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INTRODUCTION

Nurserymen, fo r e s te r s , and p lan ters have found th at trees  of poor 

q u a lity  or complete fa ilu r e s  may resu lt  in fo re st p lan tin g , i f  seed from 

a corresponding s i t e  i s  not used. Trees require a long period of time to  

produce a marketable crop, th erefore  i t  i s  important to  prevent any c o st­

l y  m istakes in the i n i t i a l  se le c t io n  of seed for p lanting stock (Rudolf, 

1945 and 1949  ̂ and Isaac, 1949).

In 1939 the U, S, Department of A griculture estab lish ed  a "Forest

Policy" for  the Forest Service and the S o il  Conservation S erv ice , I t  

requires that only seed of known lo c a l i t y  or or ig in  be used . The lo t  

number, year of c o lle c t io n , sp ec ie s , lo c a l i t y  includ ing county and s ta te ,  

e lev a tio n  of o r ig in , and proof of orig in  should be furnished when pur­

chasing seed. Local seed to  be used should be c o llec ted  w ithin 100 m iles  

and under 1,000 fe e t  d ifferen ce  in  e levation  fran the p lanting s i t e .

When lo c a l seed i s  u n availab le , purchased seed was to  be obtained from an 

environment as s im ila r  as p ossib le  (Anon. Jour, F or,, 1939).

New York, Georgia, Michigan, M assachusetts, and Pennsylvania have

provisions in th e ir  s ta te  seed laws to  protect the buyer o f tree  seeds

(H eit, i 960) .  E fforts are being made toward obtaining c e r t if ie d  tree  

seed s, but no o f f i c i a l  s ta te  or government c e r t if ic a t io n  of seed orig in  

i s  now required. Because of t h i s ,  seed c o lle c to r s  do not always provide 

fo r e s t  tree  seed from p r e c ise ly  known sources and o f d esirab le  q u a lity . 

U n til o f f i c i a l l y  c e r t i f ie d  tre e  seed i s  required, a r e lia b le  method of

—1—
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determ ining the s i t e  and e leva tion  from which the seed was c o llec ted  i s  

needed in  the Uhited S ta te s .

The combined in flu en ce  o f s i t e  factors (c lim a tic , edaphic, physio­

graphic, and b io t ic )  determines s i t e  q u a lity  for a p a rticu la r  sp ecies  

(K orstian and Tourney, 1947). I t  a lso  expresses vrfiat chemicals are a v a il­

able fo r  a certa in  sp ecies in  the given s o i l .  These a v a ila b le  chemicals 

are u t i l iz e d  by the tree  and stored in i t s  v eg eta tiv e  t i s s u e s ,  A varia­

t io n  in  s i t e  q u a lity  therefore may produce d ifferen ces  in the chemical 

composition of the v eg eta tiv e  t i s s u e s ,  which in turn may a lt e r  the 

phenotype of a tr e e .

Deichmann (1959) found i g n i t ib i l i t y  d ifferen ces  in  spruce needles  

c o lle c te d  from two separate lo c a l i t i e s  in  Germany with the Jentzsch Ign i­

t io n  Tester in h is  ground fu e l experiments. He explained th is  phenomenon 

with the fa c t that a s i t e  has a great in flu en ce on the chemical make-up 

o f plant t i s s u e s .  Because of th e ir  higher chemical concentration, seeds 

should be superior to  needles or leaves for ig n it io n  t e s t s  (Baldwin, 

1942) . For th is  reason, prelim inary stu d ies on the i g n i t i b i l i t y  of seed 

were in it ia te d  in the f a l l  of 1959.

O bjectives. The primary o b jectiv es  were to:

1 . E stab lish  a su ita b le  procedure for te s t in g  the i g n i t i b i l i t y  of 

seed s.

2. Determine by ig n it io n  t e s t s  whether d ifferen ces  in the eleva­

tio n  of seed source could be measured.

3. In vestiga te  whether or not any re la tio n sh ip  expressed in a. 

burning process could be used to  d if fe r e n t ia te  s i t e  c la s s e s .
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5 co p e . The J en tzsch  I g n it io n  T e ster  was used by th e  auth or in  

h is  seed  i g n i t io n  s t u d ie s .  T w enty-eigh t sam ples o f  fo u r  s p e c ie s  o f  c e r ­

t i f i e d  German t r e e  s e e d , c o l l e c t e d  from s i t e s  o f  known e le v a t io n ,  expo­

s u r e , p r e c ip i t a t io n ,  and l o c a l i t y  were t e s t e d .  The s p e c ie s  com p risin g  

th e  tw e n ty -e ig h t  sam ples were Norway spruce ( P icea  e x c e ls a ) ,  Scotch  p in e  

( P inus s y l v e s t r i s ) , European la r c h  (L arix  eu rop aea) ,  and Douglas f i r  

( P seudotsuga m e n z ie s i i ) . A ll  experim ents were conducted in  a sm a ll la b ­

o r a to r y  s e t  up fo r  i g n i t io n  t e s t s  a t Montana S ta te  U n iv e r s ity  School o f  

F o r e s tr y .



DESCRIPTION OF THE JENTZSCH IGNITION TESTER

The J en tzsch  I g n it io n  T ester  i s  a hot p la t e - ty p e  i g n i t io n  m easuring

d e v ic e  d ev e lo p ed  by  J e n tz sch  to  e v a lu a te  f u e l s  (G ilm er and C a lc o te , 1951)*

Two s ig n i f i c a n t  fe a tu r e s  o f  th e  t e s t e r  a r e : th e  amount o f  oxygen

s u p p lie d  t o  th e  t e s t  m a te r ia l can be r e g u la te d , and th e  e x a c t  tem perature  

in  th e  ig n i t io n  chambers can be c o n t r o l le d .

The J en tzsch  I g n it io n  T e ster  (F igu re l )  has a s t a i n l e s s  s t e e l

ig n i t io n  u n it  c o n s is t in g  o f  fo u r  sy m m etr ica lly  arranged cham bers, each  

15 mm. w ide and 40  mm. d eep . The ig n i t io n  u n it  i s  lo c a te d  in  th e  c e n te r  

o f  an e l e c t r i c  fu r n a c e . Oxygen i s  su p p lied  through a passage'/\?ay in  th e  

m iddle o f  th e  ig n i t io n  u n it  t o  th e  th r e e  ig n i t io n  cham bers, and a 

therm om eter i s  i n s t a l l e d  in  th e  rea r  chamber to  measure tem perature in  

th e  i g n i t io n  cham bers. Tem peratures ranging  from 200 to  600^ C. can be 

read from th e  therm om eter. A r h e o s ta t  i s  used to  c o n tr o l  th e  tem perature  

in  th e  ig n i t io n  chambers by r e g u la t in g  th e  cu rren t t o  th e  e l e c t r i c  

furnace (G ilm er and C a lc o te , 1 9 5 1 )-

The q u a n tity  o f oxygen su p p lie d  to  th e  i g n i t io n  u n it  i s  r e g u la te d  

by a f in e  c o n tr o l  n e e d le  v a lv e .  I f  th e  d e s ir e d  r a te  o f oxygen fee d  i s  

l e s s  than  100 bubbles p er  m in u te , th e  number i s  determ ined by cou n tin g  

th e  b u b b les th a t  appear from th e  n o z z le  in  th e  d i s t i l l e d  w ater o f  th e  

bubble co u n ter  during a measured tim e i n t e r v a l .

When 100 or more bubbles a re  su p p lie d  to  th e  ig n i t io n  u n i t ,  a 

th r e e  way p e tco c k  from th e  bubble co u n ter  i s  c lo s e d  and th e  r a te  o f  w ater

- 4 —



“5“

F igure 1 .  The J en tzsch  I g n i t io n  T ester
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r i s e  i s  ob served  in  a c a lib r a te d  m easuring tu b e . The r a te  o f  w ater  r i s e  

in  f i v e  secon d s i s  e q u iv a le n t to  th e  number o f  bubbles p er  m inute which  

can be read d i r e c t l y  from th e  m easuring tu b e .

Oxygen i s  fe d  t o  th e  ig n i t io n  u n it  by opening th e  th r e e  way 

petcock *  The oxygen i s  p reh eated  to  remove any m o istu re  th a t  i t  m ight 

have taken  on in  th e  bubble co u n ter  and to  adapt i t s  tem perature to  th a t  

o f  th e  sample in  th e  ig n i t io n  chamber (Deichmann, 1 9 5 # ) . S ix t y  b u b b les  

o f  oxygen per m inute su p p lie d  to  th e  ig n i t io n  chamber are eq u al t o  5 cc  ̂

o f  oxygen per m in u te .

S t a in le s s  s t e e l  ev a p o ra tin g  d is h e s  are used  t o  p la c e  sam ples in  

th e  ig n i t io n  cham bers. A m irror en a b le s  th e  o b serv er  t o  watch th e  

burning p r o c ess  in  th e  fr o n t ig n i t io n  chamber. The ig n i t io n  chambers 

are c le a n e d  by sq u e ez in g  a rubber b a l l  (b low er) which fo r c e s  a ir  in to  

th e  ig n i t io n  cham bers.
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F igu re 2 . A c ro ss  s e c t io n  o f  th e  ig n i t io n  

u n it  and th e  e s s e n t i a l  p a r ts  o f  th e  

J en tzsch  I g n it io n  T e s te r .

1
2
3
4
5
6
7
Ô
9

10
11
12
13
14 

A

I g n it io n  u n it  
E le c t r ic  furnace  
Oxygen p ip e
F in e c o n tr o l  n e e d le  v a lv e  
Bubble cou n ter  
Three way p e t  cock  
N ozzle
C a lib ra ted  m easuring tu b e
Blower
Blower
L igh t
M irror
Thermometer
E vaporating d ish
I g n it io n  chambers (o n ly  two v i s i b l e )



METHODS

Seed s t o r a g e . A ll  th e  c e r t i f i e d  t r e e  seed  was s to r ed  a t  32^ to  

3 4 °  F. in  th e  c o o le r  o f  th e  f o r e s t r y  sc h o o l greenhouse u n t i l  i t  was 

need ed  fo r  t e s t i n g .  ïh e  German t r e e  seed  d ata  are summarized by s p e c ie s  

in  T able I .  The seed s were c o l le c t e d  during th e  f a l l  o f  195S and 1959 .

Sample s i z e . Only one c y l in d r ic a l  w eigh in g  b o t t l e  (30 mm. h igh  

and 50 ram. in s id e  d iam eter) o f  seed  from each seed batch was n e c e ssa r y  

t o  c o n s t i t u t e  a la r g e  enough sample fo r  com p letin g  th e  ig n i t io n  t e s t s .  

When t e s t in g  a m a te r ia l as e x p en siv e  as t r e e  se e d , th e  advantage o f  u s in g  

th e  J en tzsch  I g n it io n  T ester  over o th e r  ig n i t io n  d e v ic e s  i s  th a t  o n ly  a 

sm a ll q u a n t ity  o f  t e s t  m a te r ia l i s  r e q u ir e d , Metz (1936) p o in ts  out th a t  

i n  s tu d ie s  o f h eterogen eou s m a te r ia ls ,  th e  v a r i a b i l i t y  o f  th e  r e s u l t s  i s  

d im in ish ed  b ecau se  o f  th e  sm a ll volume o f sam ples and consequent in c r e a s e  

o f  th e  p o s s ib le  number o f t e s t s .

Sample p r e p a r a tio n . Samples w ith  a r e l a t i v e l y  g r e a te r  su r fa c e  

area  i g n i t e  more r e a d ily  than sam ples w ith  r e l a t i v e l y  l e s s  su r fa c e  be­

ca u se  o f th e  g r e a te r  working su r fa c e  a v a i la b le  f o r  oxygen. Deichmann 

( 1 9 5 8 ) and o th e r s  found th a t  th e  m o istu re  co n ten t o f  th e  m a te r ia l and th e  

co m p o sitio n  o f  th e  v o l a t i l e  compcxients in f lu e n c e  i g n i t io n .  The method o f  

se ed  a n a ly s is  adopted by th e  A s so c ia t io n  o f  O f f i c i a l  A g r ic u ltu r a l Chemists 

(M ethods o f  A n a ly s is ,  1950) recommends drying a t th e  b o i l in g  p o in t  o f  

w ater  (95 -  100° C .) to  remove th e  m oistu re  from seed s . The seed  sam ples

- 8 -



TABLE I

GERMAN TREE SEED DATA

Species Sample
No.

S i t e i /
class

Elevation
(meters)

Exposure Sloped/ Growing season 
Ppt. 

(mm, )

Ave. age 
stand 
(yrs.)

