
Severe Burning Treatment 

Tested 'on Lowland Pine Sites 

Upper Darby, Pennsylvania 
Ralph W. Marquis, Director 

L 7  

L A  .. United States Department of Agriculture Forest Service 



Severe Burning Treatment 

Tested on Lowland Pine Sjtes 

N o r t h e a s t e r n  F o r e s t  E x p e r i m e n t  S t a t i o n  
F o r e s t  S e r u i c e ,  U.S. D e p t .  A g r i c u l t u r e  

and 

E. B.  Moore 

New J e r s z y  Depar tment  o f  C o n s e r v a t i o n  
and Economic D e v e l o p m e n t  

IP 

A N E W  P R O B L E M  

Since the  prescribed use of f i r e  i s  a f a i r l y  new ail- 
v icu l tu ra l  technique f o r  preparing seedbeds f o r  pine i n  the  
New Jersey pine region, it has been used rather  cautiously. 
Burning treatments have. been nade i n  the winter, when peri- 
od5c l i g h t  f i r e s  can be .easily crontr~lhd~ l ? ~  t reatmenb 
have been used almost exclusively on upland s i t e s .  % 

Then i n  L951 a I.pdowner asked for assistance i n  man- 
aging a 1,150-8cre bract where he planned t o  harvest the  
pulpwood and sawtimber. Lwated i n  Burlin&on County (near 
Red t ion) ,  this fores t  land was %stly on lowbnd s i t e s .  

LmLand sites lhe this . W e  up about I* p.ment of 
the  fo res t  area i n  the  New Jersey pine region. The, stands 

'stationed a t  the Lebnnon Experimental Forest, Ntr Lisbon, K J . ,  which is 
miidrlided b~ thd f i f i t . l lh~$te f~~   ores st %perilsent Stdt ion  i n  oaaperstiati with 
the Hew Jerstp'Deprrtaenr al: ConrCrhtXon md Economic Ikvelepaaenr, arbna of 
Forestry, Fkrks, and Historic S i tes .  



a r e  csmposed af g i t c k p i n e ,  mixed w i *  minor a m o y h  of 
hardwoods- ' ' f f  l e f t  alone, 't);&y bod$ develop intd c h  
type composed of worthless hardwoods. 

This pa r t i cu la r  t r a c t  of timber had a dense under- 
s to ry  u$ ~ h m b  and b&elps, -and a t ~ e k  lager df . duf? --w. t?ge 
forest  floor. The cutt5rrg plarmed=would %a& @nes 
a s  small a s  4 inches i n  diameter (diameter breast  high); and 
the  smaller t r e e s  on the t r a c t  were mostly suppressed, 
poorly-j'ormed, slow-growing sprouts, Indications were found 
of a heavy mouse population, which could be expected t o  con- 
sume many of the  pine seeds tha t  f e l l .  

T h i s  was s d i f f i c u l t  t r a c t  t o  t r e a t ,  even though in- 
creased use bf prescribed burn& has brought' about improved 
techniques &rid sk i l l ed  crews, However, detai led study of an 
accidental f i r e  near North Branch i n  t h e  summer of 1947-- 
and i t s  ef fec t  on the forest--2ndicated t h a t  a severe f i r e  
might be the best  treatment fo r  this t r a c t .  

So for  this t r a c t  the s t a t e  fores te rs  prescribed a 
hot summer f i r e ,  t o  be followed by a seehltree clltting. 

h T H E  S I T E S  T O  B E  T R E A T E D  

Portions of the t r a c t  bounded by roads and swamps 
were t o  be treated. Four different  types of s i t e s  occurred 
i n  these areas. V e s e  were wet, medium, and dry s i t e s  of 
the pine lowlands, and adjoitfing upfiand s i t e s  i n  some 
places, 

Wet S z t e s  

The wet sites we~e'  ch&~ad t~r r r&d  by a pine over&tory, 
an mdersto!r$ of dmp ~ ~ d w o o d a ' ~ 8 ~  %a11 shm& (6.42 f%et 
tall), and. a ket"1rXj~ deep f m e & ' + f l o o ~  (duff br alagahid raat)-. 
While the fores t  f loo r  varied i n  thickness from 0.25 t o  1.0 
fa&, i$ k k  ssadpled arms' th8 edt-ifn;sSted arvemge &epth be- 
fore  t9eatiaent' wdsS 0; 5 t o  0.9 root .' These &̂ esLtes had .gar 
dtl$ie ha-d t ~ e h  than the other s i t e s  sampled (tabl% 1). 
Here &lk maplie and blackgm, ebout equally co&~oon, lLhmade up 
65 percent of the  hardwoods; gray birch made up 21 percent. 
The ot&; species were sweetbay, holly, willow oak, southern 
~ % d  bak, and swe&gum. 

