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Mote: 2ougl s f i r  ~mtura-L re~ror!uct ion s tud ies ,  t h a t  ha77 -- b i t  
been under way fgr a nurnber o f  yeers  under t h e  d k e c i i o n  of Leo A. 

Iszac, hake brought t,o lLight Yany i~~oor- 'cant  fi::d'Lngs which have G d 

i n i t e  bearing on t h e  sii~ri.cui.tv.raL t ~ e t ~ . t n ~ e n t  of t h e  ty2e. MY. I s a a  

s u m a r i z e d  these signj,f.icnni; findings in an e-.t,j.c].e which was pub l i  

i n  t h e  1936 Anxual Crui,.,e :.f the E ' c s e s t ~ y  cchoc.1 of Oregon S t c t e  Co 

C 

shed 

I t  i s  herewith reissued f o r  tile benefit of tnc  l z r g e r  zzudience it should 

These s t u d l e s  a r e  more co;;ly)letely repor-t;ed i n  a forthcoming 

a r t i c i e  Ly t h e  E91rle t ~ u t i l ~ r  i n  the  Jo~r : l :~ l  :)f i"gr!.cul.turnl hesearch and a 

proposed techni-cal. b ~ ~ l l e t i l i  or, r ~ * ~ l - ~ r a l  regenel-etion i n  the Douglas f i r  

2 of Oregon 2nd FiashLng-Lon. ---Thornton T . Ll~lunge~~, C i rec to r  . 



Leo A ,  Isaac ,  Associ-ate S i l v i c u l t u r i s t ,  
P a c i f i c  Northwest Fores t  Experiment S t a t i o n  

Enou.gh natura.1 reprod~nction t o  produce a f u l l y  stocked s. 

immediately a f t e r  logging occurs on only a small percentage of t h e  LLC-I- 

tand 

-1 *nn  

have c u t  and broadcast-burned arcas i n  t h e  Douglas f i r  rogion. S tudies  

be,en made of t h e  erivi.ronn~ental f a c t o ~ ~ s  t h a t  e n t e r  i n t o  t h i s  r a t h e r  hes- 

i t a n t  t r a n s i t i o n  from old f o r e s t  t,o new i n  order  t o  work out  u s i l v i c u l -  

t w a l  system f o r  the  t,yve t h a t  w i l l  r e s u l t  i n  more prorr~pt and adeqi l a t e  

- - A  res tocking followi.ng logging, and some of the  more rccdnt  f ind ings  are 

gitren i n  thk f ol.lowing parcigrr.:nhs. 

!In adequute seed supply w a s  found t o  bc t h e  fi.rst e s s e n t i a l  

f o r  n a t u r a l  regcncra t ioe .  Douglas f i r  is an t-,verege seed producer; a 28- 

year record kept  by t h e  Fores-t Service i n  t h i s  region ind ica te s  t h a t  bump- 

@ e r  crops occur from 3 t o  7 years z p a r t .  D ~ r i n g  -the in tervening years  

l i g h t  o r  medium crops acy occur o r  t h e r e  may bc a coaple te  crop f a i l u r e .  

Douglt~s f i r  seed i s  p a r t j c u l a r l y  a t t r ~ c t i v c  t o  b i r d s  and rodents ,  

est imated t h c t  pract ieral iy a l l  of t h e  seed is consumed during yezrs o r  

l i g h t  and medium crops, an3 most of the  good s t a d s  of reproduction spr ing  

from Ihe surplus  of  seed t h a t  occllrs ciuring the  yea r s  of heavy crops. 

Not a l l  trees ;re seed ~ ~ r o d u c e r s ,  arid it ]ins been ca lcu la t ed  

t h a t  the  average old-gro~:th t ree l e f t  a f t e r  logging produccs about a 
I 



polma or seea (40,000 seeds) during a good year.  Eight t o  t e n  times t h a t  

am mid o r d i n z r i l y  be required t o  seed up a s i n g l e  acre .  

S ingle  seed t r e e s  a t  t h e  r a t e  of approximately two per  a c r e  on 

na t iona l  f o r e s t  timber s a l e s  have beell found t o  do some reseeding,  but  

they a r e  by no means adequate. Our s t u d i e s  ind ica te  t h a t  75 perce 

thcse  t r e e s  a r e  l o s t  wi th in  10  years  s f t c r  logging, 2nd those  t h a t  a r e  

r.ot destroyed by lokging o r  s l a s h  burning, e i t h e r  windfa l l  o r  d i e  from 

cxposcre, i n s e c t  in ju ry ,  o r  aszay. The bes t  assurance of an adequate seed 

supply i s  a  nearby block of uncut tiinher. 

