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Based on experimental litter burning in plantations of three 
species of hard,vood seedlings, to,ver survival occurs folto,,·­
ing spring fires than follo\,·ing autumn fires. Red oak (Quer­
cus ,-,tbra) ~eedlings \\·ere found to be n101·e tolerant to fires, 
due to their resilience. than \Vere sugar maple (Acer sacchur­
u m) and ,,·bite ash (Fraxi1t1ts an,e,icanci). \Vhite ash \\·as · 
found .to be intolerant to fire and did not sprout readily. 
Sugar maple ,vas intermediate of the three species in fire 

• resistance. 

This stucly \\·as conclucted to test the effects of sur­
face fires on selected Ne,v Jersel· hard,,.·ood tree seed­
lings. Tl1ree main effect~ ,vere examined: the differ­
ences among species· ability to tolerate fire, the dif­
ferences in the resprouting abilit~· of the species 
follo,ving fire, and the resilience of the species follo,v­
ing fire. It ,vas clear that such a stltdl· ,va~ needed to 
test the h~·pothesis that fires ha,·e had a selective 
effect on the composition of the hard,vood forests of 
the northeast. 

Little experimentation has been reported on the 
tolerance of hard,,·ood seedlings to fire. The tolerance 
to heat from sunliJ.{ht and other sources has been 
1·cported b~· some in,·estigators (Roeser, 1932; Shirle~·. 
i936; Lorenz, 1939>. 

The sprouting of oak follo,ving fire and other dis­
turbances is common kno,vledge and has been noted 
h)· man;· in the literature (Bromle)·, 1935; Che)·ne)', 
1942; Hough and Forbes. 1943; Bourdau, 1954; Collins, 
1956). Bourdeati ( 19-54) found that of six oak species 
studied, all rcsprouted equall)· \\·ell. 

There are conflicting statements on resistance of 
sugar maple to fire. Che~·ney (1942) stated that sugar 
maple \\·as extremel)· susceptible to injury from fire, 
that a light ground fire often killed it to the ground, 
and that it \\·as also sensiti\·e to injury b;· gas and 
sn1oke. HO\\·e,.·er, he listed no references or evidence 
to support his ,·ie\,·. Pinchot (1908) stated that sugar 
n1aple is fairl~· resi:;tant to fire, but also failed to give 

·c\·idence for this statement. Che)·ney (1942) said 
\\·bite ash, because of its thin bark, is ,·ery susceptible 
t<> fire injur)· \\-·hen )·oung. · 

To measure the temperature of the fire several 
methods ha\·e been employed. Tempil0 pellets (Silen, 
l~J.'.>6; Fenner and Bentle~·, 1960) and seger cones (Ncl• 
::on and Simes, 193-1) have been used which are dc­
~igncd to melt at \·arious temperatures, thus )'ielding 
<,nl~· the maximum temperatures reached during a 
fire. Other n1ethorJs ha,·e been employed, each with 
lin1itati<1ns, ~uch as n1aximl1m thermometers (Kor­
:-tiar,, 1927 J anti metal alloys. suitable for tcinpera­
lltre~ l>l'lO\\' 6009C (~el.:$on and Simes, 1934). 

Thermocot1ples \\,·ere the mo~t useful instruments 
for n1easuring the temperatt1re, since the~· gi\·e the 
duration of the temperatt1rcs as \\·ell as the extreme 
reachecl during the fire. The)· have been used b~· man~­
in,·estigators (Korstian, 1927; 1-Ic~·\,·ard, 1938; Hare. 
1965; Ka)·ll, 1966; Gill and Ashton, 1968; Vines, 1908). 

METHODS 
The experiment \\·as conclucted on seedling:; \vhich 

had been planted on 64 plots at Hutcheson l\oiemorial 
Forest, near East Millstone, Ne\v Jerse,>·. Each plot • 
originall)· had fi\·e seecllings each, of five species: 
,,·bite pine (Pi1l1ts st,·oblis). \\·hite ash (F,·axitlUS a»ier­
icai,a). stii;.tar maple (Ace,· saccl,an~,,l), red oak (Q,~er­
cits ,,,b,·a), and \\·bite oak (Q1terctts alba). All trees 
'"·ere originall)· spaced at three foot inter-vals ,vithin 
each plot, and randoml)· distributed as far as the five 
species \verc concerned. The seedlings \\·ere from t,vo 
to four )·ears old ,,·hen planted in 1964. \Vhen the 
author initiated this stltd)· in 1967, there ,vere onl)· 
three species \\'ith adequate numbers sur\'i\"ing: \\·hit~ 
ash, sugar n1aple, and red oak. The sugar maple seed­
lings \\·ere limited in number or absent on man)· of 
the plots. 