S o il2 / Locality

Spruce 1 I 0-100 Ratzeburg
2 I 960-1300 s-sw G-S 14 800 135 34SLwl-w3 Oberammergau
3 I 400-500 RiJdgen
k I 220 NW G 12.5 440 140 2 DF Westerhof
5 II 720 N&W M 11 95 23SK Stryck
6 I 500 E M 13.7 825 112 2HVK Rothenkirchen
7 I 1000-1150 S-SE M-S 11,4 550 135 3SAwl Schluchsee ,
8 I 760 L 14-15 550 121 2Swl Denklingen 'f

Pine 1 I 31-61 L 14.7 326 140 Dw2-w3 Erdmannshausen
2 I 700 Sigmaringen
3 I 305-335 N,NW,S G-M 14-15 270 no grCFwl Burgebrach
4 ii/in 200-500 NW 13.7 350 F Breitenbach
5 I 200-400 Bitburg
6 i/ii 300-400 Altengronau
7 I 0-100 Wolfgang

larch 1 i/i i 225-350 a l l L-M 14.7 256 n6 Schlitz
2 I 400-500 Schweckhausen
3 II 450 Czechoslavakia
4 II 200-300 Bad Homburg
5 II 10CV200 Helmstedt
6 I /I I 300-400 Nast'dtten
7 I /I I 500 16.2 370 130 SLwl Salem



TABLE I  (Continued)

Species Sample
No.

S it e i /
c lass

Elevation
(meters)

Exposure Sloped/ Growing 
Temp.
(°c.)

season
Ppt.

(mm.)

Ave age 
stand 
(y rs .)

S o il2 / Locality

Fir 1 I 300-400 Stockach
2 I/II 31-61 14.7 326 75 23gSKw2 Erdmanns hau s en
3 I 420-460 a l l L-S 13,6 395 45 Daun
4 I/II 370-510 a l l L-S 14.4 293 50 3gSIKw2 Kirchberg
5 I 300-400 Obereimer
6 I 200-300 Bad Homburg

Effective s o i l  depth

Coarse fragments-
VAwl-

V

-Surface s o il  texture 
-Wetness
-Parent material

Effective s o il  depth
1 -  Very deep (over 60”)
2 -  Deep (36” to 60”)
3 -  Mod. deep (20” to 36”)
4 -  Shallow (le ss  than 10”)

Coarse fragments 
g -  gravelly  
r -  very stony

Surface so il texture 
V -  Very heavy (clay)
H -  Heavy (ligh t & s i l t y  clay)
F -  Mod* heavy ( s i l ty  clay loam, clay, & sandy clay)
S -  Mod. ligh t (sandy loam & fine sandy loam)
C -  Very lig h t (coarse & medium sands)

Parent material 
A -  Acid igneous rocks
D -  Loess or aeolian material
F -  Sandstone
I -  Schist
K -  Shale or slate
L -  Limestcne

Slope 
L -  Level 
G -  Gentle 
M -  Moderate 
S -  Steep

Wetness
wl -  s lig h t ly  wet 
w2 -  moderately wet 
w3 “ very wet

The s ite  class of larch i s  determined according to Schober. 
! are determined according to Wiedemann*

- /  S o il Conservation Survey Guide

The s ite  classes for the other species
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vrer e d r ie d  t o  c o n sta n t w eight in  an e l e c t r i c  oven r eg u la te d  betw een 100  

and 102® C. to  o b ta in  a comparable m o istu re  co n ten t in  a l l  sa m p les .

Drying and g r in d in g . F i r s t ,  th e  whole se e d s  were d r ie d  in  th e  

oven  fo r  tw e lv e  hours t o  f a c i l i t a t e  cru sh in g  them . A fter  t h i s  p r e lim i­

n ary  d r y in g , a p o r c e la in  c r u c ib le  and p e d e s ta l was used to  crush th e  

se e d s  so  th e y  would dry and grin d  more e a s i l y .  The mashed seed  was then  

d r ie d  aga in  in  th e  e l e c t r i c  oven fo r  f o r t y - e ig h t  h o u rs . N ex t, th e  seed  

was ground in  a F ish e r  S c i e n t i f i c  S o i l  G rinder u n t i l  i t  cou ld  be s i f t e d  

through  a sc re en  w ith  fo r ty  h o le s  per in c h . This screen ed  m a te r ia l  was 

d r ie d  fo r  an a d d it io n a l  tw e lv e  hours to  remove any m o istu re  acq u ired  

w h ile  b e in g  ground and scre en ed . A c y l in d r ic a l  w eigh in g  b o t t l e  f i l l e d  

w ith  screen ed  seed  was then p la ced  in  a d e s ic c a to r  u n t i l  th e  m a te r ia l  

was needed fo r  ig n i t io n  t e s t s .  F igure 3 shows th e  la b o r a to r y  arran ge­

ment and some o f  th e  equipment u sed .

I g n it io n  t e s t s . J en tzsch  and J e l l i t t o  (1953) d e sc r ib e  th e  s e l f  

i g n i t io n  p o in t ,  th e  upper ig n i t io n  v a lu e , and i g n i t io n  d e la y  as th r e e  

v a lu e s  which c o n s t i t u t e  sound c r i t e r i a  in  d eterm in in g  th e  ig n i t io n  and 

com bustion p r o p e r tie s  o f wood and oth er  su b s ta n c e s .

The p r e ssu re  and r e l a t iv e  hum idity  o f  th e  surrounding a i r  a ls o  in ­

f lu e n c e  i g n i t i o n .  A ccording to  J en tzsch  (1941) a f i v e  per cen t d i f f e r ­

en ce  in  r e la t iv e  h u m id ity  e i t h e r  h ig h er  or low er  w i l l  n o t a f f e c t  

i g n i t i b i l i t y  r e s u l t s  w ith  h is  i g n i t io n  t e s t e r .  For t h i s  r ea so n , a l l  

i g n i t io n  t e s t s  were made vhen th e  r e la t iv e  hu m id ity  was between tw en ty -  

f i v e  and t h i r t y - f i v e  per c e n t .
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Figure 3* Laboratory arrangement 

and some of the equipment used.

1) C y lin d r ic a l  w eigh ing  b o t t l e  
c o n ta in in g  prepared seed  sam ple

2 ) E vaporating d ish  w ith handle
3 ) Screen  w ith  40 h o le s / in c h
4 )  D e s ic c a to r
5) Stopw atch
6) C ru cib le  and p e d e s ta l
7 ) F is h e r  S c i e n t i f i c  S o i l  G rinder  
6 )  E le c t r ic  d ry in g  oven
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A h a ir  hygrom eter and s U n g  psychrom eter (F igu re  4 ) were used  t o  

m easure th e  r e la t iv e  h u m id ity . The hygrom eter was used  to  determ ine  

w h eth er c o n d it io n s  were fa v o ra b le  fo r  t e s t i n g ,  v h i le  th e  more a ccu ra te  

s l i n g  psychrom eter was used  to  d eterm ine th e  r e la t iv e  h u m id ity  and room 

tem p eratu re  a f t e r  each I g n i t io n  p o in t  was e s t a b l i s h e d .

By making t e s t s  a various a ir  pressures, no d ifferen ce  in  ig n i­

t io n  could be found between 29.75 and 30 .50 inches o f mercury. These 

operable lim its  were marked on record paper which was attached to  a 

barograph cy lin d er . Weekly a ir  pressure checks were made with the U nited  

S ta te s  Weather Bureau in  M issoula.

Autogeneous ig n i t io n  c u r v e s . Jen tzsch  says th a t  th e  s e l f  ig n i t io n  

p o in t  and th e  upper I g n i t io n  v a lu e , to g e th e r  w ith  some in te r m e d ia te  ig n i ­

t i o n  p o in ts  can be g r a p h ic a lly  connected  to  form an autogeneous ig n i t io n  

cu rve  (A ccording to  Deichmann, 1 9 5 S ).

In  th e  a u th o r 's  ex p er im en ts , graph paper (20 sq uares to  th e  in c h )  

was prepared fo r  making ig n i t io n  cu rves by p lo t t in g  bubbles o f  oxygen per  

m inute on th e  o r d in a te  and tem p eratures in  d egrees c en tig r a d e  on th e  

a b s c i s s a .  Bubbles o f  oxygen per m inute ranged from 0 to  400 on th e  p lu s  

a x i s  o f  th e  o r d in a te , W aile tem p eratures ranged from 200 to  600^ C, on 

th e  p lu s  a x is  o f  th e  a b s c i s s a .

S e l f  ig n i t io n  p o in t . The s e l f  ig n i t io n  p o in t  i s  th e  lo w e st  tem per­

a tu r e  a t  which a m a te r ia l in  an abundant stream  o f  oxygen (300 to  400  

b u b b les  per m inu te) i g n i t e s  and bu m s v i s i b i l y  w ith ou t an ig n i t io n  source  

(J e n tz s c h , 1 9 5 2 ) .
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F ig u re  4 .  H air hygrom eter, s l in g  

p o c h r o m e te r , and barograph.
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F i r s t ,  th e  s e l f  i g n i t io n  p o in t fo r  each sam ple was found by- 

r e g u la t in g  th e  tem perature to  250° C. and by f ix in g  th e  r a te  o f  oxygen  

fe e d  to  th e  i g n i t io n  chamber a t 400 bu bbles p er  m in u te . The p assage  o f  

oxygen in t o  th e  two s id e  ig n i t io n  chambers was b lo ck ed  by in s e r t in g  a 

s t e e l  cup in to  th e  bottom  o f  each chamber, b ecau se  o n ly  th e  fr o n t  i g n i t io n  

chamber should  be used fo r  t e s t i n g .  Then an evap ora tin g  d ish  c o n ta in in g  

th e  ground seed  was p laced  in  th e  fr o n t  ig n i t io n  chamber. I f  th e  t e s t  

m a te r ia l  glowed w ith in  f i v e  m inutes th e  tem p erature was low ered  ten  

d e g r e e s .  Ch th e  o th e r  hand, i f  g low in g  did n ot occur w ith in  f iv e  m inutes 

th e  tem perature was r a is e d  ten  d e g r e e s . This t r i a l  method was rep eated  

u n t i l  th e  lo w e s t  tem perature was found w ith in  a ten  degree  in t e r v a l  in  

w hich R ow in g  occurred  a t  th e  h ig h er  tem perature and no g low ing  was 

ob served  a t th e  low er tem p eratu re.

Im m ediately  a f t e r  th e  s e l f  i g n i t io n  p o in t was found and p lo t t e d ,  

th e  r e l a t iv e  h u m id ity , a i r  p r e s su r e , and room tem perature were measured 

and recorded  on th e  In d iv id u a l S p e c ie s  Data Sh eet (See A ppendix). Between 

each t e s t  r e s id u e s  were removed from th e  ig n i t io n  chamber and th e  evapora­

t io n  d i s h e s .  The ig n i t io n  chamber -was c lea n ed  w ith  th e  b low er  and th e  

e v a p o r a tin g  d is h e s  were scoured  w ith  a s t e e l  b ru sh .

In ter m ed ia te  i g n i t io n  p o in t s . An in te r m e d ia te  i g n i t io n  p o in t i s  

th e  lo w e st  tem p erature a t which g low ing occu rs a t  a f ix e d  number o f oxygen  

b u b b les p e r  m inute (w ith in  th e  range betw een th e  s e l f  i g n i t io n  p o in t  and 

th e  upper i g n i t i o n  v a lu e )  and w ith ou t an ig n i t io n  so u r c e .

In ter m ed ia te  ig n i t io n  p o in ts  were found a t  tw e n ty - f iv e  bubble  

i n t e r v a l s  in  t h i s  s tu d y . The f i r s t  in te r m e d ia te  ig n i t io n  p o in t  determ ined
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f o r  each sample was a t  375 bubbles o f oxygen per m in u te . The f i n a l  

i g n i t io n  p o in t  was found a t  tw e n ty - f iv e  bubbles per m inute.

The procedure used fo r  d eterm in in g  an in te r m e d ia te  ig n i t io n  p o in t  

was th e  same as th a t  used fo r  f in d in g  th e  s e l f  i g n i t io n  p o in t .  Again th e  

r e l a t iv e  h u m id ity , a i r  p r e ssu r e , and room tem perature were m easured and 

record ed  a f t e r  each in te rm e d ia te  i g n i t io n  p o in t was found.

As a r e s u l t  o f  th e  reduced oxygen su p p ly , th e  tem p eratures found 

f o r  in te r m e d ia te  i g n i t io n  p o in ts  were h ig h er  than th o se  found fo r  th e  

s e l f  i g n i t io n  p o in t .  The t e s t  m a te r ia l ig n i t e d  more r a p id ly  a t  h ig h er  

tem p eratu res th an  a t  low er tem p eratu res w ith  oxygen su p p ly  r a te s  o f  l e s s  

than 200 b u bb les per m in u te . Because th e  burning p ro cess  proceeded so  

r a p id ly  a t  h ig h e r  tem p era tu res , t e s t s  fo r  i g n i t io n  p o in ts  w ith  tem pera­

tu r e s  ex ceed in g  400° C. were made and observed  in  th e  dark.

Upper ig n i t io n  v a lu e . The upper i g n i t io n  v a lu e  i s  th e  lo w est  

tem p eratu re  a t which ig n i t io n  ta k es  p la c e  w ith ou t an a r t i f i c i a l  i n l e t  o f  

oxygen and w ith ou t an i g n i t io n  sou rce  (Deichmann, 1 9 5 8 ) .

The upper ig n i t io n  v a lu e  was found in  th e  same manner as the o th e r  

i g n i t io n  p o in t s ,  o n ly  th e  oxygen i n l e t  to  th e  ig n i t io n  chamber was com­

p l e t e l y  sto p p ed . This was done by c lo s in g  th e  two p etco ck s on th e  t e s t e r  

and th e  oxygen r e g u la t in g  v a lv e  on th e  oxygen ta n k .

