00 .!8 

1.42 .6 .60 
.90 5.19 .08 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Among sample 10.4683 14 2.6171 1.7879 
Within sample 30.7388 2]. 1.4638 
Total 41.2071 

Hypothesis: The population means of the four organisms 
and the control are the same. 

Significance level: 5 per cent 
Critical region: F > 2.8401 with 4 and 21 degrees of 

freedom. 
Conclusion: Since the F value at 1.7879 with k and 21 

degrees of freedom lies outside the 
critical region, the hypothesis is 
accepted. 
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WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 
THREE SLASH-DECAYING HYMENOMYCETES AFTER 12 WEEKS OF 

INCUBATION AT 38 DEGREES CENTIGRADE 

Oran1sm 
Leazites Coniophora Stereuni 
saepiaria puteana sanguiriolentuin Control 

.43 .54 .83 .61 
2.10 .37 e79 .18 

Observa- 4.45 .03 .07 .39 
tions 4.87 .57 1.01 

3.29 .45 1.42 
2.56 .01 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of 
variation squares freedom 

Among sample 2.5458 3 
Within sample 14.6391 16 
Total 40.18149 

Hypothesis: The population means of 
and the control are the 

Significance level: 5 per cent 

Mean 
square F 

8.5153 9.3074 
.9149 

the three organisms 
same. 

Critical region: F > 3.2389 with 3 and 16 degrees of 
freedom. 

Conclusion: Since the F value at 9.3074 with 3 and 16 
degrees of freedom lies within the critical 
region, the hypothesis is rejected. 
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APPENDIX H 

WEIGHT LOSSES EXPRESSED AS PERCTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 

TWO SLASH-DECAYING HYNENOMYCETES AFTER 12 WEEKS OF 
INCUBATION AT 38 DEGREES CENTIGRADE 

Organism 
Coniophora Stereum 
puteana sanguinolentum Control 

.83 .61 

.37 .79 .18 
Observations .03 .07 .39 

.57 1.0]. 

.45 1.42 
01 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Among sample .7307 2 .3654 2.9515 
Within sample 1.3621 11 .1238 
Total 2.0928 

Hypothesis: The population means of the two organisms 
and the control are the saine. 

Significance level: 5 per cent 

Critical region: F 3.9823 with 2 and 11 degrees of 
freedom. 

Conclusion: Since the F value at 2.9515 with 2 and 11 
degrees of freedom lies outside the critical 
region, the hypothesis is accepted. 
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APPENDIX I 

WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT 0F LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 

¶LO SLASH-DECAYING HYMENOMYCETES AFTER 12 WEEKS OF 
INCUBATION AT 31 DEGREES CENTIGRADE 

Observations 

Hypothesis: 

Organism 
Lenzites 
saepiaria 

44,38 
145,68 
41.41 
41.148 
19.28 
38.55 

LEAST SIGNIFICANT 

s2(i 2) 

Coniophora 
puteana 

45.61 
32.50 
43.94 
38.09 
33.14 
33.48 

The population means of the two organisms 
are the same. 

Significance level; 5 per cent 

Critical regions: t K - 2.228 
t > + 2.228 with 10 degrees of 

freedom. 

Conclusion: Since the t value at .1429 with 10 
degrees of freedom lies outside the 
critical regions, the hypothesi8 is 
accepted. 
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APPENDIX J 

WEIGHT LOSSES EXPRESSED AS PERCENTAGES OP INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 
TWO SLASH-DECAYING HYMENOMYCETES AFTER 12 WEEKS OF 

INCUBATION AT 17 DEGREES CENTIGRADE 

Organism 
Peniophora 
phlebloides 

20.06 
19.09 
15.12 

Observations 12.97 
12.72 
13.02 

LEAST SIGNIFICANT DIFFERENCE 

Y-Y 
t 

y;;2 

Coniophora 
puteana 

13.58 
1Li.9O 

16.97 
19.66 
15.08 
18.16 

Hypotheßls: The population means of the two organisms 
are the same. 

Significance level; 5 per cent 

< -2.228 Critical regions: t 
+2.228 with 10 degrees of 

freedom. 

Conclusion: Since the t value at - .5422 with 10 
degrees of freedom lies outside the 
critical regions, the hypothesis is 
accepted. 
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WEIGHT LOSSES EXPRESSED AS PERCENTAGES OF INITIAL OVENDRY 
WEIGHT OF LODGEPOLE PINE TEST BLOCKS DUE TO DECAY BY 
THREE SLASH-DECAYING HYMENOMYCETES AFTER 12 WEEKS OF 

INCUBATION AT 10 DEGREES CENTIGRADE 

Organism 
Perilophora Lenzites Coniophora 
phiebloides ¡Tira puteana 

8.39 5.02 6.34 
6.55 6.67 8.35 

Observations 3.10 8.09 13.86 
7.80 .i4 8.06 
5.66 6.99 8.25 
6.33 6.79 7.21 

ANALYSIS OF VARIANCE 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Among sample 21.2384 2 10.6192 2.6823 
Within saniple 59.3842 15 3.9589 
Total 80.6226 

Hypothesis: The population means of the three organisms 
are the same. 

Significance level: 5 per cent 

Critical region: F > 3.6823 with 2 and 15 degrees of 
freedom, 

Conclusion: Since the F value at 2.6823 with 2 and 15 
degrees of freedom 11es outside the critical 
region, the hypothesis is accepted. 


