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ABSTRACT: Lammas growth, a rare phenomenon for Korean red pine (Pinus densiflora), occurred in 2006.
Lammas shoots showed higher frequency and longer length in Seoul's hotter urban center than in urban
boundary or suburban forest sites. Frequency and length showed a close correlation with urbanization density
and vegetation cover expressed in NDVI. Air temperature in the late summer of 2006 was more than 1°C higher
than an average year. Of the predominant environmental signals that modulate bud flush, only temperature
changed significantly during the year. Differences in temperature between the urban centers, urban boundaries
and suburban forests correlated with varying land-use density. The rise in temperature likely spurred lammas
growth of the Korean red pine. Symptoms of climate change are being detected throughout the world, and its
consequences Wwill be clearer in the future. Considerate interest in the responses of ecological systems to the
variable changes is required to prepare for unforeseeable crises. Monitoring of diverse ecological phenomena
at Long Term Ecological Research sites could offer harbingers of change.
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INTRODUCTION

In late summer, as day length begins to decrease, shoot elonga-
tion is suspended and overwintering buds begin to form in most
temperate woody plants. Growth of overwintering bud occurs as
temperature and day length increase in spring and is referred to as
"predetermined growth."

The amount and types of shoot elongation that occur during the
growing season are integral components of the annual developmental
phases in plants. Rapid juvenile height growth is necessary for
seedlings to survive inter- and intra-specific competition. But the de-
velopmental sequence, which begins with bud burst and ceases with
cold acclimation, must be completed within the frost-free period
(Dietrichson 1964, Rehfeldt 1983).

"Lammas growth," or "free growth," are shoots that form after
a pause in summer growth (Kaya et al. 1994). The capacity for this
second flush is a plant adaptation to favorable conditions during the
growing season, the result of an ability to cease growth during pe-
riods of unfavorable conditions and resume growth when favorable
conditions return (Loopstra 1984). This pressure to increase height
through an extension of the shoot-growth period is balanced by the
necessity to avoid damage or death from early frost or late-summer
drought (Rehfeldt 1983). Lammas shoots will eventually form an

overwintering bud, one less cold hardy than a normal shoot (Kaya
et al. 1994). Consequently, growth initiation and cessation is asso-
ciated with susceptibility to late spring and early fall frosts and is
therefore important to the long-term survival and vigor of the tree
(Kaya et al. 1994).

Environmental signals -such as photoperiodicity, temperature, and
winter chilling- affect dormancy release, cell cycling, and elongation of
meristematic tissue in the spring (Campbell and Sugano 1975, Camp-
bell and Sorensen 1978, Steiner 1979. Bigras and D'Aoust 1993,
Hanninen 1995). The signals that modulate the timing of a spring
bud flush are predominately winter chilling and spring temperatures.
These signals have a synergistic effect on the release of dormancy
in the spring, providing the adaptive plasticity needed to survive
yearly climatic fluctuations. "Winter chilling" is prolonged exposure
to low temperatures, and the winter chill requirement is an elegant
adaptation by a broad spectrum of woody plants (Sorensen 1983)
that enables them to "sense" when winter is over, and growth can
resume with minimal risk of frost damage. The ambient temperature
of the air and soil in the spring is also important in the timing of
dormancy release and the rate of cell expansion in the spring. In
locations or years in which the winter chilling requirement is un-
satisfied, warm spring temperatures and extended day length com-
pensate, initiating the release of dormancy (Campbell and Sugano
1975).
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Evidence of climate change is being detected throughout the
world, and the most prevalent symptom is rising air temperatures.
Some figures suggest that temperatures will increase in by an
average of 4°C throughout the world by 2080 (Kwadijk 1993, Middel-
koop et al. 2001). This world-wide rise in temperature corresponds
to a latitude difference of approximately 4°, a significant difference
because vegetation zones could change. Climate scenarios vary con-
siderably, and there is extensive discussion within the Intergovern-
mental Panel of Climate Change (IPCC) about the precise rate and
extent of future variations in temperature and precipitation. There-
fore, it is difficult to predict the responses of biological species or
ecosystems to potential changes.

In Korea, the fall of 2006 was hot compared with an average
year (Fig. 3). Although lammas growth is a rare phenomenon in Ko-
rean red pine (Pinus densiflora), many trees formed shoots in 2006.