There i s  a widely uccepted theory thi i t  seed of Doug1e.s f i r  on 

the  f o r e s t  f l o o r  remains v i a b l e  f o r  a number af  years ,  but  s tuZies  mede 

i n d i c s t e  r a t h e r  d e f i n i t e l y  t h a t  seed not  consumed by b i rds  and rodents  

e i t h e r  germinates o r  d ~ c a y s  wi th in  one year  a f t e r  it  f a l l s .  This conclu- 

eion i s  subs tan t i a t ed  by t h e  f indings  on sample p l o t s  on cut-over lands  

;nd a l s o  on crown-busned arcns .  I n  a susvey of t h e  g r e a t  Tillamook Burn 

made during t h e  pas t  ycar  it was f o m 6  t h a t  a b u n d ~ n t  1934 reproduction 

was associa ted  with 1333 cones e i t h e r  on the  ground o r  s t i l l  c l inging  t o  • f i r e - k i l l e d  t r e e s ,  while ebundant 1935 r ~ p r o d u c t i o n  was found only i n  t h e  

v i c i n i t y  of l i v i n g  t r e ~ s .  

Another poin t  over which t h e r e  i s  a g r e a t  d e a l  of conjec ture  i: 

t h e  d i s t ance  t o  %hich Douglas f i r  seed may he c a r r i e d  bx t h e  wind. Meas- 

urements of seed f l i g h t  were mnfie by re l eas ing  seed from a box k i t e  and 

a l s o  by catching seed i n  t r ~ p s  adjacent  t o  green timber. These f indings  

were subs tan t i a t ed  by a study of the  occurrence of seedl ings  on cut-over 

arcc;s and o ld  b~ i rns .  The r e t u l t s  i n d i c a t e  tha t  an a rea  w i l l  seed up f o r  

an rzverage d i s t ance  of a  qua r t c r  :nilc. Ho;-iever, a i r  movement i s  so 



varlauc no positive distance of seed flight can be set up fcl - 
specific area. Douglas fir reed falls at a rate of approximately 2 miles 

per hour and the distance it may be curried may be greatly affected by 

local topography and by vertical as well as horizontal air currents. Rec- 

ent studies by aeronautical meteorologists have brought out that I rising 

air currents from 1 to 10 miles per hour frequently occur over warm slo~ 

Should falling seed encounter a rising sir current that exceeded its rat 

of fall it might be carried z~nbelievable distances; similarly, falling 

0 
air currents map bring seed to the ea~th much more quickly than normal 

fall. This explains the occurrence of reproduction at long distances 

from a source of seed, 

Tlie necessity for an abundant and contint~ous seed supply is 

very evident when the probable annual seedling loss i.s considered . Stud 

ies at the Wind River Experimental Forest, wherein environmental factors 

were neasurea, show that from 66 to 95 percent of the annual seedling crop 

is lost from one caus? or another. The principal causes of seedling mor- 

tality recorded on this area in thc approximate order of their importance 

arc: heat injury to the stem (sun scald), drought, rodents, frost, insect 

injury, and competition .from 06he~ vegetetion. Some losses may come from 

a combination of the above causes and in sorrie years &ny one of the above 

causes may be responsible for the loss of the niajor portion of the seas- 

on's seedling crop. 

Heat injury Ray begin when the surface soil (upper 1/8 inch) 

attains a temperatllre of about 1 2 3 O  F. if the seecilings are less I 

week old, and death may follow if this temperature is continued long 

enough. As seedLings grow older, they becone more resistnnb pyy OF: PRa ,,, S. D ~ p ~ ~ ~ ~ ~ ~ ~  OF AGRICULTURE 
-3- C O ~ ~ ~ ~ ' d  ATION .SERVICE 

SPOKANE, Y ASRINGTON 



survlvl.ng temperat~zres as high as 150° F. Drought losses are seri 

and would likely be tile most certain to occur annually i.f they did 

come along during the periodic dry spcll of midsunlmer after most seed- 

lings had been killed.off by other causes. Rodents, particularly the 

1vhii;e--footed mice, are someiimes s problem; in one instance they c 

sumed practically the entire season's crop of newly germinated seeallngs 

on sam?le plots. T,ate spring frosts kill tender seedlings by freezing, 

and injury starts at air teinperatures of 30° or lower; late fall and 

winter frosts cause seedling loss by "soil heaving". Some losses on this 

area were caused by strawberry weevil and cutworm, and some seadlings 

were choked out by other vegetation. 

