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INTRODUCTION

Eadier spring budburst in deciduous
.. is widelv recognized as one of the
:-.equences of global climate change. It
- leen occurring for the last centun'and a

: and has continued in recent decades

-:-\\-artz et al. 2006;Ibaiez et al. 2010;
.:rr and Pnmack 2011). This conclusion
.sed upon ser.etal sources of

t :rnation: comparison of tecent with
rrical budburst dates, including the

. :ds of Henn, Dar.id Thoreau at \X/alden

--1. and comparisons of recent with
- rical herbarium specimens and

,rgraphs (?nmack et al. 2004; N{rller-
..*g et aL.2006; Pdmack 2014); satellite

* -ery during recent decades (I-iang et al.

. : vearh, records of indrr.idual woody
. --:s during receflt decades (Schrvartz

:.: fuce and Schu.,artz, rn prep.); and
.'-ronal models (e.g. N'Iorin et al. 2009).

OKLAHOMA DECIDUOUS TREES DIFFER
IN CHTLLING ENHANCEMENT OF BUDBURST

Key,wotds : clifiate change, phenology

ABSTRACT

In many tree species, winter chilling accelerates budburst in response to spring warmth.

ilobal climate change has already accelerated budburst in deciduous tree species atound the

odd. But as globalilimate change leads to milder winters, trees species also experience less

rilling, -hi.h muy actualTy delay spdng budbutst in some species. We hypothesized that

d"ced duration of winter chilling-would delay spring budburst in sycamote (Platanus occidentali)

rd pecan (Carya illinoinensis),but would not delay it in sweetgum (Liqaidambar sflraciflaa).We

o.a tnir hyptdresis experimentally by manipulating the number of weeks of chilling ftom 0 to

seeks. Lack of winter chilling did not delay budburst in sweetgum but did delay it in sycamore

rd pecan, in agreement with the hlpothesis. Mild winters in Oklahoma fi:r.y eventua\ favor

t gtowth of sweetgums at the expeflse of sycamotes and pecans.

Sonya L. Ross
Physical Plant Department
Southeastern Oklahoma State Univetsity
Durant, OK7470l
srossT6@se.edu

The fitst authot of this paper has

maintained an ongoing tecord of budburst
times for about 400 individuals of 22

deciduous ttee species in Durant,
Oklahoma, starting :rir2006. By obsening
each tree at least weekly, and usually more

often, the first authot detetmined budburst
date for each individual using a protocol
similar to that of the Globe Program
(Globe.gov 2014).The data cleady indrcate

eatlier budburst during the nine-year period,
patticularly from 2008-2072, duitng which
dme sevetal ttee species advanced their
budburst time aborrt two days per yeat. This

did not occur in all species, howevet. In
parictiar, budburst did not change in
Amedcan elrr, (tJ lmus ameicana L.) and
became later each year 1n stlver maple (Acer

sacchainumL.), ptobably in association with
summer drought and heat damage that
either ditectly, or indirectly through
pathogens, killed many of these trees (Rice

and Schwartz,tnprep).
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It is, however, invalid to exftapolate the
trend toward eadier budburst fot most tree
species, because rrrafly woody species

benefit from chilling fot timely budburst
(Schwattz and Hanes 201,0). Chilling
induces the development of structufes
within buds and/ot alters the concenftation
of plant growth substances such as

cytokinins (Flewett and \il7areing 1973), a

process sometimes called vetf.:altzattot If
winters in some areas (such as southem
Oklahoma) become brief and watm, the
buds of some species may experience
insufficient chilling and thetefore reduced
fitness puedeling et aL.201.1). Some tree
species also tequite a minimum daylength
fot budburst (".g., Heide 1993a).

In general, we would expect tree species

that open their buds eady in the spring to
have flotal and vegetative structures alteady
well-formed withifl the buds prior to wintet,
while these structures may have to develop
during the winter in tree species that open
their buds later in the spring. The ttee
species in the latter gtoup may require
chilling to initiate and complete the process
of bud development. ril7e therefore
hgrothesized that tree species that open
their buds early in the spdng do not have as

much chilling enhancement of budburst as

tee species that open their buds later in the
spdng. Specifically, we expected a negadve
association between time of budburst and
chiliing enhancement.1X/e used three species

to test this hlpothesis in Oklahoma:
sweetgum (Liq uidan bar sflracifla a L.,
Altiginaceae), which opens its buds earliest
of these three species, often in February;
sycamore (P latahus occidentalis L.,
Platanaceae), which opens its buds later,
often in March; and pecan (Carya illinoiruensis

[X/angenh.) I{. I(och, Juglandaceae), which
opens its buds last of these three species,

often rn Apd.
Numerous studies have examined the

effect of chilling on budbutst, but most of
these studies have been conducted at higher
latitudes (e.g., Hunter and Lechowicz 7992;
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Heide 1993b; Chuine 2000). rJTe wanted to
test the hlpothesis using Oklahoma trees,
which may diffet genetically from ttees of
the same species that live in other locations.
For example, research in other parts of the
wodd show that trees such as pecans
(I(uden et al. 201,3) have a chilling
enhancement of budburst, but we cannot
conclude from this that Oklahoma trees of
these species have a similat chilling
enhancement.