This study aims to clarify 1) the actual status of 2006 lammas
growth in Korean red pine, and 2) the causal factors that induced
growth by analyzing frequency and length of lammas shoots, tempe-

rature, land-use patterns, and vegetative cover.
MATERIALS AND METHODS

Study Site

Field survey on the lammas growth of the Korean red pine was
carried out in Seoul. Thirty urban sites were chosen: 12 Gu (ward)-
offices, seven universities (including one college), four public faci-
lities, three stations, two residential areas, one elementary school,
and one high school in Seoul city (Fig. 1). Five urban boundary and
suburban forest sites were chosen near the foot and summits of Mt.
Acha (site No. 15), Mt. Boukhan (site No. 17), Mt. Bulam (site No.
16), Mt. Cheonggye (site No. 18), and Mt. Gwanak (site No. 10). Four
parks, surrounded by urban areas, were chosen for reference sites:
Hakdong (site No. 22), Paris (site No. 34), and Seoripool parks (site
No. 29), and Mt. Woomyeon (site No. 40).

Methods

Field survey was carried during two weeks -from January 22,
2007, to February 2, 2007- to reduce differences from lapsed survey
time. Frequency of lammas growth was evaluated in reference to the
total number of branches. Shoot length was measured by tape ruler
with a precision of mm level for 10 branches selected randomly.
Terminal shoots of each branch were chosen for measurement.

Meteorological data were obtained from the Korea Meteorologi-
cal Administration (KMA 2004). Temperature at each site was ob-
tained from the median value of temperature range extracted from
the thermal band of Landsat TM satellite images.

Urbanization ratios were calculated by a percentage of urbanized
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Fig. 1. A map showing the spatial distribution of temperature extracted

from the thermal band of Landsat image and the study sites in
Seoul, Korea. 1. Gangseo-gu office, 2. Seongdong-gu office, 3.
Gwangjin-gu office, 4. Jongno-gu: Bachwa women’s college,
5. Jung-gu: Dongguk university, 6. Seodaemun-gu: Yonsei uni-
versity, 7. Mapo-gu: Sogang university, 8. Yongsan-gu: Yong-
san 2-dong office, 9. Gwanak-gu: Seoul national university, 10.
Mt. Gwanak, 11. Yeongdeungpo-gu office, 12. Guro-gu office,
13. Dongjak-gu office, 14. Gangdong-gu office, 15. Mt. Acha,
16. Mt. Bulam, 17. Mt. Boukhan, 18. Mt. Cheonggye, 19. Mt.
Daemo, 20. Dongdaemun-gu: University of Seoul, 21. Songpa-
gu: Garak apartment, 22. Gangnam-gu: Hakdong park, 23. Gang-
buk-gu: Suyou station, 24. Gangseo-gu: Hannara party office, 25.
Gangseo-gu: Gyungbok girl’s high school, 26. Nowon-gu office,
27. Dobong-gu office, 28. Seocho-gu: Bangil elementary school,
29. Seocho-gu: Seoripool park, 30. Seocho-gu: Samsung le-
ports center, 31. Gangnam-gu: Shinsa station, 32. Seocho-gu:
Seorae village, 33. Sungbuk-gu: Seongshin women’s univer-
sity, 34. Yangcheon-gu: Paris park, 35. Yongsan- gu: Namsan
library, 36. Yongsan-gu office, 37. Eunpyung-gu office, 38. Jung-
gu: Seoul station, 39. Jungnang-gu office, 40. Mt. Woomyun.

land area to total area obtained from a Seoul Metropolitan Biotop
Map (Seoul 2000). Total area was determined by drawing a circle
100 m in radius from the survey site. Normalized Different Vege-
tation Index (NDVI) as a measure of vegetation quality or thickness
was calculated by analyzing Landsat TM satellite images taken in
September 12, 2006. NDVI is based on the ratio between the
maximum absorption of radiation in the red spectral band versus the
maximum reflection of radiation in the near infrared spectral band.
NDVI values range between —1.0 and +1.0 (Jensen 1996), with
those approaching +1.0 indicating the presence of dense vegetation
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cover (closed canopy forest). These values were derived using
ArcView GIS software (ESRI 2005).

All statistical analyses were carried out using SAS (SAS Institute
2001).

RESULTS

The temperature in 2006 was 0.80°C higher than the annual
mean temperature of the last 30 years (Fig. 2). The difference was
higher after July (1.06°C) when the wintering bud set, than pre-
viously (0.53°C). Temperature differences between the urban cen-
ters, boundaries, and suburban forests were also compared by Land-
sat TM image processed by thermal band (Fig. 1). Images on
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g. 2. Comparisons of the yearly changes in temperatures (upper)
and temperature differences (lower) between the annual mean
and 2006 in Seoul. On average, the temperature in 2006 was
0.80°C higher than the annual mean of the past 30 years. Tem-
peratures from January to June and July to December in 2006
were 0.53°C and 1.06C higher, respectively, than the 30-year
annual mean. Temperatures from these two periods were higher
for 104 and 114 days, respectively, and lower for 78 and 70
days, respectively, than the ordinary year’s temperatures.
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September 12, 2006, showed clear temperature differences among
the urban centers, urban boundaries, and suburban forests. Addi-
tionally, temperatures at Yeongdeungpo and Mt. Boukhan-urban
center and suburban forest sites, respectively-were compared (Fig.
3). Temperature difference between both sites maintained approxi-
mately 4C throughout a year.