'fittic, S. n e  erracts of ~ocast  f i ~ o s  on IAG 'ststld hi*tory ef ~ e r  b r -  
sey5.s P3nc Region. lWrthe~st .  Forest Expt. Sta. ,  Forest. Nhngt.'Pager 2, 43 pp, 
illus. 1946. 



Species group and Wet Medium 
Dry Upland d.b.h. ( i n  inches) lowland lowland lowland 

Pitch 1-3 37 480 461 59 
p ines  4-6 91 167 183 61 

7-10 , 2 57 37 37 20 
11-15 37 5 11 6 

A l l  s izes  222 669 692 146 

Hardwoods 1-3 230 52 9 2 
4-6 59 2 o 11 
7-10 1 5  0 0 7 

11-15 0 0 0 4 

A l l  s izes  304 54 9 24 

(Number of stems per  acre)  

The understory was composed of many shrubs, but high- 
bush b lueber ry  ( ~ a c  cinium corymbosum) was the  most c harac- 

Chamaedaphne c a l  cula ta ,  I l e x  plabra, and Vaccinium angusti- 
f olium. Br ie r s  Smilax lauca and rotundif  o l i a )  , ferns  -3 and occasional spots  of ( c h i e f l y  Osmunda cinnamomea 
Sphamum moss (sometimes with cranberry vines)  were a l so  
p r e s e n t .  Hdwever, not a l l  these  p lan t s  occurred i n k v e r y  
p l o t :  

U e d i u m  S i t e s  _. 

The medium s i t e s  were characterized by a pine over- 
s t o r y ,  a dense understory of shrubs about 3 f e e t  ta l l ,  and 
a f o r e s t  f l o o r  t ha t  averaged i n  unburned areas  about 0.5 
foo t  deep. This f l oo r  var ied l o c a l l y  from 0.25 t o  1.0 foot  , 
deep. Hardwood t r e e s  were far l e s s  comon than on t h e  wet 
s i t e s  ( t a b l e  1 ) .  The ha?dwood&i were ch i e f l y  red maple and 
blackgum with an occasional sweetbay. 

The cha rac t e r i s t i c  shrubs h e ~ e  were Kalrnia anpusti-  
f o l i a ,  Lyonia mariana, and Chamaedaphne calycula ta ;  but 
Gaylussacia  frondosa, G. d u m o s  C. baccata, Aronia spp., 
and Ilex glabra were f a i r l y  comon, along with sca t te red  
t a l l  shrubs of the  wet te r  s i t e s  (Vaccinium corymbosum, 
Rhododendron v i sc  osum, Lyonia lims t r i n a  , and Cle t h r a  alni- 
f o l i a ) .  But here these  species were no t  so t a l l  a s  on t h e  
w e t t e r  s i t e s ,  One other  comnon p l an t  was Smilax glauca, 
whi le  such p lan t s  as S. rotundifolia,  Xerophyllum asphode- 
l o i d e s ,  and bracken f e r n  were sometimes present. 
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Both the wet and f~edirm! s i t e s  were on Leon (formerly 
called St. ~ o k n s )  so i l s .  

ill D r y  S i t e s  
I 

I t  
I 4  

The dry s i t e s  m e r e  characterized by a pine overstory, 
I a l e s s  dense sOand of snraller shrubs than on the  medim 

I > I  I s i t e s ,  and a fores t  f loo r  about 0.25 foot deep. These s i t e s  
usually had * a  heavy stand of bracken fern a f t e r  the f i r e s ,  
sometimes frad some lichene, sedges, and heather (Hudsonia 
ericoides); .but hsld very few hardwood t rees  (usually an oc- 
cas ioml  blackgum, sweetbay, o r  oak). These s i t e s  were on 

Y Lakehurst so i l s .  
; l 
:I 
"! The charac ter i s t ic  shrub was Leiophyllum b d f o l i u m ,  1 1 

I I s but w e r  thls were usually about the same species of shrubs I f, mentioned above--except tha t  the scattered t a l l  shrubs of 
!i 
'I t he  medium s i t e s  were usually absent. 
'I 

