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SMOKE.INDUCED GERMINATION IN
PIIA CELIA S TRI CTAFL ORA

I{ey wotds: buteflolides, ctoss-tifibets, frte, karikens, rcgenetation

ABSTRACT

Seedlings of Phacelia strictflora A.L. deJussieu (Hydrophyllaceae) geffiinate ptofusely after
rnajor fues in the Ctoss Timbers forest of Oklahoma afld rurely at other times and places. Seed

getmination was gready enhanced under laboratory conditiofls by exposute to a water
suspension of smoke chemicals. This is the first report of smoke enhancement of germination in
a fl^t7ye Oklahoma plant species. Many plant species gtow abundantly after disturbances
including fues, but smoke enhancement of getmination allows P. stnctiflora to grow abundandy
aftet fires and only rarely zfter other kinds of disturbance.
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INTRODUCTION

Seeds of some plant species rarely
getminate except after fires. These species

gtow in ecological communities that depend
upofl a fire cycle fot regenetation. Examples
include the chaparral (I(eeley and
Fotheringham 7998a; Keeley et al. 2012),
the shrublands of Western Austtalia (Dixon
et al. 7995; Thomas et al. 2007; Tutnet et a\.

2009), and the South Afiicarr fynbos
(Delange and Bouchet 1990). Germination
aftet fue may confer 

^ 
gre t advantage on

seedlings because the aduit plants often
forma dense covef againstwhich the
seedlings would be unable to successfully
compete for light, water, and nuftients.
Post-fue germination also allows seedlings
to benefit from a flush of mineral nutrients
provided by the ashes. Moteover, in fue-
cycle communities, seeds may require
exposure to ofle or mole chemical
components of smoke in order to
getminate. In some cases, these chemicals
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may be oxidizing gases such as NO, (I(eeley
and Fotheringham 1998b), while in othet
cases they may be a group of butenolides
known as kardkins, which are grou,th
tegulatots produced by the combustion of
cellulose @lematti etal.2004; Chiwocha et
al. 2009; Dixon et al. 2009).

In many cases, profuse germination
after fires may result mainly ftom the
sudden arrd greatet abundance of light,
water, and nuftients at the ground level,
tather than from exposure to smoke
chemicals. Many forms of disturbance other
than fue also ptovide flushes of these
resoufces. In this paper, u/e report that seed

germination of Phacelia strictiflora A. L. de

Jussieu (Hydrophyllaceae) is very strongly
enhanced by smoke and rady occurs
without smoke stimulation. We also present
evidence that post-fire germination of P.

strictflora seeds is not simply due to
avatTabtltty of a flush of resources or to
statification. This is the fust report of
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smoke enharicement of germinatton tn a
nadve Oklahoma plant species.

Phacelia strictflora is a native Oklahoma
plant species that is a close telative of the
chapatral P. grandflora, in which smoke
strongly erihances germination (I{eeley and
Fotheringam 1998a). P. stictflora gtows in
poor soils in the south central United States.

In Oklahoma, P. stictiflora rs tormally a r^re
spriflg annual in the Cross Timbers forest,
which is noted for its poot soils. However,
aftet malor surnmer fires, P. sticffiramay
grow and bloom ptofusely, forming r:.earlry a

monocultute in some areas,irt the following
spriflg pigures 1.,2).Tlne strong association
between fire and germination led us to
hypothesize that smoke chemicals grearJy

enhance the getmination of P. sticffira
seeds.

Figue 1

201,7 f:re.
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MATERIALS AND METHODS

ril/e collected seeds fiom mature, dry
Phacelia strictfhra plants in a postfire area of
the Blue River STildlife Consewation Area
maintained by the Oklahoma Departrnent
of Wildlife Conservadofl,ne r the junction
of State Highway 7 and the Blue River in
Bryat County Q4 21..50'N, 96" 35.41'!7).
A wildfue destoyed most of the adult ttees

1r12011. We collected seeds of mature,
sellescelrt plants in May 2012 fuom ter,
diffetent 25 rn2 areas within the burned
fotest. We stored th" dry seeds in plastic
bags in the laboratory, at first at room
temperature atdlatettn a rcfigerator, but
we did not moisten the seeds except in the
stratification treatrnent (see below). ril/e used

a dissecting mictoscope to carefirlly select

healthy seeds (plump and ftee of
discoloration) to use in the following
experiments.

l
ttt
1
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@i-fire gr"*th of Phacelia stidflorain the Cross Timbets forest at the