W ithin an i g n i t io n  r e g io n , th e  t e s t  m a te r ia l u s u a l ly  ig n i t e d  

sp o n ta n e o u s ly  in  l e s s  than one m in u te . The tem peratures found fo r  th e  

upper ig n i t io n  v a lu e s  were h ig h er  than th o se  o f  th e  o th er  ig n i t io n  p o in t s ,  

b e c a u se  no a d d it io n a l  oxygen was su p p lie d . A ccording t o  Jen tzsch  ( l 9 4 l )  

th e  d i f f u s io n  o f  oxygen from th e  surrounding a ir  in t o  th e  ig n i t io n



-1 7 -

chamber in f lu e n c e s  ig n i t io n  by o n ly  one bubble per m in u te . When th e  

u p per ig n i t io n  v a lu e  was e s t a b l i s h e d ,  th e  atm ospheric measurements were 

made and reco rd ed .

A fte r  p lo t t in g  th e  upper ig n i t io n  v a lu e , an autogeneous ig n i t io n  

curve f o r  th e  t e s t e d  sample was formed by co n n ectin g  the p lo t t e d  s e l f  

i g n i t io n  p o in t ,  th e  in te rm e d ia te  i g n i t io n  p o in ts ,  and th e  upper ig n i t io n  

v a lu e .

I g n i t io n  d e la y . I g n it io n  d e la y  i s  th e  d u ra tio n  o f tem perature  

a p p l ic a t io n  u n t i l  i g n i t io n  occu rs a t a f ix e d  i n l e t  o f  oxygen per tim e  

u n it  (Deichmann, 1958)#

B efore  a t e s t  was made, th e  tem perature in  th e  i g n i t io n  chamber 

was r eg u la te d  to  320° C, and oxygen i n l e t  was s e t  a t 400 bubbles per 

m inute (J en tzsch  and J e l l i t t o ,  1953)# The tim e between th e  in tr o d u c t io n  

o f  th e  t e s t  m a te r ia l to  th e  ig n i t io n  chamber and ig n i t io n  was measured 

w ith  a stop w atch . F ive in d iv id u a l  t e s t s  were made fo r  each sam ple. 

I g n i t io n  d e la y  fo r  a sample was c a lc u la te d  as th e  average va lu e  o f  th e  

f i v e  t e s t s .

Deichmann (1958) found th a t  ig n i t io n  d e la y  was in f lu e n c e d  by:

1 )  th e  amount o f  v o l a t i l e  components r e le a s e d ,  2 ) th e  chem ical com posi­

t io n  o f th e  v o l a t i l e  com ponents, 3) th e  m oistu re  co n ten t of th e  m a te r ia l,  

and 4 ) the p a r t i c l e  s i z e  o f th e  t e s t  m a te r ia l .  S in ce  a l l  th e  sam ples 

were oven d r ied  and ground to  the same s i z e  fo r  th e se  t e s t s ,  o n ly  th e  

c h e m ic a l co m p o sitio n  and the q u a n t ity  o f  v o l a t i l e  components in flu e n c e d  

th e  d i f f e r e n c e s  in  i g n i t io n  d e la y .
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V o l a t i l i t y  t a b l e s . V o l a t i l i t y  t a b le s  were used by J en tzsch  (1952)  

t o  e v a lu a te  h is  ig n i t io n  t e s t s .  V o l a t i l i t y  t a b le s ,  which J en tzsch  

d e v e lo p ed  on an e m p ir ic a l b a s i s ,  perm it th e  read ing o f  com parative  

f i g u r e s .  They are  based on the s e l f  ig n i t io n  p o in t ,  upper ig n i t io n  v a lu e ,  

and i g n i t io n  d e la y  o f  th e  in d iv id u a l  m a te r ia l .  These com parative f ig u r e s  

a llo w  e a s y  and d ir e c t  c a lc u la t io n s  concern ing  th e  f la m m a b ility  o f  th e  

m a t e r ia l ,  A com parison number o f  100 in d ic a te s  th a t  a m a te r ia l  i s  h ig h ly  

flam m able, w h ile  a com parison number o f zero  in d ic a te s  th a t  th e  m a te r ia l  

d o e s  n o t bum  w e l l .  The v o l a t i l i t y  ta b le s  fo r  th e s e  experim en ts were 

d ev e lo p ed  by J e n tz s c h .



THE IGNITION PROCESS

Three f a c to r s  th a t  in f lu e n c e  ig n i t io n  o f an oven d r ied  sample a r e :  

l )  th e  tem p era tu re , 2 ) th e  nature and amount o f  v o l a t i l e  components 

r e le a s e d  from a m a te r ia l  a t ig n i t io n  tem p era tu re , and 3) th e  amount o f  

oxygen a v a i la b le .  For ig n i t io n  t o  occu r  the m ixture o f  th e  th r e e  

e lem en ts  must be in  th e  c o r r e c t  p r o p o r t io n s . Thus a t  low tem p eratures  

a d d it io n a l  oxygen i s  req u ired  fo r  ig n i t io n  to  tak e p la c e . To compensate 

fo r  an i n s u f f i c i e n t  su p p ly  o f  oxygen, more h eat i s  needed to  i g n i t e  th e  

m a te r ia l .  The v o l a t i l e  components r e le a s e d  can be e i t h e r  to o  r ic h  or 

to o  lea n  fo r  i g n i t i o n .  I f  th e y  are to o  r ic h ,  oxygen must be added to  

th in  th e  m ix tu re; i f  th e  v o l a t i l e  components are to o  lea n  more v o l a t i l e  

com ponents have to  b e  added b y  r a is in g  th e  tem perature (Deichmann, 1 9 5 8 ) .  

C on seq u en tly , in  a s u f f i c i e n t  stream  o f oxygen and a t a s u f f i c i e n t  

tem p eratu re  th e  f la m m a b ility  o f a m a te r ia l depends upon th e  ch em ica l 

co m p o sitio n  o f  th e  v o l a t i l e  com ponents, and th e  amount o f components 

r e le a s e d .

Che o f  th e  d i f f i c u l t i e s  in  co m p le te ly  u n d erstan d in g  th e  ig n i t io n  

p r o c e ss  was brought out by t e s t in g  th e  crude f a t  con ten t o f  th e  four  

s p e c ie s  t e s t e d .  The methods o u t l in e d  in  Methods o f  A n a ly s is  (1950) were 

fo l lo w e d , w ith  th e  e x c e p tio n  o f th e  d ry in g  p r o c e ss , f i r  was found to  

have 14*0^ crude f a t ,  p ine 1 3 .1 ^ , spruce 1 0 .0 ^ , and la rch  5*2^. The 

com p arative  f ig u r e s  in d ic a t e  o p p o s ite  v a lu e s  than were exp ected  from th e  

above r e s u l t s .  F ir  w ith  the h ig h e s t  amount o f  crude f a t s  had th e  lo w e st
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com parison number, w h ile  la r c h  w ith  the s m a lle s t  p ercen tage  o f  crude f a t s  

had th e  h ig h e s t  f la m m a b ility  r a t in g .

O ice th e  m a te r ia l  i s  in flam ed  th e  burn ing p rocess proceeds v ery  

r a p id ly .  J e n tz sc h  found th a t  th e  g a ses r e le a s e d  from a f u e l  i g n i t e  

f i r s t .  The bu rn in g  g a ses  then  i g n i t e  th e  f u e l  (A ccording to  Deichmann,

1 9 5 8 ) .

I g n it io n s  o b ser v ed . I g n i t io n s  observed  a t  th e  upper ig n i t io n  

v a lu e  were o f  a d i f f e r e n t  n a tu re  than th o se  observed  fo r  th e  s e l f  i g n i ­

t i o n  p o in t  and most o f  th e  o th er  ig n i t io n  p o in t s .  At th e  ig n i t io n  

tem p eratu re  o f  th e  upper ig n i t io n  v a lu e s , th e  t e s t e d  sam ples ig n it e d  

sp o n ta n eo u s ly  and con tin u ed  t o  burn w ith  c o n sta n t fla m e, w h ile  th e  i g n i ­

t i o n s  observed  fo r  th e  o th er  ig n i t io n  p o in ts  were i d e n t i f i e d  by a deep  

red g low ing  o f  th e  t e s t  m a te r ia l .  O c c a s io n a lly  i g n i t io n  o f  th e  sample 

was accom panied by a sharp r e p o r t . A pparently th e  m ixture o f  th e  

v o l a t i l e  com ponents, th e  q u a n t ity  o f  oxygen s u p p lie d , and th e  tem pera­

tu r e  in  th e  ig n i t io n  chamber were id e a l  fo r  t h i s  sm all e x p lo s io n . T'\hen 

th e  sharp rep o rt occurred  i t  marked th e  b eg in n in g  o f  th e  ig n i t io n  

p r o c e s s .  B es id es  t h i s ,  th e  o n ly  s ig n i f ic a n c e  the sharp rep o rt had 

co n cern in g  i g n i t io n  t e s t s ,  was to  s t a r t l e  th e  exp erim en ter .



RESULTS OF IGNITION TESTS

A utogeneous i g n i t io n  c u r v e s . S im ila r  i g n i t io n  curves were o b ta in ­

ed fo r  each s p e c ie s .  Ihe d i s t i n c t  form o f  a sp r u c e , p in e , la r c h , or f i r  

curve can be seen  by comparing th e  ig n i t io n  curves in c lu d ed  in  th e  

Appendix (F ig u res 6 -  3 3 ) •

E very ig n i t io n  curve se p a r a te s  a reg io n  o f  ig n i t io n s  from a r eg io n  

o f  n o n - ig n i t io n s ,  b eca u se  th e  curve was drawn through th e  lo w e st  tem pera­

tu r e s  a t  w hich ig n i t io n  occurred  w ith  a c o n tr o l le d  oxygen su p p ly . There­

f o r e ,  a t  any p o in t  on th e  r ig h t  hand s id e  o f  a curve ig n i t io n  took  p la c e ,  

w h ile  on th e  l e f t  hand s id e  no ig n i t io n  was o b serv ed .

The au togeneous ig n i t io n  curves show th e  ig n i t io n  w il l in g n e s s  o f  a 

flam m able m a te r ia l .  The s te e p e r  th e  s lo p e  o f th e  curves betw een 200 and 

ZfOO® C ., th e  n e a r er  th e  upper i g n i t io n  v a lu e  l i e s  to  th e  s e l f  i g n i t io n  

p o in t ,  and th e  h ig h er  th e  f la m m a b ility  o f  th e  m a te r ia l  (Deichmann, 1 9 5 8 ) . 

T h is was found to  be t r u e .  la r c h  curves had th e  s t e e p e s t  s lo p e ,  th e  

h ig h e s t  f la m m a b ility , and t h e i r  s e l f  i g n i t io n  p o in ts  were lo c a te d  c lo s e r  

t o  t h e i r  upper ig n i t io n  v a lu e s  than any o f  th e  o th er  s p e c ie s .  Ranked in  

o rd er  fo l lo w in g  la rc h  were sp r u c e , p in e , and f i r .  The d i f f i c u l t y  o f  

m aking ig n i t io n  t e s t s  under th e  o u t lin e d  procedures fo llo w s  th e  same 

o r d e r . Larch and sp ru ce sam ples w ith  t h e ir  h ig h er  f la m m a b ility  r a t in g s  

w ere more e a s i l y  t e s t e d  than th e  poorer ra ted  p in e  and f i r  sam p les.

B esid es th e  la r g e r  d i f f e r e n c e s  in  i g n i t i b i l i t y  found betw een  

s p e c i e s ,  sm a lle r  d i f f e r e n c e s  were found w ith in  a s in g le  s p e c ie s .  These

- 2 1 -
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i g n i t i o n  d i f f e r e n c e s  can be seen by comparing th e  curves ob ta in ed  from 

th e  t e s t e d  sam ples f o r  each s p e c ie s  (See A ppendix)•

I g n i t io n  v a lu e s . The r e s u l t s  o f  th e  ig n i t io n  t e s t s  summarized in  

T able I I  show th a t  the g r e a t e s t  i g n i t i b i l i t y  d i f f e r e n c e s  w ith in  a s p e c ie s  

w ere found a t  th e  s e l f  i g n i t io n  p o in t and ig n i t io n  d e la y  o f th e  sam ples 

t e s t e d .

When no oxygen was su p p lie d  fo r  making th e  upper ig n i t io n  v a lu e  

t e s t s ,  o n ly  sm all d i f f e r e n c e s  in  th e  tem perature o f th e  upper ig n i t io n  

v a lu e s  were found. Two o u tsta n d in g  e x c e p t io n s  to  t h i s  were la rc h  sam ple  

3 from  Jan ov ice-B ed rich ow , C zech oslavak ia  and la rc h  sample 5 from  

Helms t e  d t , Gerirany. Other au th ors (G ilm er and C a lc o te , 1951) have s ta te d  

t h a t  th e  tem perature o f  th e  upper ig n i t io n  v a lu e  i s  e s s e n t i a l l y  th e  same 

f o r  d i e s e l  o i l  and s im ila r  h ig h ly  flam mable f u e l s .