;I 6 t o  10 feet .  
iP: 

' Upland s i t e s  had a much more open wers tory  of pine 
than the l~wland  sites ( table  11, and the  hardwoods were up- 
land oaks--post ' oak, bl ick oak, white oak, and chestnut oak. 
Far gore  cormnon thas  t h k s e  t p e  oaks were the  stems of scrub 
or bear oak, which in the unburned areas reached heights of 

Occasionally below the  scrub oaks the ground  as 
covered with l ichens,  but u s w l l y  by smaller shrubs. These 
always included ~aylussacfa, baccata and e i the r  Vaccinium 
pallidurn o r  V. a n ~ b t i f o l i u m .  Other common plants m e r e  
S p i k  gla.acs, C ~ ~ l u s  sscia f randosa. and bracken fern. 

;I The fores t  f loor  on these upland s i t e s  was re la t ive ly  
thin, usually averaging about 0.2 Soot, Locally it varied 
from pract ical ly  none in'the spots covered with l ichens t o  
0.3 foot. A l l  the  upland s i t e s  were on Lakmood so i l s .  

About 240 acres i n  this ownership were t rea ted  with 
prescribed fires i n  September and October 1951- 

Part of t h e  t r a c t  was burned in September. T h i s  was 
a severe sugrmer type of fire. This h a t  f i r e  was obtained 
Bfter a $eng r e l a t ive ly  Qry period (only 2.37 inches of ra in  
were ~ecor4ed  -at the  b b a a ~ n  Experimental Forest between 
July 20 and September 14). 



The p a r t  of the t r a c t  t reated i n  October had a rela- 
tj.vel,y l i g h t  burn. The fue ls  on the  fores t  f loo r  were wet- 
t e r  a t  t h a t  time (4.02 inches of ra in  were recorded i n  the  
period October 7 t o  11). 

I n  the  burning, no2attempt was made t o  save pines 

S T U D Y  O F  T H E  E F ~ E C T S  

In July 1952 a series of sample p l o t s  was se t  up and 
the  r e su l t s  of the burning treatment were studied. 

The p lo t s  were located so they were representative of 
the  d i f fe rent  types of burn (or unburned areas)  and of t h e  
d i f fe rent  types of s i te .  They were r e s t r i c t ed  t o  areas 

, having a f a i r  source of seed. mey a lso  were r e s t r i c t ed  t o  
areas where there had been no recent logging (since March) 

lishment of pine seedlings. 

The p lo ts  were set  up by establ ishing three 2-chain 
s t r i p s  f o r  each treatment on each kind of s i t e .  Along each 
s t r i p  t en  milacre quadrats, centered on the  chain and se-, 
l ec ted  a t  random, were used i n  studying reproduction. 

The following were t a l l i e d  on each quadrat: Number 
of pine seedlings of 1952 ortgfn; number of a lder  pine seed- 
l ings  or  sprout clumps (with the dominant stern l e s s  than 
0.6 inch d.b.b. ) ; and height of the t a l l e s t  pine seedling, 
i n  tenths of feet. On each s t r i p  the understory, the fo res t  
f loor ,  and the  effect  of the f i r e  (if any) were b r i e f ly  de- 
sctibed. 

A s t r i p  3 milacres wide (19+8 fee t )  along the whole 
2-chain s t r i p  was used i n  studying the  overstory. The over- 
s t o r y  i n  this s t r i p  was t a l l i e d  by species, 1-inch diameter 
classes,  and in jury  classes. 

Thus the t a l l i e s  included 360 milacre quadrat6 f o r  
study of reproduction, and 2.16 acres f u r  study of overstory 
conditions . 



I I I Size class (in inches)l  

S i t e  I Damage c l a s s  

P z .  Per-' 
c 2  c* & - 1  

Wet m l a n d :  wA,ld la) 100 100 100 100 
Spmuting i n  crorhr -- -- - - -- 
Kflk&-b%s& s p m t i n g  - - - -- - 
Killed-no spmut ing  - - -- -- - 

Hedium lowland: Uhinjured W 84 100 -- -- -- 58 
Sprouting i n  c- -- 3 1 
Killed--basal sprouting 8 - - -- 

-- 5 
Killed-no sprouting 51 U -- 36 

D r y  lowland: Uninjured 46 88 100 -- - - bo 
Sprauting i n  cmnn 4 - - - 3 
K i l l e d - h a 1  sprouting 12 5 9 
KiUed--no sproubing 38 7 - - 28 

Upland: Uninjured 80 100 100 100 -- -- -- m 
Spmuting in c r o m  7 3 
Killed-basal spronting -- -- -- -- -- 
K i l l e d - - ~ ~  Spmuttng 1 3  -- - - 6 

'Trees 1-3 inches a r e  mostLy suppressed stems of sprout origin and rmdesirable a s  crop 
trees.' harge~ t r e e s  are merohantable f o r  pulpwood. 

