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ABSTRACT

Twig samples collected from latitudinally diverse populations (between 31 and 43° N)
in winter condition, and subsequently exposed to controlled temperature treatments in growth
chambers, indicated ecotypic differences in bud bursting response. Exposure to cold treat-
ment prior to placement under long days (16-hour photoperiod) and warm temperatures
(day-night cycle of 24-16 C), reduced time required for bud burst in all populations, but a
latitudinal cline was apparent with more southern populations having earlier bud burst.
Under longer exposure to cold of at least 4 C, populations from intermediate latitudes showed
slower response to bud burst than the extremes of the latitudinal range tested, indicating a
protective mechanism to prevent bud burst in more variable habitats with unpredictable

spring temperatures.

INTRODUCTION

Since Turesson’s (1922) pioneering study
of ecotypes, significant research has shown

many species to be composed of discrete
populations with physiological and mor-
phological differences enabling each popu-
lation to cope more effectively with its
particular environmental regime. Litera-
ture reviews have revealed that, when
considering the total number of plant
species, relatively few have been subjected
to intensified or even superficial investi-
gations of populational differentiation
(Hiesey and Milner 1965).

Carpinus caroliniana Walt. (commonly
called ironwood, blue beech, American
hornbeam, or water beech; Fernald 1950)
is a dominant understory species in eastern
North America; its range extends from
Nova Scotia to Minnesota and south to
Texas and Florida. Wide distribution and
relative abundance makes ironwood an
ideal species for ecotypic and community
investigations.

Despite the abundance of Carpinus
caroliniana, very little information has been
published about it. A survey of such

! Permanent mailing address: 6810 Bordman

Rd., Almont, Michigan 48003.

references as Excerpra Boranica, Broroc-
1cAL ABSTRACTS, and DisserTATION AB-
sTRACTS confirmed that there is virtually no
information on the autecology of the genus.
This is not unexpected since it is currently
of little economic importance. As wood
and fiber demands increase, this seemingly
noneconomic tree may prove to be an im-
portant source of wood fiber. In the past,
ironwood has been utilized for wagon axles,
spokes, implement handles, and mallet
heads, and charcoal of hornbeam was often
mixed with gunpowder (deWit 1966).
Carpinus reportedly accumulates higher
than normal amounts of aluminum (Krucke-
burg 1969) availing it as a subject for
investigating the possibility of its func-
tional niche as an aluminum pump. Popu-
lational variation in fruit size has been
reported, with larger fruit being evident
from more northern habitats (Winstead
et al. 1977). The current study is an in-
vestigation of the aspects of populational
variation in terms of bud bursting.
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TaBLE 1.—LOCATION AND DESCRIPTION OF 9 COLLECTION SITES OF Carpinus caroliniana FROM MICHIGAN

TO ALABAMA,

ALL POPULATIONS WERE BETWEEN 83°12" AnD 86°49” W LONGITUDE

Population Code County State N. Lat.
M1 Isabella Michigan 43°297
M2 Lapeer Michigan 42°58’
11 Scott Indiana 38°42/
K1 Grayson Kentucky 37°33
K2 Simpson Kentucky 36°43"
i Davidson Tennessee 36°07’
Al Limestone Alabama 34°48/
A2 Montgomery Alabama 3251184
A3 Covington Alabama 31°10/

MATERIALS AND METHODS

Collection sites were established for com-
parisons of widespread populations along
a north-south line between 83 and 86°W
and a latitudinal distribution between 31
and 43°N (Table 1).

Buds were collected in late December
1975 from 2 trees at each of 9 sites (Table
1), placed in a cold chamber, and main-
tained at 4 C until removed for testing.
Twenty twigs from each population were
cut to approximately 20 cm, put in a test
tube with tap water, and covered with a
plastic bag. The twigs were then placed
in an environmental growth chamber (En-

vironator Corporation model 3448) with a
day-night temperature of 24-16 C and a
16-hour photoperiod with light intensities
of 6,500 to 8,600 lux. All buds were checked
daily for evidence of bursting.

Periods of exposure to temperatures be-
low 4 C in the field were calculated for
each population from information provided
by the National Climatic Center, National
Oceanic and Atmospheric Administration,
Asheville, N.C.

ResuLTs

Winter buds of Carpinus collected from
field populations and placed in a growth

TABLE 2.—POPULATIONAL DIFFERENCES IN BUD BURSTING OF Carpinus caroliniana UNDER CONTROLLED
ENVIRONMENTAL CONDITIONS OF 16-HOUR DAYSs AND 24-16 C

Population Code M1 M2 12 K1 K2 TI Al A2 A3
PROGRAM 1

Days below 4 C prior to test 75 80 72 61 43 51 56 40 47
Days required for 25% bud burst 33 — 34 19 26 23 20 18 18
Days required for 509 bud burst - —_ 51 20 o O 20 18 19
PROGRAM 11

Days below 4 C prior to test 97 102 93 83 65 72 78 62 69
Days required for 25% bud burst 18 19 26 16 17 17 14 12 13
Days required for 50% bud burst 21 08 28 18 20 19 14 13 13
PROGRAM III

Days below 4 C prior to test 118 123 11404 86 93 99 83 90
Days required for 25% bud burst 9 1l 19 10 10 9 9 9 8
Days required for 50% bud burst 10 14 —_ 13 12 13 10 10 9

! Days below 4 C prior to test include field conditions before 9 Jan 1976, as well as days held in cold chamber at

4 C subsequent to collection.

Program II conditions include an additional 22 days of 4 C than twig cuttings in Pro-

gram I; Program III conditions include an additional 21 days of 4 C than Program II and 43 days additional cold

treatment than Program I.
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chamber at regular intervals displayed a
possible ecotypic response to the amount
of cold experienced prior to springlike
conditions. After a minimum of 40 to 80
days at 4 C, a latitudinal response in bud
bursting could be seen from Michigan to
Alabama (Program I, Table 2). The
southernmost populations exhibited 50 per-
cent bud initiation after only 19 days in
the growth chamber. As latitude increased
northward, so did the time required for
maximum bud bursting (up to 51 days).