METHODS

10 meters in height that are in the long-term
data set from each of the three species. Al1

wete in parks ot along sfteets in Durant,
Oklahoma (Fig. 1). $7e originally also

included post oak Quercus stellata
\il7angenh.), but mortality of twigs dudng the
experiment reduced the sample size to only
one twig in two of the fteatments.

From each tree, we obtained six twigs
with intact terminal and axillary buds, two
for each of the three chilling treatments
described below, resulting in 30 twigs for
each species (total of 90 twigs). \We gathered
twigs on 1 8 Novemb er 2013, after leaf
selrescence was well advanced but befote
the fust frost. $7e labeled all twigs with
masking tape. For each ttee, we placed two
twigs in a plastic food storage containet
with wet paper towels and stored them in a
refigerutot at about 10" C for three weeks,
and we stored two other twigs for six weeks.

Six weeks is considerably less than the

^vetage 
of apptoximately 18 weeks between

first (about Nove-inbet 9) and last (about
March 28) frost during the ptevious fout
decades in Durant, Oklahoma (Fig. 2). At
the end of chilling, we removed the twigs
and placed them in warm condidons to
allow budburst to begin. \il7e also placed two
twigs from each ttee immediately into warm
conditions (0 weeks). These unchilled twigs
were the conttol. The warm conditions were
in a temperature-controlled labotatory
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(about 25" C) under continuous fluorescent
rllumination.

Once rve exposed the buds to warm
conditions, we kept the cut ends of the
nvigs continuously submerged in water. \We

checked each tw-ig at least twice a week for
srgns of budburst, defined as green tissue
showing through separated bud scales

45

Fig 3).\il/e also changed the water and
cleansed the cut ends of the twigs with a
brush to prevent decomposers, living off of
sap, from blocking the xylem. Eighteen of
the odginal90 twigs failed to burst their
buds during this expedment and were
presumed dead.

ffi

Figure 1 The general habitat of the trees used in this study in November 2013
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Figute 2 Average frst and last freeze dates in Oklahoma,
and used wrth permission from Oklahoma Clrmatological
( http : / / chne te. ok. g,rr- / inder.php / climate).

1961-2010 
^-verage- 

Maps modified
Sutvey

Figure 3 Buds of
sweetgum
(Liquidambar
stymuflua) at vadous
stages ofbudburst.
The top bud has not
yet opened, and the
bud at the lowet
dght rs just
beginning to open.
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Table Mean number of days of exposure to warmth that induced budburst in three species of

ttees in southeast Oklahoma. Values in patentheses indicate the number of trvigs that wete

exposed to different levels of the treatment (- chilling). Asterisk (*) indicates significant

difference using Kruskal-Wallis test^tp < 0.05.
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RESULTS AND DISCUSSION

Results shown in the following table

indicate that chilling greathy reduced the

budburst time in sycamore @ < 0.001) and

pecan (P = 0.012) but not iri sweetgum

(a = 0.089). Because the data distribution
was skewed toward eatly budbutst dates, we

used separate I(ruskal-\Wa11is analyses fot

DISCUSSION

The data confrrmed the association

between time of budburst and chilling
enhancement, based on Oklahoma
specimens of three ttee species. We would
expect sweetgum to tespond the most to
\sarmer winters. Gunderson et al. Q01'2)
repotted that expedmentally-imposed
warmer temperatwes caused eather

budburst in sweetgum than in three other
tree species, consistent with our results.

Global climate change has been

associated not only with earlier spring

budbutst in deciduous trees but also eatlier

flowering in spring wildflowers and earlier

spriflg activity in many kinds of animais

(Millet-Rushing et al. 2008; lTillis et al.

2008; Primack2}l4). The extent to which
diffetent species respond to global climate

each species to obtain these values (IBM
SPSS 2011). All three species burst their
buds quickly following six weeks of chilling.
Budburst of unchilied sycamore and pecan

buds were signifrcandy delayed while
unchilled sweetgum buds burst quickly after

exposure to wafm temPetatufes.

change lor-Lay alter the species makeup of an

ecological community (\{iller-Rushing and

Primack 2008). If future global climate

change should cause forests in the southern

United States, such as those in southetn
Oklahoma, to have very mild wintets, not all

deciduous tree species will continue their

trend towatd eatliet budburst. Instead, some

tree species-such as the sycamores and

pecans in this study-may teverse their
ttend toward eatlier budburst and instead

have later budburst. Flexibility of
phenological response appearc to be an

important contributor to surwival in a wodd
of global climate change. The eventual loss

of chilling temperatures may altet the

reladve growth patterfls of deciduous tree

species in Oklahoma.
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\Weeks of chilling

Species I Zero Thtee SLx I p-r'alue

Li q u i d a m b ar $1 ra cifl u a 26.3 (7) 2e.B (e) 24.7 (6) 0.089

P lat a n a s o cci de n ta li.r 63.0 (6) 38.0 (10) 21,.3 (e) 0.001*

Carya i//inoinensi.r
I

53.3 (6) 32.6 (10) 23.4 (e) 0.01.2*
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