Table 3.-FXfect of sevare prescribed f i r e  on pines 

Size c lass  (in inches)l  

S i t e  Damage c l a s s  A l l  
1-3 4-6 7-10 11-15 sizes 

v 

Per- Psr- Per- Per- Per- 
@ l t & & d a n t -  

Wet lowland: Uninjured 17 71 50 100 $5 
Sprouting in c r o m  -- 5 -- -- 2 
Killed-basal sprouting -- -- -- - -- 
Wlled-no sprouting 83 Zb 50 -- 43 

- Wedium lowland: Uninjurbd -A -- ' i~ 

Sprout iw $n e m  - - -- - 
Killed--basal sprouting -- -- - - 
Killed-no sprouting 1W) 100 I W  -- 100 

I 
D r y  lowland: Uninjured 3 36 86 100 18 j 

SprouMng En c r a m  3 28 -- -- 10 
Killed--basal sprouting 1 -- -- -- 
Killed--na sprouting 93 36 14 -- i 

Upland: Uninjured -- 18 50 -- 
71 1 17 

Sprouting i n  c m  - -- -- -- -- 
Killed--basal sprouting -- -- -- 

25 82 
5 

Killed--no sprouting 75 50 100 78 

' ~ r e e s  1-3 inches are mostly suppressed stems aP sprout o r ig in  and undesirable as crop 
t rees.  Larger t rees  a r e  merchantable f o r  pulprood. 



R-E S O . L Y S  

TBe-sev"e"~i? fires ware., of - C O U ~ B ;  much *more damaging 
t o  overstor$ t rees  than the E g h t  f i r e s ,  On the medium and 
dry s i t e s  the severe f i r e s  k i l l ed  (or  k i l l ed  back) a l l  hard- 
woods and *a 1a~ge proportion of tZ1e pirmes. - The l i g h t  f5'9:es 
k i l l ed  63-100 percent of the hardwoods and about 40 percent 
of the pines (tables 2-5). Damage i n  the wettest s i t e s  was 
l e s s  because the burn there was spotty, so tha t  even the 
severe f i r e s  k i l l ed  only about 40 percent of the pines and 
55 percent of the hardwoods. 

But i n  modifying conditions f o r  the establishment of 
pine seedlings i n  1952, the important r e su l t  was the e f fec t  
of the f i r e s  on the forest  f loor  ( table  6). 

A d v a n c e  R e p r o d u c t  i o n  

On unburned areas there was very l i t t l e  advance pine 
reproduction: l e s s  than 100 per acre on the avemge ( table  
7). On the m e d . ~  and wet s i t e s  these were the  rare  seed- 
l ings  t h a t  had s tar ted,  usually on spots of sphagnum moss, 
while on the  d r i e r  s i t e s  there were seedlings tha t  had 
sta*ted on spots having a very th in  fores t  f loor.  But i n  
none of the areas studied did these seedlings stock more 
than 10 percent of the quadrats. 

The prescribed-burning treatments reduced the amoupt 
of advance reproduction ( table  7). On a l l  s i t e s ,  seedlings 
of poor vigor were probably k i l l ed  and did not sprout. And 
on the wetter s i t e s ,  where the severe f i r e s  burned deep, 
even vigorous seedlings did not spyout. 

..- 
New R e p r o d u c t i o n  

The unburned areas provided very poor conditions fo r  
the establi$hmen& of additional pine seedlings from the 1951 % 

seed crop. There 67 s e e U n g s  or l e s s  - s ta r ted  per acre, 
stocking no more than 3 pepcent of the quadpats (table 7). 

The l i g h t  f i r e s  so improved seedbeds on the pine- 
lowland s i t e s  tha t  the number and stocking of pine seedlings 
increased greatly. The severe f i r e s  we~B'even more effec- 
t ive .  And they also greatly favored the e s t a b l i s h e n t  of 
pine seedlings on upland s i t e s  ( tab le  7). 

