
- -7 

/ 

E F F E C T S  OF D E F O L I A T I O N  ON GROWTH 

OF C E R T A I N  C O N I F E R S  

A SUWARY OF RESEARCH LiTERAfURE 

by 

Thomas W, Church, J r .  

Nort heatern 

6 m s t  Exprirncnt Station 
u P p e P o a F 6 y ,  B. 

VL . Harpm, Director 

STATION PAPER No. 2 2  FEBRUARY 1949 



FOREWORD 

I n  planning fo r e s t  management of spruce- 
f i r  f o r e s t s  i n  t he  Northeast, the  pos s ib i l i t y  
of recurring epidemics of t h e  spruce budworm 
( ~ r c h i ~ s  fumiferana) must be considered. 
Invest i rnt ions  of t h i s  i n sec t  must take i n t o  
account-not only the  e f f ec t s  of defo l ia t ion  on 
mortal i ty,  but a l s o  the  growth losses  t h a t  
r e su l t  from p a r t i a l  defol ia t ion.  

This report  of a search of t he  extensive 
l i t e r a t u r e  on defo l ia t ion  i s  published because 
of i t s  bearing on the  problem. This report  i s  
l imi ted t o  a summary of the  work reported i n  
important references on t he  subject. It con- 
t a i n s  no o r ig ina l  data.  
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EFFECTS ( EFOLBATION ON GROWTH 

OF CERT.A.1 N CON I FERS 

A SUMMARY OF RESEARCH LITERATURE 

Thomas W. 'Church, Jr , '  

Si Lvzcu l t y i s t  
.Nortbeasterzl Forest. Eqberiment Station 

Defoliat ion by i n sec t  pes t s  has of ten resul ted i n  heavy mortality 
i n  the  fo r e s t s  of North America. Among the  more notable offenders and 
t h e i r  coniferous hosts a r e  t he  spruce buctworm on spruce and balsam f i r ,  
t he  pine bu t t e r f l y  on ponderosa pine, the  gypsy moth on white pine, the  
hemlock looper on hemlock, the  tussock moth on douglas-fir,  and t h e  
l a r ch  sawfly on tamarack. Under favorable conditions these insec t s  can 
bui ld  up t o  epidemic proportions and sweep disas t rously  through mill inn^ 
of acres of valuable timber, Defoliat ion by fo r e s t  f i r e s  and needle 
ca s t  fungi a l s o  cause mor ta l i ty  i n  conifers.  

Trees t h a t  undergo a p a r t i a l  de fo l ia t ion  i n su f f i c i en t  t o  cause 
death su f f e r  a consequent reduction i n  growth, because of the  smaller 
quan t i t i e s  of food n a t e r i a l s  produced. This phenomenon, although l e s s  
spectacular than mortal i ty,  i s  nevertheless important. 

Defoliat ion By Spruce.Budworm 

2 Swaine and Craighead (3) point  out  t ha t  during the  spruce bud- 
worm outbreak of 1909-13 i n  Canada t he  t r ee s  t h a t  survived suffered a 
l o s s  of 3 t o  5 years increment. From observations made during a bud- 
worm infes ta t ion ,  Craighead (6) observed t h a t  the  growth of annual r ings 

'stationed a t  t he  Northeastern Forest Experiment S t a t i on ' s  
Adirondack Branch, Paul Smiths, N. Y. ,  which i s  maintained i n  coopera- 
t i o n  with Paul SmithPs College. 

2~umbers i n  parentheses r e f e r  t o  L i te ra tu re  Cited, page 11. 



showed d i f fe ren t  degrees of re tardat ion i n  d i f f e r en t  port ions of the  
crown. The f i r s t  year of a budworm a t tack  on both spruce and balsam 
f i r  i s  characterized by a severe reduction of growth i n  the  top of the  
t r e e ,  no noticeable change i n  the  middle, and a ra ther  decided increase  
near the  base. I n  red spruce t h i s  e f f ec t  i s  not  so pronounced a s  i n  
balsam f i r ,  and i n  l a rge  blocks of near ly  pure black spruce t he  first 
a f fec ted  r ing  i s  1 year l a t e r  than i n  balsam. 