An upper i g n i t io n  v a lu e  was found most e a s i l y  a f t e r  a l l  th e  o th e r  

i g n i t i o n  t e s t s  fo r  th e  ig n i t io n  curve had been com p leted . Then by  

e x tr a p o la t io n  th e  exp erim en ter  had a good id e a  o f  where th e  upper ig n i t io n  

v a lu e  should  b e  so u g h t. Much tim e was w asted o th erw ise  when th e  upper 

i g n i t io n  v a lu e  was sought p u re ly  on a t r i a l  b a s i s .  The average time 

req u ired  fo r  making a com plete s e r ie s  o f  ig n i t io n  t e s t s  fo r  a s in g le  

sam ple was ap p rox im ate ly  s ix te e n  h o u rs .

Comparison numbers. The com parison numbers which are an in d ex  o f  

o f  a m a t e r ia l ' s  f la m m a b ility  were read fran  a v o l a t i l i t y  t a b le  th a t  

J e n tz s c h  d eve lop ed  fo r  t h i s  experim en t. Four se p a r a te  b u t id e n t ic a l  

v o l a t i l i t y  ta b le s  (T ables IV, V, V I, and V II) were cop ied  from th e  ta b le
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table I I

SELF IGNITION POINTS, UPPER IGNITION VALUES, 
AND IGNITION DELAYS

S p e c ie s Sample S e l f  i g n i t io n Upper ig n i t io n I g n it io n  d e la y
No. p o in t v a lu e ( se co n d s)

( ° c . ) ( ° c . )

Spruce 1 236 568 75
2 236 570 54
3 236 564 66
4 2k2 574 70
5 260 574 65
6 230 554 70
7 232 564 63
B 234 568 69

P in e 1 272 558 101
2 252 560 S3
3 262 556 98
4 306 558 135
5 27S 558 94
6 274 558 92
7 27Ô 566 102

Larch 1 234 470 44
2 23Ô 472 47
3 240 530 49
4 240 474 49
5 238 506 48
6 232 470 43
7 234 474 44

F ir 1 256 550 117
2 316 550 132
3 286 550 119
4 274 560 106
5 296 554 120
6 298 546 125



—2Z|,—

J e n tz s c h  d e v e lo p e d . The fo u r  t a b le s  were made t o  d is p la y  th e  range o f  

com parison  numbers found fo r  each s p e c ie s  and t o  e l im in a te  any over­

la p p in g  o f  ranges th a t  would have occurred i f  a l l  th e  s p e c ie s  were shown 

on one t a b l e .

Table I I I  summarizes th e  th r e e  im portant i g n i t io n  v a lu e s  and 

i l l u s t r a t e s  how th e y  were in co rp o ra ted  in t o  th e  v o l a t i l i t y  t a b le s  to  

o b ta in  th e  com parison f ig u r e s .  A ccording to  J e n tz sc h  ( i9 6 0 )  th e  p ro cess  

o f  s e t t i n g  up a v o l a t i l i t y  t a b le  i s  s im p l i f ie d  by rounding o f f  th e  s e l f  

i g n i t i o n  p o in ts  and th e  upper ig n i t io n  v a lu e s  t o  th e  n e a r e s t  10° C. 

J e n tz sc h  recommended th a t  a c o r r e c t io n  o f  minus 4 0° C. be tak en  from th e  

upper ig n i t io n  v a lu e s  t o  con vert th e  ex p erim en ta l v a lu e s  to  t h e i r  co rre ­

sp ond ing  sea  l e v e l  v a lu e s .  A c o r r e c t io n  o f  minus 40° C. was taken  from  

each upper ig n i t io n  v a lu e  to  c o r r e c t  from th e  a l t i t u d e  o f  M issou la  (3 ,2 5 0  

f e e t  above mean sea  l e v e l )  to  a sea  l e v e l  r ea d in g .



TABLE I I I

DERIVATION OF THE COMPAKI SOI NUMBERS

Species Sample
No.

Self
ign ition

point
(*c.)

Upper
ign ition
value
(°c.)

Upper ign ition  
•value 
minus 
40°C.

Upper ignition  value 
minus 

Self ign ition  point
(OQ.)

Ignition
delay

(seconds)

Comparison
nunber

Spruce 1 240 570 530 290 75 55
2 240 570 530 290 54 68
3 240 560 520 290 66 60
4 240 570 530 290 70 58
5 260 570 530 270 65 56
6 230 550 510 280 70 58
7 230 560 520 290 63 64
S 230 570 530 300 69 61

Pine 1 270 560 520 250 101 30
2 250 560 520 270 Ô3 46
3 260 560 520 260 98 34
4 310 560 520 210 135 -2
5 280 560 520 240 94 32
6 270 560 520 250 92 35
7 280 570 530 250 102 28



TABLE I I I  (Continued)

Species Sample 
No.

S elf Upper
ign ition  ign ition  
point value
(°c.) (°c.)

Upper ign ition  Upper ign ition  value Ignition Comparison
value minus delay number
migus s e l f  ign ition  point (seconds)
40 C. (°C.)

Larch 1 230 470 430 200 44 64
2 240 470 430 190 47 61
3 240 530 490 250 49 66
4 240 470 430 190 49 59
5 240 510 470 230 48 64
6 230 470 430 200 43 66
7 230 470 430 200 44 65

Fir 1 260 550 510 250 117 20
2 320 550 510 200 132 0
3 290 550 510 220 119 12
4 270 560 520 250 106 26
5 300 550 510 210 120 9
6 300 550 510 210 125 7

kI
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TABLE IV

VOLATILITY TABLE FOR SPRUCE

Comparison
number

Upper i g n i t io n  v a lu e  
minus 

S e l f  i g n i t io n  p o in t I g n i t io n
d e la y

( s e c . )
(°C .)S e l f

ig n i t io n
p o in t

(°c .)

A u x ilia r y
la d d er100220 T

240 11150

10
200 - -

2B0 — 32 --

300  - - 100 - -

24  - -110

20

12
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TABLE V

VOLATILITY TABLE FOR PINE

Upper i g n i t io n  v a lu e  
minus 

S e l f  i g n i t io n  p o in t

(°C.)
S e l f

I g n it io n
d e la y

Comparison
number

( s e c .  )i g n i t io n
p o in t

(°c .)
A u x ilia r y

la d d er 50 -

100220

11 70 - 40240  — 150 - 7
10 80 36 . .260

280

100 -300

300 - - n o  1-320

20 --350

16

0
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TABIE VI

VOLATILITY TABLE FOR LARCH

Comparison
number

Upper i g n i t io n  v a lu e  
minus 

S e l f  i g n i t io n  p o in t

( ° c . )

I g n it io n
d e la y

( s e c . )S e l f
i g n i t io n

p o in t

( ° c . )

40

A u x ilia r y
lad d er220 -r 100 —

2k0 11 T150 - -

260 — 10 - -

201
290 — 9

250 8 28300 100

300---- n o320  - -

350

12

2 - -

1 - -

0 -L
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TABLE VII

VOLATILITY TABLE FOR FIR

Upper i g n i t io n  va lu e , 
minus 

S e l f  i g n i t io n  p o in t

(°c .)
S e l f

I g n it io n
d e la y

( s e c . )

Comparison
number

A u x ilia r y
lad d er100220-r

150

10 - -260- -

200

250 100

Sample 4_
300 110 24 *-

6 - -

350

5 " 130 -t-

12

2 -



ANALYSIS OF DATA AND CONCLUSIONS

In Table V III th e  sarrples o f  each s p e c ie s  are arranged accord in g  

t o  th e  s i t e  c la s s e s  and e le v a t io n s  from which the se ed s  were c o l l e c t e d .  

The sam p le’s in d ex  o f  f la m m a b ility  (com parison number) ob ta in ed  from th e  

i g n i t io n  t e s t s  i s  a l s o  shown. A s t r a ig h t  l i n e  r e la t io n s h ip  was in d ic a te d  

f o r  a l l  s p e c ie s  by p lo t t in g  a sam p le 's  com parison number over  th e  mean 

e le v a t io n  from which th e  sam ple was c o l l e c t e d ,  Ihe s t r a ig h t  l in e  r e la ­

t io n s h ip  p o in ted  to  th e  u se  o f  l in e a r  r e g r e s s io n s  as b e in g  th e  b e s t

method o f  a n a ly z in g  th e  d a ta .

The d a ta  (T able VTII) p erm itted  th e  developm ent o f fo u r  l in e a r  

r e g r e s s io n s !  l )  spruce s i t e  c la s s  I ,  2) p ine s i t e  c la s s  I - I / I I ^  3 )  la r c h  

s i t e  c la s s  I / I I - I I ,  and k) f i r  s i t e  c la s s  I - l / l I .  I n s u f f i c i e n t  data  were 

a v a i la b le  to  determ ine th e  r e g r e s s io n s  fo r  spruce s i t e  c la s s  I I ,  p ine  

s i t e  c la s s  I I / I I I ,  and la r c h  s i t e  c la s s  I .

The independent v a r ia b le  e le v a t io n  upon which v a r ia t io n s  in  

com parison numbers seemed to  depend was p lo t te d  on the X a x i s .  Compari­

son  numbers were p lo t te d  a s th e  dependent v a r ia b le s  on th e  Y a x i s .  The

c o e f f i c i e n t  o f r e g r e s s io n  or (b ) v a lu e  i s  a measure o f  th e  s lo p e  o f  th e

r e g r e s s io n  l in e  which d e sc r ib e s  th e  u n it  change in  Y w ith  a g iv en  change 

i n  X. The (b) v a lu e  was c a lc u la te d  (See Appendix Table X I) fo r  each o f  

th e  fo u r  r e g r e s s io n  U n e s .

The (a )  v a lu e s  computed a re  in t e r c e p t s  on th e  Y a x is  where X 

e q u a ls  zero  (S n ed ecor, 1 9 5 6 ) . Thus an in te r c e p t  m easures th e  d is ta n c e

—31—
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table V III

COMPARISON NUMBERS, ELEVATIONS, AND SITE iCLASSES

S p e c ie s Sample Comparison E le v a tio n S i t e
No. number (m e te r s ) c la s s

Spruce 2 68 960-1300 I
7 64 1000-1150 I
8 61 760 I
6 58 500 I
3 60 400-500 I
4 58 220 I
1 55 0-100 I
5 56 720 I I

P in e 2 46 700 I
3 34 305-335 I
5 32 200-400 I
7 28 0-100 I
1 30 31-61 I
6 35 300-400 I / I I
4 -2 200-500 I I / I I I

Larch 2 61 400-500 I
7 65 500 I / I I
6 66 300-400 I / I I
1 64 225-350 I / I I
3 66 450 II
4 59 200-300 I I
5 64 100-200 II

F ir 3 12 420-460 I
1 20 300-400 I
5 9 300-400 I
6 7 200-300 I
4 26 370-510 I / I I
2 0 31-61 I / I I
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f rom th e  o r ig in  o f  m easurem ents (z e r o )  a lo n g  th e  Y a x is  to  th e  p o in t  

where th e  r e g r e s s io n  l in e  s t a r t s .  Hie in t e r c e p t  (a ) was c a lc u la te d  fo r  

each  r e g r e s s io n  hy^ Y = a + bX.

Where :

Y = th e  mean o f  th e  com parison numbers fo r  a g iv en  sp e c ie s  

b = the c o e f f i c i e n t  o f  r e g r e ss io n  

X = th e  mean e le v a t io n

Three o f th e  fou r  c o r r e la t io n  c o e f f i c i e n t s  (r )  c a lc u la te d  fo r  th e  

th e  r e g r e s s io n s  showed a h igh  degree o f  a s s o c ia t io n  between com parison  

numbers and e le v a t io n .  The computed (r )  v a lu e s  are summarized in  Table 

IX . F igure 5 shows th e  fou r  r e g r e s s io n  l i n e s ,  th e  p lo t te d  sa m p les, and 

th e  form ula used fo r  c a lc u la t in g  th e  exp ected  v a lu e s  o f  Y (Y) to  p lo t  

th e  r e g r e s s io n  l i n e s .

Two v a lu e s  a ls o  summarized in  Table IX are th e  stan d ard  e rr o r  o f  

th e  e s t im a te  (SEg) and the standard erro r  o f th e  r e g r e s s io n  (SE^)* The 

stan d ard  e rr o r  o f the e s t im a te  i s  a measure o f th e  d is p e r s io n  o f the  

in d iv id u a l  v a lu e s  from th e  r e g r e s s io n  l i n e ,  vAiile th e  standard erro r  o f  

th e  r e g r e s s io n  m easures th e  erro r  o f  th e  c o e f f i c i e n t  o f r e g r e s s io n  or th e  

(b )  v a lu e .