• 

The original design ,vas to burn t\vent)· plots, five 
on each of t,\·o spring dates, and fi\·e on each of t,,·o 
autumn dates. Fi,·e plots \\·ere to be left during each 
season to ~er,·e as controls. Thi~ design \\·as follo\,·ed 
in 1967; but in 1968 no burns ,,·ere carried out, and in 
the s1>ring of 1969 onl~· 18 plots ,,·ere burned. · 

There ,,·a5 then a total of 33 plot;:; \\·hich recei,·ed 
burns and 10 plots ,vhich served as controls. The 
trcatmen t for each of the plots ,vas random I)· selected. 

The seedlings had been planted on a recently plo,ved 
old field. Before each fire the grass and other herba­
ceous material that had de,·eloped \,·ere removed and 
replaced \\·ith oak leaf litter. 

Various methods \Vere used in attempting to mea­
sure the temperature of the fire. Before the spring 
fires of 1967, Tempil 0 pellets were suspended three 
inches over the litter on ,,·ire. The pellets pro\·ed un­
satisfactor~- for measuring the temperature of the 
fire. Tempilaq0

• a substance which can be painted on 
surfaces and melts at specific temperatures, ,vas 
then used on ceramic tiles placed 1.terticalll· on the 
litter before the autumn fires. This method also pro­
duced measurements \vhich ,vere found to be unreal .. 
is tic for temperatures expected from fires of this 
type. In the spring of 1969. chromcl-alumel thermo­
couples ,,·ere used; and the temperatures and dura­
tion of temperatures \\·ere recorded on Rustrak re­
corders. Thi::; method )·ielded readint.rs con1parable 
to those found in earlier in\•e:,tigations (Korstian. 
1927; r.,1artin and Davis, 1961 ). 
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Figure 1. Grd1>hical anal)·sis of the p<.>rcentage n1eans o! se~dlings sur,·i,·ing the ,·arious treatments. The upper and lo,,·l'r 
decision lines arc at the 0.05 level and var~· in distance from the grand mean b('Cause of unequal numbers \\'ithin the san1-
ple means. Figure la. Control treatn1ents 1967. Figure lb. First spring burn 1967. Figure le. Second spring burn 1967. 
Figure Id. First autumn burn 1967. Figure le. Second autumn burn 1967. Fi~ure If. Spring burn 1969. 
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'fhe origin al ht· iJ.!li t of t 11 e scecll i ng~. cxtt• (> t <>f those 
bt1rnt-cl in tl1c s1)rin~ of 1967, \\·as n1east1rl'cl to the 
nc<trt•st centirnetcr. This ,vas clon~ to detect at1)· dif­
ferencP:-- that n1 i1-{ht h,\ ,·e existed ar.11)ng tlic cliffcren t 
~izt! cl .. \s:;es of :;eedlings. 

Heacl fire~ ,\·ere usecl for all treatments a11d the 
follo,ving factors ,,·ere recorded on the day of the 
bur,1: moisture content of the litter, _air temperature, 

· relati,·e ht1mi<iit~·. ,,·ind speecl and clirection, and the 
ti 111e of tla~·. 

• .\ftcr each fire the f ollo,,·ing measurcn1ents ,verc 
taken: the number of seecllings of each species ,vhich 
:,ttr\·i,·ed tl1e fire t1ninjt1red, tl1e nttmlJer of seedlinM::; 
,vhich ,vere killed (failell to leaf out I, the nttmber of 
see<llings \,·hich re:;prot1ted. ancl the size class of the 
~eedlings \\·hich sur\·i\·ed. 

. Data ,vere collectecl in the sumn1ers of 1967 ancl 
1968 on the 1,lots burned in 1967. In the spring of 1969 
all -13 plots \\·ere re.sampled \\·hen the data diffcrecl 
onl~· slightl)· from that collected llt1ri11g the t,vo 1>re­
,·ious summers. The data ltsed in cornpt1ting n1ea11s 

· ancl other ,·alue:,; in this pt1blication are those from 
the spring in 1969. 

