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ABSTRACT 

The cffccts of dwarf n~istletoc (Arccuthobizlm americanurn Nutt. ex. Engelrn.) on the 
wood properties of lodgepole pine (Pintls contorta Dougl.) were studied. The resnlts 
indicate: a decline in modulus of elasticity, niodulus of rupture, and work to proportional 
limit in both infected and noninfected wood from the infected trees; a higher specific gravity 
of the infected wood; a higher percentage of alcohol-benzene extractives in the infected 
wood; an increase in longitudinal shrinkage in both infected and noninfected wood from the 
same tree; a lower percentage of latewood in wood from infected trees; no significant 
difference in growth ring width between infected and control wood; narrower growth rings 
in the noninfected regions of infected trees; a decrease in tral-heid length in both infected and 
noninfected wood from the same tree; an increase in microfibril angle in both infected and 
noninfected wood from the same tree. 

This is thc first study to show that both infected wood and noninfected wood from the 
sante tree arc definitely inferior to wood from r~oninfectetl trees in strength and longitudinal 
shrinkage characteristics. 

Atlditional kc.!lworcl.~: Pinfts contorttr, modulus of elasticity, specific gravity, longitudinal 
shrinkage, ~liicrofibril angle, tracheid length, extractives content, static tests, flexural strength. 

INTRODUCTION 

Ilwarf mistletoe (Arceuthobium ameri- 
crr~lutt~ Nlitt. ex. Engelm.), n parasitic plant, 
causes serio~is damage to lodgepole pine 
( Pin11 Y contorta Dougl. ) throughout much 
of the \Vest, Dwarf mistletoes, in general, 
have recently been nlonographed by Hawks- 
\vorth and Wiens (1972). Surveys in Colo- 
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rado, \Vyoming, central Idaho, and western 
Sfontana show that from one-third to one- 
half of the commercial lodgepole pine is 
affected to sorne degree (Gill and Hawks- 
worth 1964). Colorado and Wyoming 
surveys indicate that in merchantable 
timber, dwarf mistletoe is responsible for 
about one-third reduction in growth and a 
marked increase in mortality (Gill and 
IIawksworth 1964; Kimmey and Graham 

1960). In terms of general impact it has 
been stated that no extensive areas of 
coniferous forests in the Northern Rocky 

Mountain or Intermountain regions are 

completely free of one or more of the dwarf 

lilistletoes ( Kimmey and Graham 1960). 
The most effective means of control is to 

remove infected trees from the stand 
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(Childs nncl IVilcox 1966; Smith 1970). 
Clften this leads to clearcutting an entire 
stand of trees (Heidmann 1968). The logs 
from this clenrcutting operation are then 
sent to production centers to become lum- 
ber, paper, or some otlier type of wood 
product. 

There Ilas 1)ern relatively Iittlr: research 
conducted to determine the effects of tlwarf 
niistletoe on the woocl properties of' ally 
particular tree species. Heca~lse lodgepole 
pine is one of the most severely attacked 
tree species in the Kocky Mountain region, 
;I study was undertaken to investigate the 
rffects of dwarf mistletoe on the anatom- 
ical, chemical, and mechanical properties of 
lorlgepole pine wood. 

Siunple material was collected f'rorn a site 
located in  the Roosevelt National Forest, 
one mile sonth of Glendevey, Colorado 
(S\V1/I, N\T'?/L, Section 34, TION, R76IV, 6th 
P.l.1.). Tlle site was cllaracteristic of a stand 
moderately to severely infected with dwarf 
inistletoe.:' I3olts 48 inches long were col- 
lected from the bottom ten fect of each 
tree. Ten I~olts ca~ne  fro111 noninfected 
trees. Twelve pairs of bolts containing 
infected and noninfected wood canie from 
trees infected with dwarf mistletoe. All 
l~olts came froin a stand of trees of approxi- 
mately the samc: age ( 80 to 100 years 1. 

'Two sets of test specimens ( 2  x 2 x 14 
inches) werc c l ~ t  from the infected bolts. 
Fol-ty-fo~~r test specimens were c i ~ t  from the 
noninfected region of the bolts, and 43 test 
specinlens were cut from the infected rcgioil 
(area of swelling) of the Ijolts. The test 
specinlens were cut so as to end-match 

specimens from the infected region with 

specimens from the noni~~fected region. 