There may be a second depression o r  reduction i n  growth because 
of the  p r o l i f i c  production of cones immediately a f t e r  the  budworms s top 
feeding. Continued defo l ia t ion  by the  budworms f o r  several  years i s  
marked by a rapid decline i n  the  growth of a l l  p a r t s  of the  t ree .  " In  
both spruce and balsam the  g rea tes t  reduction i n  the  terminal and basal  
sections takes  place the  same year, i n  spruce 4 years a f t e r  the  f i r s t  
feeding, i n  balsam 5." 

Following a spruce budworm a t tack  with i t s  resu l tan t  defol ia t ion,  
an almost t o t a l  suppression of r ings  was commonly observed i n  balsam, 
and occasionally a s  much a s  3 yearss  growth was lacking on ce r t a in  
port ions of t h e  trunk. The spruce t h a t  recovered showed no indicat ion 
of missing growth rings,  but  recovery of both spruce and balsam t o  t h e i r  
normal growth r a t e s  preceding the  a t t ack  took 12 t o  15  years. 

Another i n t e r e s t i ng  aspect  of the l a s t  budworm outbreak i n  Canada 
was t h a t  many of the t r e e s  t h a t  survived and l i ved  through the  worst 
years of defo l ia t ion  died 6 t o  10 years l a t e r .  These t r e e s  had a l l  
regained t h e i r  norrnal amounts of fol iage,  but never a t t a ined  t h e i r  
normal growth ra te ,  as  shown by the  narrow annual r ings.  Craighead (6) 
reports  t ha t  an extensive study of these t r e e s  was made by hTO E. Hiley 
(school of Forestry,  Oxford, England), who concluded t ha t  they were 
dying from a lack of r ings l a rge  enough t o  t ranspor t  required amounts of 
water t o  the  crown. 

Craighead (6) a l s o  noted t h a t  shor t ly  a f t e r  the  defo l ia t ion  of 
balsam f i r  by the  budworm, t h e  absorbing roo t l e t s  began t o  die ;  the  
humber of dead roo t l e t s  bore a marked cor re la t ion  t o  the  sever i ty  of the  
defol ia t ion.  On red spruce, however, the death of these r o o t l e t s  was a 
much more gradual process. 

Closely in tegrated with the  death of these small roots i s  the 
cor re la t ion  t ha t  ex i s t s  between the  recovery of t r e e s  following defol- 
i a t i o n  and t he  amount of water avai lable .  Surveys show a higher 
percentage of l i v i n g  spruce and balsam along streams, i n  depressions, 
and on s o i l s  having a high water-retaining capacity; whereas on thin,  
shallow, sandy s o i l s  the  death r a t e  following defo l ia t ion  i s  always 
higher. 

Winter-killing i s  common among severely defol ia ted t r ee s .  .The 
a b i l i t y  t o  withstand f reezing temperatures i s  associated la rge ly  with 
the  concentration of t h e  c e l l  sap, and t r ee s  t ha t  have been severely 
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ue~io l ia t ion  ~g utner Insec t s  

Following t he  1922 outbreak of t he  pine but 
pine i n  Idaho, Evenden (10) reported t h a t  de fo l ia t ion  by t h i s  insec t  
resu l ted  i n  a marked reduction i n  t he  basal  growth of a l l  100 sample 
t r ee s ,  with 91 percent f a i l i n g  t o  add any basal  increment. This per  
i od  of no basal  growth occurred i n  96 percent of t h e  t r e e s  tha t  
succumbed and 89 percent of the  t r e e s  t h a t  recovered, ant 
length from 1 t o  11 years with an average of 2.6 years.. 

on por 

Evenden (10) and Craighead (6)  agree t h a t  vigor, a s  expr 
increment, has a de f in i t e  influence on t he  recovery of i r  
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~ b l e  1.--Relation of defo l ia t ion  by m s y  moth t o  . 

diameter increment of white pine, 1912-21 
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t r e e s ,  t h e  degree of defol ia t ion,  however, being t he  most important 
f ac to r  governing t h e i r  subsequent death o r  recovery. 