It was found thst shade is of import~nce not only to keep the 

soil surfzce cool in the daztime but to keep it warm at night as well. 

During the summer months of the five conseci~tive years of this study max- 

imum soil temperatures on a fully exposed surface averaged 49 percent 

higher than the air, under n bruslz cover they avc~aged 29 percent higher, 

while unrler virgin timber tiley were practically the same as the air. 

While too much shade may be as detrimental as 110 shade, i.t can readil-y be 

seen how some shade may ;~re~renf, great seedli.ng loss by moderating surface 

tempertitures. Ginimwi air teaperaturcs as Low as 2S0 were recorded in 

late spring in this study. It was found that  hen the air tempera.ture was 

32', the temperature of fully exposed mineral soil surface was likely to 

be about 4O lower, while under the shade of brush or debris, it was like- 

ly to be &' higher. 

Shade likewise influences evaporation from the soil end tends to 

retard transpiration. The evaporation from porous cup atmometers in full 

. not 



exposure on a c lear -cut  a re& averaged about 28 cubic centimeters  d: 

under a bush on an adjacent  c l e a ~ - c i . ~ t  a r e a  i t  was 17 cubic centime. t e r s ,  

n t i -  

e s s  

& : -%*, 

and i n  an  adjoining stand. of v i r g i n  timber it was only 15  cubic Gel 
m 

meters.  On t h e  f u l l y  exposed cut-ovcr a rea ,  t h e  s o i l  al.ways had 1' 
# 

moi.stilre a t  a depth of 3 inches thah soj.1 under mature Oouglas f ir  ~ , L I I I U S ~  

o r  under brush caver.  P.t a aepth of 6 inches t h e  s o i l  moisture content  

on the th ree  :%reas was about equal .  A t  a. depth of 1 2  inches, however, 

t h e r e  was more moist.~~r.e :in the s o i l  of tihe f u l l y  expcj~ed a rea .  Contrary 

t o  the  f indings  i n  many o the r  f o r e s t  regions,  p r a c t i c a l l y  a l l  ~ o i s t u r e  

zva i l ab le  f o r  seecll.ing growth during t h i  summcr ;fion%hs i.s water s to red  

i n  the  s o i l  au r i cg  the  preced-ing wet v ~ i n t e r  months as .there i c  usual ly  

l i t t l e  o r  no midsmmer r a i n f a l l .  The t o p  6 inches oi' s o i l  was almost 

zlwzys found t o  be d r i e r  then t h e  1ov;er str.a:ta. 

On t h e  area s tudied  the average annual r a i n f a l l  i s  35 inches,  

but during 5 years tile g r e a t e s t  total. r e i n f a l l  i n  J u l y  hnd Axgust amouted  

t o  only (:).76 inch. h r i n g  .Lhree of th.e;;e years no r a i n  f e l l  i n  July. 

Seedling mor ta l i ty  f:rom drought was ~ c : m e t i m ~ s  caused by a graclual dec l ine  

i n  s o i l  moisture as the Peneon prngrc:sseu, but a,+, other  ttmes was t h e  re-- 

subt  o f  only a few dry,  ho t  days. Occrzs?'.onal.l~r, v:he~ -the s o i l  moisture 

content  hlread.; w;-ls Low, a s i n g l e  h o t  dey ~voulci dry tile s o i l  enough t o  

k i l l  ~nany seedlings. A s  ~nj-ght be expected, soedling mor ta l i ty  was grea t -  

e a t  on t h e  logged a r e a  wk~ich most recen'iiy had bxrned. 

"Dead ssiia,det!, i . e . ,  t h e  shade of logs ,  stunlps, and d e b r i s ,  i s  

more fa.vorable t o  reedlirig gro:i:th then t h e  shzde of weeds :mc3 brush be- 

ca!?.se it provides the  Szriie ~jroLection agnins t  ev~pors . t ion ,  sun, and f ' rost  
I 

but  does no t  compute with the  seadl ing  f o r  nioi.sture &rid p l ~ n t  food. 