Infected bolts, however, were swvollen to 
such a11 extent that end-matching of test 

specimens in relation to the radius of the 

tree was difficult. A third set contail~ing 56 

Personal communication from F. C. Hawks- 
\\ o~.tIl 15 June 1971. 

test speci~nons was obtained from the ten 
i~oninfected trees. All test specimens were 
cut from the outer 30 growth rings of the 
trec and consisted entirely of sapwootl. 

The test specimens were coilditiorled to 

12% cqnili1,rium moisture content. This 
material was used for the following tests: 
(1) bendling strength, (2 )  specific gravity, 
( 3 ) alcohlol-benzene extractive content, ( 4 )  
longitndinal shrinkage, (5) growth ring 
width, ( 6 )  percentage of late\vood, (7 )  
fibril angle, (8) tracheid length, aild ( 9 )  
tracheid o~rientatioa. 

Three categories were establisl~ed: ( 1 )  
infected wood, ( 2 )  noninfected woocl from 
infected trees, and ( 3 ) control wood (wood 
from noninfected trees). Comparisons were 
lnacle using a one-way analysis of variance 
as the test- of significance. 

Static henrling. After the specinlens had 
reached a. constant moisture content ( 12% ) , 
they m7ere cut to 0.5 x 0.5 x 8 inches and 
tested for bending strength on an Illstron 
testing machine. The 1 x 1 x 16-inch 
ASTAf standard l~ending specimens could 
not be obtained because of the limited oc- 
currence of dwarf mistletoe in the test 
specilnens, so speciinen size was changed in 
order to insure infection throughout the 
static bjending test specimen. ASTM's 
reconinlendation for a span-to-depth ratio 
of 1 to 14 was retained ( ASTRt 1970). 

The radii~s of curvatme of the bearing 
1)lock was 0.75 inches. This size showed the 
least compression on the static bending test 
specirllel~. Two metal plates (0.5 x 3 
inches) 1;vere placed at each of the supports 
to prevent cornpression from occurring at 
the supports as the load was being applied. 
Tlle load was applied continuously at a rate 
of 0.05 incbes per minute. Moisture content 
was determilled for each test specimen after 
the test. Other procedures pertaining to 
static 1)endirig followed the ASTM Stan- 
dards ( 1~970). 

The following strength properties were 
calculated upon completion of the static 
bending tests; inodulus of rupture, modulus 

of elasticity, work to proportional limit, and 
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work to maximum loacl. Work to n~axinlum 
load was determined with a polar planim- 
eter. All stre~lgtli values were corrected to 
12%) nloisture content. The number of rings 
per inch was recorded for each test speci- 
111e11. 

Specific gnloit!~. 13locks, 0.5 x 0.5 x 2 
inches, were cut from the ends of the static 
I~ending test specimens. These specimens 
were utilized to determine both moisture 
contcnt and specific gravity. The displace- 
mmt  method ( ASTM 1971) was utilized in 
determining specific gravity, based on 
green volume ant1 oven-dry weight. Specific 
gravity measurements were also made on 
the longitudinal shrinkage test specimens 
(0.5 x 0.5 x 6 inches). 

Alcohol-herzzeiw extractioe content. Alco- 
hol-l)enze~~e solubility content of wood is a 
measure of the waxes, fats, resins, and 
certain other ether-insolulde components. 
Alcohol-l~enzene extractive conte~lt was 
detenniiled b y  combining each of the 
specific gravity specimens-from each bolt 
and using this as the source material for the 
Tappi Stand:lrd ( 1959 ) extraction proce- 
clure. Consequently, a. value for the bolt 
was ol~tained rather than ;I value for each 
test specimen. Ten grams of wood ground 
to a 40/60 mesh were then placed into a 
Soshlet estractor and extracted successively 
with ethanol-benzene for 18 h and 95% 
cthanol for 16 h. 

Longitutlincil .shrinkage. Longitudinal 
slirii~kage measurements were made on 20 
tcst specimerls (0.5 x 0.5 x 6 inches) for 
cach category. These test specimens were 
taken from the same area of the tree as were 
the static be~lding test specimens. Measure- 
mrnts m7ere made with the specimen green, 
oven-dry, and at equilibrium moisture con- 
tents of 15, 12, and 6%. Shrinkage is 
c~spressetl as a percentage of green length. 

L4nato~nical structure. Five static bending 
test specimens were selected from each of 
the categories : infected, noninfected, and 

colitrol. Anatomical test speciinens (0.25 x 
0.25 x 0.50 inches) were cut from the static 

iron h:tematoxylin-bismarck brown staining 
schedule and permanently mounted (Jensen 
1962). Growth ring width and percentage 
of latewood were studied with a Reichert 
Visopan microscope at 100x. 