Consequently, the study showed tha t  type of f i r e  was 
the  most important (and highly s ignif icant  s t a t i s t i c a l l y )  
fac tor  affect ing the amouqt and stocking of pine reproduc- 
t ion. S i t e  was a l so  highly important; t he  interact ion of 
s i t e  and f i r e  was also significant,  



Table 4. -Effect of- fim on hardrraodQ 

Sise c h s s  [in iachss) 
I 

S i t e  k g e  clasa A l l  46 7-10 11-15 

P s  - Per- P= 
e m t & g 3 & &  

Wet larrland: Uhinj& 76 100 100 c 81 
Sprouting i n  crown -- - - - -- 
Killed-basal s p m t i n g  . 21r -- - - - - - 19 
K i l l e b n o  sprouting - - 

.b 

Medfum lowland: Uninjured 31 - -- - -- -- -- 31 
Sprouting in c m n  6 6 
Killed--basal sprouting 63 - - - - - - - 63 
Killed-no sprouting -- 

Dry lanrland: ~ h i n j u &  - - - - -- 
Sprouting i n  c m  -9- -- - - - 
Killed-besal sprouting 100 - - .  - 100 
Killed-no sprouting -- -- - -- - 

Upland : Uninjured - -- 100 - 100 
Sprouting in c- - - - - - 
Killed-basal sprouting - - - - -- 
Killed--no sprouting - - -- - -- 

k 

Table 5.-Effect of s w e m  s re scribed firs on hardroods 

Siee flass (in inches) , 
S i t e  Damags class A l l  

1-3 - 6  7-10 ll-15 sizes 

PE P e r  P x  

Wet lowland: Un i@W 36 67 100 - 42 
Sproutfng i n  c- 2 11 -- -- -- -- 3 
Killed--basal sprouting 13 11 - - 13 

. Killed-no sprouting 49 ll 42 

Medium lowland: -.. - - - -- 
p~outfng in cmnn -- - - - -- 
illad--basal sprouting 67 - - - 67 

Killed--no spmuting 33 - - - 33 

lowland: Unhjurad - - -- - -A 

Sprouting in crmn -- -- - - -- 
Killed-basal apmuting 100 - - - 100 
KFUsd-n6 sprouting - - - - - 

Vphnd: Uninjureb he -- -- 50 
d- 

14 
spmuting in cmnn - -- - -- 
Killed-Basal sprouting 100 50 - -- 29 
Kf lled-no sprouting -+ 50 100 50 57 



S i t e  Of Effec t  an forest f l s o r  f i r e  E f fec t  on ghrubs 

A l l  consumed over much Usually k i l l ed ;  sterns of 

wet 

of area ,  although i n  many consumed; not sprout- 
spots  some l e f t .  And i n g  where f i r e  burneddeep. 

lowland i n  spots of two p l o t s  
only l i t t e r  consumed 

Light Depth reduced about 0.1 Usually k i l l ed ,  but sproutr 
foot. ed vigorously. I n  spots 

some not even killed. 

Severe I n  one p lo t  a l l  con- Ki l led ,  s t e m  usual ly  con- 
sumed; i n  o the r  p l o t s  sumed; not sprouting where 
a l l  consumed i n  spots f i r e  burned deep (on 60% 

lowland .-.- { and reduced by a h a l f  of a r e a ) ,  but sprouting 
i n  o ther  spots.  elsewhere. 

Light Reduced 0.1-0.3 foot  i n  K i l l ed ,  stems sometimes 
depth. consumed, but a l l  sprouted 

vigorously.  

I Severe Nearly a l l  consumed, Killed,  most stems con- 
leaving usual ly  l e s s  swned, but  sprouted vigor- 

Dry than 0.1 foot .  ously. 
lowland 

Light Redwed about 0 .1  foot ,  Ki l led ,  stems sometimes 
leaving on t h e  average consumed, but a l l  sprouted 
s l i g h t l y  more than 0.1 vigorously. 
foot.  

Severe Nearly a l l  consumed. Killed,  smaller stems 
sometimes consumed, but 
all sprouted vigorously. 

