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ABSTARCT

This study was conducted to investigate seasonal changes on height, root collar diameter, shoot growth,
biomass and chlorophyll contents of Pinus strobus seedlings (two-year old) grown under different light
environments in Sangju National University Nursery. Four shade treatments provided seedlings with full
sunlight (1800µµµµmol m−−−−2 s−−−−1), 75% of full sunlight (1350µµµµmol m−−−−2 s−−−−1), 50% of full sunlight (900µµµµmol
m−−−−2 s−−−−1) and 25% of full sunlight (450µµµµmol m−−−−2 s−−−−1). Planting density in four light intensities was 30 cm
����30 cm. In each treatment, 10 trees were planted and height, diameter at root collar, shoot growth, bio-
mass and chlorophyll contents (chlorophyll a, b and a+ b) were measured. The highest height, root collar
diameter, shoot growth and biomass in Pinus strobus seedlings were observed at full sunlight. Specially,
root biomass was the most sensitive tree components part and strongly associated with decreases in the
total biomass under low light intensity. The lowest chlorophyll contents (Chlorophyll a, b and a+ b) were
shown at 25% of sunlight, the lowest light intensity in this study. 

Key words: light intensity, biomass, chlorophyll contents, Pinus strobus 

I. INTRODUCTION

Individual trees in the forest have effected various
environments such as different light intensities, tem-
perature, nutrients and water relations (Ashton et al.,
1999; Kimmins, 1999). Growth of trees has been
represented by interaction of these environmental
and genetic characteristics. Many studies have shown
that different light intensities in the forest change
chlorophyll contents and net photosynthesis in many
coniferous and broad-leaf tree species, and the
changes of these physiological parameters have
attributed to changes in growth such as height, diam-
eter and leaf production (Lei and Lechowicz, 1998;
Reich et al., 1998; Groninger et al., 1996; Davis et
al., 1987; Bjorkman and Holmgren, 1963; 1966). 

Chlorophyll content in the leaf is a sensitive ind
cator of photosynthetic energy conversion. Thus,
is one of the important tree features and functions
any effort to understand shading effects on tr
growth because it is positively related to phot
synthetic ability in trees. The role of chlorophy
content in mesophyll tissues has been described
many researchers (Jin et al., 2000; Mohammed et
al., 1995; Grimm and Fuhrer 1992; Woo and Le
1992; Gutschick, 1988). 

Pine is the largest and most important timber-pr
ducing family of the gymnosperms. It mostly dis
tributed through the northern hemisphere from t
forests of the tropics to the northern limits of tre
growth beyond the Arctic circle. Although of pri-
mary importance in the production of timber, th
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wood of most pines is also suitable for pulp and
paper manufacture (Yim, 1997). 

Pinus strobus (eastern white pine) introduced spe-
cies in Korea is probably one of the well-known spe-
cies in Korea. Pinus strobus is intermediate in
tolerance, more tolerant than such species as birch,
aspen, red pine and jack pine, but less so than sugar
maple (Harlow et al., 1996). Even though Pinus
strobus has been widely introduced, less is known
about the ecological characteristics to various envi-
ronmental factors in Korea. Due to the importance of
this species in Korea, the number of nursery has
been increased. Especially, the large mountain fire
had burned approximately 23,000 ha mountain area
and killed most trees in Kang-won province in 2000.
So, large numbers of seedling are needed for this
area to recover. 

Thus, much interest is being expanded in an
attempt to produce the Pinus strobus seedlings in
nursery. If the best environmental conditions espe-
cially light intensity were identified, large amount of
cost and effort will be saved because of easy control
and manipulation of these factors. For instance, a
study on the optimum light intensity of Pinus den-
siflora was carried out to identify the best light con-
dition in the nursery for producing pine seedlings
(Kim et al., 1998).

Therefore, the objective of this study was to inves-
tigate the seasonal changes of chlorophyll contents
and growth of Pinus strobus seedlings grown under
different light intensities.

II. MATERIALS AND METHODS

2.1. Experimental design
The seedlings were produced by Forest Research

Institute in Kwang-nung Chungbu Experiment Sta-
tion Nursery and transplanted into Sangju National
University nursery on March, 1999. The planting
density in four light intensities was 30 cm�30 cm

in every light treatment. The average height a
diameter at root collar have been shown Table 
Four different light intensities (1800µmol m−2 s−1,
1350µmol m−2 s−1, 900µmol m−2 s−1, 450µmol m−2

s−1) were treated to the Pinus strobus seedlings by
using nylon net (Table 1). 

2.2. Chlorophyll contents
Intact leaf was collected at every measuring tim

Chlorophyll was extracted with 80% aceton for 
days at 4°C and its absorbance were measured us
spectrophotometer (UV/Visible Diode Array, Wal
den Precision Apparatus Ltd., UK) at wave lengt
of 663 and 645 nm. Chlorophyll contents (chloro
phyll a, chlorophyll b and total chlorophyll were
determined by using Arnon’s equation (Arnon, 1949

Chlorophyll a (µg/ml) = 12.7 A663 - 2.59A645

Chlorophyll b (µg/ml) = 22.9 A645 - 4.67A663

Chlorophyll a + b (µg/ml) = 8.05 A663+ 20.29A645

2.3. Growth measurement
Height and diameter at root collar were measur

on every month and averaged for all measureme
of every treatment replicate. At the end of the grow
ing season, trees were harvested and removed f
soil, the roots were washed, separated into root, s
and leaves, then oven-dried to constant weight in
oven at 80°C and weighted. 