After thiese n~easurements had been ~ i ~ a d e ,  
each spec:imen was split radially along the 
same line where the ring width measure- 
ments had been made. Latewood was 
separated from one of the split halves and 
nlacerated in n warm mixture ( 1:l by vol- 
ume) of glacial acetic acid and 30% hydro- 
gen peroxi.de (Tsoumis 1968; Wilson 1954). 
Tracheicl length was measured micro- 
scopically ( 3 5 ~ )  on 10 cells mounted in 
water from each latewood portion of the 
growth increme~lts from each specimen. 
Five growth increments were studied from 
each specimen. 

Radial s,ec:tions (five from each category) 
were taken from the same line where the 
ring width measurements had been made 
using the other half of each split anatomical 
specimen. The sections, 25 pm thick, were 
stained in safrailin for five minutes and 
permanen-tly mounted. Within the latewood 
zones of each radial section, fibril inclination 
was determined by measuring the angle 
between the longitudinal axis of the 
tracheids and the slit-like pit apertures in 
the cross fields (Hiller 1964; Shumway et al. 
1971). The restriction to latewood tra- 
cheicls was due to the relative ease of mea- 
suring the microfibril angle. Measl~rements 
were m:ldle on a Reichert Visoparl micro- 
scope at 3 4 0 ~ .  

LlESULTS AN11 DISCUSSION 

The presence of dwarf mistletoe on lodge- 
pole pine results in definite changes in the 
growth patterns of the tree. These changes 
are reflected in the anatomy and chemistry 
of the wood cells, which together affect the 
strength and shrinkage properties of the 
wood. These changes in strength, chem- 
istry, shrinkage, and anatomy of wood are 
quantified ancl discussed below. 

l~ending test specimens. Cross sections 30 Static bending 

to 3ij pm thick were cut on a sliding In three of the four strength properties 
microtome, stained with Heidenhain's measured, a significant difference was 
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TABLE 1. Stutistical slrmmary of static bending data 

Prope r t y  Mean Standard Standard Range 
D e v i a t i o n  E r r o r  o f  

t h e  mean 

MOE ( x 1 0 6 p i )  

MOR (x103ps i )  

where: 

X i  = I n f e c t e d  ( s a m ~ l e  s i z e  43) 
X; =  on-infected i sample  s i z e  44) 
X j  = Con t ro l  (sample s i z e  56) 
X4 = Pub l i shed  va lues taken f rom Wood Handbook (USDA 1955) 

observed between infected wood and values for modules of elasticity were found 
co~~tro l  wood. A significant difference: was in ~nistletoe-infected wood when compared 
also observed in each of the four strength to colltrol wood, with 16% lower values for 
properties between noninfected wood from I-~oninfectc:d wood. Nineteen percent lower 
an infected tree and control wood (see values for modulus of rupture occ1irrc.d in 
Ta1,les 1 and 2 ) .  Thirty-nine percent lower ~nistletoe--i~~fected wood cornpared to con- 

TABLE 2. Slrl~~niary of "F" t;u/rir~.r fo i  anal!lsis of z;ariance ( Static hending)  

Source o f  MOE MO R 
V a r i a t i o n  W ~ l  'max 

I n f e c t e d  vs. 
n o n - i n f e c t e d  38.11f* 18.48** 

I n f e c t e d  vs 
Con t ro l  

Non - In fec ted  vs. 
Con t ro l  32.73** 

NS = N o t  S i g n i f i c a n t  
* * S i g n i f i c a n t  a t  0.01 l e v e l  

* S i g n i f i c a n t  a t  0.05 l e v e l  
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-- -- -. - 
P r o p e r t y  S a m p l e  iiiean Standdrd  Standard  Range 

S i ze  D e v i a t i o n  E r r o r  o f  

--- t h e  Mean 

S p e c i f i c  g r a v i t y  #1  ( s t a t i c  bend ing specimens) 

Co r rec ted  S p e c i f i c  G r a v i t y  # l  ( s t a t i c  bend ing s p e c i ~ n e n s ) ~  

S p e c i f i c  g r a v i t y  k2 ( L o n g i t u d i n a l  sh r i nkage  specimens) 

A1 coho1 -benzene e x t r a c t i v e  c o n t e n t  (%)  

Where: 
X1 = i n f e c t e d  
X2 = Non- i n fec ted  
X3 = Con t ro l  
X4 = Pub l i shed  va lues  t aken  f r om Wood Handbook (USDA 1955).  

a .  
i n d i v i d u a l  s p e c i f i c  g r a v i t y  va lues  c o r r e c t e d  u t i l i z i n g  t h e  equa t j on  

Sp. Gr.COrr = Sp. Gr.  