The data \\·ere anal~·zed primaril)· b)· the statistical 
n1cthocl of anal~·sis of means (llalperin, 1955). Chi 
8Quare \\·as also used to test differencc5 bet,veen ob­
ser\·ecl ancl theoretical values. 

RESULTS 
Using the calculated upper and lo,\·cr clecision li11es 

for each of the incli,·idual treat1nen t~, \·ariot1s signifi­
c,1nt differences ,,·ere fot1ncl in the sur,·i,·al value of 
the seedlings (Fig. 1). There \,·ere no significant dif­
ferences found among the sur\-i\·al \·alues of the 
SJ)ccies ,vithin the ten control plots ( f~ig. la>. 'l'he first 
spring treatment \\"i th fire ( Fig. 1 b > sl10,,·ed that the 
mean 8Ur\·ival rates of the specie:5 \,·ere not signifi­
cantl~· different. Red oak approachell tl1e t1p1,er limits 
ancl \\·bite ash the lower limits, at the 0.05 pt·ob,ibilit~· 
lc\·cl. The second s1,ri11g burn (Fig. le) ,,·as the onl)· 
in:-;t,tncc \\·here suj!ar maple seedlings had a signifi­
cantl~· higher sur\·ival rate than the grand mean. 
\\"bite a~h seedlings \,·ere si~nificantl~· less al>le to 
st1r\·i,·e f<Jllo\1.:ing the seconcl spring ht1rn. 

"fhe first autumn fire s110,\·ccl nc,nc of the s1»ccics to 
cliffcr significant}~- from the grancl mean (f'ig. let). A 
significantl)· greater sur,·i\·al rate of red oak seed­
linj_{:; than the a,·erage ,,·as found follo\ving the late 
autun1n fire (Fig. le). \Vhite ash seecllings again had 
:t :-:ignificantl~- lO\\·cr st1r\·i,·al rate than the grancl 
n1f.:>an. Similar results occurrccl fc,llo\\·ing the spring 

. fire of 19fj9 ( ~'if.{. 1 r,, ,,·t1ere red oak sttr\"i,·al \vas sig­
nific:an tl)· hi~hcr than the mean and \\·l1itc ash sig­
rt ificantl)· lo\ver tha11 the n1can f>erccntage of scecl-
1 in~:,; Slll"\'i,·irl~. 

\\"hite [l~l1 ~cccllin~::; h,l<l ~l lo,vcr sur\-i\·al follo\ving 
cath <>f the fires th.trl tl1c otl1cr t ,i..·o :;1,t>cies. ~1'he per­
cer1 t ,t~l· (} f reel r>a k sel•<I I inJ..{s Slt r\' i \·i 11~ af tcr tl1c fire:; 

, .. ·a5 }!rC<llt.!l' than th~ meiln ,·alt1c fl>r each of the {i\'c 
fi rt·~. St1r,·i,·al rate of ~ugar m,lple scecf I inJ!::; ont~· 
t,\·ic:e t>xcee(le(I tl1c n1ean 1>erccntaj.!e of sur,·i\·al. 

1·he n1ean pet'ccntage of se~dlings resproutin~ \,·ere 
plottecl for each of the species follo\i.·ing the fire$ (Fig. 
2-31. Red oak seecllings rcsprotatecl significantl)· more 
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ttl,?11 t!1e 3\'(•r,l~t' for .111 :stil'1.lling:,; foll(1\ving till' fires. 
\\~l1itl· a~h ~l'c<.i!inl,!~ ,,·l'rc f1Jtl11,l to rcs1>rout signifj. 
c .. 111Ll).· ll'~~. ,tt tilt' 0.(),> Jlrol)al,ilit~· lc,·cl, follo,,·i11.I,! 
<•,ttl1 of tl1~ fir~:- tha11 the a,·eragc. Re::-1>routi111,{ of 
s ug~1 r 111 a pie ~-:et 11 i llJ!S lli(i 110 t (l if fer s i~11 i fic.t n t I~· 
fr<)lll t ite 1t1t:',111 1>er(.'c11t,1ge of ~c-t-d I ings resi:>ro11t ing. 