The gypsy moth i s  primarily a defo l ia to r  of hardwoods, but has 
been known t o  cause as much as 30 percent mor ta l i ty  i n  stands of heavily 
damaged young white pine. From h i s  observations on t h e  e f f ec t s  of 
gypsy moth defo l ia t ion  on the  growth of white pine, Baker (1) reported 
t he  existence of a d i r ec t  cor re la t ion  between t he  degree of defol ia t ion 
and t h e  decline i n  r a d i a l  growth. As shown i n  t ab l e  1, t h e  decline i n  
r a d i a l  increment was 52 percent g rea te r  on white pine t h a t  were 81-100 
percent defol ia ted than i n  those t h a t  were defol ia ted 20 percent o r  l e s s .  

Since t h e  greates t  decline i n  r a d i a l  increment took place i n  t h e  
61-80 percent defol ia ted group, it i s  probable t h a t  t he  more l i g h t l y  
defol ia ted t r e e s  represented average conditions. The surviving t r e e s  
i n  t h e  most heavily defol ia ted c l a s s  represented t he  most vigorous and 
r e s i s t a n t  individuals,  because t he  majori ty of white pines of t h i s  s i z e  
a r e  k i l l e d  by a s ing le  complete defol ia t ion.  

a 
The hemlock looper i n f e s t a t i on  i n  Oregon, which became epidemic 

i n  1945, ran as high a s  4 mi l l ion  loopers t o  t he  acre  and resu l ted  i n  
the  death of 40 mil l ion  f e e t  of timber before e f fec t ive  control  measures 
were employed (a). Since t h e  b ig  consideration was t o  s top t he  rav- 
ages of this pest  and prevent f u r the r  mortal i ty,  p a r t i a l  defol ia t ion and 
loss  of increment were small factors .  

I n  1928, however, an outbreak of t h e  hemlock looper occurred i n  
t he  spruce-fir f o r e s t s  of Quebec, north of t he  Gulf of St .  Lawrence. 
Watson (a) reported t h a t  a numbe~ of heavily defol ia ted balsam f i r s  
exhibited no suppression of r i ng  growth at  t he  end of t he  f i r s t  year of 
feeding. The f u l l  e f f ec t  of t h e  1928 feeding was not apparent u n t i l  
t he  following year, when t he  1929 r i n g  showed a marked reduction, even 
i n  those t r e e s  t h a t  did not undergo any fu r the r  defo l ia t ion  t h a t  year. 

During t he  looper in fes ta t ion ,  the  growth of spruce remained 
normal, s ince  only t he  small t r e e s  suffered any defol ia t ion,  Further 

. 

s tud ies  on the  reduced increment of balsam f i r  were made i n  1930, t he  
r e su l t s  of which a r e  i l l u s t r a t e d  i n  f igure  1, 

The r e l a t i ve ly  slow growth of balsam f i r  i n  t h e  T r in i t y  River 
sect ion i s  due t o  the  f a c t  t h a t  t he  t r e e s  from which t h e  measurements 
were taken were growing i n  a muskeg, associated with black spruce. 
These t r e e s  were k i l l e d  i n  1928 without any apparent reduction i n  
increment. 

The Douglas-fir tussock moth i s  another defo l ia to r  t h a t  builds . 
up t o  epidemic proportions and causes widespread damage, The Canadian 
Forest  Insect  Survey (2) repor ts  t h a t  from observations made during . 
former outbreaks, it appears t h a t  t r e e s  completely defol ia ted w i l l  d ie ,  
and i n  many cases pa r t s  of t r e e s  t h a t  have been s t r ipped fa i l  t o  
recover. a 
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Average Annual l ncrement O f  Balsam F i  r 

m* I l----- 1 

I Trinity River I 1 
I 

2.0- -  
~ninfest ed balsam, 

Pent e m s  t Lake 1928-29 1 
1 . 5 -  

Figure  1.--Hemlock loope r  damage t o  balsam f i r ,  
as r e p o r t e d  by Watson (19). 

