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Effects of Light and Nitrogen on the Growth of Pokeberry
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ABSTRACT

The growth of Phytolacca americana L. grown under three light regimes at three nutrient
concentrations was analyzed. The effect of shading treatment on plant growth was greater than
that of nutrient treatment. Plant dry mass increased more than 5-fold during 21 days under 33 %
and 100 % irradiances, whereas that was strongly reduced under 8 % irradiance. Net assimilation
rate decreased with plant growth irrespective of light and nutrient treatments, though the highest
net assimilation rate was shown under 100 % irradiance. Under 33 % irradiance leaf area in plants
supplied with nutrient solution increased to such extent as to compensate reduction in net assimi-
lation rate, which maintains almost identical growth rate with that under 100 % irradiance. The
relationship between total plant nitrogen and leaf nitrogen content was dependent on the growth
irradiance. Moreover, leaf nitrogen and specific leaf weight were also changed depending on the
light regimes. The synchronical change on leaf nitrogen content and specific leaf weight is highly
adaptable characteristics to light and nutrient conditions.

Based on these findings, it is suggested that the adaptive characteristics of Pokeberry plant to
light and nutrient conditions may contribute to rapid extension of Pokeberry habitat in Korea re-
cently.
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rheumatism (Heo 1613, Yu e dl.

1433) and

INTRODUCTION

Pokeberry (Phytolacca americana L.) commonly
grows on roadsides, and farm lands (Bailey 1935,
Vose 1957) and its fruit is an important food source
for song birds in the United States (Martin et al.
1951). In Korea, roots of Pokeberry have been used
as a folk medicine in the treatment of edema and

Pokeberry plant has been cultivated even in agricul-
tural field. In addition, the components of Pokeberry
plant have been isolated and tested for pharmacologi-
cal use (Lee er al. 1982, Woo and Kang 1974, Woo
and Kang 1975).

In contrast with pharmacological usefulness, in
Korea, Pokeberry plant has been treated as a plant
destroying ecosystem, even indicator of environmental
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pollution, because the habitat of Pokeberry plant was
rapidly extended with increase of environmental pol-
lution into industrial area, in which local vegetation
has been destroyed by environmental pollution
(DongA-Ilbo  1993). Thus,

phenomenon of Pokeberry plants gave Korean a

the habitat extension

great deal of anxiety several years ago. However, this
phenomenon has not been scientifically explained as
yet. Consequently, it is strongly required to carry out
scientific study on the ecological characteristics of
Pokeberry plants.

The objectives of this study are to investigate eco-
logical characteristics of Pokeberry plant under the
light and nutrient regimes, and to give basic data on
ecology of Pokeberry plant as a necessary first step
to solve the problem of vegetation destruction by
Pokeberry in Korea.

MATERIAL AND METHODS

In October 1995, seeds of Pokeberry collected from
the communities of Phytolacca americana at Yochon-
dong in the center of chemical industry complex of
Ulsan City, one of the representative industrial areas
in Korea. After stratification, seeds were germinated
in Petri dishes in a green house. On July 14, 1996,
at the 3~4 leaf stage, one seedling was transplanted
into each plastic pot (9-cm diameter, 22 c¢m high)
filled with sand originated from the Miho stream
neighboring on Chongju City located approximately
100 km south of Seoul. The total nitrogen content in
soil was 3.97 mg nitrogen per g dried-sand. A week
after transplantation, pots were arranged with suf-
fictent space to avoid mutual shading in a green
house and were watered daily to the drip point
throughout the experiment. Each pot was given 60
ml of nutrient solution every 3 days until the start of
treatment. The composition of nutrient solution was
prepared as described by Park (Park 1992). Two hun-
dred and sixteen pots used in the experiment were
divided into nine groups according to the combi-
nation of nutrient (no treatment, given a standard
solution and given two-fold strength solution of stan-
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dard) and irradiance levels (8 %, 33 % and 100 %
natural daylight). The nylon net was used for re-
duction of light intensity. Pots treated with nutrient
solution were additionally given 60 ml of nutrient
solution every 4 days throughout the experiment.
Durihg the experiment maximum and minimum
temperatures changed from 25C to 45T and 19C to
25%C, respectively. Sampling was conducted at 7-day
intervals. The dry weights of leaves, stems and roots
were determined after oven-drying at 80C for 48 h.
Leal area was measured with a leaf area meter
(AAM-8, Hayashi Denkou, Japan). Nitrogen content
was determined by nitrogen analyzer (VS-KT-P,
Mitamura Riken Kogyo, Japan).

RESULTS AND DISCUSSION

Fig. 1 shows the changes of dry mass according to
light and nutrient levels. The effect of shading treat-
ment on plant growth was greater than that of nutri-
ent treatment. This suggests that light conditions may
be the main factor limiting the growth of Pokeberry
plants. Under 100 % and 33 % irradiances plant dry
mass increased more than 5-fold during 21 days and
between the two light regimes there was only little
difference in plant growth (Fig. 1). On the other
hand, plant dry mass under 8 % irradiance was
strongly reduced irrespective of nutrient freatments
(Fig. 1). Growth analysis was conducted with the
changes of plant dry weight (Fig. 2). Growth rate
(GR) was analyzed into product of net assimilation
rate (NAR) and leaf area (LA).

dM 1 aM
— = e e XL
dt L dt

where M stands for plant dry weight, L for leaf
area, and ¢ for time.