BIue fuver Wildlife Consewadon Lreatn 1pt1,2012

@ Stanley A. Rice and SonYa L. Ross

Joutnal compilation @ 201.3 Oklahoma Native Plant Society



51
Oklahoma Native Plant Record

Volume 13, December 2013

\7e fust exPlored the likelY r^rrge of
coriditions thatmay induce germination of
P. stictiflora seeds' ril/e exposed seeds to a

btoad range of condidons, including: heat

and smoke from a grill in which we bumed

dried branches of p. stellata; gfourrd ashes;

physical scadfi.cad.on with sandpapeg a3

mg/ml solud.on of Miracle-Gro@ complete

feit,Lzer; a 5%o solution of Colgrn brand

Liquid Smoke@; sulfuric acid (diluted to pH

= 1);andammonium hydroxide (diluted to

pH = 10). \7e used 30 pefti plates, each-

with 20 seeds, for a total of 600 seeds' \7e
kept all petri plates on tacks underneath

fluorescent lights in a temperature-

controlled laboratory for a month'
For the two main exPeriments, we

ptoduced alr aqueous suspension of,s-moke

molecules in the following manner' We

placed 150 ml (5.07 oz) of watetin the
-t"r.rooit 

of a commercial hookah pipe and

burned post oak wood in the bowl' \7e
drew smoke through the water using a nasal

aspirator for thtee houts, dudng which time

we replenished the oak wood as it bumed'

The result was a water suspension that was

visibly amber and smelled like smoke' We

diluted some of this suspension to half-

sttength, afld some of it to quarter-strength'

\7e klpt the three dilutions in teftigerated

test tubes sealed with parafilm to discourage

the diffusion of volatile smoke chemicals

and performed the experiments during

storage of the watef susPension'

In the fust of these exPerimeflts, we

compated stratified with unsttatified seeds'

We stratified some seeds by keeping them

for a month tn a refigetator fil moist paper

towels inside of open plastic bags' For each

of the following condidons, we then

ptepared fout petri plates, each wi-th 25

itratified seeds kept undet the following

\7e did the same with Petri dishes of
unstatified seeds. The tesult was a sample

of 400 sttatified seeds (in sixteen plates) and

400 unstratified seeds (in sixteen plates), for

a totalsample size of 800 seeds' We kept all

petri plates on racks underneath fluorescent

lightrin a temperature-conttolled labotatory

fJr u month. As needed, we added distilled

water to the plates, but no additional smoke

soludon.
In the second of these experiments, we

used only unsttatified seeds that had been

stored rn a rcfrrgerator. \7e placed nvo

conttol plates, two quarter-sttength plates'

two half-sttength plates, and two full
strength plates, each with 25 seeds, under

the fluorescent lights (n = 200) and in

datkness (a drawer adiacett to the lights; n

= 200), for a totalsample size of 400 seeds'

Temperature under the lights was slighdy

higher (26 C,78.8" F) than temperature in

datkness (22" C,71.6" F).

Vle analyzed the germinadon tesults

using a chi-square analysis. We could not

rr." i prtr-etric test because in many of the

petri dishes no seeds germinated' The
-pt"po.rd.mnce 

of zeroes made parameffic

analysis invalid.

RESULTS

None of the 600 seeds getminated in

the initial studies' From this we concluded

that seed dormancy rn Phacelia stictiflora

prevented germination in response to a

hush of nuttients or a chatge in pH' \7e

also concluded that dormancY of
P. stictflora seeds could not be easily

broken by heat or physical abrasion'

In the exPeriment that comPated

statified -ith ,rnttrutified seeds, no contfol

seeds germinated, and onlY one seed

g.rminat.d when exposed to frrll-strength

smoke suspension. The gteatest geffnffraflon

occurred in half-sttength and quartef-

strength smoke suspension (Iable 1)'This

pattemwas signific ant fot both statifled

a

a

a

a

Distilted water (contol)

Quartet-strength smoke soludon

Half-stength smoke solution

Full strength smoke soludon
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(p = 0.001) and unstratified (p = 0.001)
seeds, analyzed sepatately. Not only did
stratified seeds display lower total
getmination than unstratified seeds, but they
germinated more slowly. Unstratified seeds

began to germinate zfter 7 days, while
stratified seeds did not begin to getminate
until2l days.

Conftasting with the pteliminary
experiments, the experiment that compared

Oldahoma Native Plant Record
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seeds exposed to Iight and darkness resulted
in 11 of the 50 datk conttol seeds

getminating. However, no seeds germinated
in fuIl-strength smoke suspension, and the
greatest germination still occurred in half-
strength and quartet-sffength smoke
suspensions, as in Expedment 1 (p - 0.001)
(Table 2). Overall, germination was greater
in datkness than in light (p = 0.001)
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Table 1 Number and petcentage of stratified and unsftadfred Phacelia strictiflora seeds that
getminated. Each treatment contained 100 seeds (n = 800).