The c o e f f i c i e n t  o f  r e g r e s s io n  and th e  standard erro r  o f  th e  re­

g r e s s io n  were used to  c a lc u la te  sample t  in  th e  fo llo w in g  form ula:

Sample t  = b 
SEb

T e sts  o f  s ig n if ic a n c e  were made by ta k in g  th e  sam ple t  va lu e  

d e r iv e d  from th e  above formula and comparing them to  F is h e r ’s ta b le  o f
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r  = 6 0 .66  + 0 .0 1 0 1  X
^Y= 54 .65  + 0 .0 0 9 9  X
Y = 2 6 .7 0  + 0 .0 2 5 4  X
Y = - 3 .3 9  + 0 .0 4 9 0  X

la rc h  Ÿ^= 
spruce  
pin  
f i r10 -

600 800200 400 10000

ELEVATION IN METERS

F igure 5 .  R eg ress io n s and th e  r e la t io n s h ip  o f  com parison  
numbers t o  e le v a t io n .
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"t" v a lu e s ,  The corresp on d in g  d eg rees o f  freedom  used  were n -2  because  

e s t im a te s  were made from two r e fe r e n c e  p o in ts  from Y, One o f  th e  d eg rees  

o f  freedom  was a lre a d y  used fo r  th e  mean, W iile  th e  o th er  was used fo r  

th e  r e g r e s s io n  (S n ed ecor, 1 9 5 6 ). Snedecor*s F t e s t  or th e  V ariance R atio  

T est as d e sc r ib e d  by Moroney (1956) was a p p lie d  t o  th e  r e s u l t s  to o .

T ab le X i l l u s t r a t e s  th a t  th e  r e s u l t s  o f  th e  F t e s t  are e s s e n t i a l l y  th e  

same as th o se  o f  th e  ”t'* t e s t .

I f  th e  c a lc u la te d  v a lu e  o f  t  exceed s th e  5^ p r o b a b il i ty  p o in t in  

th e  t a b le  o f  " t", fo r  th e  number o f  d egrees o f freedom  in  q u e s t io n , th en  

th e  c o n c lu s io n  can be made th a t  th e  r e s u l t  i s  probab ly  s i g n i f i c a n t .  But 

b o th  th e  t  v a lu e s  c a lc u la te d  fo r  spruce s i t e  c la s s  I and fo r  p in e  s i t e  

c l a s s  I - l / l I  are d e f i n i t e l y  s ig n i f i c a n t  b ecause th e y  exceeded th e  1% 

p r o b a b i l i t y  (Moroney, 1 9 5 6 ) . However, th e  c a lc u la te d  t  v a lu e  fo r  f i r  

s i t e  c la s s  I - I / I I  i s  o n ly  s ig n i f i c a n t  a t th e  ^0% l e v e l  o f c o n fid e n c e  or  

th e  X0% p r o b a b i l i t y  p o in t ,  and th e  sample t  v a lu e  fo r  la r c h  s i t e  c la s s  

I / I I - I I  i s  not s i g n i f i c a n t .

T h erefore th e  N u ll H yp oth esis th a t  th e re  i s  no d i f f e r e n c e  in  th e  

b u rn in g  in d ex  w ith  changes in  e le v a t io n  h o ld s fo r  la r c h  s i t e  c la s s  l / l l -  

I I  and f i r  s i t e  c la s s  I - I / I I  a t th e  95^ l e v e l  o f  c o n f id e n c e . But the  

N u ll  H yp oth esis breaks down fo r  b oth  spruce s i t e  c la s s  I  and p in e s i t e  

c l a s s  I - l / l I  a t  th e  99^ l e v e l  o f  c o n f id e n c e . The d if f e r e n c e s  found in  a 

s p e c ie s  f la m m a b ility  w ith  v a r ia t io n s  in  e le v a t io n  must be a r e s u l t  o f  

d i s s im i la r  s to r a g e  o f  ch em ica ls  in  tr e e  seed  a t d i f f e r e n t  e le v a t io n s .

The reason  fo r  th e  p o s i t iv e  and n e g a t iv e  r e s u l t s  can be a t tr ib u te d  

t o  th e  f a c t  th a t  i n s u f f i c i e n t  sam ples were t e s t e d  a c ro ss  th e  range o f



TABLE IX

REGRESSION ANALYSIS OF THE RELATIONSHIP BET̂ ŒN THE COMPARISŒ NUMBERS AND ELEVATION

Species No, S ite  
of 

items

Range in  Coefficient 
elevation of

regression

(meters) (b)

Correlation Intercept 
coeffic ien t

(r) (a)

Standard Standard Sample
error error t
of the of  

estimate regression
(SEg) (SEb)

Spruce 7 I 50-1130 0.0099 0.9417 54.65 -  1.57 0.0016 6.19**

Pine 6 I -I /I I 45-700 0.0254 0.9654 26.70 -  1.83 0,0034 7.47**

Larch 6 I /I I -I I 150-500 0.0101 0.5021 60.66 -  2.52 0.0087 1.16

Fir 6 I -I /I I 45-440 0,0490 0.7654 -3.39 -  6.73 0.0206 2.38*

01

Significant at the 1% point. 
 ̂ S ignificant at the 10^ point. 

Not s ig n ifica n t.



TABLE X 

SNEDECOR'S F TEST

Species Category Degrees
of

Freedom

Sim of Squares Variance F P.05 ^ 0 1

Spruce Total 6 i n  .72 18.62
Regression 1 99.32 99.32
Standard error 
of the estimate

5 12.40 2.48

Pine Total 5 200.83 40.17
Regression 1 187.45 187.45
Standard error 
of the estimate

k 13.38 3.34

Larch Total 5 34.00 6.80
Regression 1 8.57 8.57
Standard error 
of the estimate

4 25.43 6.36

Fir Total 5 437.33 87.47
Regression 1 256.38 256.38
Standard error 
of the estimate

4 180.95 45.24

** Significant at the 1% point.

•îHî" , -
40.05 6.61

«
56.12 7.71

1.35 7.71

16.26

21.20

21.20

Jo
f
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e le v a t io n s  fo r  la r c h  and f i r  t o  o b ta in  r e l ia b le  r e g r e s s io n s .  Of a l l  th e  

s p e c ie s  t e s t e d ,  sp ru ce  had th e  b e s t  range in  e le v a t io n  ($ 0-1130  m eters)  

fo llo w e d  h j  p in e  (45 -700  m e te r s ) , f i r  (45 -440  m e te r s ) , and la rch  (150 -  

500 m e te r s ) . I h is  may mean th a t  o n ly  th e  sam pling was i n s u f f i c i e n t  to  

d e t e c t  more s i g n i f i c a n t  d i f f e r e n c e s .

As was p r e v io u s ly  p o in ted  o u t , spruce s i t e  c la s s  I I  and p ine s i t e  

c la s s  I l / l I I  were n o t used in  th e  a n a ly s is  o f  sp ru ce s i t e  c la s s  I  and 

p in e  s i t e  c la s s  I - I / I I  r e g r e s s io n s .  The reason  th e y  /̂fere n o t used i s  

th a t  th e y  d id  n o t seem to  b e lon g  to  th e  same p o p u la tio n  as th e  s i t e  

c la s s  I  spruce and s i t e  c la s s  I - I / I I  p in e . This can be c l e a r ly  seen  by 

r e f e r r in g  to  p in e  sample 4 and then p lo t t in g  th e  sam p le's comparison  

number o v er  th e  mean c o l l e c t io n  e le v a t io n  on F igure $, T h erefore , a 

sam ple th a t  has a com p ara tive ly  h igh  s e l f  i g n i t io n  p o in t tem perature and / 

o r  a lo n g e r  ig n i t io n  d e la y  (See spruce sample 5 and p in e  sample 4 Table 

I I ) app ears to  be from a poorer s i t e  c la s s  than s i t e  c la s s  I .  The reason  

f o r  t h i s  i s  th a t  h igh  s e l f  i g n i t io n  tem peratures as w e ll  as lo n g e r  i g n i ­

t i o n  d e la y  p e r io d s  r e s u l t  in  low er com parison numbers. A r e g r e ss io n  

a n a ly s is  was made u s in g  th e  la r c h  sam ples from s i t e  c la s s  l / l l  and s i t e  

c la s s  I I  because th e r e  was o n ly  one sam ple fo r  la r c h  s i t e  c la s s  I ,



SUMARY

Methods o u t lin e d  in  t h i s  stu d y  appear to  be s u i ta b le  f o r  tr e e  

se e d  i g n i t io n  t e s t s .  However, d ry in g  sam ples under reduced p ressu re  not  

e x c e e d in g  100 mm. o f  mercury fo r  ap p rox im ate ly  f i v e  hours a t  95 to  100°

C. as recommended by th e  A .A .O .C ., (1950) would probab ly  be a b e t t e r  

method o f  d r y in g . This d ry in g  p ro cess  would r e s u l t  in  a sm a lle r  l o s s  o f  

cru de f a t s  and sh o rten  the t o t a l  d ry in g  tim e c o n s id e r a b ly . The seed  dry­

in g  tem p erature should  be c o r r e c te d  to  a standard tem perature a t  sea  

l e v e l  so th a t  th e  r e s u l t s  o f  ig n i t io n  t e s t s  made a t  d i f f e r e n t  e le v a t io n s  

a r e  com parable. This was n o t done in  t h i s  p r e lim in a r y  s tu d y . Fresh  

s e e d s  (n o t h e ld  over one y e a r ) sh ou ld  be used fo r  i g n i t io n  t e s t s  because  

th e  ch em ica l com p osition  o f  se ed s  may change in  s to r a g e .

The J en tzsch  I g n i t io n  T ester  provided a sim p le  and r e l ia b le  method 

o f  a p p r a is in g  th e  f la m m a b ility  p r o p e r t ie s  o f  t r e e  s e e d . Four s p e c ie s  

co m p ris in g  tw e n ty -e ig h t  sam ples o f  c e r t i f i e d  German tr e e  seed  were t e s t e d  

l in e a r  r e g r e s s io n  a n a ly s is  o f  th e  data fo r  each s p e c ie s  were r e ­

s t r i c t e d  to  one s i t e  c la s s  w ith  changing e le v a t io n s .  Other environm ental 

o r  g e n e t ic  fa c to r s  th a t  may in f lu e n c e  a sam p le 's  f la m m a b ility  were d i s r e ­

ga rd ed . F is h e r 's  " t" t e s t  and S n ed ecor 's  F t e s t  were used to  t e s t  th e  

s ig n i f i c a n c e  o f  th e  r e g r e s s io n s .  Both t e s t s  in d ic a te d  th a t  a sam p le's  

in d e x  o f  f la m m a b ility  (com parison number) i s  p robab ly  in f lu e n c e d  by 

e l e v a t io n .  I n s u f f ic ie n t  data and th e  r e s u l t s  fo r  la r c h  and f i r  c a l l  fo r  

more m easurem ents to  d e te c t  s ig n i f i c a n t  d i f f e r e n c e s .

-3 9 -
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B ecause s i t e  c la s s e s  I I  or worse d id  n o t  appear to  b e lo n g  to  th e  

same p o p u la tio n  a s  s i t e  c la s s  I  in  the s t a t i s t i c a l  a n a ly s i s ,  th e  au th or  

b e l ie v e s  th a t  s i t e  c la s s e s  m ight be d i f f e r e n t ia t e d  in  a burn ing p rocess  

b y: 1) h igh  s e l f  ig n i t io n  tem p eratu res a n d /o r , 2) lo n g e r  ig n i t io n  d e la y

p e r io d s  found fo r  th e  poorer  s i t e  c la s s  sam p les.

Further r e se a r c h , i f  l im it e d  to  one s p e c i e s ,  two s i t e  c la s s e s ,  and 

more sam ples o ver  a la r g e  range in  e le v a t io n  would g iv e  more c o n c lu s iv e  

in fo r m a tio n  •
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INDIVIDUAL SPECIES DATA SHEET

Spruce No, 1 
from  

Ratzeburg

Bubbles
o f

Og/min.

Temp,
( ° c . )

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barometer 
read in g  

( in ,  o f  Hg)

Rooi
tern
(°F

S e l f  ig n i t io n
p o in t 400 236 5 26 3 0 .3 5 69

In term ed ia te 375 254 U 26 3 0 ,3 5 69
i g n i t io n

p o in ts 350 282 5 25 3 0 ,3 0 66

325 326 3 25 3 0 .3 0 66

300 342 5 25 3 0 .3 0 66

275 356 4 25 3 0 .3 0 67

250 372 4 25 3 0 .3 0 67

225 37a 3 28 3 0 ,1 5 68

200 382 4 28 3 0 .1 5 68

175 390 7 28 3 0 ,2 0 66

150 416 8 33 29 ,75 74

125 440 4 33 29 .75 74

100 458 5 33 29 .75 74

75 480 6 33 29 .80 78

50 526 7 33 2 9 ,80 78

25 554 5 33 29 ,80 78
Upper i g n i t io n

v a lu e 0 568 13 33 2 9 ,8 0 78

I g n i t io n  d e la y 400 320 5 30 3 0 .0 5 72
( 75 secon d s )

D a tes t e s t e d :  Dec . 2B, 2 9 , Sc 3 0 , 1959
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INDIVIDUAL SPECIES DATA SHEET

Spruce N o. 2 
from  

Ob e ramme r gau

Bubbles
o f

02/m in .

Temp.
( ° c . )

Number
o f

t e s t s

R e la tiv e
hu m idity

Barometer  
read in g  

( i n ,  o f  Hg)

Room
tem p,
( ° F .)