1  +EC 

where: 
EC = e x t r a c t i v e  c o n t e n t  o f  each b o l t  

Sp. Gr. = s p e c i f i c  g r a v i t y  

trol wood, with 6% lower values for non- 
infected wood. Sixteen percent lower 
valnes for work to proportional li lni t were 
follnd in mistletoe-illfected \vood when 
conlparetl to control \vood, with 10% lower 
\7ahles in ~loninfected wood. No significant 
difference occurred in work to proportional 
li~nit l)et\veen illfected and noninfected 
~7ood fro111 the same tree. Eleven percent 
lower values for work to rna~i lnun~ load 
were seen ill noi~infected woocl as compared 
to control \vood. However, no significant 
tlifference was seen in work to rnaxj~num 
load, 1)etween infected and noninfccted 
woocl and between infected and control 

woocl. The reason for  this nlay lie in the 

sl lapr  of the stress-strain curvcs. The curves 

in the infected category increasetl slowly 
,unrl flattenc~l out l~eyond the proportional 
limit, while tlie curves in the control cate- 

gory incrc-a1,etl rapidly. A balancing effect 
resn1tc.d in comparable total areas beneath 
the curves of the different categories 
I)ecan\e of this difference in curve \hape. 

Specific gnluity 

Results from both specific gravity trials 
,ue \how11 in Tables 3 and 4. Ne,lrly 10% 
greater \,slues for specific grnvity were seen 
in infected wood as compared to control 
\vood. 111 both trials there was no siqnificant 
clifferencc in specific gravity between the 
noninf ccttd and control categories. I Iow- 

ever, a di\crt:pancy existed between the 
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TABLE 4. Suminary of "F" v(12t~es for analysis of variance ( s~~cc i f i c  grc1z;ity clnd alcohol-bet~zene 
oxtractive content) 

Source o f  
V a r i a t i o n  

S p e c i f i c  
Grav i t y  #1 

Spe~zi f i  c  
G r a v i t y  #2 

A1 cohol-Benzene 
E x t r a c t i v e s  

I n f e c t e d  vs. 
Non-Infected 

I n f e c t e d  vs. 
Contro l  

Non- In fected vs. 
Contro l  

NS = Not s i g n i f i c a n t  
** = S i g n i f i c a n t  a t  0.01 l e v e l  
* = S i g n i f i c a n t  a t  0.05 l e v e l  

two trials when infected wood and non- 
infected wood from the same tree were com- 
pared. 

Another discrepancy existed between the 
static bending results and specific gravity 
results. Specific gravity was greatest in 
infected wood. 'This suggests that infected 
wood should have higher clear-wood 

strength values than control wood. This 
was not the case, however, as the static 

bending results indicated weaker wood in 
the infected category. 

Both of these discrepancies call be 
explained by the higher percentage of 
alcohol-benzene extractives in infected 
wood (Tables 3 and 4 )  and their irregular 
distribution throughout the infected ~vood. 
When the effect of extractive conteiit is 

rernoved I: corrected specific gravity ) , very 

little difference between the illean specific 

TAULE 5 .  Statistical szrmmary of longittirlinal rhiinkagc ( l ~ c ~ c c n t )  

Moisture Mean Standard Standard Range 
Con t e n t  Dev ia t i on  E r r o r  o f  

the Mean 

Ovendry 

: : 0.326 0.135 
0.276 0.078 

X3 0.228 0.041 

Where: 
X1 = I n f e c t e d  (sample s i z e  20) 
X2 = Non- in fected (sample s i z e  20) 
X3 = Control (sample s i z e  20) 
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TABLE 6. S ~ T I I I T I ( I ~ ! ~  of "F)' U ( I ! I I ~ S  for clna/!/cis of ~ o r i o n c c  ( longitudincll shrinkage) 

Source of Moisture Content - 
Variation 

15% 12% 6% Ovendry 

Infected vs. 
Non-Infected 

Infected vs. 
Control 

Non-Infected vs. 
10.62** 

** 
Control 15.52** 8.87 5.85* 

NS = Not s i g n i f i c a n t  
** = Sign i f i can t  a t  0.01 level  
* = Sign i f i can t  a t  0.05 level  

gravity of tlie three groups is seen, as 
illllstratetl ill Table 3. Sucll a masking of 
t r i~e  specific gravity has I~een alluded to 
1)y Panshin and de Zeeuw (1970). 'These 
results suggest that specific gravity may not 
1,e a good indicator of strength loss in wood 
iufccted with dwarf mistletoe. 