Lammas shoot lengths were longer in the urban center and shor-
tened as the sites shifted geographically through urban boundaries
to suburban forests (Fig. 4). The frequency of lammas growth
showed similar trends to shoot length (Fig. 5).

Temperature extracted from the thermal band of Landsat TM ima-
ges showed a significant correlation between the frequency of lammas

growth and shoot length (Table 1). Temperature also showed a
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Fig. 3. A comparison of the yearly changes in temperature between Mt.
Boukhan (mid-slope, Senggasa temple), a suburban forest, and
Yeongdeungpo, an urban center in Seoul.
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Fig. 4. Changes in lammas shoot length from urban center, through
urban boundary, and toward suburban forest.
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Fig. 5. Changes in frequency of lammas growth from urban center,
through urban boundary, and toward suburban forest.

Table 1. Correlation coefficients between temperature from Landsat
TM image, frequency of lammas growth, lammas shoot
length, urbanization ratio, and NDVI

Tempe- Fre- Urbani-
Length . NDVI

rature  quency zation
Temperature 035" 033 075" -0.77"
Frequency 067" 048" 033
Length 046" —033
Urbanization -0.83"

NDVI

close relationship to the urbanization ratio (positive) and NDVI
(negative) (Table 1).

Relationships between NDVI and frequency of lammas growth
and shoot length showed a negative correlation, whereas urbaniza-

tion revealed a positive correlation with those factors (Table 1).

DISCUSSION

Which environmental factors caused lammas growth in the Ko-
rean red pine? We can deduce that significant temperature increases

in late summer caused lammas growth. The predominant environ-
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mental signals that modulate the bud flush are photoperiodicity,
temperature, and winter chilling (Campbell and Sugano 1975, Camp-
bell and Sorensen 1978, Steiner 1979, Bigras and D'Aoust 1993,
Hanninen 1995). Among these influences, only temperature experienced
any change during the year.

Temperatures differed among urban centers, urban boundaries
and suburban forests (Figs. 1 and 3). Lammas growth appeared with
higher frequency and shoot length was longer in the hotter urban
centers than in urban boundaries or suburban forests (Figs. 4 and
5). Indeed frequency and shoot length showed a close correlation
to the urbanization ratio and vegetated cover of land expressed in
NDVI (Table 1).

Temperature is closely related to land-use patterns. Cities are
usually warmer than rural areas, especially at night, a phenomenon
known as the "urban heat island" (Landsberg 1981, Atkinson 1985,
Oke 1987). Within a city, substantial variation in temperature is
related to topography; proximity to rivers, lakes, and oceans; the
density of development; the amount of vegetated cover; and types
of building materials. Land use can account for much of the tem-
perature variation (Henry et al. 1985, Henry and Dicks 1987). The
urban energy budget also controls temperature variance significantly
(Grimmond 1992, Roth and Oke 1995). Built surfaces generally
absorb more solar radiation than vegetation; they are also imper-
vious, covering the soil and preventing heat dissipation from evapo-
transpiration (Cleugh and Oke 1986). Numerous studies have
demonstrated the importance of vegetated landscapes to ameliorate
the urban heat island (Landsberg 1981, Upmanis et al. 1998, Bonan
2000).

In the fall of 2006, abnormal temperature increases of more than
1C likely gave rise to lammas growth in Korean red pine. Consi-
dering that the spatial distribution of temperature in Seoul and its
surrounding areas were in accordance with the regional land use pat-
tern (Fig. 1) (Lee et al. 2007), intensive land use could contribute
to abnormal temperatures. Alternatively, in the western United States,
rainfall after a dry season caused lammas growth in Douglas-fir
(Kaya et al. 1994).

Symptoms of climate change are being detected throughout the
world and provide a warning message of potential ecological crises.
Considerable interest in the responses of ecological systems to the
variable changes are required to prepare for the future. Monitoring
of diverse ecological phenomena at Long Term Ecological Research
sites could offer harbingers of change. Further, this result empha-

sizes the necessity of discreet land use plan.
ACKNOWLEDGEMENTS

This work was supported by Seoul Women's University Bahrom



February 2007

Research Grant.