III. RESULTS AND DISCUSSION

3.1. Meteorological conditions of the Sangju
city 

Climatic data at Sangju city obtained temperatu
and rainfall (Table 2). Among these climatic dat
temperature and rainfall are considered to importa
factors on tree growth. Mean temperature for gro
ing season ranged from 15 to 23oC. Rainfall ranged
from 50 to 350 mm during growing season. 

Table 1. Condition of Pinus strobus and light treatment in this study

Species Age N Height (cm)
Diameter at root 

collar (mm)
Light treatments 

Light intensity
(µmol m-2 s-1)

Pinus strobes 1-1 10 13.2� 2.9* 6.5� 1.1*

A (Control; Sun light) 1800

B (75% of A) 1350

C (50% of A) 900

D (25% of A) 450

*standard deviation
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3.2. Soil characteristics of the experimental
nursery

Table 3 showed the nursery soil characteristics
such as pH, organic matter, total Nitrogen, phos-
phorous, Aluminum concentration and cation ex-
change capacity. These soil characteristics of the
study area were cited from Woo et al. (2000). 

3.3.Height, diameter at root collar, shoot
growth and biomass

Variations of height growth of Pinus strobus seed-
lings for each light intensities are illustrated in Fig.
1. The height growth in full sunlight showed the
largest amount while the least growth was observed
at the 25% of the sunlight. 

However, Pinus strobus seedlings have still being
proceeded to adaptation in the nursery environme
These seedlings were transplanted in just last ye
The seedling height on June 1999 showed lit
change in every shading treatment except sunligh

In addition, Pinus strobus height may be formed
by fixed growth (Kozlowski and Pallardy, 1997). In
this study, no changes in height growth of this sp
cies have been shown after major flushing (Fig. 
Mature trees of red pine as well as spruce, fir, bee
green ash and some maple follow this growth patte
(Kozlowski and Pallardy, 1997).

Diameter growth at root collar showed simila
trend with height growth changes (Fig. 2). In oth
words, diameter growth at root collar of Pinus stro-
bus seedlings increased with increasing the sunlig
on July of this year. 

However, diameter growth at root collar showe
gradual increase during winter in every light trea
ment contrast to no changes on height growth af
major flushing. Pinus strobus is one of the conif-
erous tree species and has the green leaf during w
ter. Photosynthesis continuously produces carbo
drates during winter season and allocated the p
duction mainly to diameter at root collar or roo
growth. It is well known, this species is reactivate
to produce xylem inwardly and phloem outwardl
during winter season (Kozlowski and Pallardy, 199
Gretchen and Pearcy, 1994). 

Shoot growth from apical meristem in the full sun
light showed greatest growth performance (Fig. 3
Shoot growth also showed similar trend with heig
and diameter at root collar changes (Fig. 1 and 2

Biomass production in the full sunlight showe
greatest value in total biomass among the four d
ferent light intensities (Fig. 4). Probably, heigh
diameter growth at root collar and shoot grow
were correlated with reduction in total biomas

Table 2. Meteorological conditions of the Sangju city in
1999

Month Mean Temperature (oC) Rainfall (mm)

April 14.3 100.8

May 18.1 128.4

June 19.8 224.4

July 22.9 351.8

August 23.1 316.1

September 19.9 246.2

October 14.8 45.8

(Korean Meteorological Administration, 2000)

Table 3. Soil characteristics of the experimental nursery 

 Characters Sangju nursery

pH (H2O) 6.1

Total N (%) 0.42

P (ppm) 27.0

Al (%) 1.3

CEC (me/100 g) 5.32

(Woo et al., 2000)

Fig. 1. Height growth changes of Pinus strobus seedlings
under four different light intensities. Bars indicate standard
deviation (n = 10).

Fig. 2. Root collar diameter growth changes of Pinus stro-
bus seedlings under four different light intensities. Bar
indicate standard deviation (n = 10).
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under shading treatments.
Among the tree component parts, root biomass

was strongly associated with decreases in the total
biomass under shading treatments. For trees large
reduction in root biomass had responding large
reduction in total biomass. The trees of 25% sun-
light had largest reduction in root and total bio-
mass (Fig 4). 

Reduction of root biomass in trees is typical
response to aboveground stress such as too little
light, herbivore and air pollution (Mooney and Win-
ner, 1991). Reducing the root biomass is one of the
response patterns associated with a physiological
adjustment to unfavorable environment such as little
light stress. 