S e l f  i g n i t io n
p o in t 400 ^ 6 10 29 3 0 .1 0 67

In ter m ed ia te 375 236 6 29 3 0 .1 0 67
I g n it io n

p o in ts 350 236 6 29 3 0 .1 0 67

325 236 5 29 3 0 .1 0 67

300 242 4 29 3 0 .1 0 67

275 274 9 29 3 0 .1 0 68

250 282 4 29 30 .1 0 66

225 314 9 29 3 0 .1 0 68

200 336 5 29 3 0 .1 0 68

175 346 5 30 3 0 .1 5 67

150 356 6 30 3 0 .1 5 67

125 374 5 30 30 .1 5 68

100 364 4 30 3 0 .15 68

75 446 9 30 3 0 .1 5 68

50 514 6 29 3 0 .1 5 67

25 546 5 30 3 0 .1 5 68
Upper i g n i t io n

v a lu e 0 570 10 30 3 0 .1 5 68

I g n i t io n  d e la y
( 54 seco n d s ) 

D ates t e s t e d :  Jan .

400  

2 , 3 ,

320 

& 5 , i 960

5 30 3 0 .0 5 72
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INDIVIDUAL SPECIES DATA SHEET

Spruce No, 3 
from  

R6dgen

Bubbles Temp. Number R e la tiv e  
o f  (^C. ) o f  hum id ity

0 2/D iin. t e s t s

Barometer 
read in g  

( i n ,  o f  Hg)

Room
temp.
( ° F .)

S e l f  i g n i t io n
p o in t 400 236 14 23 3 0 .0 0 77

In term ed ia te 375 276 9 23 3 0 .2 5 69
ig n i t io n
p o in ts 350 306 6 28 3 0 ,2 5 76

325 33 s 9 30 3 0 .0 0 66

300 354 11 28 3 0 .4 0 69

275 35Ô 5 31 3 0 ,0 5 68

250 380 7 28 3 0 .0 0 69

225 38S 5 30 3 0 .0 0 66

200 394 13 28 3 0 .0 5 69

175 398 3 31 3 0 .3 0 67

150 414 11 31 3 0 .0 0 65

125 438 5 31 3 0 .0 0 67

100 448 11 30 30 .35 69

75 484 12 29 3 0 ,1 0 66

50 540 16 29 3 0 .1 0 67

25 556 5 28 3 0 .1 0 67
Upper i g n i t io n

v a lu e 0 564 25 28 3 0 ,1 0 67

I g n i t io n  d e la y 400 320 5 30 3 0 .0 5 72
( 66 seco n d s )

D ates t e s t e d :  D ec. IS  & 22 , 1959
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INDIVIDUAL SPECIES DATA SHEET

Spruce N o. 4 
from  

W esterhof

Bubbles 
of 

02/m in •

Temp •
(°c .)

Number
o f

t e s t s

R e la t iv e
hum idity

Barometer 
read in g  

( i n .  o f  Hg)

Room
temp,
(° F .)

S e l f  i g n i t io n
p o in t 400 242 7 28 3 0 ,0 0 69

In term ed ia te 375 274 5 31 29 .95 70
ig n i t io n
p o in ts 350 300 7 28 29 .90 71

325 322 7 28 29 .90 71

300 342 5 27 2 9 .9 0 71

275 352 6 27 29 .90 71

250 356 6 25 3 0 .3 5 76

225 366 5 25 3 0 .0 0 72

200 374 6 25 30 .35 75

175 300 6 25 3 0 .3 5 74

150 394 5 25 3 0 .4 0 75

125 410 4 25 3 0 .4 0 74

100 434 4 25 3 0 .4 0 74

75 468 n 25 3 0 .4 0 74

50 544 8 26 3 0 .4 0 72

25 564 4 26 3 0 .4 0 68
% per i g n i t io n

v a lu e 0 574 8 26 3 0 .4 0 68

I g n it io n  d e la y 400 320 5 30 3 0 ,0 5 72
( 70  seco n d s )

D ates t e s t e d :  Dec . 2 2 , 26 , & 28, 1959
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INDIVIDUAL SPECIES DATA SHEET

Spruce No. 5 
f  rom 

S try ck

Bubbles
o f

02/m in .

Temp*
( ° c . )

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barometer 
read in g  

(L:i . o f  Hg)

Room 
temp 0 
(°F.)

S e l f  i g n i t io n
p o in t 400 260 11 29 3 0 .2 0 67

In term ed ia te 375 262 7 30 3 0 .1 0 70
ig n i t io n

p o in ts 350 282 9 28 3 0 .3 0 72

325 326 5 28 3 0 .3 0 72

300 340 6 30 3 0 .1 0 70

275 342 4 30 3 0 .1 0 70

250 346 4 28 3 0 .3 0 71

225 356 3 28 3 0 .3 0 71

200 338 11 30 30 .25 66

175 393 4 30 3 0 .0 5 69

150 408 5 30 3 0 .0 5 69

125 422 4 30 3 0 .0 5 69

100 433 5 30 3 0 .0 5 69

75 472 6 30 3 0 .0 5 69

50 524 5 29 3 0 .0 5 71

25 554 5 29 3 0 .0 5 72
Upper i g n i t io n

v a lu e 0 574 8 30 3 0 .0 5 72

I g n it io n  d e la y 400 320 5 30 3 0 .0 5 72
( 65 secon d s )

D ates t e s t e d :  Jan . 1 3 , 1 6 , & 1 7 , i 960
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INDIVIDUAL SPECIES DATA SHEET

Spruce N o, 6 
from  

R othenkirchen

Bubbles 
o f  

02/m in •

Temp.
(OQ.)

Number
o f

t e s t s

R e la t iv e
hum idity

Barometer 
read in g  

( i n .  o f Hg)

Room 
tsinp 4
( ° F .)

S e l f  i g n i t io n  
p o in t 400 230 9 26 3 0 .0 5 80

Int erm ed iate 375 230 3 25 3 0 .0 5 79
i g n i t i o n

p o in ts 350 242 4 26 3 0 .0 5 79

325 254 7 26 3 0 .0 5 79

300 330 17 27 3 0 .0 0 76

275 342 5 27 3 0 .0 0 78

250 34s 5 27 2 9 .9 5 79

225 360 4 29 2 9 .95 79

200 37 B 5 29 2 9 .95 79

175 390 5 27 2 9 .9 0 80

150 408 5 27 2 9 .9 0 80

125 430 6 26 2 9 .8 5 81

100 452 6 26 2 9 .85 81

75 508 7 26 2 9 .85 81

50 536 4 26 2 9 .85 81

25 550 4 26 2 9 .85 81
Upper i g n i t io n  

v a lu e 0 554 7 26 2 9 .85 81

I g n i t io n  d e la y  
( 70 seco n d s )

400 320 5 30 3 0 .0 5 72

D ates t e s t e d :  Mar. 23 & 2 4 , 1960
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INDIVIDUAL SPECIES DATA SHEET

Spruce No. 7 
from  

S ch lu ch see

Bubbles
o f

02/in ln .

Temp.
(°C .)

Number
o f

t e s t s

R e la t iv e
hum idity

Barometer 
read in g  

( in .  o f  Hg)

Ro03
tern]
(Op

S e l f  i g n i t io n
p o in t 400 232 4 33 3 0 .0 0 72

In term ed ia te 375 236 7 32 29 .75 68
ig n i t io n
p o in ts 350 274 5 32 29 .75 69

325 304 6 32 2 9 .7 5 70

300 310 4 32 29 .75 70

275 316 5 32 29 .75 70

250 324 3 32 2 9 .7 5 71

225 330 3 33 3 0 .0 0 72

200 338 10 33 3 0 .0 0 72

175 344 5 33 3 0 .0 0 73

150 348 4 33 3 0 .0 0 73

125 362 7 30 3 0 .0 0 73

100 408 5 30 3 0 .0 0 73

75 456 4 30 3 0 .0 0 73

50 522 6 30 3 0 .0 0 73

25 548 5 30 3 0 .0 0 73
Upper ig n i t io n

v a lu e 0 564 5 30 3 0 .0 0 73

I g n i t io n  d e la y 400 320 5 30 30 .05 72
( 63 seco n d s )

D ates t e s t e d :  Jan. 6 , 8 ,  & 9> 19&0
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INDIVIDUAL SPECIES DATA SHEET

Spruce No* B 
from  

D enklingen

Bubbles
o f

O^/min,

Tenro.
(°c*)

Number
o f

t e s t s

R e la t iv e  
huirddit y

Barometer 
read in g  

( in .  o f  Hg)

Room 
tem p. 
( ° F .)

S e l f  ig n i t io n
p o in t 400 234 7 29 30*30 67

In term ed ia te 375 262 3 30 3 0 .1 0 68
i g n i t io n

p o in ts 350 298 5 30 30*10 68

325 318 5 30 3 0 .1 0 68

300 324 9 30 3 0 .2 5 66

275 338 6 30 3 0 .1 0 70

250 350 4 30 3 0 .1 0 71

225 356 3 30 30*10 72

200 364 4 29 3 0 .1 0 70

175 372 3 29 30*10 71

150 382 3 29 30*10 71

125 396 4 29 3 0 .2 0 72

100 422 6 29 30*20 67

75 478 6 29 30*20 67

50 526 5 30 3 0 .0 5 72

25 554 5 30 30 .05 72
Upper i g n i t io n

v a lu e 0 568 8 30 3 0 .0 5 72

I g n i t io n  d e la y 400 320 5 30 3 0 .0 5 72
( 69 seco n d s )

D ates t e s t e d : Jan* 15 & 16 , i 960
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INDIVIDUAL SPECIES DATA SHEET

P in e No. 1 
from

Bubbles Temp. Number R e la t iv e  Barometer
o f  (^ C .) o f hum idity  read in g

Room

Erdmannshausen C^/min • t e s t s ( i n .  o f  Hg) (°F

S e l f  i g n i t io n
p o in t 400 272 13 26 2 9 .9 0 77

In term ed ia te 375 278 4 26 2 9 .9 0 77
i g n i t io n

p o in ts 350 300 8 26 2 9 .9 0 78

325 314 5 26 29 .9 0 78

300 330 7 27 3 0 .0 0 76

275 340 4 27 29 .95 78

250 346 4 27 29 .95 78

225 360 13 27 29 .95 78

200 392 7 27 29 .95 78

175 496 11 27 2? .95 78

150 534 5 26 29 .9 5 79

125 542 3 26 2 9 .95 79

100 546 5 26 29 .95 79

75 550 4 26 2 9 .9 0 80

50 554 5 26 2 9 .9 0 80

25 556 5 26 2 9 .9 0 80
Upper i g n i t io n

v a lu e 0 558 4 26 2 9 .9 0 79

I g n i t io n  d e la y 400 320 5 27 3 0 .0 0 76
( 101 seco n d s )

D ates t e s t e d :  Mar . 24 & 2 5 , I960
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in d iv id u a l  SPECIES DATA SHEET

P in e  No. 2 
from  

Sigm aringen

Bubbles
o f

02/m in .

Temp,
(° C .)

Number
o f

t e s t s

R e la tiv e
hum idity

Barometer 
read in g  

( in .  o f  Hg)

Roor
tern]
(op

S e l f  i g n i t io n
p o in t 400 252 8 28 2 9 .7 5 73

In term ed ia te 375 26Ô 4 28 29 .75 73
i g n i t io n

p o in ts 350 286 5 28 29 .75 73

325 304 4 30 2 9 .8 0 74

300 31s 8 30 2 9 .8 0 74

275 334 4 30 2 9 .8 0 74

250 342 5 30 2 9 .8 0 74

225 348 3 30 2 9 .8 0 74

200 358 3 30 29 .8 0 74

175 374 4 30 2 9 .8 0 73

150 498 3 30 29 .80 74

125 526 11 30 29 .80 74

100 546 4 30 29 .80 74

75 550 3 30 2 9 .8 0 74

50 554 4 30 2 9 .8 0 74

25 558 6 30 2 9 .8 0 74
Upper i g n i t io n

v a lu e 0 560 3 30 2 9 .80 74

I g n i t io n  d e la y 400 320 5 27 3 0 .0 0 76
( 83 seco n d s )

D ates t e s t e d :  Jan . 2 5 , 26 , & Mar. 2 4 , I 960
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INDIVIDUAL SPECIES DATA SHEET

P in e No. 3 
from  

Burgebrach

Bubbles
o f

Og/min.

Temp.
(° C .)

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barometer 
read in g  

( i n .  o f Hg)

Room
temp.
(° F .)

S e l f  i g n i t io n
p o in t 400 262 14 30 2 9 .9 0 74

In ter m ed ia te 375 274 3 30 2 9 .9 0 75
i g n i t i o n

p o in ts 350 290 3 30 29 .90 75

325 302 4 30 29 .90 74

300 316 3 29 2 9 .9 0 75

275 334 7 29 2 9 .9 0 75

250 352 5 29 29 .90 75

225 3Ô4 9 29 2 9 .9 0 75

200 502 7 23 29 .9 0 76

175 524 7 23 29 .9 0 76

150 540 5 23 29 .90 76

125 548 3 23 29 .90 76

100 548 6 23 29.90 76

75 552 3 23 2 9 .9 0 76

50 554 3 23 2 9 .9 0 76

25 554 4 23 2 9 .9 0 76
Upper i g n i t io n

v a lu e 0 556 4 23 29 .90 76

I g n it io n  d e la y 400 320 5 27 3 0 .0 0 76
( 9Ô seco n d s )

D ates t e s t e d :  Jan . 27 & Mar. 24 , I960
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INDIVIDUAL SPECIES DATA SHEET

P in e  No* 4  
from  

B reiten b ach

Bubbles Temp* 
o f  (° C .)  