LITERATURE CITED

Atkinson BW. 1985. The urban atmosphere. Cambridge University
Press, Cambridge.

Bigras FJ, D'Aoust LD. 1993. Influence of photoperiod on shoot and
root frost tolerance and bud phenology of white spruce seedlings
(Picea glauca). Can J For Res 23: 219-228.

Bonan G. 2000. The microclimates of a suburban Colorado (USA) land-
scapes and implications for planning and design. Landsc Urban
Plan 49: 97-114.

Campbell RK, Sorensen FC. 1978. Effect of test environment on ex-
pression of clines and on delimitation of seed zones in Douglas-fir.
Theor Appl Genet 51:233-246.

Campbell RK, Sugano Al 1975. Phenology of bud burst in Douglas-fir
related to provenance, photoperiod, chilling and flushing tempe-
rature. Bot Gaz 136: 290-298.

Cleugh HA, Oke TR. 1986. Suburban-rural energy balance comparisons
in summer for Vancouver, BC. Boundary-Layer Meteorology 36:
351-369.

Dietrichson J. 1964. The selection problem and growth rhythm. Silvae
Genet 13: 178-184.

Environmental System Research Institute (ESRI). 2005. ArcView GIS.
Environmental System Research Institute, Inc. New York, USA.

Grimmond CSB. 1992. The suburban energy balance: methodological
considerations and results for a mid-latitude west coast city under
winter and spring conditions. Internat J Climat 12: 481-497.

Hénninen H. 1995. Effects of climatic change on trees from cool and
temperate regions: an ecophysiological approach to modeling of
bud burst phenology. Can J Bot 73: 183-199.

Henry JA, Dicks SE, Marotz GA. 1985. Urban and rural humidity dis-
tributions: relationships to surface materials and land use. J Clima-
tology 5: 53-62.

Henry, JA, Dicks SE. 1987. Association of urban temperatures with
land use and surface materials. Landsc Urban Plan 14: 21-29.

Jensen JR 1996. Introductory digital image processing: a remote sen-
sing perspective. Prentice Hall, Upper Saddle River, New Jersey,

Which Environmental Factors Caused Lammas Growth? 105

USA.

Kaya Z, Adams WT, Campbell RK. 1994. Adaptive significance of
intermittent shoot growth in Douglas-fir seedlings. Tree physiol
14: 1277-1289.

KMA (Korea Metrological Administration). 2004. Annual Climatolo-
gical Report. Korea Metrological Administration, Seoul (in Ko-
rean).

Kwadijk J 1993. The impact of climate change on the discharge of the
River Rhine. (PhD Thesis) Utrecht University, Utrecht, The Nether-
lands and Netherlands Geographical Studies 171.

Landsberg HE. 1981. The urban climate. Academic Press, New York.

Lee CS, Lee AN, Cho YC. 2007. Restoration planning of the Seoul Me-
tropolitan area, Korea toward eco-city. In: Urban Forests (Carreiro
MM ed). Springer, New York. (In press).

Loopstra C. 1984. Patterns of genetic variation within and among bree-
ding zones of Douglas-fir in southwest Oregon. (MS thesis), Ore-
gon State University, Corvalis, Oregon. 57p.

Middelkoop H, Daamen K, Gellens D, Grabs W, Kwaijk JCJ, Lang H,
Parmet BWAH, Schadler BWAH, Schulla J, Wilke K. 2001. Im-
pact of climate change on hydrological regimes and water resources
management in the Rhine Basin. Climatic Change 49: 105-128.

Oke TR. 1987. Boundary Layer Climates (2" ed.). Routledge, London.

Rehfeldt GE. 1983. Genetic variability within Douglas-fir populations-
implications for tree improvement. Silvae Genet 32: 9-14.

Roth M, Oke TR. 1995. Relative efficiencies of turbulent transfer of
heat, mass, and momentum over a patchy urban surface. J Atmos
Sci 52: 1863-1874.

SAS Institute. 2001. PROC user’s manual, version 6" ed. SAS Institute,
Cary, NC.

Seoul. 2000. Seoul metropolitan biotop map. Seoul City, Seoul.

Sorensen FC. 1983. Geographic variation in seedling Douglas-fir (Pseu-
dotsuga menziesii) from the western Siskiyou Mountains of Ore-
gon. Ecology 64: 696-702.

Steiner KC. 1979. Variation in bud-burst timing among populations of
interior Douglas-fir. Silvae Genet 28: 76-79.

Upmanis H, Eliasson I, Lindqvist S. 1998. The influence of green areas
on nocturnal temperatures in a high latitude city (Géteborg, Sweden).
Internat J Climat 18: 681-700.

(Received February 7, 2007, Accepted February 21, 2007)