In the case of shading stress, the impact of shading
on foliage function and shoot loss is compensated by
an increased carbon investment in the shoot and an
associated decrease in the root system (Winner,
1994). As mentioned previously, the trees grown in
full sunlight showed higher biomass production than
those of other light intensities. As a possible expla-
nation for this result, shading treatment reduces pho-
tosynthetic capacity and other physiological func-
tions, thus reducing carbon assimilation (Walters
and Reich, 1996). 

Not only is carbon production reduced, but als
carbon allocation is altered with increasing carbo
being allocated to decreasing carbon to the roo
The reduced translocation of assimilates to the ro
system appears to be disruption of carbon pa
tioning after shading treatment. The lower phot
synthetic capacity in shading treatment may ha
reduced the ability of nutrient and water uptak
from the root(Gorrisen et al., 1991; Smeulders et al.,
1995). 

3.4. Chlorophyll contents
Chlorophyll a, b and total contents showed 

Table 4, 5 and 6, respectively. In general, chloroph
contents in April is lower than those of June or Ju
(Table 4, 5 and 6). In other words, chlorophyll con
tents had been increased with increasing Julian d
under most of the light regions. 

In this study, chlorophyll contents of the full sun
light were generally higher than those of shadin
treatments, even though the other chlorophyll co
tents in 25%, 50% and 75% light intensities is n
clearly different (Table 4, 5 and 6). This result 
similar to that reported by Woo et al. (1999) who
observed that the amount of chlorophyll in unshad
condition was greater than in shade condition f
Abies holophylla. This results suggest that the num

Fig. 3. Shoot growth of Pinus strobus seedlings under four
different light intensities. Different letters were statistically
different at the 5% significant level (n = 10).

Fig. 4. Biomass changes of Pinus strobus seedlings under
four different light intensities. Different letters were statisti-
cally different at the 5% significant level (n = 10).

Table 4. Chlorophyll a (mg/g dry weight) changes of Pinus
strobus seedlings under four different light intensities. Dif
ferent letters at the each treatment were statistically diff
ent at the 5% significant level (n=10)

Light intensity
1999 2000

April June April July

25% sun light 0.8a 2b 0.9a 2.8b

50% sun light 0.7a 2b 0.4a 2.9b

75% sun light 0.8a 1.8b 0.5a 2.7b

Control (full sun light) 0.6a 2.3b 0.8a 3b

Table 5. Chlorophyll b changes(mg/g dry weight) of Pinus
strobus seedlings under four different light intensities. Dif
ferent letters were statistically different at the 5% signi
cant level (n=10)

Light intensity
1999 2000

April June April June

25% sun light 0.8a 2.1b 0.5a 2.7b

50% sun light 0.8a 2.1b 0.6a 2.9b

75% sun light 0.8a 2.2b 0.5a 2.7b

Control (full sun light) 0.8a 2.1b 0.7a 3.2b
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ber of palisade tissue increases with increasing light
intensity and in turn, it increases the thickness of
mesophyll contents (Kozlowski and Pallardy, 1997;
Woo and Lee, 1992). 

Several shading studies have suggested that shad-
ing treatments reduced chlorophyll contents of many
tree species. Betula pendula, B. pubescens (Nygren
and Kellomaki, 1984) and Quercus accutissima
(Woo and Lee, 1992) showed reductions in chlo-
rophyll contents in response to shading treatments.
All of these species also showed gradual decline in
photosynthesis during shading periods paralleling a
gradual decline in both chlorophyll a and b.

Chlorophyll contents is a sensitive indicator of
photosynthetic capacity of trees under various envi-
ronments (Grimm and Fuhrer, 1992). It is well
known that higher chlorophyll content may help to
maintain high photosynthesis rates for shaded trees
(Kudson et al., 1977; Grimm and Fuhrer, 1992). 

In summary, all size measurements, namely height,
diameter at root collar, shoot length and biomass of
Pinus strobus seedlings were the highest in the full
sunlight treatment, and were generally the lowest in
the 25% of full sunlight treatment. Especially, root
biomass was the most sensitive tree components part
and strongly associated with decreases in the total
biomass under shading treatments. The lowest chlo-
rophyll contents (Chlorophyll a, b and total) were
observed at 25% of full sunlight, most heavy shad-
ing treatment in this study. Even though every
growth parameter of Pinus strobus seedlings incre-
ased with increasing the sunlight, long experiment
period is needed to identify the shading effects on
the growth and chlorophyll contents. Because some
results in 75% and 50% of full sunlight are a wide
array of responses. 

In addition, photosynthesis and several physio-
logical functions such as palisade mesophyll layer

and epidermal layer thickness have to be inves
gated in near future because photosynthesis a
chlorophyll contents were strongly related to tre
growth with long periods. 

IV. CONCLUSION

In conclusion, the greatest height, diameter at ro
collar, shoot length and biomass in Pinus strobus
seedlings were shown in full sunlight. Especiall
root biomass was the most sensitive tree compone
part and strongly associated with decreases in 
total biomass under shading treatments. The low
chlorophyll contents (Chlorophyll a, b and total)
were observed at 25% of sunlight, heavy shadi
treatment in this study. 
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