1 . O r  

The f i r s t  i n d i c a t i o n  of reduced growth due t o  d e f o l i a t i o n  by t h e  
l a r c h  sawfly i s  r epor t ed  by Harper (12) t o  be t h e  absence of  thickened 
t r a c h e i d s  i n  t h e  autumn wood. ~ a t e r t h e r e  i s  a  r educ t ion  i n  t h e  width 
of annual  r i n g s  and, i n  some i n s t a n c e s ,  increment i n  t h e  b a s a l  p o r t i o n  

, 

of t h e  t r e e  may be nonex i s t en t .  Although t h e  growth may be i n s i g n i f i -  
c a n t  a t  t h e  base of t h e  t r e e ,  t h e r e  i s  an annual  r i n g  formed i n  t h e  crown 
every  y e a r  u n t i l  death. 

- - - - - _ _ _ -  - - - -  - _  - - _ _  - - - _  _ _ _ - - - - -  - - - - _ _  - - -... - . 
\ 

The f a c t  t h a t  d e f o l i a t i o n  of t h e  crown by i n s e c t  a t t a c k  immed- 
i a t e l y  diminishes t h e  increment has a l s o  been e s t a b l i s h e d  by Bllsgen and 
MUnch (&). They p o i n t  ou t  t h a t  t h e  s c a n t y  amount'of a s s i m i l a t e d  mat- 
e r i a l  i n  p a r t i a l l y  d e f o l i a t e d  t r e e s  i s  e x t r a c t e d  from t h e  descending sap  
s t ream i n  t h e  upper p a r t  of t h e  stem, and i n  t h e  lower p o r t i o n  growth , i s  
p r a c t i c a l l y  a t  a  s t a n d s t i l l .  

These i n v e s t i g a t o r s  r e p o r t  t h a t ,  i n  c o n i f e r s ,  t h e  needles  of f o r -  
mer years  must a s s i s t  i n  producing t h e  s p r i n g  shoots .  Spruces complete- 
l y  d e f o l i a t e d  by c a t e r p i l l a r s  i n  t h e  suameP i n v a r i a b l y  d i e  because t h e i r  
r e se rve  m a t e r i a l s  can  produce only  weak shoots  inadequate  t o  nour i sh  t h e  
t r e e .  P ines ,  i f  d e f o l i a t e d  l a t e  i n  t h e  season, can r e t a i n  t h e i r  
v i t a l i t y  b e t t e r  by t h e  product ion  of s u b s t i t u t e  shoots ,  bu t  on ly  a t  t h e  
expense of  r e se rve  m a t e r i a l s .  Gradual recovery of t h e s e  t r e e s  may 
mani fes t  i t s e l f  i n  t h e  product ion  of s h o r t  "brush shoots"  t h e  summer 
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C e r t a i n  types  of  f o r e s t  f i r e s  were noted  by Craighead 
duce c h a r a c t e r i s t i c  growth-ring p a t t e r n s  t h a t  a r e ,  i n  many ways, 
Liar t o  t h o s e  produced by s e v e r a l  l e a f  -f eed ing  i n s e c t s .  Cross 
t i o n s  from a  number of  ponderosa p ines  t h a t  wi ths tood  a midsummc 
.e i n d i c a t e d  t h a t  r educ t ion  i n  b a s a l  increment was  p ropor t iona l  t o  t n e  
u n t  of d e f o l i a t i o n  s u f f e r e d  by t h e  t r e e .  C e r t a i n  t r e e s  f a i l e d  t o  
i any wood i n  t h e  lower stem f o r  two seasons,  whi le  i n  t h e  crown t h e s e  

' f e c t s  were l e s s  pronounced. These growth c h a r a c t e r i s t i c s  a r e  sj-" -- 
t hose  observed by Craighead (6) i n  h i s  observa t ions  on t h e  spruc 

~dworm. 

Observat ions of f i r e  damage i n  t h e  C a l i f o r n i a  p ine  f o r e s t s  1 
)w and Kotok (5) a l s o  s u b s t a n t i a t e  t h e  f a c t  t h a t  r educ t ion  i n  di 
!r growth i s  p ropor t iona l  t o  t h e  percentage of t h e  crown k i l l e d  LJ 
.e. Table 2  i l l u s t r a t e s  t h i s  po in t ,  d a t a  be ing  taken  from increment 
5 n g s  o f  s e v e r a l  spec i e s  5 years a f t e r  t h e  burn. 