02/m in .

Number R e la t iv e  
o f  hum idity  

t e s t s

Barometer 
read in g  

( in .  o f  Hg)

Room
temp.
( ° F .)

S e l f  i g n i t io n
p o in t 400 306 10 28 3 0 .1 0 74

In term ed ia te 375 314 3 28 3 0 .1 0 74
ig n i t io n

p o in ts 350 320 5 28 3 0 .1 0 75

325 328 3 28 3 0 .1 0 75

300 352 6 28 3 0 .1 0 75

275 368 3 28 3 0 .1 0 74

250 382 4 28 3 0 .1 0 74

225 418 7 29 3 0 .1 0 73

200 466 17 27 2 9 .7 5 71

175 486 9 27 29 .75 71

150 512 3 27 29 .75 71

125 534 7 27 29 .75 71

100 552 8 27 2 9 .7 5 71

75 558 4 27 29 .75 71

3 o 558 3 27 2 9 .75 71

25 558 4 27 29 .75 71
Upper i g n i t i o n

v a lu e 0 558 5 27 29 .75 71

I g n i t io n  d e la y 400 320 5 27 3 0 .0 0 76
( 135 seco n d s )

D ates t e s t e d ;  Jan. 3 0 , Feb. 1 , & Mar. 24 , 1960
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in d iv id u a l  SPECIES DATA SHEET

P in e  No. 5 
from  

B itb u rg

Bubbles 
o f  

02/m in •

Temp.
(°c .)

Number
o f

t e s t s

R e la t iv e
h u m id ity

Baromet er 
read in g  

( i n .  o f  Hg)

Room
temp.
(OF.)

S e l f  ig n i t io n
p o in t 400 27s 10 29 29 .95 76

ib iterm ediate 375 290 4 29 29 .95 76
i g n i t io n

p o in ts 350 302 5 29 29.95 76

325 320 4 30 29.95 75

300 33s 14 28 2 9 .9 5 77

275 352 5 27 29 .85 78

250 360 6 27 29 .85 78

225 374 5 28 2 9 .85 77

200 406 4 28 2 9 .8 5 77

175 508 7 28 2 9 .85 77

150 528 11 27 29 .85 77

125 546 5 28 2 9 .9 0 77

100 550 4 28 2 9 .90 77

75 55s 3 28 29 .90 77

50 55s 3 28 2 9 .90 77

25 558 3 28 29 .90 77
Upper i g n i t io n

v a lu e 0 558 5 28 2 9 .9 0 77

I g n i t io n  d e la y 400 320 5 27 3 0 .0 0 76

D ates t e s t e d :  Feb. 3 & Mar. 2 4 , I960
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INDIVIDUAL SPECIES DATA SHEET

P in e  No* 6 
from  

A ltengronau

Bubbles Temp. Number R e la t iv e  
o f  (^ C .) o f  h u m id ity

O^/min. t e s t s

Bar omet er  Room
read ing tem p,

( i n .  o f Hg) ( ° F .)

S e l f  i g n i t io n  
p o in t 400 274 9 27 3 0 .1 5 75

In term ed ia te 375 282 4 27 3 0 .1 5 75
ig n i t io n

p o in ts 350 298 5 26 3 0 .1 5 75

325 310 3 26 3 0 .1 5 75

300 322 3 26 3 0 .1 0 75

275 336 5 26 3 0 .1 0 75

250 346 4 28 3 0 .1 0 72

225 358 4 28 3 0 .1 0 72

200 382 5 28 3 0 .0 5 72

175 436 11 27 3 0 .2 5 76

150 514 5 27 3 0 .3 0 77

125 532 5 27 3 0 .3 0 77

100 550 6 27 3 0 .3 0 77

75 554 4 27 3 0 .3 0 77

50 556 4 25 3 0 .3 0 78

25 556 5 25 3 0 .3 0 78
Upper i g i i t i o n

v a lu e 0 558 11 27 3 0 .3 0 77

I g n i t io n  d e la y 400 320 5 27 3 0 .3 0 76
( 92 secon d s )

D ates t e s t e d :  F eb . 6 , Mar. 1 8 , & 2 4 , I960
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in d iv id u a l  SPECIES DATA SHEET

P in e  No. 7 
from  

Wolfgang

Bubbles
of

Og/min.

Temp.
(° C .)

Number
o f

t e s t s

R e la tiv e
hu m id ity

Barometer 
read ing  

( in .  o f  Hg)

Room
temp,
( ° F .)

S e l f  i g n i t io n
p o in t 400 278 9 25 3 0 .0 5 71

In term ed ia te 375 288 5 25 3 0 .0 5 71
ig n i t io n

p o in ts 350 300 4 25 3 0 .0 5 71

325 322 4 25 3 0 .0 5 71

300 328 6 25 3 0 .0 5 71

275 33S 4 25 3 0 .0 5 71

250 344 3 25 3 0 .0 5 71

225 35S 5 26 3 0 .0 5 72

200 428 10 25 3 0 .2 5 76

175 514 10 25 3 0 .2 5 75

150 538 6 25 3 0 .2 5 76

125 546 4 25 3 0 .3 0 76

100 554 4 25 3 0 .3 0 77

75 558 4 25 3 0 .3 0 77

50 560 5 27 3 0 .3 0 75

25 564 4 27 3 0 .3 0 75
Upper i g n i t io n

v a lu e 0 566 9 27 3 0 .3 0 75

I g n i t io n  d e la y 400 320 5 27 3 0 .0 0 76
( 102 seconds )

D ates t e s t e d :  Feb. 13 & Mar. 24, I960
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INDIVIDUAL SPECIES DATA SHEET

Larch No, 1 
from  

S c h l i t z

Bubbles
o f

02/m in .

Temp.
(°C .)

Number
o f

t e s t s

R e la t iv e
hum idity

Barometer 
read in g  

( i n .  o f  Hg)

Room
temp,
(° F .)

S e l f  i g n i t io n
p o in t 400 234 5 28 3 0 .0 5 72

In t erm ediat e 375 234 4 28 3 0 .0 5 72
i g n i t io n

p o in ts 350 ^ 4 4 28 3 0 .0 5 72

325 3 28 3 0 ,0 5 72

300 236 3 26 3 0 .0 5 72

275 23Ô 4 26 3 0 .0 5 72

250 240 3 26 3 0 .0 5 72

225 244 3 26 3 0 ,0 5 72

200 248 12 28 3 0 .0 5 72

175 260 3 26 3 0 .0 5 72

150 30s 12 25 3 0 ,0 5 72

125 362 7 25 3 0 .0 5 73

100 414 9 26 3 0 ,0 5 76

75 446 4 26 3 0 .1 0 77

50 462 5 26 3 0 .1 0 77

25 468 3 26 3 0 .1 0 75
Upper i g n i t io n

v a lu e 0 470 6 26 3 0 .1 0 75

I g n i t io n  d e la y 400 320 5 26 3 0 .1 0 75
( 44  seco n d s )

D ates t e s t e d :  F eb . 13 & 1 4 , i 960
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INDIVIDUAL SPECIES DATA SHEET

Larch No, 2 
from  

Schwe ckhaus en

Bubbles
o f

C^/min,

Temp,
( ° C .)

Number
o f

t e s t s

R e la t iv e
hum idity

Barometer 
read in g  

( in .  o f  Hg)

Room
tem p,
(° F .)

S e l f  i g n i t io n
p o in t 400 233 6 26 3 0 ,4 0 74

In term ed ia te 375 238 3 26 3 0 ,4 0 74
ig n i t io n

p o in ts 350 240 3 26 3 0 .4 0 74

325 242 3 26 3 0 ,4 0 74

300 244 4 26 3 0 .4 0 74

275 244 4 26 3 0 .4 0 74

250 244 4 26 3 0 .4 0 74

225 246 3 26 3 0 .4 0 74

200 248 4 26 3 0 .4 0 74

175 268 8 27 3 0 ,4 0 75

150 316 5 29 3 0 .2 5 75

125 368 6 29 3 0 .2 5 75

100 420 6 27 3 0 .2 0 75

75 446 4 27 3 0 .2 0 75

50 466 4 26 3 0 .2 0 72

25 470 5 26 3 0 .2 0 72
Upper i g n i t i o n

v a lu e 0 472 4 26 3 0 ,2 0 72

I g n it io n  d e la y 400 320 5 26 3 0 .1 0 75
( 47 secon d s )

D ates t e s t e d :  F eb , 1 7 , i 960
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INDIVIDUAL SPECIES DATA SHEET

Bubbles Temp. Number R e la t iv e  Barom eter Room
o f (° C .)  o f  h u m id ity  read ing temp

Larch No. 3 
from

C zech oslavak ia 02/n iin , t e s t s ( i n .  o f  Hg) (OF,

S e l f  i g n i t io n
p o in t 400 240 6 28 2 9 .9 5 71

In term ed ia te 375 240 3 28 2 9 .9 5 71
i g n i t io n

p o in ts 350 242 3 26 2 9 .9 5 72

325 244 3 26 2 9 .9 0 72

300 248 3 26 2 9 .9 0 72

275 264 4 25 3 0 .2 5 73

250 276 7 25 3 0 .2 5 73

225 282 4 25 3 0 .2 5 73

200 306 9 25 3 0 .2 5 71

175 342 6 26 3 0 .2 5 70

150 368 5 26 3 0 .2 5 70

125 392 4 25 3 0 .2 5 71

100 474 17 27 2 9 .8 5 75

75 496 9 27 29 .85 75

50 514 14 27 29 .85 75

25 522 6 27 2 9 .8 5 75
Upper i g n i t io n

v a lu e 0 530 11 27 29 .85 75

I g n i t io n  d e la y 400 320 5 26 3 0 .1 0 75
( 49 seco n d s )

D ates t e s t e d ;  Feb . 1 8 , 20, &c Mar. 5, I9 6 0
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in d iv id u a l  SPECIES DATA SHEET

Larch No* 4  
from 

Bad Homburg

Bubbles
o f

O^/min#

Temp.
( °c . )

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barom eter  
read in g  

( in .  o f  Hg)

Room
tem p.
( ° F .)

S e l f  ig n i t io n
p o in t 400 240 5 25 3 0 .2 5 71

In t erm ediat e 375 240 3 25 3 0 .2 5 71
ig n i t io n

p o in ts 350 240 4 25 3 0 .2 5 71

325 240 3 25 3 0 .2 5 71

300 242 3 25 3 0 .2 5 71

275 244 3 25 3 0 .2 5 71

250 2(4.6 3 25 3 0 .2 5 71

225 248 4 25 3 0 .2 5 71

200 250 5 25 3 0 .2 5 70

175 256 4 25 3 0 .2 0 71

150 320 13 25 3 0 .2 0 71

125 374 9 26 3 0 .0 5 68

100 422 9 27 3 0 .0 5 68

75 446 6 27 3 0 .0 5 68

50 464 8 27 3 0 .0 5 68

25 470 5 27 3 0 .2 0 65
Upper i g n i t io n

v a lu e 0 474 6 27 3 0 .2 0 65

I g n it io n  d e la y 400 320 5 26 3 0 .1 0 75
( 49 seco n d s )

D ates t e s t e d :  Feb * 20 & Mar. 2 , I960
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INDIVIDUAL

- 6 3 -

SPECIES DATA SHEET

>

Larch No» 5 
from  

H elm stedt

Bubbles
of

Og/min*

Temp.
( ° c . )

Number
of

t e s t s

R e la t iv e
h u m id ity

Barom eter  
read in g  

(inu. o f Hg)

Room
tem p,
( ° F .)

S e l f  ig n i t io n
p o in t 400 238 4 25 3 0 .1 0 71

In term ed ia te 375 238 3 25 3 0 .1 0 71
ig n i t io n

p o in ts 350 240 3 25 3 0 .1 0 71

325 242 4 25 3 0 .0 5 70

300 244 4 25 3 0 .0 5 70

275 246 3 25 3 0 .0 5 70

250 248 4 25 3 0 .0 5 70

225 252 3 27 3 0 .0 5 72

200 254 4 27 3 0 .0 5 72

175 258 3 29 3 0 .0 5 75

150 264 4 29 3 0 ,0 5 75

125 320 13 27 2 9 .9 0 71

100 412 6 27 2 9 .8 5 74

75 454 7 27 29 .8 5 75

50 482 8 27 2 9 .8 5 75

25 494 5 28 29 .85 75
Upper i g n i t io n

v a lu e 0 506 12 28 29.85 75

I g n it io n  d e la y 400 320 5 26 3 0 .1 0 75
( 48 secon d s )

D ates t e s t e d : F eb , 21, Mar. 4 , & 5, I960
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INDIVIDUAL SPECIES DATA SHEET

Larch No, 6 Bubbles Temp, Number R e la t iv e Barom eter Room
from o f (°C .) o f h u m id ity read ing tem p.

N a s ta tte n 02/m in , t e  s t s ( i n .  o f  Hg) ( ° F .)