1'hc, ~izc t>f the ~ectf lings <l iff ert•(l J.!l'Ca.tl~·, n<)t 011 I)· 
.1n1011~ ~pl'cies bt1t H.lso ,,·ith in e,ir.l1 ~r>ccics. 'i'hc ~cc,l­
lit1J!~ l"lf ,vl1itc a.sl1 ,,·ere tl1t? large~t. ,i,·eraJ,!i11g ~11>11rox­
imt1tel)· 100 r111 i11 height, ,,·l1ile tl1o~e of sugar 111aple 
,,·ere approxi111atcl~· 80 cm and tho~e of reel oak ,\·ere 
ap1,r<.lxin1atcl)· .;5 c1n. The ~ize c:la~~ ,,·ithin the spe­
cies ~-it>ltied little infor111ation as to the effects of :;izc 
on sur\-j\·al r<ltc.?. Large seedlings ,\·ere killed in n1~1n~· 
i nstanc~s. ,,: }1 en ~ n1al I seedling:; s u rY i \'Cd. 

DISCUSSION AND CONCLUSIONS 

E\·idence is pre~ented that hard\,·ood tree species 
do differ in fire tolerance. Sttr\·i,·al is partly due to 
species· abilit)· to resprout (Fig. 3). Significantly 
greater percentages of red oak seedlings survived the 
fires than the ml""an survi,·al of the three SJ>ecies 
studied (Fig. 4). Red oak seedlings ,,·ere smaller than 
the other seedlings in the research, )·et had a higher 
sur\·i,·al rate. \\'hite ash seedlings showed a signifi­
cantl)· lo,,·er percentage of sur,·i,·al at the 0.01 level, 
,,·ith onl~- 23':t sur,·iving. Chi square used to test the 
"\·ariabilit)' of the actual nun1ber of seedlings surviv­
ing against tl1e theoretical nun1ber produced a value 
significant at the 0.01 probabilit~· level, which ,,·as 
prirnaril~· due to the difference5 bet\,·een the obser\..·ed 
and th~oretical values for ,vhite ash and red oak. The 
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,vhite ash had a much lower number of seea11ngs sur­
viving than expected. and the red oak had a higher· 
number sur,·iving. 

Since one of the main objectives of this study was 
to determine the differences between the tolerance of 
red oak and sugar maple seedlings. decision limits 
\\·ere plotted around the mean percentage of seedlings 
of these species ,vbich sur\·i\·ed. (Fig. 5). This illus­
. trates that sugar maple seedlings had a significantly 
lower survival rate, at the 0.05 probability level, than 
the grand mean. 
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Sea:;on.ll cliff erences \\·ere• an a.l~·zecl l>t>t \Vt>cn t l1t! 
~prinj! and t\t1turnn fires of 19fj7 (Fi~. 6). Si~11i[icantl~· 
nlorc s~etll inJ,!s of al 1 s11ecie:, ~tlt'\"i\·ecl tl1e altturnn 
trentmen ts than tl1e average of the t \\"O $e .. lson::::. 'fhi~ 
difference ma\· be attributed to en,·iron111ental concli~ • 
tions dttring the fire. Thet·e ma)· al3o be pt1)·siological 
clifferences in the r>lants during the ciifferent seasons 
\\"hich 111a:.~ also contribute to the significant cliffcr­
enc~s ;n fire tolerance during clifferent s~a~ons. 

Tin1e-temperature measurements ,,·ere ot,tained 
front on I~- thirteen of the tl1irt)·-thrce plots bt1rned. 
Little correlation could be fot1ncl t,ct\\·een the per­
centage of seedlings surviving and the n1ean n1axi­
n1t1m temperature 1·eached on each plot or bet\\·een 
su1·vival and the dttration of temperatures exceeding 
the lethal temperature of 60° C. The poor correlation 
\\·hich \\·as found can onl~· be explained b)· stating 
that the measurements on each plot \\·ere onl)· repli­
cated three times. and that due to high variabilit)· of 
temperatLtres dL1ring fires it is difficltlt to obtain 
good estimates of the conditions ,,·hich are present 
during a fire. The highest survi,·al rate ,,·as foLtnd on 
the plot ,\·hich had the Io,vest maximum temperature 
and the shortest cluration. 

In conclL1sion, lo,ver survi,·al ,,·as found follo,ving 
spring fires than follo,ving autumn fires studied. Red 
oak (Qzte1·c1ts 1-ubra) seedlings ,vere more tolerant to 
fire, due to the resilience, than \,·ere sugar . maple 
(Ace,· saccha1,t r1t) and ,vhite ash (Fra:i:i1tltS ar,ie1i­
ca1ta). \\"bite ash \,·as \·er)· intolerant to fire and did 
not sprout rcadil~-♦ Sugar n1aple ,,,·as intermediate of 
the three species in fire resistance. 
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