When subjected to a minimum of 62 to
102 days at 4 C, the time required for 50
percent bud bursting decreased for all
latitudes (Program II, Table 1). The
Alabama populations continued to display
the earliest bud bursting, while the central
and northern populations required longer
periods to attain 50 percent bud bursting.

The third set of buds (Program III)
placed in the growth chamber for 83 to
123 days below 4 C, showed that the
northern and southern populations ex-
perienced bud bursting at approximately
the same time. The material from the
central latitudes required a considerably
longer period of warm temperatures before
initiating spring activity.

Discussion

Winter buds collected from latitudinally
diverse field populations demonstrated a
high degree of interpopulational variation
in response to cold temperature precon-
ditioning. After receiving only 40 to 80
days of temperatures below 4 C, the first
program showed apparent latitudinal re-
sponse to bud bursting with a longer time
period required as latitude increased.
McMillian and Peacock (1964) docu-
mented a similar response in Prosopis
(mesquite) grown under uniform condi-
tions. They concluded that late bud
bursting in northern populations (Okla-
homa and Texas) was a selective advan-
tage, preventing frost damage after early
warm periods.

The second program of 62 to 102
minimum days at 4 C depicted a similar
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pattern but with a shorter time between
maximum bud bursting in the north and
south. Following 83 to 123 days at 4 C,
the third program revealed the central
latitude populations (Indiana, Kentucky,
and Tennessee) retaining the longest dor-
mancy. The northern and southern popu-
lations experienced bud bursting at ap-
proximately the same time. McNaughton
(1967) reported a similar response in
altitudinally diverse forest community
samples placed under controlled environ-
mental conditions. He reported that woody
plants originating from the intermediate
elevations required a greater time for
maximum bud bursting that did either of
the extreme elevations. McNaughton pro-
posed that unstable temperature and
frequent late frosts of the intermediate
altitudes selected against the early bud
bursting genotypes. In regard to Carpinus,
the central latitudes are noted for their
winter thaws and warm periods followed
by frost. Without a protective mechanism
to prevent spring bud initiation, frost
damage would be severe. On the other
hand, when spring begins in the northern
and southern extremes there is generally
little variation, and no need for an ex-
tended dormancy.

It may be concluded from this study
that ironwood bud bursting is primarily
dependent on 2 factors: (1) the amount
of cold preconditioning experienced prior
to springlike conditions, and (2) the dura-
tion of cold necessary to break winter
dormancy varies with latitude. Extended
cold requirements of the populations at
central latitudes in the eastern United
States can be viewed as a protective
mechanism that impedes spring develop-
ment during brief warm periods in the
winter.

LiteraTUrE CITED

pEWrr, H. C. D. 1966. Plants of the World.
E. P. Dutton and Co., Inc., New York, N.Y.
208 pp.

Fernarp, M. L. 1950. Gray’s Manual of Bot-
any. American Book Co., New York, N.Y.
1632 pp.

Hiesey, W. M., anp H. W. 1965.

MILNER.



130

Physiological and ecological races and species.
Ann. Rev. Plant Physiol. 16:203-216.
Kruckesurc, A. R. 1969. Soil diversity and the
distribution of plants with examples from
North America. Madrono 20(3):129-154.
McMiLrian, C., axp J. T. Peacock. 1964. Bud
bursting in diverse populations of mesquite
( Prosopis: Leguminosae) under uniform con-
ditions. Southwest. Nat. 9(3):181-188.
McNavcHTON, S. ]J. 1967. Genetic control of

Trans. KENTUCKY AcADEMY OF Science 39(3-4)

bud bursting in altitudinally diverse Cascade
Forest community samples. Amer. Midl. Nat.
77(2):528-532.

Turresox, G. 1922, The genotypical response
of the plant species to the habitat. Hereditas
3:211-350.

WinsTEAD, ]. E., B. ]. Saarh, AND G. 1. WARDELL.
1977. Fruit weight clines in populations of
ash, ironwood, cherry, dogwood and maple.
Castanea 42:56-60.



ImEE BHL

Biodiversity Heritage Library

Wardell, Gordon I. and Winstead, Joe E. 1978. "Populational differences in bud
bursting of Carpinus caroliniana Walt." Transactions of the Kentucky Academy of
Science 39(3-4), 127-130.

View This Item Online: https://www.biodiversitylibrary.org/item/107531
Permalink: https://www.biodiversitylibrary.ora/partpdf/337060

Holding Institution
Smithsonian Libraries and Archives

Sponsored by
Biodiversity Heritage Library

Copyright & Reuse

Copyright Status: Permission_to_digitize_granted_by_rights_holder
Rights Holder: Kentucky Academy of Science

Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 10 January 2024 at 20:00 UTC


https://www.biodiversitylibrary.org/item/107531
https://www.biodiversitylibrary.org/partpdf/337060
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