Alcohol-henzenee extractiue content 

hlistletoe-infected wood contained three 
times the quantity of extractives as hoth the 
control ,lnd noninfectcd wood (see Tables 
3 a11ci 4 ) .  No sigilificalit cliff-erence existed 
1)vtween nor~inf-ected wood and control 
\vood with respect to extractive content. 

Tlic presence of dwarf ~nistletoe appe:lrs 
to sti11111late illcreased resin accumulation in 
tlre wood. The cluantity of resin, a major 
constituent of the alcohol-l~enzene extrac- 
tives ill lodgcpole pinc wood, often bears a 
direct relationsllip to strength. Experiments 
contllicted oil southern pinc i~ldicatetl that 
tlre erldwise compressive strength, bending 
strength, and shock resistance of these 
\\roods were somewhat increased by the 
presence of resin ( Wangaartl 1950). IIow- 
cvctr, it ~rlust 1)c bonle i r i  mind that a high 
resill content Inay be the reslilt of injuries 
which tllernsel\~es reduce stret~gtll of wood 
( \f7augaard 1950). 

V,llnes for 1ongitndi11:~l shrinkage are 
slrowu ~ I I  Tables 5 and 6. Therc was no 

significa~rt diffcrcnce iu shrinkage between 

~~rtcctcd ,ind noninfcctctl wootl , ~ t  any mois- 

ture content, I)ut values were higher for 
infected and for noninfected wood than 
for control wood. Increased longitudinal 
shrinkage of dwarf mistletoe infected wood 
is most Iilkely the result of a decrease in 
tracheid Ilei~gtl~, and an increase in micro- 
fibril a n ~ l e ;  however, other ai~atomical 
character~stics such as increased volume of 
r'iy p;irenchylna and nonaxinl alignment of 
tracheids may be important. 

ikrurtomiccil properties 

Data for the rate of growth are shown in 
Tables 7 and 8. The greatest number of 
growth rings per incll occurred in tile non- 
infected caterrorv. and the least in the con- 

L. , 

trol trees. No  sigilificallt difference was 
found wl$etl ring widths were cornpared 
betweell infected and control wootl (see 
Tables 7 a l ~ d  8) .  The greater rate of radial 
growth found in the infected region of the 
tree appeared to be coupled with slower 
rate of growth in the noninfected regions of 
the tree. Forty-eight percent lower growth 
riil~r width values were observed ill non- 

LJ 

iiifectetl ~ ~ o o d  as compared to control wood. - 
Data for percentage of Iatewoocl are also 

shown in 'Tables 7 and 8. No significant 
tliffcrer~ce in latewood ~ e r c e n t  occurred 

L 

1)etween infected and nuninfected wood; 
however, control wood contained a signifi- 
cantly higher percentage of latewood than 
110th categories of wood from infected trees. 

Crowtli ring width and percentage of 

latewood 1)ear a direct relationship to the 

specific. gravity of wood. Discrepancies 
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TABLE 7 .  Statistical sllmmar!/ of anntonlicnl propertics 

Prope r t y  Sample Mean Standard Standard Range 
S ize Dev ia t i on  E r r o r  o f  

Growth r i n g  w id th  (mm) 

Percentage o f  latewood ( Z )  

Trache id  l e n g t h  (mm) 

X 1  250 2.09 0.46 0.03 2.43 
X2 250 2.24 0.43 0.03 2.16 
X3 250 2.97 0.42 0.03 2.34 
x4 --- 3.22 0.44 -- -- 

M i c r o f i b r i l  angle (degrees) 

WHERE: 

X1 = I n f e c t e d  :; 1 t4;;;;;ected 
X p  = Publ ished values taken from Panshin and de Zeeuw (1970) 

exist in the literature, however, as to the in coniferls (Panshin and de Zeeuw 1970), 
exact effect of ring width on specific gruv- that is to say, a high percentage of latewood 
ity. Hecause of these discrepancies, no is associ:lted with high specific gravity. The 
attempt was made to correlate ring width results of this study, however, are contrary 
data with specific gravity values. A clirect to this assumption ill that infected wood had 
relationship between wood specific gravity a low percentage of latewood and high 
and late~vood percentage has been reported specific gravity. 