Table 2.--Effect of crown i n j u ~ y  on r a t e  of growth 

Amount of Reduction of 
crown diameter  growth 

(percent  ) 

Percent  Number Fee t  

1 7  11.0 9 68 
25 28.5 1 2  71 
3 3 32,O 1 9  68 
5 0 39.0 10 58 
67 56.5 4 5 7 

I n  a s tudy  of t h e  e f f e c t  of f i r e  on t h e  t a p e r  of young long  
ne, S tone  (16) shows t h a t  a f t e r  a  moderate t o  , severe  f i r e  w i t h  
s u l t a n t  d e f o l i a t i o n  of 50 percent  o r  more, t h e r e  i s  a  marked ~ ~ ~ U L L L U L L  

leaf 

..-J-: -- 



i n  t he  next season's growth. As shown i n  t ab l e  3, t he  maximum reduction 
i n  growth takes  place a t  breas t  height and below, while the  r ing  widths 
a t  higher l eve l s  a r e  affected only s l i gh t l y .  The net  r e s u l t  i s  a de- 
crease i n  stem t G e r .  

Table 3.--Comparative r i n g  widths a t  various heights 

before and a f t e r  f i r e  
1 

h a d i a l  growth i n  1936-37 i n  stand of young long- 
l ea f  pine near Saucier, Miss., burned January 8, 1937. 

.e  The f a c t  t h a t  reduction i n  growth due t o  defo l ia t ion  by f i r e  does 
not take place uniformly over the  stem i s  i n  agreement with t h e  observ- 
a t ions  on defo l ia t ion  by insec t s ,  i n  which t he  g rea tes t  reduction i n  
increment takes place i n  t h e  lower por t ion of t h e  t r ee .  Similar  
r e su l t s  mere noticed by Cummings (2) following pruning i n  a young short- 
l e a f  pine plantation.  For two growing seasons following pruning, the re  
was a marked reduction i n  diameter growth a t  t h e  1.5- and 4.5-foot 
l eve l s ,  but no s ign i f ican t  d i f ference a t  7.5 f ee t .  This decrease i n  
diameter growth i n  t he  basal  port ion of t he  stem was due t o  the  reduct- 
i on  of t h e  l i v i n g  crown, as  w a s  s imi la r ly  the  case i n  defo l ia t ion  by 
insec t s  and f i r e .  

Height of sect ion 
above ground 

( f e e t )  

Defoliat ion By Fungi And Hail 

Inches Inches Inches Inches i 

I 

Tree No. 2 

I n  addi t ion t o  insec t s  and f i r e ,  the re  a r e  several  o ther  agencies 
of defo l ia t ion  t h a t  a r e  responsible f o r  l e s s  extensive damage. One of 
these  i s  ha i l ,  which, according t o  Stone and Smith (12) has been known 

Tree No. 1 

Before Before After  After 
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de fo l ia te  t r e e s  p a r t i a l l y  o r  wholly and t o  break through 
m l l  branches. Their observations of h a i l  damage i n  a yo 
~ng lea f  pine indicate  t h a t  severe defo l ia t ion  re tards  d i m  
le pa r t i cu l a r  storm, on April  30, 1937, occurred a f t e r  most of tl 
)ringwood had formed, but the  e f f ec t s  of defo l ia t ion  took e f fec t  
mediately and only a narrow band of summerwood was l a i d  down du: 
le remainder of t ha t  year. I n  1938 t he  springwood zone was much l e s s  
Ian normal, the  summerwood exceeding it i n  width. The following year,  
ing widths indicated, the  diameter growth was s t i l l  considerably below 
~rmal ,  and t he  recovery from the  harmful e f f ec t s  of defo l ia t ion  r-.-'-' 
)parently be a slow process. 