S e l f  ig n i t io n  
p o in t 400 232 7 26 2 9 .7 5 72

In term ed ia te 375 232 3 27 29 .75 72
ig n i t io n
p o in ts 350 234 3 27 2 9 .7 5 72

325 236 3 27 2 9 .75 72

300 23s 4 27 2 9 .7 5 72

275 240 3 26 3 0 .1 0 70

250 242 4 26 3 0 .1 0 70

225 242 3 26 3 0 .1 0 70

200 244 3 25 3 0 .1 0 70

175 246 4 25 3 0 .1 0 70

150 310 16 27 3 0 .1 5 68

125 362 7 27 3 0 ,1 5 67

100 400 7 26 3 0 ,0 5 68

75 430 7 26 3 0 .0 5 68

50 452 8 26 3 0 .0 5 68

25 462 6 27 3 0 .2 0 65
Upper ig n i t io n

v a lu e 0 470 8 27 3 0 .2 0 65

I g n it io n  d e la y 400 320 5 26 3 0 .1 0 75
( 43 secon d s )

D ates t e s t e d ;  Feb. 24 & Mar. 2 , i 960
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INDIVIDUAL SPECIES DATA SHEET

Larch No, 7 
from  

Salem

Bubbles
of

02/m in ,

Temp,
(OC.)

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barom eter  
read in g  

( in ,  o f  Hg)

Room 
temp , 
( ° F .)

S e l f  ig n i t io n
p o in t 400 234 5 25 3 0 ,0 5 73

In term ed ia te 375 23k 3 25 3 0 .0 5 73
ig n it io n
p o in ts 350 234 3 27 3 0 ,0 5 73

325 234 3 27 3 0 ,0 5 73

300 234 5 27 3 0 ,0 5 73

275 236 3 29 3 0 ,0 5 73

250 23Ô 3 29 3 0 ,0 5 73

225 23s 3 29 3 0 ,0 5 73

200 24s 6 29 3 0 ,0 5 73

175 262 8 27 3 0 ,1 5 68

150 314 7 27 3 0 ,1 5 68

125 372 8 26 3 0 ,0 5 68

100 406 6 26 3 0 .0 5 68

75 432 7 27 3 0 .0 5 68

50 452 7 29 3 0 ,0 5 68

25 464 6 27 3 0 ,2 0 65
Upper ig n i t io n

v a lu e 0 474 6 27 3 0 .2 0 65

I g n it io n  d e la y 400 320 5 26 3 0 ,1 0 75
( 44 secon d s )

D ates t e s t e d :  Feb . 21 & :Mar. 2 , i 960
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INDIVIDUAL :SPECIES DATA SHEET

F ir  No. 1 
fran  

Stockach

Bubble s 
o f  

02/m in .

Temp.
(° C .)

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barom eter  
read in g  

( i n .  o f  Hg)

Room
tem p.
( ° F .)

S e l f  ig n i t io n
poin t 400 256 13 26 2 9 .9 5 76

In term ed iate 375 270 4 26 2 9 .9 5 76
ig n i t io n

p oin t s 350 282 6 26 2 9 .9 5 76

325 296 5 26 2 9 .9 5 76

300 310 5 27 3 0 .1 5 75

275 326 5 26 3 0 .2 0 76

250 338 5 26 3 0 .2 0 76

225 346 4 26 3 0 .2 0 76

230 354 5 27 3 0 .2 0 75

175 370 4 27 3 0 .2 0 75

150 388 4 27 3 0 .2 0 75

125 426 5 27 3 0 .2 0 75

100 514 6 26 2 9 .9 5 75

75 534 5 26 2 9 .9 5 75

50 550 4 26 2 9 .95 75

25 550 3 26 2 9 .95 75
Upper i g n i t io n

v a lu e 0 550 5 26 2 9 .9 5 75

I g n i t io n  d e la y 400 320 5 26 2 9 .9 5 75
( 117 secon d s )

D ates t e s t e d :  Mar. 29, 31 , & Apr . 1 ,  I960
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INDIVIDUAL SPECIES DATA SHEET

F ir  No. 2 
fran

Bubbles Temp. Number R e la t iv e  Barom eter
o f  (°C .)  o f hum idity  read ing

Room

Erdmann shaus en 02/m in • t e s t s ( i n .  o f  Hg) (°F ,

S e l f  i g n i t io n
p o in t 400 316 12 27 3 0 .2 5 SO

In term ed ia te 375 324 6 25 3 0 .1 0 75
ig n i t io n

p o in ts 350 338 5 25 3 0 .1 0 75

325 356 5 25 3 0 .1 0 75

300 384 9 25 3 0 .1 0 74

275 406 5 26 3 0 .1 0 74

250 426 10 25 30 .05 79

225 444 6 25 3 0 .0 5 79

200 458 10 25 3 0 .0 5 79

175 486 7 25 3 0 .0 5 79

150 524 10 25 3 0 .0 5 SO

125 542 5 27 3 0 .1 0 79

100 544 5 27 3 0 .1 0 79

75 544 4 27 3 0 .1 0 79

50 546 3 27 3 0 .1 0 SO

25 548 4 27 3 0 .1 0 SO
Upper i g n i t io n

v a lu e 0 550 13 27 3 0 .1 0 SO

I g n it io n  d e la y 400 320 5 26 29 .9 5 75
( 132 seconds )

D ates t e s t e d : Mar. 21 & 22 , I960
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INDIVIDUAL SPECIES DATA SHEET

F ir  No* 3 
from  
Da un

Bubbles
o f

02/m in .

Temp.
(°C .)

Number
of

t e s t s

R e la t iv e
hum idity

Barom eter  
rea d in g  

( i n .  o f  Hg)

Room
tem p.
( ° F . )

S e l f  ig n i t io n
p oin t 400 286 5 29 2 9 .9 0 73

Interm edia te 375 300 5 25 29 .95 73
ig n i t io n

p o in ts 350 312 4 25 2 9 .9 5 73

325 322 5 27 3 0 .1 5 75

300 330 8 27 3 0 .1 5 75

275 342 4 27 3 0 .1 5 75

250 352 7 27 3 0 .1 5 75

225 364 4 27 3 0 .2 0 75

200 386 4 27 3 0 .2 0 75

175 430 6 26 3 0 .2 0 76

150 478 11 26 3 0 .2 0 76

125 544 6 26 3 0 .2 0 76

100 548 4 26 29 .95 75

75 548 3 25 2 9 .9 5 76

50 550 3 25 29.95 76

25 550 3 26 2 9 .9 5 75
Upper ig n i t io n

v a lu e 0 550 5 26 2 9 .9 5 75

I g n it io n  d e la y 400 320 5 26 2 9 .9 5 75
( 119 secon d s )

D ates t e s t e d :  Mar. 29 , 31; & Apr. 1; i 960
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INDIVIDÜAL SPECIES DATA SHEET

F ir  No. 4  
from  

K irchberg

Bubbles
o f

02 /n iin .

Temp.
(°C .)

Number
o f

t e s t s

R e la tiv e
hum idity

Barom eter  
read in g  

( i n .  o f  Hg)

Room 
tem p. 
( ° F . )

S e l f  ig n i t io n
p o in t 400 274 11 26 2 9 .9 5 75

In ter m ed ia te 375 28B 6 26 2 9 .9 5 75
ig n i t io n

p o in t 8 350 304 6 26 2 9 .9 5 75

325 316 5 26 2 9 .9 5 75

300 32B 6 27 3 0 .1 5 75

275 344 4 27 3 0 .1 5 75

250 350 5 27 3 0 .15 75

225 374 4 27 3 0 .2 0 75

200 390 5 27 3 0 .2 0 75

175 422 6 26 3 0 .2 0 76

150 458 6 26 3 0 .2 0 76

125 532 6 26 3 0 .2 0 76

100 552 5 25 2 9 .9 5 76

75 554 3 25 29.95 76

50 556 3 26 2 9 .9 5 75

25 558 4 26 29 .9 5 75
Upper i g n i t io n

v a lu e 0 560 5 26 29 .95 75

I g n it io n  d e la y 400 320 5 26 2 9 .9 5 75
( 106 secon ds )

D ates t e s t e d :  Mar. 29, 3 1 , & Apr 1 , i 960
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INDIVIDÜAL SPECIES DATA SHEET

F ir  No. 5 
from  

Obereimer

Bubbles
of

O^/min.

Temp.
(°c. )

Number
o f

t e s t s

R e la t iv e
h u m id ity

Barom eter  
read in g  

( i n .  o f  Hg)

Room
tem p.
(^ F .)

S e l f  i g n i t io n
p oin t 400 296 12 27 3 0 .3 5 75

In t ermed ia  t e 375 314 5 27 3 0 .3 5 75
ig n i t io n

p o in ts 350 328 5 27 3 0 .3 5 75

325 344 5 27 3 0 .3 5 75

300 360 6 26 2 9 .9 5 76

275 373 5 26 2 9 .9 5 76

250 404 6 26 2 9 .9 5 76

225 428 5 27 3 0 .3 5 75

200 454 5 26 3 0 .3 5 76

175 484 6 26 3 0 .3 5 76

150 524 7 26 3 0 .3 5 76

125 542 5 27 3 0 .3 5 75

100 550 3 26 2 9 .9 5 75

75 552 4 26 2 9 .9 5 75

50 552 3 26 29 .9 5 75

25 554 3 26 29 .95 75
Upper ig n i t io n

v a lu e 0 554 5 26 2 9 .95 75

I g n it io n  d e la y 400 320 5 26 2 9 .9 5 75
( 120 secon d s )

D ates t e s t e d : Mar. 2 9 , 31 , & Apr., 1 , I960



o p p o s ite  page 71

tu

I

I

300

200

100

0

200 300 600400 500

TEMPERATURE IN ^C.

F igu re  33* Autogeneous I g n i t io n  Curve fo r  f i r  sam ple 6*



- 7 1 -

INDIVTDUAL SPECIES DATA SHEET

F ir  No. 6 
from  

Bad Hamburg

Bubbles
of

Og/min.

Temp.
( * c . )

Number
o f

t e s t s

R e la t iv e
hum idity

Barom eter 
read in g  

( i n .  o f  Hg)

Room
tem p.
(O F .)

S e l f  ig n i t io n
26poin t 400 29s 5 2 9 .9 0 73

375 310 4 25 2 9 .9 5 73

350 320 5 25 2 9 .9 5 73

325 33B 6 26 2 9 .9 5 74

300 36 s 5 26 29 .95 75

275 39Ô 6 26 2 9 .9 5 75

250 424 6 27 3 0 .3 5 75

225 454 5 27 3 0 .3 5 75

200 UBB 7 26 3 0 .3 5 76

175 516 5 26 3 0 .3 5 76

150 532 6 26 3 0 .3  5 76

125 540 5 26 3 0 .3 5 76

100 544 5 26 29 .95 75

75 546 3 26 29 .95 75

50 546 3 25 2 9 .9 5 76

25 546 3 26 29 .95 75
Upper ig n i t io n

546 26v a lu e 0 7 2 9 .9 5 75

I g n it io n  d e la y 400 320 5 26 29 .95 75
( 125 seconds )

D ates t e s t e d ;  Mar. 29, 3 1 , & Apr. 1 ,  I960
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table XI

STATISTICAL FORMULAS USED

C o e f f ic ie n t  o f  r e g r e s s io n  (b )

rXY -  ZXIY
n

ZX^ -  (ZX) 
n

Where :

I
X
Y
n

: Summation 
L, V a r ia te  e le v a t io n  
: V a r ia te  com parison number 
: T o ta l number o f  itères

C o rre la tio n  c o e f f i c i e n t  ( r)

r -

ZXY -  IXZY 
___________ n

n

XX -  (XX)" /X 
n X

 ̂ -  (ZY)
n

n n

standard e r r o r  o f  th e  e s t im a te  (SEe)

SEe = -  U r f - fXY -  (IXXY)T
n L   n -J

z(x^ ) -  ( z x F
n

n -  2

Standard e r r o r  o f  th e  r e g r e s s io n  c o e f f i c i e n t  (SE^)

SEe
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table XI (C ontinued)

T e sts  o f  s ig n if ic a n c e  

Sample t  -  _____ ^
SEb

Comparing sample t  w ith  t ,0 5  .̂nd t .Q l  from S tu d e n t’ s " t ” t a b le  
fo r  ( n -  2 ) degrees o f  freedom .

Sn ed ecor’ s F t e s t
Where :

The G reater  V ariance E stim a te  = 
F -  G reater V ariance E stim ate th e  r e g r e s s io n  v a r ia n c e  and th e

L esser  V ariance E stim ate L esser  V ariance E stim ate  = SE©
v a r ia n c e .

T o ta l sum o f squares (T o t. Z o f  S q .)
2 2 

T ot. Z of Sq , -  I I  -  (XY)
n

R eg ress io n  sum o f sq u ares (Reg. Z o f S q .)

jZAi -  -zjLàll ^
Reg. Z o f Sq. -

jixT -  r x i ^

2X^ -  (XX)^ 
n

Standard erro r  o f  th e  e s t im a te  sum o f  sq uares (SEq Z o f  S q .)

S Eg Z o f Sq . —
Exî - z h l I'

( Z Y ) ^  -  L ^ r~J
_l -5-Ŷ  ^XX -  (IX )

n

V ariance

V ariance -  Sum o f squares_____
D egrees o f  freedom
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