Unstratified seeds Cold-stratified seeds

Full-strength smoke suspension
Half-strength smoke suspension

Quattet-sttength smoke suspension
Conttol

0 (o%o)

s4 o4n
37 (37%)
0Qm

1 (1oh)
16 (16%)
s (s%)
0 (0%)

Table 2 Number and percentage of Phacelia stictflora seeds that germinated in the light and the
dark. Each tteatment contained 50 seeds (n = 400).

Full-sttength smoke suspension
Half-strength smoke suspension

Quartet-sttength smoke suspension
Control

Light

0 (0%o)

1,3 Q6n
1,3 Q6n
0 (0%,)

Dark

0 (0%)
21 (42yo)

27 (54y,)
1,1. Q2o,6)

DISCUSSION AND CONCLUSIONS

Very few conftol seeds of Phacelia

striclflora germinated. S7e cannot explain
why 11 control seeds gerrrrinated in
datkness in the final expetiment, u/hile no
conftol seeds germinated in previous
experiments. One possibiJity is that smoke
chemicals diffused thtough the air from
plates with smoke suspensions into some
conttol plates, since all the piates were in

the same drawe4. But we have observed that
a few Phacelia seedlings getminate in the
field in years without fue. Even the post-fire
herbaceous plants of the chaparalhave a

low level of seed germination under conttol
conditions; a few conttol seeds germinated
in seven of twelve chapanal species

(including P. grandtflorQ investigated by
Keeley and Fotheringam (1998a). We have
nevertheless demonsftated a strong smoke
enhancement of P. slictflora seed
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germination, similar to that of post-fue
species in fue-dependent ecological
communities.

Half- or quarter-strength smoke
suspension #e rly enhanced seed

getmination. The failue of seeds to
germinate upon exposrile to the full-
sftength suspension agrees with the
conclusions of Drewes et al. (1995) that
hgh concentrations of smoke chemicals can
inhibit germination. The possibility that the
seeds requite exposrre to light in ordet to
tespond to smoke (Todorovii et aL.2005)
was not supported in this species by our
experiments. Greater gerrrination in the
dark in the final experiment may have
resulted from the slightly lower temperature.
Growth chambets with firll temperature
conttol wefe not avaiTable fot this teseatch.

We demonstrated that cold stratification
was uflnecessafy as well as insuffi.cient for
germination. In southern Oklahoma, rnarty
annual species germinate and grow during
the mild winters, and the same may be true
of P. strictflora.Irr fact, cold sftatification
appearcd to mildly inhibit germination.

In the tallgtass praiie of Noth
Amedca, tecurdng fues destroy woody
vegetad.on and promote the re-growth of
perennial grasses and forbs. However,
smoke enhances germination in only about
one-third of prairie species (|efferson et al.

2008). This may be due to the fact that most
post-fite re-growth in the 6llgtass prairie
comes from the re-sprouting of perennials
rather than the getmination of seeds. Seed

germination in ptairies often occurs after
soil disturbance by animals. The Ctoss
Timbers fotest is an ecotonal community
between the eastem deciduous forest and
the tallgrass pruiie. However, even though
its common name is "pra)ie phacelia,"
P. strictifura appears to be more common in
deciduous fotest than in praidte habitats.

Butenolides such as karikins may
stimulate getmination and promote seedling
vigot even in species of plants, including
agricultural plants, that do not require them
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(Stevens et al. 2007 ; Ghehebriot et al. 2008;
Lindon and Menges 2008; Nelson et al.

2009; Hong and I(ang 2011). Unlike these
species, howevef, smoke enhancement of P.

strictflora germination appears to be strong
enough to effectively limit its growth to
post-fue conditions. In this way,P. strictflora
more closely resembles the post-fue plant
species of fue-dependent ecological
communities than it does the other plant
species of the deciduous fotest.

A seed bank, ptoduced by postfire
gtowth after previous fites, is the only likely
explanation of the massive postfue growth
of P. strictflora n 2072. Too few individuals
gtow without fue to permit such profuse
germination without a persistent seed bank.
The seed bank remains latgely, but not
completely, dotmant until a fire occuts.
Further, we have observed massive blooms
of P. stictiflora oily in Ctoss Timbers forests
growing on granite subsffate, but no such
blooms in forests growing on limestone.
The thinner soils that develop over grarite
rnay have, over time, favored the gtowth of
P. strictflora, allowing it to build up a seed

bank in those soils. Investigation of the
Pbacelia seed bank is an opportunity for
future research.

Smoke enhancement of seed

germination has not been repotted for other
native Oklahoma plant species. We have
observed another species, Selenia aurea

(Brassicaceae), gtowing abundandy after the
same fire that promoted the mass flowedng
of P. stictflora,but the possibility that.l.
aureabenefrts from or requires smoke for
germination has nqt been investigated.
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