TABLE 8. Szlrnrnnr!] of "F" rcrlzrcs for anrrlysis of uclriuncc (clnc~toiniccll properties) 

Source o f  Rings/ G r o w t h R i n g  Percentage T r a c h e i d  F i b r i l  
V a r i a t i o n  i n c h  Width  o f  Latewood Length  Angle 

I n f e c t e d  vs. 
Non - In fec ted  6.30* 11.63** 1.46NS 13.98** 4.48* 

I n f e c t e d  vs. 
Con t ro l  9,48** 2.56NS 20.39** 501.29** 62.87** 

Non - In fec ted  vs. 
Con t ro l  58.71** 52.47** 31.77** 373.35** 49.31** 

NS = Not  S i g n i f i c a n t  
** = S i g n i f i c a n t  a t  t h e  0.01 l e v e l  * 

= S i g n i f i c a n t  a t  t h e  0.05 l e v e l  
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Infected wood had the shortest tracheid 
lengths and largest microfibril angle mea- 
surements of any of the categories. Thirty 
percent lower values for tracheid length and 
116R higher values for microfibril angle 
were found in infected wood as compared 
to corrtrol wood. Comparable values for 
norrinfected wood were 25% lower for 
tracheid length i~ncl 84% higher for micro- 
fibril angle. 

The orientation of the tracheids was also 
affected by dwarf mistletoe. The acceler- 
ated growth and the invading sinkers caused 
a clefinite distortion in the tracheids and 
ray parenchyma cells. Ray aggregates were 
seen in infected wood, as has previously 
been reported (Piirto 1971; Srivastavn and 
Esau 1961 ) . 

SUMMARY AND CONCLUSIONS 

Dwarf mistletoe has a pronounced effect 
on the wood properties of lodgepole pine. A 
large variation exists in these effects, how- 
ever, as indicated by the high standard 
deviation values for infected wood displayed 
in each of the tests except percentage of 
latewood. This variation was attributed to 
differences ill the degree of infection within 
infected trees. 

Previous investigatiolrs have shown for 
ir~fected lodgepole pine a decreased 
tracheid length (Smythe 1967; Srivastava - 
and Esau 1961), distorted tracheids 
(Srnythe 1967), and an increase in ray 
parenchyma cells ( Smytlle 1967). The 
results from this study confirm these 
changes in the wood properties of lodge- 
pole pine. Similar effects have been 
shown for other conifers (Srivastava and 
Esau 1961 ) . 

Further, this study has shown when com- 
paring wood f ron~ infected trees to that from 
control trees: (1) lower values for per- 
centage of latewood in infected and 11011- 
infected wood from the same tree; ( 2 )  48% 
lower values for growth ring width in the 
noninfected regions of an infected tree; 
( 3 )  30%, lower values for tracheid length 
in infected wood and 25%' lower in non- 
iidected wood from the same tree; ( 4 )  116% 
greater values for microfibril angle in 

infected wood and 84% higher in non- 
infected .wood from the same tree; ( 5 )  
threefold greater values for alcohol-benzene 

extractive content in infected wood; ( 6 )  
39% lower values for modulus of r,lasticity 
in infected wood and 16% lower in non- 
infected wood from the same tree; ( 7 )  19% 
lower values for modulus of rupture in 
infected wood and 6% lower in noninfected 
wood frorn the same tree; (8)  16% lower 
values foir work to proportional limit in 
infected wood and 10% lower in non- 
infected wood from the same tree; and ( 9 )  
greater longitudinal shrinkage of both in- 
fected ; u ~ ~ d  noninfected wood from the 
same tree. 

The occurrence of dwarf mistletoe in the 
tree, whether the infection is in a limb or 
the trunk or both, affects the entire tree 
system. This was confirmed by the differ- 
ences that existed between noninfected 
wood and control wood in every property 
studied except specific gravity and alcohol- 
benzene eutractive content. 

Although the effects of dwarf lnistletoe 
on the wood properties of lodgepole pine are 
relatively large, it is possible that they 
might go untletected at  the sawmill as 
shown for white fir by Wilcox et al. ( 1973). 

The conrl~ination of this work and that of 
Wilcox et a1 (1973) suggest a definite need 

for improved detection methods. 
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