For the  f i r s t  few years of a seedling's l i f e ,  vegetative cover 
, 

( i f  not too dense) i s  helpful  beca~lse of the i nd i r ec t  benef i ts  resu l t ing  
1 

I 
from i t s  shade. After the  cover i s  well established,  however, the  pres- 

zd w i t h  

# encc of t h i s  competing vegetation appreciably re ta rds  seedling growth and 

a l so  prevents new seedlings from coming in.  

Thus f a r  s tudies  have been confined ch ie f ly  t o  clear-cut areas. 

- Suddenl-y, with the  advent of the truck and t r ac to r ,  there  is  a pro1 i 

movement t o w ~ r d  p a r t i a l  cu t t ing  i n  the  type, and fo r e s t e r s  are fact L 

a a brand new s e t  of problems. Knowing t h a t  Douglas f i r  i s  an intoleranz 

t r e e  and w i l l  not reprodl~ce in i t s  own shade, it i s  a t  once evident i f  the  

specjes i s  t o  be maintained i n  the  type, a t  l e a s t  hal f  of the  crown w i l l  

have t o  be removed o r  the  cut t ing w i l l  have t o  be done i n  clear-cut Spots. 

Preliminary s tudies  indicate  t ha t  there  a r e  stands i n  the  region where 

e i t he r  of these methods o r  a conblnatioii of them may be used but tl 

a r e  other stands where p a r t i a l  cu t t ing  w i l l  not work. On moist s i  

exposed places windfall  i s  b e z i ~ y  i f  the  crow, i s  opened up. In rough 

topography and dense stands it i s  a l l  but impossible t o  remove parf nf 

@ the  t r e e s  withaut seriirus in jury t o  the reserve s t ~ n d .  Some stand 

be highly defective or  do not have the  range o f  age and diafieter c lasses  

necessary for p a r t i a l  cutt,ing. On the  other hand, there  a r e  su i tab le  

stands on su f f i c i en t l y  favorable ground t o  permit p a r t i a l  cut t ing 

opening of crowns su f f i c i en t l y  t o  allow Douglas f i r  reproduction t o  come 

1 in .  However, i~ behooves tho foroztar  t o  analyze h i s  stands and apply the  

p a r t i a l  cu t t ing  system with caution l e s t  he f ind himself with depl 

stands made up of defective t r ee s  and i n f e r i o r  species, 

In  summing up the situzation t o  date thrce  points stand o 

nere 

t e s  or  

" "A 

s may 

and 



upt ed , 
inf e r i o ~  

e s t s  wi: 

there  

r speci 

LI bc f 

~ e d  p r o  

L . Broad & ~ - t . a ~  bLlcL L, IlaY L,C;t;ll de~7a:;tat;ed by clear -cut t ing  and 

r r~ 1 fi1.e~ and  are beyond r-each of a, s ~ u r c t ;  of :;wd w i l l  no t  r e f ~ ~ e s t  

n. .:sr for. generat ions.  If they are to become productive, they m m t  

be att;ued or plznted.  
4 

2 .  If f u t u r e  c lear -cut t ing  i s  to bc follo~ lmptly b., v a n~ 

forest, patches of timber must be left t o  brczk xp large ar t i n  ord- 

e r  t o  forrri b e t t e r  i ' i ~ e  p ro tec t ion  and a narc adeu-t..a.i;e seed , and 

the re  nue t  be Less burning arid no reburning. 

If' pzrtj .ai  c:lt t ing i s  ::ont,empl.ated, care  should be taken t o  

de temir  !he stanu is ni l i t ab lo  f o r  some for21 of select ive logging. 

If thesd are cbaerved .i.t $5 resson?j.bly c e r t a i n  t h a t  5.n 

future ciztting t h e  no~rnal, cycle of f o r e s t  suc:~ssi.on w i l l  n o t  be i:iter- 

3 no sc?nl-;]ern-liznc!nt brilsh ::itage; defect.ive trec 

.es w i l l  no t  be g?:.inir;g possezsion of tl i, and o ld  for-  

'ollo~ced by nee. in a s i ~ l g l s  st;er, ,J. 
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