Light S l i g h t l y  reduced, usu- Some scrub oaks n o t k i l l e d .  p 
a l l y  by 0.1 foot  o r  Others and smaller shrubs 
l e s s .  k i l l ed ,  stems not con- 

sumed,spmuted vigorously. 

t 

H e i g h t  Of 1952 S e e d l z n g s  

Even though height& of these seedlings were mwudsed 
only t o  t%e nearest tenth of foot, %he data  indicated t h a t  
seedlings tended t o  be t a l l e r  on the  wet%er s i t e s  and-on . 
t h e  most severely burned areas ( table  7). However, no ad&- 
ni f icant  differences were obtained. 

P~obably  s ignif icant  clifferenoes would have' F e s u l W  
from a l a rge r  number of more detai led &eaurewnts. Haig 
reported t a l l e r  seedlings of 16blolly pine on bufned $ha on 
unburned areas ,3 and a similar re su l t  was obtained i n  19.52 
i n  a study on %he Eaetern S h r e  of Maryland. Also, 'the dif- 
ferences btweeh s i t e s  in this study were even greater  t h a n  
the  differences between burns. 

'~outheasr. F o r e s t  Eapt. Sta .  B i e n h i a l  Repart, 1947 and 1946- 6 1  e p . 8  
illus. 1949. 



Table ?.--Pine rim-oductim in relation t o  type of fire and site 

1952 SEEDLINGS PER ACRE 

QUADRATS STOCKED WITH 1952 SEEDLINGS 

h 

ll'allest seedlings on stocked quadrats. 

C O N C C U S I O N S  1 

One deep-burning f i r e  i n  a seed year seems t o  be a 
highly effective way of reproducing pine on the medium and 
wet s i t e s  of pine lowlands i n  southern New Jersey. Here such 
a f i r e  prepares a highly favorable seedbed and eliminates 
much of the competition from hardwoods and shrubs. The 
deeper the  burn, the  be t te r  it i s  fo r  doing th is .  

However, because of the spottiness of the burn i n  the 
wettest  &aces, and the number of hardwoods usually found 
there,  f u d h e r  hardwood control w i l l  usually be needed t o  
obtain pyre pine stands there. Such control might be ob- 
tained by poisoning surviving t r ees  with ammate. For ease 
of worldng, this control work should-be done within a year 
or  two. a f t e r  the fire--before nsw growth makes the area l e s s  
open. 

Disadvantages of using a deep-burning f i r e  lie chief- 
l y  i n  timing. Probably only cer ta in  years provide idea l  
conditions. Consequently, the burning would have t o  be done 



then, e i the r  i n  areas tha t  had already had a seed-tree cut- 
t i n g  o r  i n  areas t h a t  were t o  be so cut  within a year. Be- 
cause of damage t o  the overstory ( tab le  3) such a cut t ing 
should be made within a year a f t e r  burning. 

A deep-burning f i r e  i s  f a r  more expensive than a 
light f i r e ;  it requires 1 t o  5 man-hours per acre, 

On the  dry portions of the lowlands and on upland 
s i t e s ,  the fores t  fLoor does not build up to  suf f ic ien t  
depths so tha t  deep-burning f i r e s  a re  possible. Consequent- 
l y ,  there  both hardwood t rees  and shrubs usually sprout 
vigorously a f t e r  a hot fire--although large hardwood t rees  
may not. 

On these s i t e s  several l i g h t  winteer f i r e s  produce 
f u l l y  as favorable resu l t s  as  one hot summer f i r e .  The for- 
mer cause a more permanent reduction i n  shrubs and provide 
conditions sui table  f o r  advance pine reproduction.-Obtaining 
such reproduction i s ,  of course, most desirable on upland 
s i t e s  where the amount of reproduction obtained from one 
seed crop i s  re la t ive ly  small ( table  7). 

Consequently, while one hot summer f i r e  i s  much bet- 
t e r  than none on the d r i e r  portions of the pine lowlands and 
on the uplands, the authors believe tha t  i t s  use i s  most ap- 
pl icable  i n  the wetter s i t e s  of the lowlands where it may 
burn deep. 3 

There the use of summer f i r e s  of fers  strong promise 
f o r  solving the problem of establishing the desired type ~f 
stand. Admittedly there a re  great d i f f i c u l t i e s  i n  obtaining 
the  proper type of f i r e ,  But the authors believe tha t  no 
other method offers  so prac t ica l  a solution, and t h a t  the 
d i f f i c u l t i e s  can be overcome with su f f i c i en t  planning, 
organization, and experience. % 
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