ring 

Another agency of defo l ia t ion  i s  t h a t  group of needle-cast rung1 
la t  occur on pine, spruce, f i r ,  larch,  and cedar. Boyce (2) reports  
lat the  chief  damage caused by these  needle-cast fungi i s  a reduction 
I increment, s ince defo l ia t ion  i s  ra re ly  severe enough t o  k i l l  any 
?ees except seedlings. 

r t i f i c i a l  Defoliat ion Experiment 

From the  foregoing observations it i s  c l ea r  t h a t  defol ia t ion 
always r e s u l t s  i n  decreased diameter growth. Such a reduction, i f  
spread over a large  area  l i k e  t ha t  covered by the  spruce budworm, can 
r e s u l t  i n  a great  l o s s  i n  volume. Since defo l ia t ion  i s  so import.ant. 
i n  respect t o  both morta l i ty  and growth, several  expe rhen t s  have 
made t o  measure i t s  harmful e f f ec t s  more accurately,  

been 

I n  experiments on defol ia t ion of longleaf and s lash  pine by f i r e ,  
Harper (u) found t h a t  i f  more than 25 percent of the needles a r e  des- 
t.royed by the  heat of the  f i r e ,  gum y ie lds  w i l l  be s l i gh t l y  decreased 

id t r e e  growth w i l l  be retarded. Complete defo l ia t ion  by burning of 
le needles (as i n  a mild crown f i r e )  caused th ree  t h e s  the reduction 
1 gum yields  t ha t  100 percent defo l ia t ion  by heat k i l l i n g  (as  i n  a hot 

surface f i r e  ) caused. I n  a l l  cases of complete defo l ia t ion  by 1 
t h e  heat and flame treatments, there  was subsequent development o 
fol iage and growth during the  f i r s t  season a f t e r  t he  f i r e .  

both 
f the  

From h i s  a r t i f i c i a l -de fo l i a t i on  experiment on tamarack, Gri 
&) made the  following observations: 

, Increment i s  reduced i n  d i r ec t  proportion t o  the  amount of 
defol ia t ion.  

. P a r t i a l  de fo l ia t ion  r e su l t s  i n  a r e l a t i ve ly  gradual reductioi 
increment. 

. Complete defo l ia t ion  r e su l t s  i n  increased growth the  f i r s t  year, 
followed by a rapid fal l ing-off  i n  increment. Very severe defol- 
i a t i o n  apparently st imulates t he  use of s tored food i n  an attempt 



t o  grow a new s e t  of needles. Wood i s  a l so  produced by t h i s  stimul- 
a t ion ,  most of the  increased increment being added i n  the  lower sec t ion  
of the  stem, the  upper sect ion showing l i t t l e  increase  o r  decrease. 

An experiment by Craighead (8) t o  determine the  e f f ec t s  of 
defo l ia t ion  on jack pine, Scotch pine, and la rch  produced t he  following 
r e su l t s  : 

1. Early spring defo l ia t ion  of t he  new growth on the  pines produce 
gradual reduction i n  the  formation of wood. Successive defol- 
i a t i o n  caused a more severe reduction i n  increment, especia l ly  
t he  upper sect ion of the  t r ee .  

2 ,  Late spring defo l ia t ion  of the  new growth k i l l e d  t he  jack pine 
within two seasons, while the  Scotch pine r e s i s t ed  be t te r .  Tk 
treatment d r a s t i c a l l y  a f fec ted  t he  production of wood; the  jack 
pines formed only a t r a ce  of wood t h e  following spring and then 
died, while one of the Scotch pines f a i l e d  t o  produce any wood. 
I n  t h i s  study Craighead found t h a t  t he  reduction i n  wood of recov- 
e r ing  t r ee s  was r e l a t i ve ly  more pronounced i n  the  top than a t  the  
base. However, o ther  invest igators  have observed t h a t  the  great- 
e s t  reduction i n  growth occurred i n  the  basal  pa r t  of the  t r e e ,  

3. Removal of t he  old  fol iage on both Scotch pine and jack pine ve 
ea r ly  i n  t he  season was i n su f f i c i en t  t o  cause mortal i ty,  but 
resul ted i n  a marked reduction i n  r ing  width a t  t he  base of t he  
t r e e  i n  t he  years of defol ia t ion.  Trees recovered more quickly 
from t h i s  treatment than from t h a t  i n  which the  new growth was 
removed. 