From the changes of plant dry weight GR was
computed and NAR was calculated from GR and
LA. LA was taken as average from the data of leaf
area between the two sampling dates on the assump-
tion that leaf area grows exponentially. Under 100 %
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Fig. 1. Changes of plant dry weight of Phytolacca
americana grown under three growth irradiances at
three nutrient conditions. Symbols refer to control
plant (M), plants given standard nutrient solution(@)
and two-fold strength nutrient solution(Q). Vertical
bars indicate standard errors(n=6).

irradiance GR showed a rapid increase for 14 days,
followed by a slight increase (Fig. 2). GR under 33
% irradiance was similar to that under 100 % ir-
radiance, though a slightly lower value in plants
supplied with standard nutrient solution was shown
at the early stage of experiment (Fig. 2). Under 8
% irradiance GR showed more or less constant
value (about 11.0 mg day~'), which was lower than
those under 100 % and 33 % irradiances. NAR was
reduced with plant growth irrespective of light and
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nutrient treatments, though the highest NAR was
shown under 100 % irradiance (Fig. 2). In contrast
with NAR there was a significant difference in leaf
area growth among treatments. LAs in plants sup-
plied with nutrient solution under 33 % irradiance
and in plant given two-fold strength nutrient solution
under 8 % increased markedly in comparison with
plants shown a slight increase in LA under 100 %
irradiance (Fig. 2). The increase growth of LA in pl-
ants given nutrient solution under 33 % irradiance
compensated reduction in NAR and in turn maint-
ained GR highly (Fig. 2). Under 8 % irradiance,
however, GR was not compensated by increase of
LA due to a marked reduction in NARs compared
with those under other light regimes. In contrast with
plant dry weight, the difference in plant nitrogen con-
tent among light regimes was small (Fig. 3). The
matter productivity of a unit amount of nitrogen
taken up affects plant growth and even local plant
distribution (Hirose 1975, Park 1992). Really, more
than 50 % of leaf nitrogen content (LNC) is derived
from RuBPcarboxylase (RuBPCase) which is the first
carboxylating enzyme in the process of photosynthesis
(Medina 1971). Thus, there is a linear relationship
between photosynthetic capacity of leaves and leaf ni-
trogen content (Sage and Pearcy 1987). Leaf nitrogen
content as a function of total plant nitrogen was
changed with light regimes, which indicates a differ-
ent allocation of nitrogen to leaves depending on
light conditions (Fig. 4). This result is supported by
the hypothesis that leaf nitrogen depending on light
conditions is distributed to maximize carbon gain for
a whole canopy (Field 1983). Really, the distribution
of leaf nitrogen content was highly correlated with
relative photon flux density in the canopy (Hirose
1986, Terashima and Evans 1988). There was a nega-
tive correlation between leaf nitrogen content and
specific leaf weight, and the relationship between
them was changed with light regimes (Fig. 5). The
results from Figs. 4 and 5 indicated that leaf nitro-
gen content and specific leaf weight of Pokeberry
plants can be synchronically changed with light
conditions, which is highly adaptable characteristics to
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Fig. 2. Growth analysis of Phytolacca americana grown under three growth irradiances at three nutrient conditions,
Symbols refer to control plant(l), plants given standard nutrient solution(@) and two-fold strength nutrient solu-

tion((O). Vertical bars indicate standard errors (n=6).
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Fig. 3. Changes of total plant nitrogen of Phytolacca
americana grown under three growth irradiances at
three nutrient conditions. Symbols refer to control
plant(M), plants given standard nutrient solution(@)
and two-fold strength nutrient solution((Q). Vertical
bars indicate standard errors(n==6),

light environments. In result, the difference in spe-
cific leaf weight (SLW) according to light regimes
differently contributed to NAR (Fig. 6), which was
responsible for the difference in GR among treatm-
ents. This plasticity shown in LNC and SLW may
enables Pokeberry to inhabit various environmental
conditions. From the data measured at about 100
places in which Pokeberry plant was distributed,
Park er al. (1997) suggested that Pokeberry plants
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Fig. 4. Relationship between leaf nitrogen content
per leaf area and total plant nitrogen. Symbols refer
to 100% (@), 33%(@) and 8%(Q) irradiances,
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Fig. 5. Relationship between specific leaf weight and
leaf nitrogen content per leaf area. Symbols refer to
100%(®), 33%(@) and 8%(0) irradiances. Each point
of symbols was plotted with the mean of six replic-
ates.

need more than 10 % natural daylight to inhabit in
the field. Generally, Pokeberry plant is well known
as species occurring in early stages of succession in
America. We confirmed this fact from the results
obtained here and newly found another interesting
fact that the growth of Pokeberry plant can be re-
tarded in nitrogen-deficient soil, even under 33 %
daylight conditions. This result suggests that the
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Fig. 6. Relationship between net assimilation rate
(NAR) and specific leaf weight. Symbols refer to
100%(#), 33%(@) and 8%(0) irradiances.

growth of Pokeberry plant may be also affected by
nutrient conditions in soil.

Taking these conditions into account, it is evident
that Pokeberry plant needs a sunny space and/or fer-
tile soil as habitat. This indicates that Pokeberry
plant is able to inhabit everywhere if the light regime
is good and nutrient regime is appropriate for leaf
growth. Consequently, it is possible for Pokeberry
plants to invade everywhere including industrial area
and even forest as the structure of closed canopy
was destroyed by environmental pollution. It is con-
cluded that the main factor responsible for rapid ex-
tension of Pokeberry habitat in Korea may be vege-
tation destruction by environmental pollution and by
development for human beings.
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