4. Removal of the  old  fol iage from both species of pine a f t e r  t he  
buds had opened resul ted i n  even l e s s  wood being produced than 

, 

treatment Number 3. The widths of the  annual r ings were about 
one-fourth t h a t  of the  previous year and remained a t  t h a t  low 
l eve l  during subsequent years of defo l ia t ion ,  The r e su l t s  of 
treatments 3 and 4 ind ica te  t h a t  the  o ld  needles play an import- 
an t  pa r t  i n  building up the  current  y e a r v s  growth. 

Complete removal of a l l  t he  fol iage from both Scotch pine and jack 
pine resul ted i n  death t h e  fol'lowing year. Btlsgen and Munch ( k )  
subs tan t ia te  t h i s  observation by pointing out  t h a t  a r t i f i c i a l  
de fo l ia t ion  of several  young pines a t  d i f f e r en t  times of t he  year 
caused death i n  a l l  cases. However, when defo l ia t ion  took place 
a f t e r  breaking of the  buds, the  t r e e s  produced some woody growth 
u n t i l  t h e i r  reserves of s ta rch  were used up, then they died. 

According t o  Burke (2) a s imi la r  condit ion ex i s t s  following t h  
coincidental  a t t acks  of the  lodgepole needle t i e r ,  which feeds on the  
new fol iage,  and the  lodgepole sawfly, which ea t s  t he  o ld  foliage,  
t h e  r e s u l t  invar iably  being death t o  lodgepole pine. 



Conclusions 

I n  conclusion it may be s a id  t ha t  the  purpose of t n l s  survey o r  
l i t e r a t u r e  was t o  determine whether addi t ional  research should be made 
on t he  e f f ec t s  of defo l ia t ion  on the  growth of conifers, A s  observed 
from the  l i t e r a t u r e  reviewed, those e f f ec t s  t ha t  occurred most f re-  
quently can be summed up a s  follows: 

1. Defoliat ion of t he  crown by insec t s ,  f i r e ,  diseases,  oi 
causes immediately diminishes the  increment, t h e  reduci 
growth being d i r ec t l y  proportional  t o  the  degree of de: 

r other 
Lion i r  
f o l i a t i  

2. Reduction i n  diameter growth due t o  defo l ia t ion  does not take place 
a t  a uniform r a t e  throughout t he  stem. I n  the majori ty of cases, 
the  g rea tes t  reduction i n  diameter growth took place i n  the  basal  
port ion of t he  t r ee .  

3 .  Tree vigor p r io r  t o  defo l ia t ion  has a d e f i n i t e  influence on the  
recovery of in jured t r ee s .  

, t h a t  The l i t e r a t u r e  c i t e d  i n  t h i s  report  i s  evidence of the  fact  
a great  many f i e l d  observations and experiments have been made on 
defol ia t ion,  and suggests t h a t  r e s u l t s  of future  study t o  determine 
i t s  harmful e f f e c t s  on growth would be l a rge ly  repet i t ious .  

However, there  a r e  several  aspects of defo l ia t ion  t h a t  might be 
worth fur ther  study. Among them a r e  these: 

1. Do other  species have increased growth i n  t he  basal  port ion of the  
t r e e  i n  the  year  following f i r e ,  a s  was reported f o r  spruce, f i r ,  
and larch? 

2, The grea tes t  reduction i n  growth following defo l ia t ion  has gener- 
a l l y  been found t o  occur i n  the  basal  port ion of the  t r e e ,  What 
treatments and species a r e  exceptions t o  t h i s ,  i n  addi t ion t o  the  
exception reported by Craighead f o r  pine? 

3 .  What other species a r e  capable of withstanding complete defol 
i a t i o n  by f i r e ,  a s  reported f o r  longleaf and s l a sh  pines by 
Harper? 

Results of future  study on such questions w i l l  be helpful  i 
rounding out t he  present knowledge of how defo l ia t ion  a f f e c t s  the  
growth of conifers.  
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